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WATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE RESTRICTED REPORT

WIND—-TUNNEL TESTS OF SINGLE— AND DUAL--ROTATING

TRACTOR PROPELLERS OF LARGE BLADE WIDTH

By David Biermann, W. H. Gray, end Julian D. Maynard
SULMARY

Tests of 10—foot diameter, single— arnd dual-rotating
tractor propellers having from two tc eight Dblades were
conducted in the NACA 20-foot propeller—research tunnel of
the Langley llemorial Aerorautical Laboratory. This work
was a continuation of previous investigations of tractor
propellers. The test program Ciffered from the previous
investigations only in the respect that the blades used

were 50 percent wider than those previously employed. The
propellers were mounted at the froat end of a streamnline

body with a symmetrical wing in the slipstream.

e

The decrease of peak efficiency with increased solidi-

o

.ty was very low, Increasing the solidity four times de-—

ereased the maximum efficiency by only 6 percent for single
rotation. The percentage change was even less for dual
rotation.

The effects of dual rotation and changes in solidity

were, in general, the same as the effects found in previ-—
ous investigations of standard blades.

Recent increases in airmlane engine power and in the
altitude of flight have made it necessary to provids pro—
pellers of greater blade area. These blade areas can be
provided by increasing the propeller diameter, the number
of blades, or the blade width.

Previous reports (references 1, 2, and 3) have pre—
sented the results of tests of propellers having from 2 %o
8 normal—width blades. In references 1 and 2, the results
were reported for propellers in the tractor position. In
reference 3 the results were reported for propellers in the



pusher position. The present report presents results of
tests of similar single— and dusl-rotating tractor pro—
pellers of 50 percent grcater bladeée width than those
previously tested.

APPARATUS AXD METHODS

The tests were made in the NACA 20-~foot propeller—
rescarch wind tunnel with equipment that has been previ—
ously described in reference 1. A photograph of the test
set—up is shown in figure 1. Filgure 2 is a dimensioned
plan drawing of the mcdel.

Pronellers.— The proveller blades used for the
present investigation were jdentical in section, pitch
distribubtion, and thickness ratio to the blades used in
references 1, 2, and & but were 50 percent wider, excep?t
for the transition portion near the shank. The blades
were made of wood and fitted into steel sleeves machined
in accordance with SAE blade end no. 2 standard. They
were finished with a white model enamel and rubbed to an
aerodynamnically smooth finish, ' '

>

For identification purposes the blades will be re—
ferred to as "wide blades" and will be hereiln designated
3155—6—1.5 (right~hand) ancd 3156—6-—1.5 (left—hand). The
plan form and blade—Form curves are given in figure 3 for
the wide blades as well as for the standard—width 3155-6
blades.,

The two—, three—, and four—blade single—rotating pro—
pellers were mounted on the rear hud only; whereas the
six— and eight~blade single— and dual-rotating propellers
and the four—blade dual—rotating propellers were mounted
on separate hubs spaced 15 inches apart. Angular dis—
placement between the front and the rear propeller blades
for the single—rotation condition was the same for these
tests as for previous tests on the standard blades. The
front blade led the rear bdlade by 85,49 for the four=
blade propeller, 75.0° for the six—Dblade propeller, and
52.5° for the eight—blade propeller. Reasons Torathe
choice of these angles have been given in reference 3.

Test conditions.— The maximum tunnel speed (approxi—
d the power of the drive motors (two
0

mately 110 mgh an C
26—hp electric mot rs) resulted in a Reynolds number and
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in flight.

a tip spoed considerably below those experienced
was O0b—

The maximum propeller speed, which was 550 rpm)
tainable only for the low blade angies 22 the low rangce
of advance—ciamneter ratios of the tests. The tip speed,
consequently, was below 30C feel per second and the effect
of compressibility could not therefore be measured. The
Reynolds number of the 0.75 ralius section was of the
order of only one and one—half millions.

The same angular differences between the right—hand
and left—hand propeller—vlade settings were used for the
dusl—rotation tests with thc wide blade as had been used
with the stendard-width Dblade. The left—hand (front) pro—
peller was set at even valunes of blade setting and the
right—kand (rear) propeller was sab to absordb approximate—
ly the same power as the left—hané propeller for the peak—
efficiency condition only. A piot of the aungular diffar—
once between the front and the rear pr0peller—blade gets "

i The rear prcpeller was sebt _at
the same blade angle as the froant propeller for the 10°
and the 15° hlade angle, The speed of the right—hand pro—
peller was uaintained equal to the speed of the left—hand
propeller %throughout the teste., The test procedure was
the same as the procedure used for investigations of ref—

erences 1, 2, and 3.

ings is given in figure 4.

