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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE CONFIDENTAL REPORT

LIFT AND DRAG DATA FOR 30 PUSHER-PROPELLER SHAFT HOUSINGS
ON AN NACA 65,3-018 AIRFOIL SECTION
By Frank T. Abbott, Jr. '

SUMMARY

Tests were made in the NACA two-dimenslonal low-
turbulence pressure tunnel to study the lnterference effects
of varilous pusher-propeller shaft-housing comblnatlions on an
NACA low-drag alirfoil. Thirty different comblnations were
tested, varlatlons being made 1ln shaft size, shape, angle,
and flllet. The shafts were not equipped wilith operating
propellers. Results o thils studr indlicated that drag
increments increased roughly in proportion to shaft dlameter,
that Increasing the shaft angle caused large lncreases In
the drag Increments, that flllets sliould be small but not
abruptly ended6 and that the combinatlons wlth shalt angles
greater than 0 caused a slight decrease in 1lift.

INTRODUCTION

As part of a generel program of investigation of inter-
ference effects on low-drag wings, studles have been made of
the effects of leadling-edge roughness, 1lntersecting flat
plates, and nacelles (references 1 to l}). These studles
have shown that the largest adverse effects are caused by
leading-edge roughness. Other sources of interference have,
in general, falled to show large adverse Interference effects
on drag except ~.the diag Ilncrement resulting directly from
a more forward locatlion of transition from laminar to
turbulent flow., These results would lndlicate that no serlous
adverse lnterference effects would be expected from pusher-

. propeller shaft housings on low-drag wings.

Tests in the NACA 19-foot pressure tunnel of a model of
the XB-35 alirplane (unpublished), however, showed unex-
pectedly large drag increments due to the pusher-propeller




shaf't housings. Beceause the model had large sweepback, the
question arose as to whether the drag lncrement largely re-
sulted from cross flows due- to the sweepback or from the shape
of the propeller shaft housing ltself. It was therefore
declded to test a similar propeller shaft housing on an alr-~
foll model in the KACA two-dimensional low-turbulence pressure
tumnel to Investligate the drag wlthout sweepback. Tests were
made and the results were found to be about the same as those
obtained 1n the NACA 19-foot pressure tunnel. These results
indlcated that the drag lncrements could not be attributed
primarily to cross flows resulting from sweepback.

Because the number of applications of pusher propellers
on new alrplanes 1s lncreasing, it was declded to extend the
investigation to Include other comblnations. A serles of
tests has been made of 30 different combinations varylng in
shaft sheape, size, angle, and fillet. These shafts were not
equlpped wlith operatling propellers. Although 1t was reallzed
that operating propellers would affect the results obtalned,
i1t was thought that the chief result wonld be to improve the
poorer combinatlons. FPurther tests of some of these shaft
and flllet combinationa with propellers operating are planned.

MODEL

A 2j-inch-chord model having sn NACA 65,3-018 'airfoll
sectlion (reference 1) was used for all the tests. This model
was made of wood with palnted and sanded surfaces and extended
from wall to wall of the rectangular test section of the
NACA two-dlmenslionel low-turbulence pressure tunnel. The
pusher shaft housings were also made of wood with surfaces
painted and sended and the flllets were madc of modeling clay.
Each arrengement wes mounted on the wing at about the center
of the span, as shown 1n figure 1. Three slzes of shaft
housings were tested and are referred to as the small (0.07c),
medium (O.llc), and learge (0.15c) shafts. Each of these
shafts was tested at various angles to the wing chord line.

As shown in figure 2, the center lines of all shafts Ilnter-
sected the wing chord line at the same polnt, and the lengths
of the shafts were the same regardless of size or angle. A
short (0.1llic) and a long (0.2lc) spinner were tested on the
small shaft. Spinners on the medium and large shafts were
proportioned to correspond to the short splnner on the small
shaft. The arrangements ere all 1llustrated by sketches
(figs. 3 to 32), whilch are drawn to scale. Generel dimensions
for all the arrangements are shown 1n figure 2.
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For several tests, the small and medium shafts at the
10° angle were reduced in width to about two-thirds the -di-
ameter of the corresponding round shaft over a part of thelr
lengths, and an attempt wes made to streamline thls reduced
portion to the local air flow. (See figs. 10 to 1l and 20.)
The splnners, of course, remained round. The shafts 1n thils
conditlon wlll be referred to as streamline.

The medlum shaft was also tested 1n another condition in
which the shaft cross sections remalned round but the di-
ameter varied from about two-thlrds of the full diameter at
the point of 1ntersection with the wing to full diameter at
the beginning of the spinner. (See figs. 23 and 24.) The
shaf't 1n thlis condltlion will be referred to as tapered.

