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

By Davip BierManN and Epwin P. Hartvan

SUMDMARY

Tests of 10-foot diameter, four- and six-blade single-
rotating and dual-rofating propellers were conducted
in the NACA propeller-research tunnel. The propellers
were mounted atthe front end of a streamline body incor-
porating spinners to house the hub portions. The effect
of a symmetrical wing mounted in the slipstream was
inrestigated. The blade angles investigated ranged from
20° to 65°; the 65° setting corresponds to airplane speeds
greater than 500 miles per hour.

The results indicate that dual-rotating propellers were
from O to 6 percent more efficient than single-rotating
ones; but, when the propellers operated in the presence of ¢
wing, the gain was reduced about one-half. Other
advantages of dual-rotating propellers were found to
include greater power absorption and greater efficiency at
the low.V[nD operating range of high-pitch propellers.

INTRODUCTION

Theoretical treatments of propeller losses, such as |

those given in references 1 aind 2, have indicated ro-
tational losses in the slipstream amounting to several
percent for highly loaded propellers operating at high
values of V/nD. Military aircraft have now reached
the stage of speed and power wherein it appears that
dual-rotating propellers might be justified on the
grounds of improved efficiency alone although the
elimination of the engine torque reaction might be &
more important consideration. In view of these
advantages of dual-rotating propellers over single-
rotating ones, the need for full-scale propeller tests is
obvious, inasmuch as very little information on the
subject is available.

A test program was instituted for the propeller-
research tunnel to.cover the following conditions:
Tests of two-, thTee-, four-, six-, and eight-blade single-
rotating propellers operating both as tractors and
pushers; tests of four-, six-, and eight-blade dual-
rotating propellers operating both as tractors and
pushers; tests fo determine the effect of a wing in
reducing the slipstream rotational losses.

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

APPARATUS AND METHODS

The tests were made in the NACA propeller-research -

tunnel.

Propellers.—The propellers, which incorporate the
Clark Y section, were approximately 10 feet in diameter.
They varied slightly in diameter, depending on the hub
used. The drawing numbers are Hamilton Standard
31558 for the right-hand blades and Hamilton
Standard 3156—6 for the left-hand blades. Blade-

. form curves are given in figure 1.

Driving mechanism.—The propeliers were driven by
two 25-horsepower electric motors arranged in tan-
dem. (See fig. 2.) The front motor was directly
connected to the front propeller and the rear motor
drove the rear propeller through chains and a counter-
shaft.
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FrarRE 1. —Plan-form and blade-form curves for propellers 31556 and 3156-8. D,
diameter; R, radius to the tip; r, statlon radlus; &, section chord; &, seetion thickness;

1, geometric pitch.
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The propeller shafts were locked together for
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single-rotation operating conditions. The motors were
mounted on bearings. concentric with the shaft axis.
Each motor frame was restrained from rotating by
helical springs connecting with the supporting frame,

Rear motor -

Bearings A
)

/ ..
Motor section A-4
Ficvre 2.—Propetler-drive mechenism,

which provided means of measuring the torque.
Selsyn devices were used to transmit the motion of
the motor frames to the test chamber in order that
torque measurements could be made..
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FiivRE 3.—Plan view showing dimensional detafls of wing and nacelle. Dimension
a for four-blade propeller=%.7 inches and for six-blade propeller=10.0 inches.
Front and rear nacclle lines are identical.

Body.—An outline of the streamline body housing
the motors is shown in figure 3. A photograph of the
setup is given in figure 4. Tests were made with and
without the symmetrical wing in place.. The wing was
located in the midwing position and set at an angle of
attack of 0°. Both ends of the body were made
identical 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 sheet-aluminum skin.
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Measuring equipment.—The net thrust or drag of the
propeller-hody combination was measured on a thrust
balance located on the floor of the test chamber. The
torque of each motor was measured with the spring-
dynamometer Selsyn repcating system. The dyna-
mometer was calibrated before and after the series of tests
was made. Friction-delermination tests were made
frequently during.the program. The propeller speed
was measured with an accurate eleetric tachometer
checked frequently during the investigation. Each
propeller of the dual combinations was run at the same

The photograph shaws a six-blade single-rotatIng propellr
with wing In place,

FlauRE 4. —Test setup.

speed. A synchroscope was used to indicate synchro-
nism. Control of the relative speeds of the two motors
was obtained with a frequency converter placed in the
line feeding one of the induction drive motors.

