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AERONAUTIC SYMBOLS
1. FUNDAMENTAL AND DERIVED UNITS

Metric English
g Abbrevi Abbrevi
. revia- : revia-
Unit Eion Unit e
Length < -oic l mefer—atefly el il . foot:(ormile) s> 3L 30 & ft. (or mi.)
et misgaor ¢ second. st s second (or hour)._______ sec. (or hr.)
Horcero—=tr- 2 F weight of 1 kilogram_____ kg weight of 1 pound_____ 1b.
Powersoilui=> e horsepower (metrie) . ___-_ |- ——____._ horsepower_-_---.___- hp.
Sroad Vv kilometers per hour______ k.p.h. miles per hour________ m.p.h.
O e e meters per second. ______ m.p.s feet per second_____L__ f.p.s.
I

2. GENERAL SYMBOLS

Weight =mg
Standard acceleration
m/s? or 32.1740 ft./sec.?

Mass = w
g

Moment of inertia=mk? (Indicate axis of
radius of gyration £ by proper subscmpt )
Coefflicient of viscosity

of gravity=9.80665

Y,
Py

Standard density of dry air, 0.12497 kg-m

Kinematic viscosity
Density (mass per unit volume)
—4g? at

15° C. and 760 mm; or 0.002378 1b.-ft.~* sec.?
Specific weight of “standard” air, 1.2255 kg/m® or
0.07651 Ib./cu.ft.

3. AERODYNAMIC SYMBOLS

Area

Area of wing
Gap

Span

Chord

Aspect ratio
True air speed

Dynamic pressure =épV2

Lift, absolute coefficient O = q£S

Drag, absolute coefficient €, = q%

Profile drag, absolute coefficient OD,=%’.
Induced drag, absolute coefficient OD‘z%

Parasite drag, absolute coefficient Cp = %’

Cross-wind force, absolute coefficient Oc==§%
Resultant force

Yuny

iy

Angle of setting of wings (relative to thrust
line)

Angle of stabilizer setting (relative to thrust
line)

Resultant moment

Resultant angular velocity

Reynolds Number, where [ is a linear dimension
{e.g., for a model airfoil 3 in. chord, 100
m.p.h. normal pressure at 15° C., the cor-
responding number is 234,000; or for a model
of 10 em chord, 40 m.p.s. the corresponding
number is 274,000)

Center-of-pressure coefficient (ratio of distance
of ¢.p. from leading edge to chord length)

Angle of attack

Angle of downwash

Angle of attack, infinite aspect ratio

Angle of attack, induced

Angle of attack, absolute (measured from zero-
lift position)

Flight-path angle
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TESTS OF A WING-NACELLE-PROPELLER COMBINATION AT SEVERAL PITCH
SETTINGS UP TO 42°

By Ray WinbLER

SUMMARY

A J-foot model of Navy propeller No. 4412 was tested
in conjunction with an N. A. C. A. cowled nacelle
mounted ahead of a thick wing in the 20-foot propeller-
research tunnel. A range of propeller pitches from 17°
to 42° at 0.76R was covered, and for this propeller the
efficiency reached a maximum at a pitch setting of 27°;
at higher pitches the efficiencies were slightly lower. The
corrected propulsive efficiency is shown to be independent
of the angle of attack for the high-speed and the climbing
ranges of flight. A working chart is presented for the
selection of similar propellers over a wide range of air-
plane speed, engine power, and propeller revolution
speed.

INTRODUCTION

Of the numerous N. A. C. A. reports on the char-
acteristics of metal propellers, probably the most
widely used is reference 1, which provides working
charts for the selection of propellers for use with engines
located in the various shapes of fuselages commonly
used at the time of publication. A sufficient range of
airplane speed, engine power, propeller pitch, and
propeller revolution speed was covered in these tests
to meet and even to exceed the needs at that time.
The recent increase in high speed and the use of more
highly powered and of geared evgines has, however,
necessitated additional propeller tests.

