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WIND-TUUI'EL TESTS OF SINGLE-~ AND DUAL-ROTATING PUSEER
PROPELLERS EAVING FROM.TEREE TO EIGHT BLADES

By David Biermann and W. H. Gray
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UTRODUCTIOL

Two previously published reports (references 1 and 2)
present the results of tests on three~, four-, six-, and
eight~blade, single- and dual-rotating propellers for the

tractor condition. The present report presents the re-

sults of subsequent tcecsts of the. same propcllers mounted

in thel pushor positioen,

nner, both fixed and

The cffeet of an elongatod spil
sialeo studicd, Ho wing was 'uscd for the

rotating, wa
pusher tests

.

The present investigation is a continuvation of others
previously made in the propeller-rescarch tunnel. (Sce
refercnces 1 and 2.,) A detailed deserip%ion of the appa~



ratus and nmcthods will therefore not be repcated. 4 snort
description follows in order to make ropeated referecnce to
the previous reports unnccecssarye.

g ~ The model used in the previous tests was
turncd end for end. As both ends of the body are identi-
cal, the flow over the body was similar for the tractor

S

—~Dblade (@ual— andg sing sle~robtation) tests were

Tholaix
repeatcé with a spinner three times as long as the short

one normglly used, (Sce fig. 1.) This spinner was so
gonstructed and supported ‘that It eould either be fixed
gr it pecitn rotaten

Propellers.- The four-, six-, and eight-blade propel-
lers, single-~ and dual-rotating, were mounted in two-,
three~, or four—-way hubs as tlhe case required and spaced

pPproximately 10 inches. (Boo. filgs, 2. 884 Bl

in tandem a
Preliminary tecets were made to determine the optimum engu-
lar displacement bedbween the front and rear propeller
bLades for the single~robtation tests. These tests showed
no sppreciable acrodynamic d1¢1er,nce between the various
spvacings within a range of 30° on eithor dircction from

an egual spacing. Owing to the position of the shaft
splines, equal spaeirg was impossible; for four-, six-,
and eight-blade singlec-rotating prop%llors,otho front :
bilade (therefore led the rear by 85,4 , 75,0 , and B2.5 ,
respectively.

The blades used for this investigati on were the same
as previously tested; Hamilton Standard 0155~6 and 3156-5,
right-hand and left-hand, respectively. Blade~form curves
are given in figure 4, Clark Y sections are incorporcted

throughout.

Test conditionsg.~ Because of tﬂe limiting tunnel
speed (approximately 110 mph) and the limiting power of
the drive motors (two 25-hp electrlc notors), the Reynolds
number and the tip speed were considerably lowor than

those experienced in fligh.. The maximum propeller speed,
which was 550 rpm, was obtainable only for the low blade
angles and the low V/nD rango of. the tests, he tip

spoced, conscquently, was below 300 feet per sccond, ~and
thus the effects of compressidility could not be measured.
The Reynolds number of the O0,75R section was of the order
of one million.




ht-hand (front) propellor was set at cven

£ ade sebtbting for the dual-robvetion tesbs. ' The
left-hand ear) was set to absorb the same power as the
right~hand propeller for the peak~efficiency condition
only., A plot of the angular difference between the right-
and the left-~hard propeller-blrde settings is given
figure 5, The speed of the right- and the lef{-hand pro-
pellers weos maintained equal throughout the tests.
test proccdure was the same as that used for previous ine-
vestigations in +i i
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RESULTS AKD DISCUSSION

The measured values have been reduced to the usual
coefficients of thrust, power, and propulsive efficiency.
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These cocfficients were plotted against V/nD., The

results are given in the following figurecs:

Figure

6 - 9 characteristic curves for three-blade propoller
im friond’ hih

10 - 13 characteristie curves for four-blade propellecr,
single rotation

At o o8 characteristic curves for four-blade propeller,
dual rotation

19 - 22 charactoristic curves for six-blade propoellocr,
gingle votation

23 - 27 characteristic curves for six-bladc propellcr,
dual rotation

28 - 31 characteristic curves for eight~blade propeller,
single rotation g

38 - 56 characteristic curvos for cight-blade propecller,
dual rotation

AT cffect of &pinncr longth-on efficioncy

40 efficicenecy~cnvelope comparisong for different

oliditics

41 - 42 ratio of power absorbed per blade at peak offie
eloncy %o thati of a threc-blade propellecr,
single and dual rotation

43 -~ 47 comparisons of cofficicney onvelopes for tractor
and pusher propellers

48 «~ 55 effact of dugl rotation on efficileney and thrust
at constant power ;

