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WINDnTUNNEL TESTS OF SEVERAL MODEL TRACTOB—PROPELLER AND
PUSHER"PROPELLER WING ElTENSIONmSHAFT ARRAVGEMENTS

By Hubert H. Harmon
SUMMARY .

Tests were made in the 20~foot propeller-research
tunnel to investigate the possidility of obtaining in-
creased net efficiencies of propeller-nacelle units by
enclosing the engines in the wings and by using extension
shafts. A wing of 5-foot chord was fitted with a propeller-
drive assembly providing for several axial locations of
tractor propellers and pusher propellers. A three~blade
4-foot propeller and a three-blade 3—~foot propeller of
special design were tested on this wing with spinners and
fairings ranging in diameter from 6 to 16 inches. A 16=
inch NACA cowling was tested for comparative purposes.
Two types of cuffs were also employed.

It was found that the net efficiency of a convention~
al round-shank propeller mounted on an extension shaft in
front of or behind a wing: 1ncreased with an increase in
the diameter of the spinner and the shaft housing within
the scope of the tests. The 1argest spinner used had a-
"diameter that might favorably compare with that of a
rad1a1 eng1ne cowl1ng. :

The efflciencies for the pusher position appeared to
be more critically affected by spinner size than those for
the tractor position, The spinners with large diameters
for the pusher position resulted in a higher efficiency
than those for the corresponding tractor arrangements; the
reverse was true for the small spinners.

The use of propeller cuffs in combination with a
spinner of small diameter’ generally resulted in net effi~-
ciencies that were comparable with those found for the
large»spinner combinatlons.L““



INTRODUCTION

The drag of engine nacelles on multiengine airplanes
is often from 15 to 30 percent of the total drag. This
fact suggests.that the: engines should be entirely enclosed

within the wing and the propellers should be drlven through
extension shafts., .

The problems that arise in the consideration of the
extension-shaft arrangement ares

1. The gain attained by the elimination of nacelles
- if the drag of the optimum size of extension
shaft is considered

2. The best location of the perellef

3. The relative merits of the fractor—propellér and
- the pusher-propeller arrangements

4, The cptimum diameter of the shaft fa1r1ng and the
' spinner

5. The relative- merlts of cuffs and 1arge spinners
for covering the cylindrical portions of
present-day propeller blades.

The investigation herein reported was made for the.
purpose of obtaining the information that would help to
answer these questions. The tests were made as a contin-
uation of the investigation of the wing-nacelle-propeller
combination in the 20-foot tunnel (references 1, 2, and
3), which included tests of several model wings combined
with various combinations of cowled and uncowled engines.

_APPARATUS

The tests were made in the NAJA 20-foot w1nd tunnel.
(See reference 4.) The return passages of the tunnel have
been slightly altered and a new sizx-element balance has
been installed since reference 4 was written, The set- -up
for these tests cousisted essentially of a segment of a
wing to which a propeller-drive assembly, a propeller, a
shaft fairing, and a spinner could be fitted, A pusher-
propeller wing extension~shaft arrangement mounted for
test is shown in figure 1.



Wing.~ 4n NACA 23018 wing with a 5-foot chord and a
15~foot span and with a wood covering of 1/2 inch was used
for the first tests in this series., During the tests the
-wing was covered with sheet aluminum: 1/16 ineh thick; this
additional covering increased the chord to 5,052 feet and
increased the area from 75 to 75.8 square feet.

PrOpeller drive.~ A motor extension-shaft assembly
was fitted into the wing, as shown in figure 2. Three
shafts of differsnt lengths were used to obtain different
axial locations of the propeller. The motor used to drive
the propeller, the alternator, and other equlpment to sup-
ply the proper current are described in referenqe 2.

Propellers.- A three-blade, 4~foot model of a Ham:lton
-Standard- 6101 propeller was used for most of the tests.

The blade-form curves for this propeller are presented in
reference 2. The NACA 7099 three-Dblade, 3~~foot propeliler
‘was also used. This propeller is of a special design in-
corporating-the NACA 1l6-series airfoils with low thickness
ratios extended inward almost to the hub. It has a basic
pitch angle of 39.5° at the 0.75 radius. The blade-form
curves of the NACA 7099 propeller are shown in figure 3.

