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AERONAUTIC SYMBOLS 

1. FUNDAMENTAL AND DERIVED UNITS 

Metric English 

Symbol 
Unit Abbrevia- Unit Abbrevia-

tion tion 

Length ______ _ l meter __________________ m foot (or mile) _________ ft. (or mi.) 
Tirne _________ t second _________________ s second (or hour) _______ sec. (or hr.) 
Force _________ F weight of 1 kilogram _____ kg wcight of 1 pound _____ lb. 

-
Power ________ P horsepower (metric) ______ ---------- horsepower ___________ hp. 
Speed _________ V 

{kilometers per hOUL _____ k.p.h. miles per hOUL _______ m.p.h. 
meters per second _______ m.p.s. feet per second ________ f .p.s. 

I 

2. GENERAL SYMBOLS 

Weight=mg 
Standard acceleration of gravity = 9.80665 

m/s2 or 32.1740 ft./sec. 2 

Mass = W 
g 

Moment of inertia=mk2
• (Indicate axis of 

radius of gyration k by proper subscript.) 
Ooefficient of viscosity 

v, Kinematic viscosity 
p, Density (mass per unit volume) 
Standard density of dry air, 0.12497 kg_m-4_s2 at 

15° C. and 760 rom; or 0.002378 Ib.-ft.-4 sec.2 

Specific weight of "standard" air, 1.2255 kg/rna or 
0.07651 lb./cu.ft. 

3. AERODYNAMIC SYMBOLS 

Area 
Area of wing 
Gap 
Span 
Chord 

Aspect ratio 

True air speed 

Dynamic pressure = ~p V2 

Lift, absolute coefficient OL = :s 
Drag, absolute coefficient OD - "{!s 

Profile drag, absolute coefficient OD. = ~S 

Induced drag, absolute coefficient On, = ~S 

Parasite drag, absolute coefficient On ~ DSp • q 

Cross-wind force, absolute coefficient Oc = q~ 
Resultant force 

i,,)) Angle of setting of wmgs (relative to thrust 

Q, 
0, 
Vl 

p-, 
J.I. 

'YI 

line) 
Angle of stabilizer setting (relative to thrust 

line) 
Resultant moment 
Resultant angular velocity 

Reynolds Number, where l is a linear dimension 
(e.g., for a model airfoil 3 in. chord, 100 
m.p .h . normal pressure at 15° 0 ., the cor­
responding number is 234,000; or for a model 
of 10 cm chord, 40 m.p.s. the corresponding 
number is 274,000) 

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

Angle of attack 
Angle of down wash 
Angle of attack, infinite aspect ratio 
Angle of attack, induced 
Angle of at tack, 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 \ VINDL"I! 

S MMA RY 

A 4-joot model oJ Ncwy pr01 ellel' No . 4412 was tested 
in conjunction with CLn N. A. C. A. cowled nacelle 
mounted ahead of (~ thick wing in the 20-foot propeller­
research tunnel. A range of propeller pitches from 17° 
tv 42° at O.75R was cow'ed, and jar this JJTopeUer the 
efficiency reached a maximum at a pitch setting oj 27°; 
at higher pitches the efficiencies were slightly lower. The 
cONected propulsive efficiency is shown to be ind pendent 
of the angle oj attack for the high-speed and the climbing 
ranges oj flight. A working chart is presented for the 
selection oj similar propellers over a wide range of air­
plcLne peed, engine power, and propeller revolution 
87Jeed . 