Test conditions.—The tunnel speed ranged from zero
to about 110 miles per hour. The maximum propeller
speed was about 550 rpm, which corresponds lo a
rotational tip speed of 287 feel per second. .

The dual-rotation tests were made with the rear pro-
peller blades adjusted to provide approximately the
same torque at peak efficiency as for the front propeller,
A plot of the difference between the front and the rear
propeller-blade settings is given in figure 5. A typical
plot of the results is given in figure 6. The amount that
the test points scatter gives an indication of the
accuracy of the results.

The four- and the six-blade single-rotating propellers
were made up with two two-way and three-way hubs,
respectively, mounted in tandem. Because of the posi-
tion of the shaft splines when the shafls were keyed
together, equal spacing between front and rear blades
was impossible and therefore the front blade led the
rear by 85.4° and 75.0° for four-blade and six-blade
propellers, respectively. This arrangement resulted in
identical blade shank and spinner conditions for hoth
the single- and dual-rotation tests.
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FIeURE 9. —~Puwer-cocilicient curves for four-blade single-rotating propeller without wing.
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Fraure 10.—Efficicnoy curves for four-blade dual-rotating propellers without wing,
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FIGURE 11, —Thrust-coeficlent curves for four-blade dualrotating yropeliers without wing.
48 S [ = 1 L
—~ = - = N n =i {4~ - - | 4
t : = I ) i ___Cn__
— ) I — -
40 1 o] < SN . N L] | |
- ' TVrrt” -
— N E ] - N
- h N ) - - - B
3z Sommm T N NEEN T Lr e e T
3 ™ N i\\\ ™ Py, R IR _
c. 1~ 1 - NIN X N
I el ] \: - | .

24 \\‘ I~ \\\\ ~ \\\\ i NN -

R e N N N R ul Tt Tir 2N

~< N N \\\ Nk \ 11 ; -1
LN N E Y S Vi T N S 2

i ~ g N \“ . }\\ i - THHE
NES N A N N I\ - |- +-} 4

N TR AN PN NS \ | RAUEEERRA 1T

PENER=SSUERESNENANERE N X\ X N i NT VT E R LLT

. S ST TN R \:‘ AR 3 i h —5\ -.8.600° 1 {- |-}
FTRROSNES N 0.*@“” 900150 INNepsac N NoEsso- NN %-%‘5 7611 |+ 1
T T TR N W RIS I RIS T TIPS TIN5 1 X797k 17
0 4 - 8 Lz 16 2.0 24 Z.HV/ D’.’;‘.Z 36 4.0 44 4.8 52 565 80
n

Freune 12.~Individual power-cocficlent curves for four-blade dual-rotating propellers without wing.
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FiaURE 14.—Efficiency curves for six-blade single-rotating propeller without wing.
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FiGURE 15,—Thrust-coeflicient curves for six-hlade single-rotating propeller without wing,
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In figures 12, 19, 26, and 33, it may be noted that the
power curves for the front and the rear propellers cross
at V/nD values corresponding approximately to those for
peak efficiency and that at lower V/aD values the rear
propeller absorbs considerably more power than the
front propeller. This result further illustrates 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 propellers is a direet function of the disk load-
ing, as would be expected from theory

In figures 35 and 36 are shown the results from =

_few tests made to determine the effect of small changes
in 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 single-rotating and dual-rotating propellers.
The relative efficiency at all speeds is obviously of the
first order of importance. ‘The presence of & wing in the
slipstream is an important consideration because it can
be expected to remove about half the race rotation of
a single propeller. The relative power absorbed at peak.
efficiency by single- and dual-rotating propellers is of
some importance because of its effect on the diameter
and the tip speed. The relative power absorbed at the
take-off and climbing conditions determines the relative
blade-angle settings and, consequently, the relative
thrust. The relative thrust for a given power output is
a measure of the relative efficiencies for the take-off
and elimb of controllable propellers.