Fairings, spinners, and cowling.- A number of sheet~
aluminum fairings and spinners were made to provide spin-
ner diameters of 6 and 10.7 inches for the 6101 propeller
in the pusher position and diametersof 6.0, 8.0, 10.7, and
16.0 inches for the same propeller in the tractor position.
Four lengths of spinners of 6~inch diameter were made for
the pusher-propeller position: ‘three lengths with an el-
liptical longitudinal section and one length with a sharp~
pointed section. An 8-inch diameter spinne¥ and fairing
were used for the NACA 7099 propeller. A 1l6-inch NiACA
‘cowling described in reference 3 was also tested. TFigure
2 is made up of sketches of these fairings and spinners
in all the arrangements tested. Figure 4 is a sketch of
the NACA cowling. Photographs of the tractor-propeller
and the pusher-propeller - exten31on~shafﬁ arrangements are
shown in figures 5 and 6, respectively,

Guffs.~ Two -types of cuffs Were ‘"designed and bullt
for the 6101 propeller. (See fig. 7.) Figure 8 is a
photograph of the set-up showing cuff I,



METHODS

The propeller speed was measured by an electric ta-.
chometer; a magneto type of tachometer was used for the
first part of the program and a condenser type was used
for the last part. The torgque was obtained from a cali-
bration involving the power input to the motor, the motor
sp?ed, and the alternator field currentb (See reference
2. :

Wlnd-tunnel tests were of three types: measurement
of 1ift and drag of the wing, with and without nacelles,
for a range of angle of attack at a constant air speed of
about 80 miles per hour; measurement of 1lift and drag of
the wing, with aid without nacelles, for an angle of at-"
tack of 3% at air speeds, varying from 30 to 100 miles per
hour; and measurement of 1ift and - resultant horizontal
force on the wing, with propeller 0perat1ng, for an:angle
of attack of 3°. For these propsller tests, the air speed
and the propeller revolution speed were varied to obtain
velues of the advance-~diameter ratio V/anD .from zero to
the values for zero thrust. In every case- peak efficiency
occurred at the highest air speed - about 100 miles per
hour. .

$TMBOLS Axn‘oomrumAmioNs

q dynamic pressure of air (1/2 pVa)
p mass densitv of air |
¥ velocity of air”stréam\{“

n propeller revolution speed

R ‘balance reactlon (excess of thrust of propeller over:
drag of body)

T propulsive thrust (R + drag of body without propeller)
D diameter of propeller

S area of wing

)
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Cp wing drag coefficient

CL wing lift coeff:c:lent <—-~i‘

D

c—-._—-—--—

L __ _‘péﬁef\‘
C owetr coefficient | =—7—r
p bpower effi . ;c,pnsns

g% advaﬁce~diameter rafio of propeller
vV N
n propulslve efflolenCJ <‘““ 55,,

Mo net?efficiency..(ﬂ'- K.D.F,).

R SV
C .ispaed'power coefficient <ﬂD Cx . )

r 2 g N3
i
¥.D.P, nacelle drag factor ! nagolle drag ﬁé)

L | 29D Cp

Power coefficients Op, propulsive tarust coeffi-
cients’:CT. and propulslve eff1c1ency n were computed

and plotted agaznst the advance-diameter ratio ¥/uD for
all the,propallermtests, 4 set of typical curves and test
.. points. is shown in figure 9., Values of the speed-power
coefficient Cg5 were calculated from faired values from

these curves. The drag at a dyramic pressure of 26 pounds
per square foot (an air speed of approx. 100 mph) of each
extension~shaft combination was determined from faired
curves obtained from the 3° angle~of-attack measurements.
These drag increments were used to compute the drag
coefficient increments and the nacelle drag factors. Net
efficiencies were determined and were plotted against"cs.

.Phe faired envelones of these curves are glven in thls
repori. T ' : :

3



-RESULTS -/

The results of these tests are shown in terms of 1ift,
drag, net efficiencies, and speed-power coefficients.

- Lift and drag characteristics of thhe wing alone are

shown in figure 10. PFigure 11 shows the 1ift and drag
characteristics of the wing with extension shafts and
fairings for tractor propellers, and figure 12 gives sim-
ilar information for the pusher~propeller arrangements,
In figure 13 extreme limits of the curves of the 1ift and
drag characteristics for the wing alone are compared with
the limits for the wing with the extensiofi-shaft arrange-
ments., The increments of drag coefficient due to the var-
ious nacelles are shown in flgure 14.

The envelopes of the net efficiency of the 6101 pro-
peller in the tractor-propeller arrangements are sbown in
figure 15; the envelopes for the pusher-propeller arrange-
ments are shown in figure 16. In figure 17 the efficiency
of the NACA 7099 propeller in tractor and. pusher arrange-
ments is compared with that of the 6101 propeller. The
tractor-propeller and the pushernpropeller arrangements
are compared in f:gure 18. ‘

DISCUSSION

The discusszon is divided into four parts:  the 1ift
and drag characteristics of all arrangements, the net- :
efficiency results of the’ tractor-propeller arrangements,
the net-efficiency results of pusher-propeller arrange-
ments, and a comparison of the tractor-propeller and the
pusher-propeller arrangements.'

