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WIND-TUNNEL TESTS OF FOUR- AND SIX-BLADE SINGLE- AND DUAL-ROTATING
TRACTOR PROPELLERS

By DAVID BIERMANN and EIIWIN P. HAETMAN

SUMMARY

Te8t8 of 10-foot dknwter, four- and six-blade sin@-
rotating and dual-rotating propeller~ were conducted
in the N.AC&4propeller-re~earchtunnel. 2%4propellers
were mounted atthefront end of a streamline body incor-
porti”ng qinners to house the hub portimw. The effect
oj a symmetrical mung mounted in the dipatrearn uw
intwdigated. The blade ang[eg iwe.stigated ranged from
.9° to 66°; the 66° getting corresponds to airplane speeds
greater than 600 ndeg per hour.

% rewh indicate thut dud-rotating propellers were
from O to 6 percent more e~ent than single-rotating
ones; but, when the propellers operatedin tlu pregenceof a
mung, the gain um reduced about one-half. Other
adwttageg of dual-rotating prope[lm were found to
include greater power absorption and greater ej?ciency at
the low.J“[nDoperating range of high-pitch propeller.

INTRODUCTION

Theoretical treatments of propelIer Iosses, such as
those given in references 1 tid 2, have indicated ro-
tational losses in the slipstream amounting to several
percent for highIy loaded propellers operating at high
values of T’/nD. MiIitary aircraft have now reached
the stage of speed and power wherein it appears that
duakotating propeIks might be justified on the
grounds of improved efEciency alone ahhough the
elimination of the engine torque reaction might be a
more important consideration. In view of these
advantages of dual-rotating propellers over sin.@e-
rotating ones, the need for full-scale propeIIer tests is
obvious, inasmuch as very Iittle information on the
subjeot ia avaiIabIe.

A test program was irtstituted for the propellm-
research tunnel to. cover the following conditions:
Tests of two-, tl&-, four-, six-, and eight-blade single-
rotating propellers operating both as tractom and
pushera; tests of four-, six-, and eight-blade dual-
rotating propellers operating both ss tractors and
pushers; tests b determine the effect of a wing in
reduci~~ the slipstream”rotational losses.

The present report covers the results of the tractor
tests made with four- and si=blade single-ratating and
four- and six-bIade dual-rotating propellers operating
with and without a wing in the slipst.ieam.

APPARATUS AND METHODS

The tests were made in the NACA propeIIer-research
tunnel.

Propellers.-The propelIem, which incorporate the
CIark Y section, were approximately 10feet in diameter.
They varied sIightIy in diameter, depending on the hub
nsed. The drawing numbers are HwniItrm Standard ,_
3155-0 for the right-hand blades and’ Hamilton
Standard 3156+3 for the left-hand black. BIade-
form curves are given in figure 1.

Driving mechanism.-The propellers were driren by
two 25-horsepower electric motors arranged in tan-
dem. (See fig. 2.) The front motor was directly
connected to the front propelIer and the rear motor
drove the rear propelIer through chains and a counter- ____
shaft. The propelIer shafts were Iocked together for
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single-rotation operating conditions. The raotoIwwer~
mounted on bearings. concentric with the shaft axis.
Each motur frame was restrained from rotating by
hdical springs connecting with the supporting frame,

{

which pro’

i Rear mokr

J“ Tbr-que spring

FIGrItE 2.-Fro@erAlve mehenkn.

ided means of measuring the torque.
)Scdsyndevices were used to transmit the motion of
the motor frames to the test. chamber i.n order th~t
torque measurementscould be made..

1. i80ff~

II I
FtIIcrrri3.—PlmvtewehowlngdhnenslmaldetaflsofWIIJEmd noeelle. Mnension

a k-r Iour-bledepropelleM.7 Inchceend for slx-bkic lwo@le= 10.11inches
Front end rear nrmlle ltneem Iderrtkal.

Body.—An outline of the streamline body housing
the motors is showmin figure 3. A photograph of the
setup is given in figuro 4. Teds were.made with and
without the symmetrical wing in place... The wing was
located in the midwing position tind set at an angle of
uttack of OO. Both ends of the body were made
identicaI in order that comparative tractor and pusher
tests.could be made without altering the body shape.
Spinners were used for all tests. Both wing and body
were constructed of wooden forming members covered
with shcet+duminum skin.

Measuring equipment,-The net thrust or drag of the
propeIIm-body combination was measured on a thrust
balance located on the floor of the test chambw. The
torque of each motor was mm.surcd with thr spring-
dynamorneter Selsyn repeating system, TIN @a-

mometerwas calibratedbefore and after the seriesof Lwtti
was made, Frictiondet,ermination tests were mwk
frequently duringcthe program. The propollty spmd
was rnimsured with an accurate electric taclwmctcr.
checked frequently during the investigation. F.ach
propeller of the dual combinations was run at tho same

F1OURE4.–Test setul). The ])hotom~h chowsa dwblndcA@e-rotetIrrermrekr
with M@!In IIlmre.

speed. A synclwoscop~ was used to iridicatc synchro-
nism, Control of the relative speeds of the two motwa
was obtained with a frequency converter placed in thc
line feeding one of the induction @ivc motors.