Current research of the N. A. C. A. on wing-nacelle-
propeller arrangements, confined mainly to a propeller
pitch of 17° at 0.75R, has shown that position B of
reference 2, with the nacelle located in line with and
about 30 percent of the chord ahead of the leading
edge of the wing, is one of the desirable combinations
for use with radial engines. Accordingly, this position
was selected for an extension of the program to include
tests of a propeller-pitch range from 17° to 42° at
0.75R. The subject paper presents the results of these
tests in a form suitable for the selection of a propeller

for a wide range of conditions; the results cover the |

present needs as well as some future possibilities.

APPARATUS AND METHODS

The tests were conducted in the N. A. C. A. 20-foot
propeller-research tunnel (reference 3). The wing of

5-foot chord and 15-foot span, the nacelle, and the
propeller described in reference 2 were used. The single
sting was replaced by a double one with offsets at the
rear, partly for convenience and partly to secure a
larger negative angle of attack. (See fig. 1.)

The method of testing was similar to that of refer-
ence 2 except that tare runs were omitted because
previous tests had shown that the tare was independent
of lift and therefore not required in the analysis. The
wing was tested for airfoil characteristics from —10°
to 10° angle of attack with and without the nacelle.
Propeller tests were then made with propeller pitches

Ficure 1.—Test set-up.

from 17° to 42° at 0.75R for wing angles of attack from
—8° to 5°.

The V/nD range for each pitch was obtained in the
following manner: A revolution speed was set that
would require about the maximum torque of the motor
at the ground point. This revolution speed was held
constant and the air speed gradually increased up to
about 102 miles per hour. In order to obtain the
higher values of V/nD, the air speed was held at 102
miles per hour and the revolution speed decreased.
The following values of propeller speed (within 415

3 i
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r. p. m.) were used for the constant revolution-speed
portion of the tests.

Piteh at 0.75r.| Propeller speed
[

Degrees r. /) m.

RESULTS

These results are presented in the same graphic and
tabular form as in previous wing-nacelle reports. A
detailed discussion of the accuracy and manner of
presentation may be found in references 2 and 4. The
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FIGURE 2.—Airfoil curves, propeller removed.

nondimensional coefficients and symbols employed are
given and defined as follows:

Cr= l}}fé (propeller removed)

. drag
( 1):(*; é"‘— (propeller removed)

C, L,,:h—té (propeller operating)
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v
s [oVo_nD
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where
q, dynamic pressure (% p V7).
p, mass density of the air.
V, velocity.
S, area of the wing.
T, thrust of propeller operating in front of a
body (tension in crankshaft).
R, resultant forward force.
D, drag at given angle with propeller removed.
D, drag with propeller removed at the lift
obtained with the propeller operating
(same dynamic pressure).
AD, change in drag of body due to action of
propeller.
n, revolutions per unit time.
D, propeller diameter.
P, power.

The airfoil characteristics of the wing alone and for
the wing with nacelle are given in figure 2. No tare
corrections have been made. It should be noted that
measurements have been made for close increments
of angle of attack, especially in the region of minimum
drag.

Although propeller tests were made at 17°, 22°, 27

32°, 37°, and 42° pitch at 0.75R at each of —8° —5°,
-2.( , 0°, 2.5° and 5° angle of attack, only a few
sample test curves are shown. Figures 3 and 4, which
are for the two extremes of pitch tested, show a con-
siderable scattering of the test points, particularly of
the thrust at the high pitch (42°). The power varia-
tions are largely a function of pitch, not angle of attack,
and all power data are reliable, since the torque was
measured directly and is not a computed value as is
the thrust (thrust=resultant force - drag). The
efficiency points, being computed from the thrust and
power, show a dispersion similar to the thrust.