In figure 37 are the envelope-efficiency comparisons

341

for all conditions investigated. The four-blade dusail-
rotating propeller had about the same efficiency as the
single-rotating propeller at a V/rD of about 1.0; but,
at a V/nD of 5.0, there was a gain of 5 percent in favor
of dual rotation. The wing improved the efficiency of
the single-rotating propeller about 2 percent for only
the high V/nD range. The wing had no effect on the
four-blade dual-propeller results.

The six-blade dual-rotating propeller was from 1 (o
6 percent more efficient than the single-rotating pro-
peller. The wing improved the efficiency of the single-
rotating propeller 0 to 4 percent and also improved
the efficiency of the dual-rotating propeller 0 to
3 percent.

These results seem to check theory roughly in that
the gain due to dual rotation, within the limits of these
tests, amounts to from 0 to about 6 percent, depend-
ing upon the blade-angle setting and the disk loading.
The presence of the wing resulted in about half as much
improvement in efficiency as dual rotatien.

In figure 37 is also shown the effect of different
numbers of blades on efficiency. The results for the
two- and three-blade propellers, whi¢h are included
here for comparison, are the average of the results of
the tests made with the propellers located in the front
and the rear positions. Inasmuch as the rear spinner
is larger than the front one, the efficiency of the rear
propeller 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 made up with half the
bladeslocated in the front and half in the rear position.

/- l I

!

. o

i
P —]
-1

1T

LT - 2 single,' 3 singfe]
SEE e 7 w?lq/houf w.'nén2
) 4 single, | |

1]

i~ withou! wing

6 singfe. ||

1

[ ++

!mfhou)‘ Wirg
[t

-4 single:~
— with mngi

L

iz'

6 single~ 3 2 -

with wing

-~

AT.

4 dual, wif,

o

%

| _oui wing.

4 ot/al with 8

[ 4 dual w1 1]

T without wing

ity wing

4 single. m)‘h

HilD
u

mnq

177

t |

4 single,

lw:ffx:uf mn

6 oba/ withr 1 wing—]

1] 1 6'o'ual without 4

b o N lqu | ﬁf| ;

Ny N oy ey Do

L6 aingle. mith wing

]
1
I

]

-6 single. without |

o

4 8 12 L6 20 24

g
EI'/nﬂa‘?

wing T T T [ 41
36 40 44 48 52

56 &0

Frovke 37.—Comparizon of efMiciency-envelopwe eurves for the propellers tested.

A

— e e



342

REPORT NO. 747—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

14 [T IIHIIIIIIIIII
‘ Wffhw l P FTTT T w wing
Cﬁfar* ' VinD of mox 1) ~—=-u- &
%5 LI S Y A SRR
1.2 L T i
SEEEEAREE v e NN
O e bt e T T
3 1=
L0 KA e s e
8
/6 24 i2 40 56

: 48 ..
Blode angle, 8,deg

64

IIIIIII IHHIIIIII
With wingl 1 1 I { p Withaut wmg
o .far Wn.Da mox 1 =-~-e-
1.4 o0— -lC,, - Q65 Bl '
= T Srururao B
i T-f% G
- o
2 it - PR
5_ | ] -t 9 i <;~~_ ]
R C& [ o et . B 2 - t
1.0 - _ ._.::nq»___;_':;\
. b= 1 -y
i e S S SR B
'8;’6‘. 24 2 40 48 56 64
- - - Blade angle, 8.deg