-

Lift and Drag Characteristics of All Arrangements

The curves of CD plotted against CL for the wing

alone: (flg. 10), obtained from tests made at different
‘times'at an air speed about 80 miles per hour, do not co=-
incidé; but they do agree at 1ift coefficients near 0.2,
corresponding to the angle at which all propeller tests
were run. For the extension-shaft arrangements there is
a spread in the curves of Cr, plotted against Gp for



the different conditions (figs. 10, 11, 12), particularly
at high 1ift coefficients, but the variation does not cor-
relate with the spinner size.

In figure 14 are shown the extension-shaft drag in-
crements to the wing drag coefficient.  The group of -
points plotted for the tractor-propeller nacelles lies
above that for the pusher-propeller nacelles, which indi-

cates a higher drag for the tractor-propeller nacelles;
the scattering of these- points is large, however, and the
twé ‘groups overlap. The curve from reference 5§ indicates
increasing drag with increasing nacelle diameter, and the
test points of the nacelles in the tractor position 1 and
Ppusher position 4 have a similar tendency. The grestest
increment of drag represented is about ‘2 pounds., Because
the balance error may be as large as 0.4 or 0«5 pound and
because the various extension-shaft nacelles are not all
gecmetrically similar, the scattering of. po1nts seems not
unduly large.

Net Efflclency of Tractor‘Propeller Arrangements

Before these curves are discussed, it may be well to
note that the use of model propellers regsulted in low
Reynolds numbers and, conseguently, in relatively low ac-
curacy. The precision of these efficiency results is be-
lieved to be, for the most part, about 3 percent. Unless
otherwise stated, only the 6101 propeller is 1ncluded in
the follow1ng discusszon. )

Spinner size.- As shown in figure 15, the‘net‘effi—f
ciency of the tractor-propeller extension-shaft combdbina-
tion increased falrly consistently with incregses in- spin-
ner size within'the scope of the tests, particularly for
the high values of Cg that correspond to high forward

speeds, Thi& trend can be accounted for by the fact that
larger spinners cover up more of the poor sections of the
propellers, which is particularly 1mportant for the high-
speed-fllghn conditions. This effect is in agreement with
results gzven in reference 6. ~

Gompar1son of tractor-propelle* exten51on*shaft ar-

rangements and NACA cowling arrangements.~ The net effi-
ciency found for-the 6101 propeller with the. 1lé-inch NACA
cowling (fig. 15) is O to 8 percent lower than that found
for the 1l6-inch spinner, the best of the extension-shaft




arrangements. (The NACA cowling tests from reference 3 .
were corrected for cooling air flow according to the rela-
tion

: : 3
pressure drop across the en§1n3>-2-

Increase in drag coefficient = Conductivity d5mamic pressure

which takes into.account only the losses through the en-
gine baffles.) It should be noted that the extension~
shaft arrangement resulting in the highest net efficiency
is about .as large ‘as a radial engine that might be used
with this propeller. This fact suggests that, if the drag
of the radial engine cowling could be reduced to that of
an extension shaft having the same diameter, there would
be no advantage in burying. the engine in the wing.,

Another method for reducing the drag of the blade
shanks is by the use of cuffs. OQOuff I was tested in com-
bination with a 6~inch spinner; the resulting efficiency -
was equal to . that of the propeller with the 8-inch and
10~inch spinners. Lack of time prevented further experi- .
ment with cuffs for the tractor propeller,

Distance of the propeller in front of the wing.- Of
the three axial positions of the tractor propeller, the
" intermediate position (about 30 percent of the chord for-
ward of the leading edge) was the best, the difference in
efficiency between positions 2, 1, and 3 varying from O
to 4 percent (fig. 15). There was little difference for
p031t10ns 1 and 3. o

Net Efficiency of Pusher-Propeller Arraggeméﬁ;s

Spinner size.~ The pusher propeller with the larger

spinner had the higher net efficiency, as was the case

_with the tractor~pr0peller arrangements.  (See fig. 16.)
With the 10.7-inch spinner the net efficiency was 6 to 15
percent higher than with the 6~inch spingers. This dif-
ference in efficiency due to spinner size for both posi-
tions 4 and 5 suggests that the resulting wake is critical-
1y affected by the spinner size for this round-ghank pro-
peller mounted in the pusher position. The flow over the
smaller spinner may be completely separated, vhereas it
may not be separated for the larger one.