In tests of this type there is an inherent scattering
of thrust-coefficient points at maximum efficiency
and beyond, which increases as either the angle of
attack or propeller piteh is increased. Three reasons
exist for this dispersion. First, scattering occurs
because the thrust, a computed value, is determined
as the algebraic sum of the two measured quantities
R and D. As zero thrust is approached these quanti-
ties are of the same order of magnitude but of opposite
sign and consequently a small error in either may be
a large percentage error in the effective thrust. Second,
increasing the angle of attack, in addition to increasing
the drag force, introduces correspondingly larger force
fluctuations that are independent of propeller pitch.
Third, and probably most important, in order to

obtain the higher values of V/nD that correspond to
higher pitches, the revolution speed of the propeller
must be decreased because the tunnel air speed is
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limited. As the thrust coefficient varies directly as
the thrust and inversely as 7% the scattering with
propeller pitch will vary roughly as (V/nD)? for the
same value of thrust coefficient and the same value of

pitch as at the lowest. The curves for the 37° pro-
peller pitch at 0° angle of attack of the wing are an
example of what would result if most of the test points
were obtained under adverse conditions resulting from
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FiGure 11.—Working chart, N. A. C. A. nacelle in line with thick wing. Right-hand propeller No. 4412, 4-foot diameter.

force fluctuations. On this basis the fluctuations of
the thrust coefficient would increase with pitch and
would be from 4 to 10 times as great at the highest

the three reasons discussed. The thrust is high and
the effect on the efficiency is more obvious; this thrust
curve was omitted in obtaining average values.
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METHOD OF ANALYSIS

A full discussion of the difficulties and methods of
comparing wing-nacelle-propeller combinations is given
in references 2 and 4 and need not be repeated here.
The “corrected propulsive efficiency”” was introduced
in reference 4 and is the basis on which these data are
analyzed.

Figures 5, 6, and 7 are composite curves of corrected
thrust, power, and corrected propulsive efficiency for
all the pitches tested from —8° to 0° angle of attack
of the wing; the curves for 2.5° and 5° are not included
on account of the scattering of points previously men-
tioned. These data have been corrected similarly to
those of reference 4 except that, instead of computing
the difference in induced drag and jet-boundary cor-
rection, it was read directly from figure 2 and therefore
includes a slight change in profile drag. This method
of correction, considered admissible since previous tests
have shown the tare drag to be independent of the lift,
gives slightly higher values of thrust and efficiency than
the method of reference 4, which assumes no change
in profile drag. The difference in thrust and efficiency
obtained by these two methods is small, especially near
maximum efficiency, and certainly does not exceed the
limits of accuracy of the tests.

The composite curves in figures 5, 6, and 7 indicate
that, up to 0° angle of attack, the limit to which the
data are considered to be reliable, the corrected thrust,
power, and corrected propulsive efficiency are inde-
pendent of angle of attack. Average curves were
accordingly drawn from figures 5 and 6, omitting the
thrust for 37° pitch at 0° angle of attack. Figures 8
and 9 show these average values of thrust and power
and figure 10 shows the recomputed corrected pro-
pulsive efficiency, based on the foregoing averages.
Table I lists these values together with the computed
value of the operating coefficient Cs.

Figure 11 presents the data of table T in working-
chart form. Figure 12 is a plot of C, against Cs giv-
ing average values for all pitches. Table II lists values
read from figure 12.

DISCUSSION

The airfoil curves for the wing alone and the wing
with nacelle as shown in figure 2 are conventional.
In general, the effective nacelle-drag coefficient at a
constant lift is in good agreement with that of refer-
ence 2. Although the effective nacelle-drag coefficient
varies somewhat with lift, it may be taken as 0.0026
for this combination over the high-speed range of
flight.

Figure 7 indicates a tendency of the corrected pro-
pulsive efficiency to increase with angle of attack.
This same trend is also shown by the data in reference
2 when the corrected propulsive efficiency is computed.
Over the high-speed and climbing range of lift co-
efficients the change in corrected propulsive efficiency

- ,

is small, being almost within the accuracy of the ex-
periments. The corrected propulsive efficiency may
therefore be considered to be independent of the angle
of attack except in very special cases and may be
taken as the average over the high-speed and the
climbing range.

The working chart given in figure 11 is to be used
in the same manner as those of reference 1. This
chart is, of course, based on certain fixed test condi-
tions and in its application due allowances should be
made for the effects of changes in propeller diameter,
power input, and other variables.

The effect of the propeller on the lift is shown in
figure 12. The curves apply only to these particular
test conditions and must not be considered to have
general application. They have been inserted to give
the change in lift caused by the propeller and also to
show that for a given arrangement the effect of pro-
peller pitch is slight with a fixed-diameter propeller at
constant values of 5. No test points (see figs. 3 and
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FIGURE 12.—EfTect of propeller on lift.