Cp for dual rotation Cr for dual rotation
FiaUrE 38.—Ratlo of 7 Tor mﬁmfnhke-oﬂ climb, and at peak efMeiency Figure 30.—Ratlo o{mtn take-off, climb, and st peak cfllclency
for the four-blade propeller. for the six-blade propeller.
LT T ]
G623 | Lk 4L
AL Wy X ]
=11 ©nTT o olq QS
N T NAEEE IR
Ll "'\‘ \,L NeL= e R e
. < NN IS HE
LE—T QY S
|} Ix A {RE
—-E hfo Ly Q" ;"). \ N L —
i 3% SNCLIEEEE HRNEN
/4__&’5:.0?'0-7’:0 R RN BN I ‘\ .
LT TRE T2y n i
& 18 L R he A oy o114
ry e . ) nn \V . <o -
1 qu T GG '\.u} e )
/2_.Q.;q-'af87 88 e N Y o <g hge?| | | S -
) al g =50° T r—L NG ~N - HH
T M N $3 o N NG~ o I B e
- 'g__C;'aJ&_? | o NaN o A\ ; -
I o I EXILNL [ [SY S WAN - 171
o G- a5 AT = P 1] i}
Lo, . . e I
L] ﬁ.\”.‘ a:'s '\m
N 88 T ]
% 4 K 72 7.6 20 24 EY; 32 36 40 o
VinD
Cr for dual rotation

Fiqure 40.—Ratlo of mﬁt‘_ﬂ)—tﬂtﬁ_ﬁ_‘ or constant values of Cp, Six-blade propellers without wing.



FOUR- AND SIX-BLADE SINGLE- AND DUAL~ROTATING TRACTOR PROPELLERS

© Q Q oy >2 « © Q )
Ly N ¥ o~ N ~ <+
- - - —_— - e — - - - — - — 6
o B 5
ﬂ 9
i}
I . 1.” l|.ﬁ_|-
A4S r, ¥
\ V1 ode
. s
3 \ ,ﬂ 2
. \ \ . ;
[T { e Z
|} ,. \; m
V1 BT .m.
NAYAVIA £
ua / /f .. _ -w M .wm-
- YR NI g
N 1 :
< : A\ , Ts S &
A ¥ . N
RS I
1 NAUE\YE S Nes T
_ Y N % =< &
H AN 5 3
NA N [N IR om
W WIRER o £
AN YA R RINIE N
ST AR S &
A L g
N FEF Y Nan it
SN P e TN N T T S §
N CN-H--F - PR R & &
| h . SN L i S Q ¥
SR N T ¢44@,+-m N R
TINTNETE NAWWLT 3 g
N N AVAINES &
N NCTNCINCEL NN 8 T
HINUNENENA WSS 1 WL &
mIN ///_..// LA s
NNCRLNY T WS
T NCNK /.//,. T I \W\YHERA
AN UM ENA NN W%
/M._,/UI/ /l/ ///// .// /
ANANANANNN ENENERE, '
AN AYAN - i N I A
RN R
R PR A FFEN
T TR BIRISEN IR
I B D N i it (ST I
e _ L 29 | { \
% @ X N o ©

70539 0-46-23



344

REPORT NO. 747—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

>R
g %, 08 oy "% e a o
BB © . R e
- w U O R I HNEEN
N : . (N , _ s
. w : - @
| N
L \ ! @
; f ﬁ Ly
\ {
\ : .
(Y]
14
EEE
1/ B
BENAR LAY
1/ _ m
[ { qx =
i A
A 1 32
\ . 4Q m R
ITA AR Y 3
117V 3
2
i . T .m
X 3 " M
IH
y .
N)/EED L
3 o}
1 £
d_ x . illnlﬁm m
AN g .. K
ALA RN by
AVAR\ 5 4 M
AT Sty s
Z fisuR.
(MR (o) ¢
oS \ TR
AVANEN \ 31
N\ ,/ / X A \ A I~ .
B \WA ..// : ) / /, .Ar/ . m -l-~{%
Ly_// N AEANR AN\&xE=]
\ A P PP
BANY MNENEN . \ ]
NN NERUAY dal ey
,_ul N NINNL N A
1 ,4/ /I NN / LA
N SN IO INENCRNYC A BN L4
! INS NANAAARRIA I ©
/// //1 / N R S A F A -
| i AN AYARN e I
,/ OI - -
__ ~J A../ S .1//7// -l ] s
. & nl INTete} .| - .
oSSR T TR
T o) N Y v <