RESULTS AND DISCUSSION

The measured values have been reduced to the usual
coefficients of thrust, power, and propulsive efficiency,

offective thrust
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where

P power absorbed by propeller foot—pounds per second
Vv airspeed, feet per second

n propeller rotational speed, revolutions per second
D opropeller diameter, feet

p mass density of the air, slugs per cubic foot

The effective thrust is the measured thrust of the
propceller—body combination plus the drag of the body
measured separately.

Seversl comparisons have been made on a basis of the
activity factor for the propeller unit, expressed as

~AC /1.0
s e = y 100000 / 3 1
fighalt agtivity fagtor = B X —r / (e = d i
16 / \R D W st
0.2
wvhere
B blade width, feeb

r radius to any station along blade, feet

R radius of propeller, feet

o

B number of Dblades

The figures giving the basic propeller characteris—
tics are presented in the following table:

B et ST
Figure Number blades Rotati;;W Remarks
SREGOE 2 gingle Tested in rear hub
9 to 12 3 single Do. .

I e R ) & single e,

A (e ! k dual
22 to 8b 6 single
26 to 30 6 i dual
31 to 34 8 | single
356 to 39 8 dual




Variouvs comparisons ond design charts are presented
in figures 40 te 62, as follows:

Figure
40 Bffect of dual robation on efficiency en—
; velopes
471 Variations in efficiency gain due to dual

rotation with solidity and V/nD

42 o 44 EBffeet of dual rotation on efficlency at
censtant power

45 Efficiency—envelope conperisons for differ—
ent solidities

46 to 52 Effect of solidity on efficiency at constant
power
53 Efficiency—envelope conmparisons for pro-—

c
pellers having the same solidity but a
different number of Dblades

efficiency at

i

»

54 to 55 Bffect of number of blades o
constant power and solidit

e

56 to 60 Variation of thrust—coefficient with activity

factor

61 Design chart for propellers 3155—-6—1.5 and
31£6—6—1,5 of different solidities; single
rotation

62 Design chart for propellers 3155-6—1.5 and

3156—6—1.5 of different solidities; dual
rotation
¥B2fect of dual rotatbion.— The effects of dual rota—

tion appear to be about the same for wide blades as noted
for the standard blades reported in referemces 1, 2, and
3. These effects may Dbe studied closely by referring to
the basic propeller characteristics given in figures 17
to 39 wherein results from the single—rotation tests are
superimposed on the results from the dual—rotation tests
for three representative angles,
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A comparison of the cnvelope curves for single— and
duai-rotating propellers of the same solidity is given in
fizure 40. The four—blade dual-rotating propeller was
from 1 to 3 percent more efficient than the single—-rotat—
ing propeller; whereas the six—blade propeller was from
3 %0 4 percent more efficient. The gain in efficiency
through dual rotation was slightly less for the eight—
blade propeller than for the six—blade propeller. As
this result seemed contrary to established trends (see
figure 41) and also to theoretical considerations, it was
thought that some of tae results might be in error. IRe—
peat tests, however, of both the six— and the eight—blade
propellers checked the origiaal tesis.

The gains through dual rotatiosn, for equal solidi-
ties, were roughly the same for the wide blades (L. 44)
as for the standard blades previously tested. Small
differences noted are within tpe experimental accuracy.

The results of references 1 and 2 have indlicated
that the gains due tc dual rotation would be expected %o
be about twice as great for the condition with the wing
removed as for the condition w*th the wing in placse.
The gains would also be expected to be greater for the
pusher position than for the tractor position. (See ref—
erence 3.)

Since al-rotating propellers absorb slightly more
power +than sle—rotat:_lb pronellers, a slightly Detter
comparison of the effect of dual rotation on efficiency
is provided in figures 42 to 44 vherein comparisons are
made on the basis of constant Cp. The gain through dual
rotation was more pronounced for the take—off and climb—
ing conditions than for high speed, especially at high
values of Cp.

m p,

Effect of seolidity.— The efficiency envelope curves

.