METHODS

Lift data were obtained by measurement of the reactlon »
of the model on the floor and the ceiling of the wind tunnel,
a8 described in reference 1. The riodel 1lift coeflficient
¢} based on the model avrea of 6 square feet 1s used in the
presentation of the 1lift data.

Drag measurements were made at lift coefficients from
about 0.2 to 0.5 by the wake-survey method at a number of
apanwlse points. The drag values obtalned were plotted
agalnst distance along the span of the model and drag-
coefficient Increments were obtalned by lntegrating the re-
sulting diagrans. The drag-coefficient increments are given
for each combination in tabular form on figures 3 to %2 as
ACD and ACD». These iIncrements are the total-drag incre-
men%s of the sﬁaft housings, that is, the external-drag
increments plus the interference-drag increments.

The values designated ACD; are the additional drag
increments caused by four 1nsta11ations at a chord of -

34); inches and based on a wing area of ;000 square feet.
These dimensions correspond approximately to those of the
XB-35 alrplane. The drag lncrements designated ACDp are
for a single installatlion based on an area equal to 1 chord
length of span (the chord squared).

In regard to the accuracy of the drag increments gilven,
1t should be noted that the measurements were made by thé
wake-survey method. Although this method 1s very accurate
for two-dimensional flow, 1t has been observed in other
tests of a different nature that, where strong locallzed
vortices are present 1n the flow, the wake-survey method may
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fall to measure all the drag even when the survey 1ls made over
a dlstance conslderably wlder than -the region producing the
vortex. It 1s thought that this. condition was present only
to d small exXtent In these tests.

All the tests were made at a wing Reynolds number R of
about 6,000,000

RESULTB AND DISCUSSLON
ffeots of Bhaft Bize

Drag increments increassd considerably with shaft size,
as shown by figure 33%. At some shaft angles, with the best
fillets, the drag incrementa were roughly in proportion to the
diameter of the shaft (fig. 33). Although the large shafts
gave higher drag lncrements than the small shafts, their use
may be desirable on some airplanes, to lmprove propeller
*characteristics by permitting the enclosure of thick root
sections within the spinner,

Effects of Spinner Length

Lengthening the spinner of the small shaft, as shown in
figures 12, 13, and 18, gave & slight reduction in drag
increments from the corresponding conditions with the short
spinner. Although longer spinners were not tested on the
medium and large shafts, it 1s probable that simllar results
would have been found. '

Effects of Shaft Angle

Shaf't angle had a large effect on the drag character-
istics of all three shafts, as shown in figure 33%. Each re-
duction of shaft angle brought about a reduction of the drag
increments. For example, the drag increments for the small
round shaft at an angle of 3.25° were only about one-third as
large as those for the shaft at 100°,

Effects of Shaft and Fillet Shape

Most of the variations in shaft and fillet shape were
made with the small shaft at  an angle of 10°, The best
fillet shape tested for this condition is shown in figure 8.




w £

As. shown by the sketch, -thls flllet was small and slender and
had a fairly high fineness ratio. It "is apparent from- the
results for the other arrangements that there 1ls an optimum
size for such a fillet. [ILarge flaring flllets (fig. L),
excesslvely long ones (flig. 7), and very short blunt-tall
omes (fig. 9) caused uniiecessarlily high drag lncrements.
Fairings in additlion to fillets such as those shown 1n
flgures 5 and_lh caused an increase 1n drag lncrements.

Varlations 1n fillet shape .for the other shaft condl-
tlons were minor and usuwlly failed to show much change in.
drag with fi1llet shepe. For both the medium shaft (figs. 25
and 26) and the large shaft (flgs. 31 and 32). at an angle of
0°, the very small filllets gave drag increments as low as
those of the larger filllets.

Streamlining the small and medium shafts at the 10°
angle, as shown 1in flgures 10, 11, and 20, had very little
effect on drag characteristics. Tapering the medium shaft,
as shown in Tigures 23 and 2!}, llkewilse had very little
effect on the dreg.

Effects on L1ft Characterlstics

Flgure 3l shows the lift characterlistics of four typil-
cal combinatlions compared wlth the plaln wing. This filgure

" shows that, when the shaft angle is greater than 0°, a )

slight decrease 1n 1ift coefflcient occurs at the smaller
angles of attack and et maximum 1ift. Thils decrease 1n 1lift
coefflcient at the smaller angles of attack 1s caused
princirally by a slight lncrease in the angle of zero 1lift
with vety llttle change 1In the lift-curve slope. When the
shaft angle is 0°, the 1lift coefficlents are approximately the
same as those of the plaln wing except in the reglon near
maximum 1ift. t

CONCLUSIONS

For the condltlons tested, the study of 30 pusher-
propeller shaft housings on an NACA 65,3%-018 airfoll
sectlion indlcated that:

1. Drag increments lncreased with shaft slze someﬁhat
In oroportion to the dlameter of the shaft for any glven
angle tested.