FOUR- AND SIX-BLADE SINGLE- AND DUAL-ROTATING TRACTOR PROPELLERS

>3
ﬁ <
\
/ . [y Q
W <
i |
\ \ . ©
\ \ g ‘ ‘9
\ . oy
\ \ @ At
\ 1 f
PY \
A\ \ [ X Q
VAN { k3 ¥
IBES N\ 1 #
/i i\ \ =
NE ¢
1A - \ \ & m
A9 AN | : 3
VAR A [ Y\ \ [ o E
1 /1° NEA (IR ¥ 3
uaD 4r r/' —— ‘_ . ...nd.w
/1 /1Y NS TG = E
'V / N | 1 © S &
A S AN 5 s
AWA WAV R I
WAEAN . 5 =
V h WA /__ L o Nep &
/ \ 'R 3 "X
A1, h ARSI S =
Vi 1= AR 1A L& g
\ AN AN NN A TR S o 2
A \ NARA'R i N T -}
-1 A & r4 ﬂ w||c.. ...D.l.
3|\ RAVAYARAYINAY 4ty %
Y NYAAINA - x 3
\ A MNA LY & N
ALY N N My S 3
\ SNETY NRAN S u_..
HARANRANEN RALRALE ® S u
VAWAEANERY A\ ‘i & N 8
X[ MA R 2 &
[ WANY NE N NT N ANMAY T T 5
LUAUAELEAN ML A T g Q
VAN N AWV TRN =
AN NERSA NOAWAA Y S
WNN NERTY y WAHES
\ NN N\ WA = o
"GN NN N WA ~
INSINANNANY i N\
N
NSENNANN N ©
AORA NN YT NN \
AN N NAAA QAN
NN OO
RANNNNNN |
< & MV///,/ ¥
N S nifesl
T \
Q ) < N ! _0 S



REPORT NO. 7T47—NATIONAL ADVISQRY COMMITTEE FOR AERONAUTICS

>3
s 3 3 8 "% e w s
t1e, @
fna
1 8 g
\
\
\ I ©
N r - 5
\ 1
\ \ ]
S 5
ﬂ\/ N
o ¥
\\\.ﬂ /. #/ J# m
if \[> )
/AR EN .m
JT AT N R R i “« =
/ \ 2 ¥ i
y N 1 @ m
/ ...w / \ R m
A \ i ¥ 3
A% \ \ VI e
77 NELRN ! 3
frA . AR o %
W/ 1 AS | EANEEE ™ H
/ / /f ﬂ \ofJ =
A3
\ / # s 3 .m
5 N = b ES Z
A7 L \VINE! 3 H
\Y N A\ o 5 =
b SAANRD 3 o @ W
VAN NANAVAVR IR NS
AN NN TR s T F
& OO S T T
\VNBEY ST m
/ A NN i.m(m, ]
N N WAV K] 3
NA Y N NV \ S Q m
VAL IN TR AMA YL 3 N8
VENN NEAN AN RIRETA g .
lﬁ)/ AN N . ANANY T3
RYVALNEAWAEAY VALV @
N NI W R =
WE NN 3 \ :m
N N R bNEAY \ v
\ // / N Y / £ oy
/1/ ZY / I._._ =
ARV ENAN AN | C Ll
QN NNANNANL I
NOAS VAN NN ®
1”/// NG /f // 1/ V L )
// // b A
N /// l/f // - )
ANGNNAN Ll
NONSRIW .
Q © N oy Q 0.



FOUR- AND SIX~BLADE BSINGLE~- AND DUAL-ROTATING TRACTOR PROPELLERS

There was very little difference between the efficiencies
of the two-, three-, four-, and six-blade propellers
except for the low V/aD range. At high values of
VinD the six-blade propeller was only about 2 percent
less efficient than the three-blade one. It should be
pointed out, however, that solidity comparisons of this
type do not necessarily bring cut the true significance,
inasmuch as the disk loading was not the same for
each propeller.