in figure 45, which represent . a blade efficiency, lead to

the same general conclusions as similar curves in refer—
ences 1 to 3. An increase in solidity due to an increase
in the nunber of blades Ffrom two to eight resulted in a
loss of Dblade efficiency amounting to as much as 6 percen
for single rotation. The difference in efficiency due %o
the change from a six— to an eight—Dblade propeller was
apparently less than the percentage accuracy of testing,
since the same envelopes were faired through Ddoth sets of

curves. With dual rvotation, the loss in Dblade efficiency

due to increased solidity was less in general than for
single rotation; the loss was, however, appreciable.
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It was realized that efficiency envelopes based solely
on V/nD served as an unfair basis of comparison for the
propeller as a whole because, for any given value of ad-
vance—diameter ratio, the power absorbed was nearly pro—
portional to the number of blades. In figures 46 to 52,
therefore, the efficiency comparisons for the various
propellers have been plotted at certain assumed values of
the power cocefficient. For the take—off and climdb condi-
tions, there was an appreciable increase in efficiency
with increcasing number of blades, particularly for the
higher power coefficients, TFor a propeller designed %o
give the Dbest performance at high speed, some loss in ef—
ficiency at high speed is unavoidable if the solidity is
increased to improve the take—off.

As a first approximation, the effect of increasing
the solidity may be considered to be the same whether this
increase is obtained by varying either the blade width or
the number of blades. Iodern theory (references 4 and 5)
indicates, however, that for a given solidity the effi-
ciency will increase with the number of blades, The
present exzperiments indicate, nevertheless, that the 4if-
ferences in efficiency were small and were, in general,
within the experimental error. (See figs. 53 to 55.)

The problem often arises in design work of correct—
ing propeller—performance computations for differences in
activity factor between the propeller that is Deing used
and the propeller for which test results are avallable.
In order to facilitate such corrections, plots of OCgp
against activity factor for constant values of Cp are
included for several values of V/nD. (See figs, BB to
60.) The plot for V/nD = O is not included because the
results from static thrust tests are not yet available.

The results for both standard and wide blades, which
are included, allow a fairly accurate estimate of the ef—
feet of changes in activity factor on thrust., The results
for wide blades agree fairly well with the results for the
standard blades except in the stalling range, where the
wide blades exhiibit a higher thrust for a given power co—
efficient.

Composite OCg charts.— In figure 61 is presented a

conposite of the envelopes of Cg charts for single—

rotating propellers and in figure 62, a composite for dual-
rotating propellers. The figures may seérve as an aid in



preliminary design for the selection of a suitable pro—

peller and should be used

in conjunction with a speed— i -

ence 3, from which a value of 7 /nD may be found for the
1imiting tip speed. Efficiencies and diameters may Dbe
determined for several solidities from the composites.
These charts provide a measure of the relative diameter of
different propellers having a different number of blades
as well as a comparison of the efficiency of propellers

selected on a basis of - Csg, irrespective of the diameter.
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CONCLUS ICHS

ty propellers was relatively high. A propeller having a

total activity factor of

1076 had a maximum efficiency of
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1. The maximum efficiency for extremely high solidi- !
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rotation, as compared with 88 percent for a conventional |

:
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| » X g

| 83 percent for single rotation and 85 percent for dual
\

\

;

three-blade propeller having an activity factor of 269.
»rop £ G

2, The general effects of dual rotation found in

1ittle from the effects found in previous reports on stand—
ard—blade propellers. These effects are sunmarized as E

follows:

|
|
|
[
|
this investigation of wile—dlade propellers differed _
|
|
\
|
|
|
|

(a) Dual—-rotating propellers absorbed substantially
more power for the peal—efficlency condi— :
tion than single—rotating propellers of the
same soliditys the effect was even more pro—

(1) Dual-rotating propellers were found to be sub—
stantially more efficient for the take—off

and climbing

|
|
|
E
|
nounced for the take—off and climb conditions.

: i
|
|
|
|
|

conditions of flight than the

single—~rotating propellers, particularly for

operation at

found in this investigat

high power coefficients.

ion of wide~blade propellers agree

with results of investigations on standard~blade propel-— ’

|

|

|

|

} |
2, The general effects of changes in number of blades |
|

f

|

|

|

|

lers., These effects are gsummarized as follows:

(a) The peak blade

with inereased number of blaldes; this effec?t

efficiency was found to decrease



was more pronounced for single—rotating pro—
% i pellers than for dual-rotating propellers.

(b) The efficiency for the Hake—off and climbding
conditions increased substantially with in-—
creased number of blades for constant power
input with o slight loss at the high—speed
condition,

L~-385

4, The peak efficiency for a four—blade single— or
dual-rotating propeller was found %o differ from a six—
blade propeller of the same solidity by not more than 1
or & percent.

Langley Memorial Aeronautical Laboratory,
Nabtional Advisory Committee for Aeronautics,
Langley Field, Va.
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Projected plan for propellers
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Figure 9.- Thrust-coefficient curves for three-blade single-rotating propeller.
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NACA Figs. 11,12
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Figure 13.- Thrust-coefficient curves for four-blade single-rotating propeller.