Test oonditionst—The tunnel speed ranged from mm
JOabout 110 miles per hour. The maximum propdlrr
~peed was about 550 rpm, which corrcspomis LO n
.o&tional tip speed of 287 feet pm second.

The dual-rotation tests wwc made with thr rtwr pro-
?eller blades adjusted to provide approximately th(’
;ame torque at peak efficiency as for the front proprllrr.
,4 plot of the.difference bctwwm the front and lhc ru~r
yopeller-bIade settings is given in figure L. A typical
plot of the results is given in figure 6. The amount that
the test points scatter gives an indication of the .

~ccuracy of the results.
The four- and the six-blade single-rotating propdlurs

mre made up with two two-way nnd t.lmw-way huhsl
mspoctively, mounted in tandem. BCCnUSCof LIICI~)()~i-
tion of the shaft splines when the shtifls were krywl
ioget,her, equal spacing butwcen front ml rwtr lhtdw
iv~ impossible and Lhcrcforc the front IJude Icd thu
:ear by 85,4° and 75.0° for four-blade and six-ldad~
propellers, respectively. This mmmgrment rcsullrd in
,dent.icalbIade shank and spiruwr conditions for lJtJ[h

:1)0 single- and dunl-rotalion tesls.
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Itl figures 12, 19,26, and 33, itmay be noted that the
power curves for the front and the rear propellers cross
ut V/nD values corresponding approximately to those for
peak efficiency and that a-tlower V/nD values the rem

propelIer absorbs considerably more power than the

front propelier. ‘l%is result further ihstrates the effect

of the front propeller in increasing the angle of attack

of the rear propeller and indicates that the magnitude

of the differences in the power absorbed by the front and

the rear prcpeIlera is a direct function of the disk load-

iug, as would be expected from theo~.

ln figures 35 and 36 are shown the rem-dtsfrom a
few tests made to determine the effect of smaU changw

‘.
m the blade angle of the. rear propeller. It may be
noted that the thrust and the power changed, as would
be expected, and that there was no measurable effect on
the efficiency of the combination.

There are several important considerations in com-
paring singk-rotating and dual-rotating propellers.
The relative efficiency at aII speeds is obviously of the
filst order of importance. The presence of a wing in the
slipstream is an important consideration because it cam
be wpected to remove about half the race rotation of
a single p~peller. The relative power absorbed at peak.
efficiency by singIe- and duaI-rotating propelle= is of
some importance because of ita effect on the diameter
and the tip speed. The rdative power absorbed at the
take-off and climbing conditions determines the relative
blade-angle settings and, consequently, the rehtive
thrust. The rektive thrust for a given power output is
w measure of the relative efficiencies for the tal+off
tmd chrnb of controllable propellers.

In figure 37 me the envelope-eficiency compmiscns

for alI concMions inwst.igatecl. The ft.mr-biade dual-
rotating propeller had about the same efficiency as the
singh+rotating propeller at a l“)n~ of about 1.0; but,
at a l’fn~ of 5.0, there was a gain of 5 percent in favor
of dutd rotation. The wing improved the efficiency of
the single-rotating propeller about 2 percent for only
the high V/n.D range. The wing had no. effect ou the
four-blade dual-propeIler results.

The six-blade duaI-rotatin.g propeller w-asfrom 1 h)
6 percent m,ore efiient than the single-rotating pro-
peller. The wing improved the efficiency of the singh~
rotating propeller O to 4 percent and also improved
the efficiency of the dual-rotating propeller O to
3 permrlt.

These results seem to check theory roughly in that
the gain due to dual rotation, witbh the limits of them
tW.s, amounts to from O to about 6 percent, depend-
ing upon the blade-angIe setting and the disk loading.
The presence of the wing resulted in about half as much
improvement in efEciency as duaI rotaticn.

Ln figure X’ is aka shown the effect of different
numbem of bIades on efficiency. The rewdts for \he
two- and three-blade prcpellem, whi&h are included
here for comparison, me the average of the results of
the tests made with the propellers located in the front
and the rem positions. Inasmuch as the rear spinner
is larger than the front one, the et%ciency.of the rear
propelIer was found to be 1 or 2 percent higher than
that of the front one. The use of average results
for the two- and three-blade propellers makes possible
a direct comparison with the four- and six-blade pro-
pellers, each of which was mnde up with half the
blades located in the front and half in the rear position.
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There was ~ery Iittle difference between the efficiencies
of the two-, three-, four-, and six-blade propellers
except for the low V/nD range. At high values of
I~nD the six-blade propdler m-asonly about 2 percent
1sss efficient than the three-blade one. It should be
pointed out, howe~er, that solidity comparisons of this
type do not necessarily bring out the true sigdcmme,
inasmuch as the disk loading was not the same for
each propeller.