HACA Fig. 1

Figure 1. - NACA 65,3-018 airfoil section model with pusher-
propeller shaft; fillet A; B, 10°; a, 0.1392c; b, 0.0729c.
{See figs. 2 and 3.)
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Pigure 2.~General dimensions for sketches of pusher propeller

shaft housings on NACA 65,3-018 airfoil.
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Figs. 5,4,5
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Plgure 3. - Flllet A; g, 10°; a, «1Z92¢c3;

b, 0.072%¢c; R, 6x10° (aoﬁrox.)
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Flgure 4. - Fillet B; p, 109; a, 0.1302¢;

b, U.07 290. B, Ex10 R(uprr'ox )
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Megure 5. - FIllet C; g, 10°;

b, 0.0729¢c; k,

a, 0.13%2¢;
6x106(approx.)

Cc-C
oO-0
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Figs. 6,7,8
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34 0009 .0011
«43 0009 0011
53 .0010 L,0012

Figure 6. - Flllet Dj

B,
b, 0.0729c; R, 6x108(approx.)

109; a, 0.1392c;
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ACDl

ACD2

0.22

0.0010

0.0013

Figure 7. - Fillet E; B, 10°; a, 0,1392¢c;
b, 0.0729c¢c; R, 6x108(approx.)
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Figure 8, - Fillet F; g, 100; &, 0.1292c; NATIONAL ADVISORY

b, 0.0729¢3; R, 6x106(approx.) CNMMITTEE FOR AERONAUTINS
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Figs. 9,10,11
NACA

cl Ach ACD2
0.22 0.0010 0.0013

Figure 9. - Fillet G; B, 109; a, 0.1392c} < C
b, 0.0729¢; R, 6x108(anpnrox.)

ey BCDI ﬂCDg
0,21 0.0008 0.0009
33 0008 +0008
.42 .0007 .0009
«52 .0009 .0011

Flgure 10. - Fillet H; B, 100;
a, 0.,1892¢c; b, 0.0729¢
at beginning of splnner;
R, 6x106 (approx.) ) 210

¢

0.21 0.0008 0.0010"
.E3 .0009 .0011

«42 0008 »0010
«52 0008 «0010
Flgure 1ll. - Fillet I; B, 100; c-¢
a, 0.1292c; b, 0,0729¢
from tralling edge to
beginning of splnners

R, 6x106 (approx.)
o-0




NACA Figs. 12,13,14

cy ACDy
0.21 0,0008 0.0010 @ ! &
Figure 12, - Fillet H; B, 109; s, 0.2083c;
b, 0.0729¢ at beginning of D-1D
spinner; R, 6x10% (approx.)

cy bch

0,21
33
- 42
.52

0.0007
«0007
«0007
0006

0.0008
.0009
0009
.000B

Figure 12. - Fillet I; p, 10°; a, 0.2083¢c;

b, 0.0729c from tralling

edge to beginning of spinner; 0-0
R, 6x106 (approx.)

€ ACDl

0.21 0.0008 0.0010
.42 0008 .0010

Figure 14. - Flllet J; B, 109; a, 0.2083c;
b, 0.072%9¢ from trailing
edge to_beginning of spinner;
R, 6x10° (aporox.)




NACA Figs. 15,16,17
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0.22 0.00G6 0.,0007
« 33 »0005 +00C7
«43 40006 +0007
«53 +0005 1 +« 0006

Figure 15. - Pillet K; p, 6.42°
a, 0.2083c; b, 0,0729c;
R, 6x1c5 (approx.)

cy ACDl ACD2
0.22 0.0008 0.0006
e 22 «0006 »0008
.42 .0CO6 . 0007
e 53 «G005 + 0006

Figure 16. - Filllet L; p, 6.429
a, (.,2083c; b, 0.0729¢;
R, 6x1C6 (arprex.)
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cy ACDl ACDQ
J.22 0,0003 0,0004 -8
«32 +»0003 +0004

«43 »0002 +0003

53 +0002 »0004

Flgure 17. - Fillet M; f, 3.250
a, 0.1392c; b, 0.0729c;
R, 6x10° (approx.)
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Figs. 18,19,20
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J.21 0.0C02 0.0C03
.32 « 0003 0004
.42 .CCOo2 GO0
«S3 0004 .0C04