.38 =
T
36 \\ e gi(fr-b/aude sxh?/e-rofo”f/bn i -// H \
N = stondord blades ] \~ S i /0
It \\\\ : 5 A .IOB
32 NNGRSN ' i | i
i O i e N LA 06 e
.30 . L < AN | A\
o e O N I A N : \ %
i TN R ) 2 |
AN \ ot 0 & N .l 2
] )
26 A \ 8 -
il . \ \ i Nl O
- . \ \\ \ X § i N i 54 | 56 | 58] 60| 62
n \: NEEAE| 5
N NN :
= \ \] NEEAW: \
3 VRSV RV \ \
| \ VR MR \ N
- VRN EA = \
4 \ \ 65\
\ T TN INE \ NES
\ K 1 VES
&) \ \\ \ \ \ \\ \\
T \ \ ) X
i X \ SR
= B E VR i‘ \ \ N}
o e L A \ \:
\ \' \ \‘ \ N\ \‘\‘ =
.02 A\ \ \ \ X ; =
B=10° gt 758 | /5°\ 25°\ 357 \ #5°h 50%\ 55° 60\,
EERERERET. 502\ ANES \ | = &
G a4, 5 -5 0. 17 4 5 8 20 et = z.g/n 28 30 32 34 36 38 40 42 44 46 46 50 52 54



.4 6 8 1.0 12 1.4 1.6 VjnD 20 aNel 4 .6 8 1.0

> L2
R S T o
- E 5 l‘_ ____g?r‘:lfjizg/e rofaf/on —IE
: .32 Standar es
% .14 G y
/-5 .30
\\* / i) \\
/.4 .28
- // = 12 B
A | —1 i \\~
/.3, 26
T\ & > \ ) N
 p— 7 N
/2 24 \}\’/ r - - = - \ £
1.1 P e e i = = e : NI
S = 3 \ \\ 09 \ \\ %)
e 1 RWENERE ACAEAL
i N LV
i \\ N \ A
C (8 .07 -
- T " \ | NERNEERN
— \ N
— \ :
o7 - 14 \ \ N 3
== \
—= = ¢ .05 A
6 B e e S N \ BEAEE :
TN >« \ NER
5 I8 48 WA 0 |
N
~! ] ~ 1 | o ! | S
4 ™ .08 \~ ) " \ \ \ \\\
S NEENEA NI RSN \
x EEWEENANUEENNEEEA N | \
N 2 : N N[\
e et T~ \\L \ \\ A% N = N \ RS
\ 5=/0° 15° \[20° 25 30° B=10° 15 20° \
= RONNY TN ; N N
51/ . 02|
B AN N NN
)| p=10° NG ANERARNGNAZ AN =S 50° \55° of . 75R \60°
0 2 4 {5 .8 L0 2 N 6 B2 G D PR D e o6 28 30 g2 34 S6 885 40 42 44 46 48 50 52 54

VinD

Figure 14.- Power-coefficient curves for four-blade single-rotating propeller.
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Figure 25.- Design chart for propeller 3155-6-1.5; six blades; single rotation.
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Figure 26.- Thrust-coefficient curves for six-blade dual-rotating propeller, showing superimposed curves for 309, 459, and 60°

single rotation.
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Figure 27.- Power-coefficient curves for six-blade dual-rotating propeller, showing superimposed curves for 30°, 459, and 60° single rotation.




Figure 28.- Individual power-coefficient curves for six-blade dual-rotating propeller.

x
L v - L-385
i & 4 .6 .8 1.0 l.2VinD.2 4 .6 .8 1.0 1.2 1.4 1.6 1.8 2.0 =
LT T TT 1] e (b =
i T T T T = i T N\ 44
L dis Front pro,oe//er - =
= — Reoir .
/.6 ~40
el \
15 \ -36
A \
\ /.4 \ .32 ™
.09 Cop
s : L;—‘ T \X ——— /”_,za e — 1
o —_— —— K R \\\
Ve (5 .24
- 1\ ] sk
e = R e e | ~ \ =
\ 1) = e AQ . 20 =
06 (S—
1.0 E T \ el o R ™ .
C. B 05 )(\’\ e ™
= - :
REL Zam WA = o N
' o i i e \ b e T - NN
CPR =l .04 ———1 =
.8 i = \ oot —1—— 65°
- AN N \ 1
S <4 \ \ N \ X
Ve N — I~ \Y\~ 04 \ N
. R - ¢
N T R L T EPANFEANEE) N= [T
6 '\\\.\\\\ = \\ \ \‘\ > fr=15 -/9.9°) \\ ’?4.9'\\29,6" 34.5° L 6‘2: 70
: < e —~ NA \ N 24 |
s SSred N ] R D5 [ N 54\] 56| 58| .60K62
N [ \0 \ /0° \\/5' 55 =/9.91 \\
e~ \‘\\1 N N \
4 SN | I~ I~ N N\ .
™~ = ™ R \ \ N N
3 e e A ~_ N N X
. =i \\\ \\ \
\ 2 =l N N N \
' T i I e = S iy X i
’ 3 20° L | soort_J248° % N N\ 2 N R
| ' 55| =1 N CARNTERNNTS -45° N} 5-=50° | k55° o7 .75R GO° ) | &
()T [~ N S INIASININIITHNN [/ N[ 4=\ [ | 2ze*\ [N | | [582° o 75R’ S
0 2 4 .6 .8 1.0 U= SR S =i S P 2 P T ) 26“// 2.8 30 2. 34 36 38 4O 42 2 46‘ 48 50 52 54 %
\ nD