The relative power absorbed by single-rotating and
dual-rotating propellers is given in figures 38 and 39
for three flight conditions. The comparisons are made
on the basis of the same effective blade angles; namely,
the dusal-propeller results were interpolated to bring
the V/nD for zero thrust in coincidence with that for
the single propeller. The resulis indicate that the
four-blade single and dual propellers absorbed’ about
the same power for the peak-efficiency condition; but
that at V/aD values corresponding to the take-off and
climbing conditions the dual-rotating propeller ab-
sorbed 5 to 17 percent mors power than the single-
rotating propeller. 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 result indicates either that the diameter of the
dusal propeller will be smaller than that of the single
one for equal power absorption or that the blade angles
for the take-off and climbing conditions will be lower.

The relative thrust available for dual-rotating and
single-rotating propellers operating at equal values of
Cp is given in figure 40. These curves show a true
comparison of controllable propellers of equal diameter
operating at all flight speeds but at constant torque,
engine speed, and altitude and, consequently, show the
direct effect of dual-rotating propeliers on the thrust
for the take-off and climbing conditions. Relative
thrust curves are given for several airplane categories,
defined by the blade-angle settings for high speed.
Thus blade angles of 80°, 45°, 50°, 55°, 60°, and 65°
correspond roughly to speeds of 250, 375, 425, 450, 500,
and 525 miles 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 constant,
the 17nD is direetly proportional to the airspeed.

This analysis indicates that there is a marked gain
due to dual rotation for the take-off and climb of air-
planes operating at conditions of ('» greater than 0.4
or for conditions wherein the blade angles for take-off
and climb exceed 30°. In terms of airplane categories,
the take-off and climbing thrust of airplanes having
high speeds at sea level in excess of about 375 miles per
hour would be benefited by dual-rotating propellers.
Airplanes having high speeds at 20,000 feet greater than
about 460 miles per hour would have take-off blade
angles (assuming equal power) in excess of 30° and
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consequently would benefit by dual rotation for this
condition; the benefit would be even greater for the
elimbing condition at 20,000 feet. .
A sample calculation will illustrate this point. Given:
High speed of 500 miles per hour at 20,000 feet
g for high speed = 60°
VInD for high speed = 3.6
C» for high speed = 1.118
To find relative thrust at reduced speeds:
V/nD for climb at 20,000 feet = 3.6 >(0.65 =2.34
CT_D[GTS = 1.2 (C]im.b at 20,00'0 ftn) i
Cr for sea level = 0.595 (assuming constant
engine power)
CrpfCrs ='1.06 (climb at sea level)
VinD for take-off = 0.35 X 8.6 = 1.26 (assum-
ing constant engine speed)
CrpfCrs = 1.15 .

CONCLUSIONS

These conclusions apply to the present test conditions
wherein the blades of the front and rear propellers were
set to absorb equal power only at peak efficiency.

L. The peak efficiency of dual-rotating four- and six-
blade tractor propellers was found to be from 0 to 6
percent greater than that of single-rotating propellers,
depending upon the disk loeding and the blade-angle
setting; the higher these values, the greater the differ-
ence in efficiency up to the limiting test blade angle of
65°.

2. The maximum efficiency of & single-retating pro-
peller was increased by installing & wing in the slip-
stream. Dual rotation (without wing) yielded a gain
of approximately twice as much.

3. Dusl-rotating propellers absorbed only slightly
more power at peak efficiency than did single-rotating
ones; but at 1»/D values corresponding to the take-off
and climbing conditions the differenco was more pro-
nounced.

4. The take-off and climbing thrusts of dual-rotating
conirollable propellers for airplanes in the category of
400 miles per hour and up were found to exceed the
values for single-rotating propellers by substantial
margins.

LANGLEY MEMORIAL AERONAUTICAL LABORATORY,
Nationan Apvisory COMMITTEE FOR AERONATUTICS,
LancneY FieLp, Va., July 13, 1940,
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