Ti{pure 18, - F1llet M; £, Z,25°

u, 0.P00Z
I, Ax106

c; b, C.0729c;
(anrrcx.)

cy A(‘.D1 ACD2
0.19 0,0012 C.0C14
o34 .0G14 G017
.42 ~UC12 .GGC15
+«53 .0C14 L0017
Figure 19. - Fillet N; p, 10°
a, 0.2088c; b, 0.1G94c;

R, 6x10° (approx.)

cy ﬁch
0.22 0.0012 0.0015
« 33 0012 0014
43 .0012 .0015
«53 .0013 .001e

Figure 20. - Fillet 0; B, 10°
&, 0.2088c; b, 0.1094c
from trailing edge to

beginnigg
R, 6x10

of spinner;
(aprrex, )
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NACA

Figs. 21,232,233

0.20 0.0005 0,0006
«31 .0006 0007 .
42 .0005 0006
«50 0005 0006

Flgire BT = FITIet T B 1,050 —

L]
a, 0.2088¢; b, 0.1094c;

R, 6x10

(approx.)

cy ACDl ACD2
0.20 0.0006 0.0007
«31 +» 0005 .0006
«42 «0004 . 0008
«50 +0005 .0006

Figure 22. - Fillet Q; B, 4.83%;
& a, 0.2088¢c; b, 0.1094c;
R, 6x10% (approx.)

¢y ACp, ACpy
0.21 0.0006 0.0007
.32 .0005 0007
.42 0005 .0007
.52 0005 +0007

Figure 23. - Fillet R; B, 4.830;

a, 0.2088c; b, 0.109%4c
at tralling edge;
R, 6x10% (approx.)
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Figs. 24,25,26

Ccy ACDl ACD2
0.19 0.0005 0.0007
«31 «0006 0007
42 « 0006 0007
«D1 . 0006 0007

Flgure 24. - Fillet S; p, 4.830;
a, 0.2088¢c; b, 0.1094c
at trai%ing edge;
R, 6x10° (approx.)
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0.24 0.0004 0.0008%
«35 + 0004 « 0005
«45 + 0005 + 0006
+55 0005 . 0006
Figure 25. - Fillet T; g, 09,
a, 0.20¢€c; b, 0.1094c;
E, 6x10% (approx.)
A-A

¢y ACpy ACpg
0.24 0.0004 0.0004
35 0004 .0005
.45 .0005 .0006
.55 0005 .00C6

Flgure 26. - Flliet U; p, 00;
$ a, 0.2088c; b, 0.,1094c;

R, 6x10° (approx.)




HACA Figs., 27,28,29

fz. f A'A

0.19 . 0.0009 0.0010 ' >
31 .0009 .0011 : ) ———
.42 .0009 .0011 =
< .51 .0008 .0010 == :
Figure 27. ~ Flllet V; B, 6.42°; i e
a, 0,2792c; b, 0.1458c;
R, 6x10® (approx.) C-|C

ey 4Cp, 40py : I g =
0.19 0.0008 0.0010 i =
Flgure 28. - Fillet w; B, 6.420; Ty
a, 0.2722c; b, 0,1458c;
R, 6%10

(approx.) c-C

cy ACD1 Acnz
0.19 0.,0009 0.0011
o4l « 0008 .0010

Flgure 29. - Flllet X; B, 6.429;
&, 0.,2792¢; b, 0.1458¢c;
R, 6x106 (approx.)

cic




NACA

30,31,32
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0.0008

0.0010

Figure 20. - Fillet Y; [, 4.630;

a, 0.2792¢c; b, 0.1458¢c;
E, 6x10% (approx.)

c AC AC
1 N Dl Do ‘9-5
Q42 00,0006 0.00Ce -
.34 .00C7 .000¢& -
.44 .0008 .00C9
«54 . 0007 .0C09
Figure 31. - Fillet Z; p,0%;
a, 0.2792¢c; b, 0.1458¢;
R, 6x10% (approx.)
- S b
N\
e AC
l Dy ’ QCD2 A"ﬁ
0.23 0.0008 0.0007 = et Lo i ———
«25 0006 .C008
=44 - 0007 .0009
+5% +0008 .0010
Flgure 22. - Fillet AA; g, 00

]
8, 0.2792¢; b, 0.1458¢;

R, 6x10

{approx.)
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Pigure 33.~ The effect of shaft size and angularity on drag increments for pudher-
' propeller shaft combinationa on an HACA 65,3-018 airfoil section;

R, 6 x 10° (approximately).
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NACA Fig., 34
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