I NTROD CTIO 

Of the numerou N. A. . A. report on the hal'­
Ilcteristic of metal propeller, probably the mo t 
II idcly u cd is reference 1, which prov ides working 
cha rt for the election of propellers for use with ClJO"ines 
located in the variou hape of fu selage commonly 
I I. ed at the time of puhlication . A , ufficient rang of 
airplane peed, engine power, propeller pi tch, and 
propeller revolution speed wa covered in these te t 
Lo l1lret and even to exceed the needs at that time. 
The recent increase in high peed and the u e of more 
iliO"hly powered and of geared engines has, howe er, 
llrce ita ted additional proprUer tests. 

unent research of the N. A. C. A. on wing-nacelle­
propeller arrangements, confined mainly to a propeller 
pitch of 17° at 0.75R, ha hown that po ition B of 
rcferen e 2, with the nacelle located in line with and 
about 30 percent of the chord ahead of the leadil1O" 
edge of the wing, is one of the desirable combinations 
[or u e witb radial engines. Accordingly, this position 
was elected for an exten ion of the program to include 
te t of a propeller-pitch range from 17° to 42° at 
0.75R. The ubj ect paper presents the re ult of the e 
tests in a form suitable for the election of a propeller 
for a wide range of condition ; the re ults cover the 
})resent needs as well as some future po ibili tie 

APPARATUS A D METHODS 

The te ts were conducted in the ]. A. C. A. 20-foot 
propeller-re enrch tunnel (ref rence 3). Th wing of I 

5-foot chord and 15-foot span, the nacelle, an l the 
propeller de cribecl in refcrel1C'e 2 were u cd. Th single 
sting was replaced by a double one with on' et at the 
rear, partly for convenience and partly to ec ure a 
larger negative angle of attack. (ee fig. 1.) 

Tbe method of te ting was similar to that of refer­
ence 2 except that tare runs were omitted becanse 
previous te ts had shown that Lhe tare W:18 independell t 
of lift and therefore not required in the ana ly i. Th 
winO" \Va te ted for airfoil characteri tic. from - 10° 
to 10° angle of attack with and without Lhe nacelle. 
Propeller te ts were then made with propeller pitche 

FI(lI:RE i.- Test set-up. 

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

The VlnD range for each pitch wa obtained in the 
following manner: A revolu tion peed wa et that 
would require about the maximulll torque of the motor 
at the ground point. This revolution speed wa beld 
con tant and the air speed gradually increased up to 
about 102 miles pel' hour. In order to obtaiu the 
higher values of FinD, the ail' peed wa held at 102 
mile per hour and the revolution peed decrea eel. 
The following va lue o[ propeller peed (wi.thin ± 15 

1 
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l'. p. Ill .) \\'ere u ed for the constan t revolu tion-speed 
portion of the te ts. 

Pit ch at O. iIl 1'. 1 ProJll' llcr spC'ed 

f) eyrce:< T. p. m. 
Ii 2,800 
22 2,31l0 
2T 1,950 
:l2 I, TOO 
:IT I. 170 
12 I. 100 

RE ULTS 

These resul t arc presen ted in the sarne grnphie Itnd 
tabul tH form ns i.n previo us wing-nacelle repor t, . A 
deL:tiled disc u sion of Lhe aCC Ul'n cy fi nd 111nnner or 
presentntion may be found ill references 2 and 4 . The 

.4 f---A-H-

o 

o .12 .16 .20 

FIGt..'HE 2 .. \ irfoi l run'cs, propeller remo\'cd. 

nondimensional coefficien t and symbol employed are 
given and defined n follows : 

lift 
OL= qS (propell er removed) 

draa 
OD= qSo (propeller removed) 

rr t OLp= ~ (propeller operating) q,-
r _ (T - Lill) (R + I!l 

T- pn2TJ I - pn2D 4 

( '.. _ R+ Dr, 
' 0", .- pn2/Y 

p 
(',.= 3U' pll ., 

_ (T - D.D)V _ (R+ D )V _(OT)~ 
'rI - P - P - Op nD 

(R+ DIJ l ' = (OTCOTT')~ 'rI COTT. = ---;-.,----P Op nD 

\ h err 
q, dYJl;lmic preSS lIl'e (X p \ '2 ) . 
p, ma s den ity of th e air . 