4) are given, but the maximum variation of the faired
curves for each pitch is shown. The small effect of
propeller pitch may seem unusual but a few simple
computations at the different pitches, assuming Cs,
velocity, propeller diameter, and angle-of-attack con-
stant, will show that the thrust is about the same for
all pitches and, since the change in lift for any com-
bination is mainly a function of propeller thrust, it is
not unreasonable that the lift variation with propeller
piteh should be small.

These are the first published results of tests made
in the propeller-research tunnel of propellers at pitches
greater than about 27° at 0.75R. It is hoped that
they may be useful in indicating trends for higher
pitches from previous tests for lower pitches as well as be
useful to the designer of modern high-speed airplanes.
The reason for the falling off in efficiency as early as
27° is not fully explained. Onue possibility is that there
may be increasing interference with the wing as the
pitch of the propeller is increased. Available data
(reference 5) covering the values of propeller pitches
only up to 23° provide evidence that the tendency of
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the wing interference is to increase as the propeller
piteh is increased. The pitch distribution of the pro-
peller used in this investigation is not considered
particularly good for the higher pitches and a series of
full-scale tests with more favorable pitch distribution
is contemplated. It is expected that some improve-
ment in the efficiency in the higher pitch range can be
obtained.

LanNGLey MEMORIAL AERONAUTICAL LIABORATORY,
NarroNaL Apvisory COMMITTEE FOR AERONAUTICS,
LancLey Freup, VA., November 12, 1935.
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. 07111 . 0403 . 0860] . 0589 . 0909
. 0670| . 0400 . 0344] L 0584 L0900 .
S . 0393 . 0821| . 0579 5 (NH
. 0381 . 0788| . 0570
. 0365 . 0745] . 0560
. 0344 5 ()h‘!‘! . 0549
. 0319 5 ()1)4‘) 53
. 0289 .
. 0251 5 ')4() 5
2| . 0210 L0479 3
. 0162 5
3 . 0101
5/ —. 0028 . 0048

. 0218] .
.()Hl'v‘ s |
. 0072| . 0162
=t (K)(ll} . 0091

ROt e e e e e e e e e e e e e e,

11O RO 1O RO

[Right-hand propeller No. 4412, 4-foot diameter]

. 0031 . 0400] . 0834
—. 0039 . 034

00 ~1
=

2| . 0759|

: . 0677| 00 61

,,,,,, || .0228| . 0591 .17 70
e . 0168] . 0500 .37 80

|| .o108] . 0407 .61 92

| ~0047| . 0308 .90/ 04

__||—. 0012| . 0206 .35 17

f Set 32° at 0.75 R ' Set 37° at 0.75 R Set 42° at 0.75 R
[
| |
Cs ‘ Cr,,..| Cp |neorr } Cs ||Cr.,.. | Cp |ncorr. | Cs ||Cr,,. | Cp |%corr. | Cs
i | | S -

0. 10 ’u!o 1 ’us‘ 0 0 0.1043|0. 1523| 0 0 0. 1070/0. 1780 0
.1022| (1187 .04 08| . 1046| . 1505 .035| .07| . 1067| .1789 .07
.1023| . 1167 . 15(| . 1047| . 1486 70( .15|| .1060| . 1797 .14