56 design chart for propellers 3155-6 and 3156-6
of different solidities, single rotation

5t design chart for propellers 3155-6 anc 3156~6 of
different soliditiece, dunal reobtation

58 relation between helical tip speed, forward sveed,

and equivalent V/nD




The results of the pusher tests are in general agreee
ment with the tractor tests previously reported (refer-
ences 1 and 2) as regards the effect of dual rotation on
power absorbed and efficiency. Thesc effects may be ob-
served 1n devail from an inspeetion of the charaeferistic
curves brosentod In figures 14ibo L7, 25 to 26, and &8+to
35, whercin roprescntative rosults from the single~
rotation tcsts are superimposed on the dual-rotation plots,
Of gemeral interest is the magnitude of the gain in offie
ciency duo to dual rotation, which was somewhat greater
than expericnecd in the tractor investigation, and also
the relative power absorbed by the single and dual propel-
lors, which was about the samo as for the tractor tests.
The conscguences of thoese cffeects arc analyzcd morc fully
dasdetaid “later.

ffecet of mounbig; singlce-rotating propellers in
tando. nvbg.~ The model conditions for the single-rotation
tocsts werc identical to thosc for the dual~rotation tosts
in that the same hubs and spinners were uscd. In both
casos half tho total number of blades worec in each hub '0f
the tandem arrangement. As the single-rotation blades
were arranged in this unorthodox manner, it was desircd
that ‘the oftfoet jof mounting the blades all 11 a asingloao thub

-

should also be determinced for the onc case of four bladces

:1m

s

=

Figures 10 to 13 proscant the results ,of soparate
tcsts made with all four blades in the froant hub, four
blades in the rcar hub, as well as two blades in cach hub,
The tests seem to confirm the theory that the set-up with
two blades in each hud would result in an efficiency that
is the average of efficiencies obtained with the four
blades tested separately in each hub, The front spinner
covers approximately 24 inches more of each blade shank
than the recar spinner, which accounts for the appreciabdbly
higher efficiency of the propeller in the front position,
an inecrease of 1 to 4 percent.

Effcect of spinner length.- It was realigzed that for
the pusher tests the shape and the gize of the spinner
might have an important effect on tho results. Two spine
ners were thereforc investigated, a short spinner that
was standard for all tests, and a long onc (sce fig. 2)
used for a few tests with six-blade single and dual pro-
pollcrs. The long spinner was so designed that it migh

ithor be fixed or allowed to rotate.




Compar isons of the relative merits of the long and
the short spinners are made on the basis of a net effi-
ciency; the drag of the body with thoe short spinner is
usod for the computationsgs. This form of comparison is

necossary becausce the long spinncr added drag, which should

be charged Woﬂinst the propeller if the only purpose of
lengthening the spinnor is to incrodse theo propulsive efe
£icicency.

A £oin of 2 to 3 percent (sco figs. 37 to 39) i
efficiency was' ' real ized for the long spinner over the
short spinner for single rotation; the effect on efficlen-
cy of having the s»ninner rotating or fixed was negligible.

net

B

small gain in net efficiency for the long spinner
nred to the low V/nD range for the dual-rotating
s That the long spinner benefi tzd the single-
rotating propellers to a greater extent than the dual pro-
ellers nmay be accounteil for by 'the fact thqt the rotating
slipstream of the single propellers might have caused ear-
ly separation from the short spinnpr. Th*s rotating slipe-
strean wag not present for dual rotation,

Inasmuch as the long spinner added drag, a loss in
etfleiceney micht bo expechbed Ffor dual Totation, T1at
this loss was not realized was probadbly due to the fact
t

hat the long spinner was also larger in diamecter than the
nall one and thus covered up nore of the poor blade
shanks.

Effoct of solidity.— Envelope e¢fficiency comparisons
for propollers of different solidity are not of much
practical intcrest Dbocause thec power absorption is differ-
ent for differcnt solidities., Curves of this type provide
a measure of blade efficiency, or the effect of blade in-
terference. The general effect of increasing the solidity
for single rotation, shown in figure 40(a), was to reduce

-the efficiency several percent over the V/nD ranges; a

drop of 4 to 10 percent was experienced in going fron
three to eight blades, The logs in efficiency resulting
fron increasing the solidity appeared to be negligible for
dual rotation, as may be noted from figurec 40(0).

Conparisons are nade in figures 41 and 42 for tho
power absorbed at peak efficiency per blade, relative to
that for the blades of a three~blade propeller, These
plots indicate that the effectiveness of each blade of a
dual propeller in absorbing vowver was substantially nore
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than bthat for a single<~rotating propeller, an effect no-
ticed for the tracior propellers as well (reference 2).