Two cuffs, I and II, were used with the 6~inch-
diameter, l2-inch~long spinner. The use of cuff I re-
sulted in about 8 and 7 percent increase in efficiency
for positions 4 and 5, respectively (fig. 16). This in-
crease did not, however, raise the efficiency up to that
of the 10.7-inch spinner in position 5. This increase
did, however, raise the efficiency up to that of the 10.7-
inch spinner in position 4,and this is the only case in
which the efficiency of the propeller with the 10.7-inch
spinner was less than that for the propeller with the 6-
1nch splnner and a cuff.

The propeller with cuff IT in position' 5 was about
5 to .7 percent more efficient than without cuffs for the
two-blade angles tested. The efficiency in position 4,
however, was only about 1/2 percent higher than that with-
out cuffs., The propeller with the 10.7-inch spinner was
about 5 or 6 percent more efficient tnan the 6-inch spin-
ner w1th this cuff. : : :

In general, the propeller wzth the 6—1nch spinner and
cuff had a higher net efficiency than the 6-inch~diameter
spinner without cuffs, but the propeller with the largest
spinner had, with one exception, g higher net eff1c1ency
than the 6-inch spinner with cuf fs._

Digtance of the propeller behind the wing.~ Of the
two axial locations .of the propeller, the one nearer the
trailing edge had a slightly hlgher‘net efficiency, with
the exception of the 10. 7—1nch splnner in ‘the lower range

of - Csd

Comparison of the 6101 and NACA 7099 propellers.- The
NACA 7099 propeller having l6~series airfoil sections
throughout also has much better shank sections than the
6101 propeller. The pitch distribution was nearly con-,
stant for a blade setting of 40° as compared with 15° for
the: 6101 propeller° this difference would. also favor the
NACA 7099 propeller for the high blade angles investigated.
With the 16-inch NACA cowling, this propeller resulted in
a net efficiency & to 4 percent higher than did the 6101
propeller. (See fig. 17.) 'Likewise, the net efficiency .
of the NACA 7099 propeller in the tractor position with
the’ 8-1nch.sn1nner and the extension shaft was 5 to 14
percent hlgher than that of the 6101 propeller.
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These two propellers were not tested with the same
size of spinner in the pusher position, but figure 16 in-
dicates that there would have ‘been 4ittle difference in
efficiency for the same spinner size.. The net efficiency
of the 6101 propeller in position 5 with the 10.7-inch
spinner was 2 or 3 percent higher than that of the NACA
7099 propeller with the 8~inch spinner. Even with cuffs,
the 6101 propeller with the 6-inch spinner d4id not have
quite so high an efficiency as the NACA 7099 propeller
with the 8-inch spinner.

Comparlson of Iraﬂtor—Propeller and
Pusher~Pr0peller Arrangementsv

The net efficiency of the 6101 proPeller in the pusher
arrangement with the 10.7-=inch spinner was” definitely high-
er than that of the tractor arrangement with the 10.7=inch
spinner. With the 6-~-inch spinner, the pusher arrangement
resulted in-a somewhat lower efficiency than did the trac-
tor arrangement. ‘It was pointed out in a previous discus-
sion that the flow over the pusher spinner was critically
affected by the size of the spinner. Although the spinner
"size affects the tractor results, there seems to be noth-
ing.critical regarding it. The fact that the pusher posi-~
tion is critical may account for the superiority of the
pusher position for the 1l0.7-inch-spianer arrangement and
the inferiority for th646—inch-spihner-arrangement.

The NACA 7099 propeller with an 8~inch spinner in the
tractor arrangement had s somewhat higher net efficiency -
than with the 8-inch spinner in the pusher arrangement, —
This propeller was designed with wide-shank sections and
a large amount of twist that would cause. high rotational
losses if the rotation were not removed. With this pro-
peller in the tractor position, the wing would temnd to ¢
reduce the rotation and to prevent separation. 1In the
‘pusher position, however, the wing would have no effect
in preventing rotation; it is possible ‘that separation
might result, which would be apparent in a low net effi-
ciencye. :

It is also likely that tne 8~-inch splnner was below
the critical-diameter range.for the pusher position, even
for a propeller with good shanz sections operating at low Lo
1ift coefficients. '
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CONCLUDING: REMARKS

-

In view'of the fact that the present tests were made
at low Reynolds numbers, the accuracy of the results was
relatively low and consequently no clear-cut conclusions
should ‘be.drawn. - Cértain generalizations may be worth
mentioning, however. Of particular importance is the
fact that only a few of the determlnatlons of the drag of
the extension-shaft fairings 1nd1cated negl;glble drag.