k) =V AN T T o
/ // //\/ l \\ / il [ 3 \\\ I_l : g;alq// é'of:’yr’z‘/b'n
T A T -
i ) NI

=

//

|
/ |
4. \
2l \ |
W \
‘ /5 || 250] [|35° 45° 557 60°! | l65° or.75R
=09 |20F | [30q || #0° | [ s0° | T TR

V/nD
Figure 29.- Efficiency curves for six-blade dual-rotating propeller, showing suverimposed cur
300, 459, and 60° single rotation.

ves for

5 vt A attErBNe N
X |65
f /W/ 7 FARNAN \\ 1 i
i A/ X ANAN N Nt
HIMANY T T[] %

5 /Ly /157 Fep™ | 267 [30f 557 40° | 46° | 50°1 /557 | boq |65
n // I
£ 177/ 1T Jeo
/1114 T

L/ sl

7
i Wy
2
/) ] i
==
/ 7 i
P
o =
% S
L —
/ T ==
7 =
< /// =
il LR
|+
A amE
7
$< PR °
// Do
a2 Line of maximum efficiency for C,
% 15]
[ B=10°at.75R

o 4 .8 112 L6 ab A 28 | 321 J68 L0 AN Z 8NN E 2T 66 610N 6N G

6.4

6.0

56

52

4.8

44

4.0

/.6

(&2

0 4 .5 LEZENLE6E V20 248 128 32 %6 A AR NG 5 G a0 o o) 220

. Figure 30.- Design chart for propellers 3155-6-1.5 (R.H.) and 3156-6-1.5 (L.E.); =ix blade; dual

rotation.




.68

.64

.60

.56

52

48

.44

.40

Cr

=

28

.24

.20

.16

e

.08

.04

L-385

1.0

\[/

B

A

=S

=

Q_j/

\

/5°

\20’

N

A

35°%\

45

\55° ot .75R

NI

Figure 31.- Thrust-coefficient curves for eight-blade single-rotating propeller.

.26
.24
.22
.20

. /8

.04

.02

L8 =20 22 24 2.61‘// 026’ 30 32 34 386 38 .40 42 44 46 48 50 GZ: 54

1¢ *31d



2 .4 .6 8 1.0 L2 V/nD o2 AN .6 .8 L0 L2 1.4 1.6 1.8 20

(2) (b)

.24

.22

VOVN

S2

2.0

2.8

26

2.4

e

20

/.8

G

1.6

/.4

li2

/.0

RS

\

%

4/

N

20"

1

/

.60

.56

52

.44

Cp

.40

N .36

.32

.28

-4

.20

/6

e

= 08
I ~ N N \ \\ N
\

=3 \\ \ \ \ =
20° NN 25°] “hgo°| [N\[3e° 40° s 50° ot .75R NS AL

B=15° ,
5 A o AN VEREERZANNCENIECARENEEA

(C) 00 — ;
JOF SL250 4 6 8 20N 222 261‘// D2.8 30" 321 84 36 '88. 40 42 44 46748 5005254
n

i

i
,

i)

o

Figure 32.- Power-coefficient curves for eight-blade single-rotating propeller.
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Figure 35.- Thrust-coefficient curves for eight-blade dual-rotating propeller, showing superimnosed curves for 300, 459,

and 600 single rotation.
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NACA Figs. 38,39
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Figure 28.- Efficiency curves for eight-blade dual-rotating propeller, showing superimposed curves for
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9NACA Figs. 42,43,44
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(a) Single rotation (b) Dual rotation
Figure 45.- Efficiency envelope comparisons for different solidities.
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