The individual blades of an eight-blade dual propeller ab-

sorbed approxinately 84 percent as nuch power as ecach
blade of a three-blade single propcller as conparcd with
Bl mercent for anreight-dlade single propeller.

Conparisors of single and dual rotation for both

tractor snd pusher positions.- The improvenen® in effi-
clency dve to dual rotation was morc pronounced for the
pusher propellers (fig. 43) than for the tractor propel-
Loy of irotfererneces 1 and 2.' The gZain for the pusher pros-
pellers rangod from 1 to 16 porcent as conmpared with 1 to
Boupereent Loz ‘the "tractor propcllc:s, depending upon the
¥/aD, the nunber of blades, and sinilar factors.

Lae "gareabor iaproveneht in c?fic1oncv due tovéuad
rotatlon for the puskoer position was not generally due to

an increased efficiency of the dual conb; ablon. but rather
to a greatly reducecd efficiency of the oLP”lO rotating

propellers. It apvears from figure 43 that the efficien-

cy of the dual propellers renained about constant for both

positions but that the singlo-rotating propellers were

less efficient for the pusher position because of the

probable effect of the rotating slipstrean and spianer on
tiens

inducing early separa

ed econparisor £
iven in figurcs 44 ¢
-+
o
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alipropecllers ipros

1 ine officiency, within a fow porcent,
o of whether thoy were tosted as tractors or as
whether or not a wing was prescnt.

vidod abou
irrespecti
T U.SLlCL 8 an

pellere are g o 47. he singlo-
rotatinz pusher promellers were frou O to 7 percent loss
cfifteclent than the ecorresponding tractor propellere and
fron O to 10 porcent less officient than the tractor pro-
pollers tested with tho wing, The “u
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-
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Connarisons of officicncy and tihrust based on conw
stant power.- Sinco the dual-rotating propellers absorbed

n

-

i~

i
soncwhat nore power at the sane blade-angle setting than
the single~rotating propellers, the effect of dual rota-
tion on efficiency and thrust should be based on egual
power absorption, Such conparisons are nade in Tigures

480 to b for.efficliency and in |fizures . Bl . to 53 fox thrustb
L4

iciency zalps at .peak 1. due Lo dualirobation
conpare favorably with those ed on the V/nD envelop
esy even breatcr gains are evident, however, for con-



ditions corresponding to the take-off ond clinb, This fact
2st bmiousnitt out. . tio . betiter advantage in figuroes 51 to 53,
wherein the relative thrust of dwual- and single~rotating
propellcrs is plottcd., It nmay be noted that the tako-off
and clinbing thrust was increzcsed ags nuch as 40 or 5 pPere—
cent for the nost extrene casc, npuecly, thoe four-blade
propoeller cporating at Cp = 0.6.

This incroascd thrust nay bo accounted for nartly by
the faect that dual-rotating provellers absorbed nore nower
than sln“le~rota+1ub gnes and, cons equnntlv, the blaie~
angle settings for the dual nropellers were lower tha
for single~rotating propellers, marticularly for theé tule—
off and clinbinz cornditions., This lower blade~angle set-
ting resulted in greater thrust for a given power output,
owing to the higher lift-drags ratios of the elenents and
to nore favorable velocity-vector relationghips., Also,
with dual propellers the losses due to slipstrean rotation
are gr eptly reduced, which accounts for a large percentage
of the gain in efficiency,

That the dvual-rotating propellers absorbed nore power
than the single~rotating promellers 8, particularly for the
take~off and clinbing conditions, may be accounted {0l
as nenvloned in previous roports, by the fact that the rear
propellcr of the dual arranzenent was operating in the slipe
Btreoan of the froat uropcller whic: was twisting in a di-
recction oppositc to the rotation of the rear propeller
This condition indicates that the rotational velocity of
the rear propcller relative to the air was greatoer than
that of the front propeller of the dual co“Llnutlo“, henee,
the rear propeller was producing norc thrust. The re-
versc cffoct was present for the single-rotating pPropecle—
lers and accounts for the large differcnces in power aou
sorbed for singlo- and dual-rotating propolieras,

hat the rear propeller of the dual conbination had a
higher effective rotational velocity than tho froat onc
will probably result in higher coupressibility losses
when the propellers arc operated at high tip nponds, al-
though the differenccs may be uninportant for tho high-
ppeed flight condition,

OF ‘intorost, alsoy, %5 the effect of sclidity on effi
cicnecy at constant power, which is shown in figures 54
and 55 It nay be noted that increcasing the solidity
greatly increased the efficioncy for the take~off and
climbing conditions, with some loss at high speed, Thig
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effoct of incromsed officicmey at low valucs of V/aD,
discusscd in some detail in roforence 3, was due ichiefly
to reducing the angle of attack of opuration, thereby in-
crcasing the /D of the sections.