L1148 .2:3” . 1048| . 1467 .22|| .1054| . 1805 .21
| . 1130 J3L{[ L1047/ . 1449 .29 . 1049( . 1819 .28
.1113 .39|| .1043| . 1430 .37|| .1042| . 1822 .35
. 1100 47| . 1040 L44]| . 1035| . 1825 .42
. 1088| .55(| 1033 .52(| .1030| .1823 .49
.1078 63| .1028 .60/ .1022 .1812 .56
. 1070 .70 . 1018| . .67 .1017| . 1795 .63
. 1064 .78 . 1006 L75)| . 1009| . 1762 oy il
.1062| | .86( .0990| . .82/| .1000| . 1732 .78
. 1061 | .94[| .0971 .90( . 0992 .1703 .85
. 1061 | 1.0z .0957| .13 L97|| . 0983 . 1679| . .93
. 1060 1. . 0940| . 1: 05| .0975| . 1660 .411| 1.00
. 1058 ik . 0928 13| . 0968| .1644| . 441| 1.07
. 1050| 1. .0913| .12 21| .0959| .1631( .469| 1.15
L1041 1. . 0902| . 12 28| .0950| . 16211  498| 1.22
1030 | 1.42 . 0890] . 12 .36/ .0939| .1612] 524/ 1.29
.1015) 1.50]| .0881) .1283 .44)) .0929 .1603] 550 1.36
. 0993 1.59)| . 0874/ . 12 .51 .0919( .1598| . 576| 1.45
5 1.68]| [ .59|| 0908 . 1592 . 598| 1.52
1.77 .67)| .0896( .1590| 620 1.59
I 74 : 1. 66
| 1.8 82 1.74
o) ) L1950 89 181
2. L 0755] . 201 98 1.88
2.2 . 0710 08 1.95
), . 0561 16 2.02
- 0304 . 2. . 0612 Amso 26 2.10
. 0239 . 2.72|| .0562| . 1029 36 2.17
.0170] . 2|| . 0510| . 0971 47 2.24
.0102| . 4| . 0456 . 0904 59 2.32

2,
2.50

2.

2.

2.

2.

3.

3.

3.

3.

3.

3.

4.

4.

4.

TABLE II.—AVERAGE VALUES OF Cp, FOR ALL PITCHES (17° TO 42°)

\ngle of attack, «

I —8° —5° ’ 260 | &
0.6 | 0.054 | 0.104 \ 0.331 | 0.474 |
48 .039 177 | .308 | .438
1.0 .028 .163 .289 | .413
L2 | .019 153 | .278 | .397
1.4 .013 .147 \ .269 | .388
| 1.6 | .011 . 140 . 262 . 381
1.8 | .009 | .138 . 259 . 380

[Right-hand pmpellor No. 4412, 4-foot dis nnnter]

Angle of attack, «

|
‘
G = =
_g° ‘ ‘ 5
o) ‘ 0.009 ‘ 501 | 0.631
2 -009 -500 -630
1 009 | . 500 . 630
2.6 009 | . 500 -630
.8 | 009 | - 500 L629
3 -009 - 500 .629

|
| | ! |
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Positive directions of axes and angles (forces and moments) are shown by arrows

Axis Moment about axis Angle Velocities
Force
(parallel Linear
Designation Sym- tso Ii}g(s)i Designation Syra- Positive Designa- | Sym- | (compo- Angular
gn bol Y g bo direction tion bol |nentalong g
axis)
Longitudinal.__| X x4 Rolling..._.| L Y——7Z Roll i <. - fes u D
Lateral________ Y Y Pitching_..__.| M Z—X Pitch. -t o v q
INoEmal=" == &2 Z Z Yawing_.___ N X—Y Yaw: o . 2 w r

Absolute coeflicients of moment

L M
Ci=g8 On=0c8
(rolling) (pitching)

D, Diameter

P, Geometric pitch
p/D, Pitch ratio

V',  Inflow velocity

Vs,  Slipstream velocity

4% Thrust, absolute coefficient C=

Q, Torque, absolute coefficient Op=

1 hp.=76.04 kg-m/s =550 ft-lb./sec.
1 metric horsepower =1.0132 hp.

1 m.p.h.=0.4470 m.p.s.

1 m.p.s.=2.2369 m.p.h

Angle of set of control surface (relative to neutral

O N position), 6. (Indicate surface by proper subscript.)
* gbS
(yawing)

4. PROPELLER SYMBOLS

: 4
e, Power, absolute coefficient 0P=;W

C,,  Speed-power coefficient = \ %—Z:
n, Efficiency
AL 7, Revolutions per second, r.p.s.
pn2D* : ; ST A )
) D, Effective helix angle = tan (m

pn*DP
5. NUMERICAL RELATIONS
11b.=0.4536 kg.
1 kg =2.2046 1b,

1 mi.=1,609.35 m = 5,280 ft.
1 m=3.2808 ft.