The rdative power absorbed by single-rotating and
dud-rotating propellers is gken in figures 38 and 39
for three flight conditions. The comparisons are made
on the basis of the same effective blade angles; namely,
ihe dual-propder Ah were interpolated to bring
the 1“/nD for zero thrust in coincidence with that for
the single propeller. The results indicate that the
four-blade single and dual propellers absorbed’ gbout
the same power for the peak-efficiency condition; but
that at l~nD values corresponding to the take-off and
diibmg conditions the dual-rotating propeller rtb-
sorbed 5 ta 17 percent more power than the single-
rotating propeiler. The six-blade comparison (fig. 39)
shows more pronounced effects, even for the high-speed
condition; the dual propeller absorbed several percent
more power for the high-speed condition and as much
as 30 percent more power for the take-off condition.
This rewdt indicates either that the diameter of the
dual propeller will be smaller than that of the single
one for eqmd power absorption or that the blade angles
for the trike-offand climbing conditions wiUbe lower.

The relative thrust available for dual-rotating and
single-rotating propellers operating at equal values of
C’p is given in figure 40. These curves show a true
comparison of contrdable ptipdfers of equal diameter

operating at all flight speeds but at cmstant torque,

engine speed, and altitude and, consequently, show the

direct effect of dual-rotating propellers on the thrust

for the takedf and climbing conditions. Relative

thrust curves are given for se-iernl girplane categories,

defined by the blade-angle settings for high speed.
Thus blade anghs of 30”, 45°, 50°, 55”, 60”, and 65°
correspond roughly to speeds of 250, 375, 425, 450, 500,
and 52!5miles per hour, respectively, if a tip speed of
900 to 1000 feet per second is assumed. Inasmuch as
the engine speed and diameter are assumed constnnt,
the 1‘/n i3 is directly proportional to the airspeed.

This annlysis indicntes thnt there is a marked gitin
due to dual rotation for the take+ff fmd climb of nir-
phmes operating at conditions of CP greater than 0.4
or for conditions wherein the blade angles for tda+off
and climb exceed 30°. In terms of airphme categories,
the take-off and climbing thrust of airplanes having

high speeds at sea level in-excess of tibout 375 miles per
hour WOUMbe benefited by dunl-rotating propellers.
.firplnnes hnving high specclsnt 20,000 feet greater than
thout 460 miIes per hour wonkl ha~e take-off Nnde
tingles (nssuming ec~unl ptiwer) in exces of 30° and

consaquently would benefit by dual rotation for this .
rendition; the benefit would be eren greater for the _ _.

dhnbiig condition at 20,000 feet.
A sample calculation will illustrate this point. Giv~n: “- -

High speed of 500 roles per hour at 20,000 feet
Bfor high speed = 60”
V/nD for high speed = 3.6
Cp for high speed = 1.118

To find relative thrust at reduced speeds:
V/nD for climb at 20,000 feet= 3.6 XO.65 = 2.34 - ‘“- —
C@r. = 1.2 (cIimb at 20,000 ft)
C’P for sea level = 0.595 (assuming ccmstim~ “-”

engine power)
Cr#&s =” 1.06 (climb at sea levd)
V/nD for t.ake+ff = 0.35 X 3.6 = 1.26 (mum-

ing constant engine speed)
c,#Q = 1.15

CONCLUSIONS

These conclusions ripply to the present test conditions
wherein the blades of the front and renr propellers were
set to abmrb equal power only at peak efficiency.

1. The peak efficiency of dual-rotating four- and six-
-. -.

blade tractor propellem was found to be horn 0 to 6

percent greater than that of single-rotating prope~ers,

depending upon the disk loading and the blnde~angle -

setting; the higher these values, the greater the differ-

ence in efficiency up to the limiting test blnde nngle of

65°.
2. The mmimum efficiency of a single-rotating pro-

peller was increased by insteJ.Iinga wing in the slip-
stream. Dual rotation (without wing) yielded a gain
of approximately twice as much.

3. Dual-rotating propellers absorbed onIy slightly
more power at peak efficiency than did single-rotating , ..

ones; but at V@ values corresponding to the take-off
and chmbing conditions the difTerencowas more pro-
nounced.

4. The take-off and chubii thrusts of dual-rotating
controllable propellers for airphnes in the category of
400 miles per hour nnd up were found to exceed the
values for singIe-rotnting propellers by substantial
mmgins.

LANmJZY MEMOEUAL AEIZONAUTICAL LABORATORY,

hTATIONAL ADVI&BY COMMITTEE FOR AERONAUTICS,
LANGLEY FIELD, ~A., July 1S, 19@.

REFERENCES

1. ‘iveinfg, Fritz: &genIMige i%hraukm ffir ~ugzeuge. Jahrh.. ~_ _ .._
1937 der deutschen Luftfahrtforschung, R. OIdelihourg
(Munich), pp. I 215-1223.

2. Lazzarino, Lucio: Study of A~wY for High Speed Aero-
pkmes. R. A. S. Jour., VOI. XLIV, no. 352, April” 1940,
pp. 322-327.