Preliminary dosign chartse- In tho seclectiion of prow
pellers for noew high~performance airplancs therc may be
some choice as to the number of tlades to be employcd and
also whether they should be siangle or dual roteting., In
order to save timec in sclcceting proncllorv several charts

arc included that may prove to Le convealcent.

Figurcs 56 and 57 present comnosite skeleton Cqg
charts thot show the envelcopes coi the operating curves S0
three-, four-, sixX-, and eizht-2lade single—~ and dunl-—
rotating propellers, The relative efficiencies and diame~
ters may be determined directly for any set of conditions.

Innsmuch as compressibility is an important design
parameter, whick is neglected in the Cg charts, an addi~
tional chart is provided in figure 538 to relate rotational
and helicwl tip specds with ¥/nD, The speed of sound in
standard atmospherc is also given for convenience. With
forwura speed ond limiting helical tip specd known or as-
sumed, the limiting V/nD and rotational spocod may be
rond directly and used in conncction with the CS charts
prev jously described, Theso charts thus provide an casy

cans for determining for prolkm nary computations nob
only the Aiamcter but alse the goar ratio for peoa ak—~cffi-
ciency opcration for cach propollor gsolidity.

CONCLUSIOLS

The goncral offcets of dual rotetion on propecller
characteristics found in this investigation of pusho? DT oe
pellers differed only in deopree from those listed in pro-
vious roports of tractor propollers, Thesc cffcects are
sunnarizoed more spceifically in tho followings conclusions
relating to the present investigation.

1, Single-rotating pusher propellers weroe found to
be from O to 10 porcont less cfficient than corresnordln#
tractor propellers; but dual-rotating pusher propc 1lcr
had about the same cfficicney as the corrcsponding tra

tor proPGllors.
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efticiency. of
peolilers was found to b
that for, single~rotating propellcrs.,
cicncy dopendocd upon the blade-angloc -se
the i eher of ‘ecither' the

bexr of bilades,

3y Dual-robating propellers wore

£ L

stantially nore cfficiont for. K the, K tako-
singlec—-rotating
hizh power cocfficionts,

conditions eof.fldzght than the
particularly for operation atb

4s The pecak blade ficicacy was
with increascd nunmnber of
pusher propellers

(6] 1 dual-rotating
e from 1 to 16 percent
ne Tihes cadn dn effi-

blades for the
tut not for the dual-rotating propellors,

pusher pro-
Ripgher than

tting ard the nun-
sgreater the gain,

found. to bec sub~
off and cldmbing
propcllers,

found to decrcasc
single~rotating

5 The officicney for the take-~ o°f and clinbing cone
ditions inecreocased substantially with increasos in nunber
of blades for constant power input with a slight loss afp
the high conddtion,

6 al-rotating proPOZlorc were Tound to absord
substantlalxy norc power at peak cfficicney than ginglo-
rotating propellers of tho sanc solidity; tho cffcct was
gven norc pronouncecd for the tako-off and climbd condi-
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7o Theo powor abserbved per bladeo at pcocak efficilency
decreased sligh l" nit’ increased numbers of blades, nore
g0 for sinpgle rotation thon for &ual rotation.

8,* A large increase in the leng
sulted in s°ver@1 percent increase in
of a single-rotating propeller but the
Torta dual—rotaobting propellers
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Figure 4.- Plan-form and blade-form curves for propellers 3155-6 :
and 3156-6. D, diameter; R, radius to the tip; r, station
radius; b, section chord; h, section thickness; p, geometric pitch.
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Figure 7(a,b).-Power-coefficient curves for three-blade single-rotation propeller, on front hub.
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Figure 14.-Thrust-coefficient curves for four-blade dual-rotation propeller, showing superimposed curves for 30°, 450, and 60°, single rotation.
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Figure 23(a,b).-Thrust-coefficient curves for six-blade dual-rotation propeller.
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Figure 27.-Design chart for propellers 3155-6(R.H.) and 3156-6(L.H.), six-blade dual rotation.
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Figure 28.-Thrust-coefficient curves for eight-blade single-rotation propeller.
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Figure 3l.-Design chart for propeller 3155-6(R.H.), eight blade, single rotation.
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