The net efficiency of a conventlonal round-shank
propeller mounted on an extension shaft in front of a wing
increased with an .increase in the diameter of the spinner
and the shaft housing within the 'scope of the tests. The
largest spinner used had a diameter that might compare
favorably with that of a radial engine cdwllng, this fact
suggests that tractor extension shafts might not have any
aerodynamic advantages over normal nacelle—propeller ar-

angpments having coollng systems of equal drag..

The: eff1c1encies for the pusher positlons appeared
to be more critically affected by spinner size than those
for the tractor position. The spinners with large diame- .
ters for the pusher position resulted in a higher-effi-
ciency than those for the correspondlng tractor arrange~’
ment; the reverse was true for" the small spinners.

The use of a combxnatlon of propeller cuffs and a
spinner of small-diameter increased the values of the net
efficiercy in some instances to values that were compara-
ble with those recorded for the large-spinner combinations.

"An NACA propeller designed with low-drag sections
throughout and having a large ameunt of twist wasigeneral-
ly better than the conventional propeller tested..

Langley Memorial Aeronautical Laboratory,‘
Natlonal Advisory Commitlee for Aeronautlcs,
Langley Field, Va. A o
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Figure 1.~ Photograph of the pusher=propeller wing extension
shaft arrangement tested. The 6-inch spinner,
12.0 inches long; propeller 6101; position 5.

Figure 8.~
Photograph

of the itractor~
propellsr wing
extension shaft
arrangsmsnt
tested. The
6-inch spinner;
propeller 6101
wlth cuffs;
position 2.
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NACA Figs. 4,7
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1T 35 40.1
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Figure 7.- Cuffs I and IT as used with the 6101 pusher propeller

with an elliptical spinner of 6-inch diameter and
12-inch length.
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. Fig. 5

(0) The 6-inch spinner; propeller 6101, (f) The 10.7-inch spinner; propelier 6101,
position 2. position |.

b) The 8- ler 6101 ’ 10.7~1nch ller s10l;

() pognho:\ncZ'? spinner; propeller 5 (9) ;Iggmon ‘an.c spinner; propelier

{c) The 10.7-inch spinner; propeller 6101, (h) The i16=thch N ACA cowling; propelier
position 2.

6iol; position 2.
(d) The 8-inch spinner; NA CA 7099 (i) The 18-inch NACA cowlings NACA
propeller; position 2. 7099 propeller; position 2.

(e) Tf,‘: #%émgh spinner; propeller &iol;
position 2.

Figure 5. Photographs of the tractor-propeller wing extension-shaft arrangements tested.
NACA - 22446
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(a)
(%)
(©)
(d)
(e)

The 6-inch spwnner, 5inches long;
propeiler 610l; position 3.

The 6&-inch srmnar, 12 inches lang;
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Figurs 5. Photographa of the pushér—prapeller wing eatension-shaft errangements tested.
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Figure 10.- Lift and drag characteristics

of the wing alone,as indicated
by the four measurements made during the
extension-shaft tests,
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Figure 1%.- Extreme limits of curves of 1lift

and drag characteristics for the
wing extension-shaft combinations compared
with extreme limits of the tests made with
the wing alone.
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(a) Fairings and spinners of
6.0-,8.0-,10.7-,and 16.0-
inch digmeter in position
2 for propeller 6101,

(b) Fairings and spinners of
8.0-inch diameter in posi-
tion 2 for the NACA 7099
and the 6101 propellers.

(c) Fairings and spinners of
10.7-inch diameter in posi-
tions 1,2,and 3 for pro-
peller 6101.

Figure 11.- Comparison of 1ift and drag characteristics of various wing
extension-shaft combinations for tractor propellers.
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12.0-,14.2-,and 18.0-inch
lengths in position 5 for
propeller 6101.

Figure 12.- Comparison of 1ift and drag characteristics of various

(b) Fairings and spinners of
8.0-and 10.7-inch diameter
in position 5 for the NACA
7099 and the 6101 propellers,
respectively.

(¢) Fairings and spinners of
6.0-and 10.7-inch diameters
in position 4 for propeller
6101,
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wing extension-shaft combinations for pusher propellers.
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Figure 15.- Comparison of tractor-propeller extension-shaft
' arrangements for 6101 propeller.
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Figure 16.- Comparison of pusher-propeller extension-shaft
arrangements for 6101 propeller.
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Figure 17.- Comparison of 6101 and NACA 7099 propellers in tractor and pusher arrangements.,
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Figure 18.- Comparison of tractor-and pusher-propeller extension shaft arrangements.