11, velocity . 
S, area of the wing. 
,} ', thru t of propeller operating in fron t of a 

body (ten ion in crankshaft) . 
R , resultant forward force. 
D, drag at aiven angle with propell er removed. 

Dr., drag with propeller removed at the lift 
o btltined with the propeller opera ti ng 
(same dynamic pressm e) . 

D.D, change in drag of body due to action of 
propeller . 

11, revolution per unit time. 
D, propeller diameter . 
P , power. 

The airfoil characteristic of the wing alone and for 
the wing with nacelle are given in figure 2. 0 tare 
corrections have been made. It hould be noted that 
measm ements have been made for clo e increment 
of angle of attack, especially in the region of minimum 
drag. 

Although propeller te ts were made a t 17 °, 22°, 27°, 
32°, 37°, and 42° pitch at 0.75R at each of - 0 , _ 5°, 
- 2 .5°, 0°, 2.5°, and 5° angle of attack , only a few 
sn,mple test cune are shown. Figure 3 and 4, which 
are for the two extreme of pitch te ted, how a on-
iderable ca ttering of the te t point, par ticularly of 

the thru st a t the hiah pitch (42°) . The power varia­
tion nre largely a function of pitch, not angle of a ttack, 
and all power da ta arc reliable, since the torque was 
measured direc tly a,nd i not a computed value as i 
the thrust (thrust= re ultant force + drag). The 
efllciency points, being computed from the thru t and 
power , show a di per ion imilar to the tlu'u t . 

In te ts of thi type there i an inherent cattering 
of thru t-cocfficien t point at maximum efficiency 
and beyond , which increase a either the angle of 
a t tack or propeller pi tch is increased . Three r ea on 
e;..rist for thi di per ion. First, cattering 0 curs 
because the thru t, a computed value, i determined 
a the algebraic sum of the two measured qu antities 
R and D. zero thru t is approached the e quanti­
ties are of the ame order of magnitude but of oppo ite 
ign and consequently a mall error in either may be 

It large percen tage error in the effec tive thrust . econd, 
Ll1cl'easillg the anale of attn,ck, in addition to increa ing 
I he drag force , in trodu ces correspondingly larger forc e 
flu ctuation tha t are independen t of propeller pitch . 
Third, and probably mo t important , in order to 
obtain the higher yalue of V /nD that corre pond to 
higher pitches, the revolution peed of the propeller 
must be deerea ed because the tunnel air peed is 
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limited. A the thru t coefficient varies directly a 
the thrust and inversely as n2, the scatterLt1O" with 
propeller pitch will vary roughly as (rjnD)2 for the 

pitch a at the lowest. The curves for the 37° pro­
peller pitch at 0° angle of attack of the \ ing are an 
example of wbat would result if mo t of tbe te t points 
were obtained under adver e condition re ulting from arne value of tltru t coefficient and the same v,tlue of 
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force I1u ctuntions. On this basis tbe flu ctuation of 
the thrust coefficient would increase witb pitch and 
wou ld be from 4 to 10 time as great at the highe t 

the three reasons discu sed . "file thru t i higlt and 
the effect on the efficiency i more obviou ; thi t hrust 
curve wa omitted in obtaining average value. 
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METHOD OF A ALYSI 

A full di eu ion of the difficultie and methods of 
comparing wing-nacelle-propeller combination i ginn 
in reference 2 and 4 find need not be repefitod h 1'e. 
The "corrected propul ive efficiency" was introduced 
in reference 4 and is the basis on which these data are 
analyzed. 

Fio-UTes 5, 6, and 7 fife compo ite curve of corrected 
thru t, power, and corrected propulsive efficiency for 
all the pitches te ted from - ° to 0° angle of attack 
of th wing; the curve for 2.5° and 5° are not includ d 
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 chag and jet-boundary cor­
rection, it wa read directly from figure 2 and ther fore 
include a slight change in profile drag. Thi method 
of correction, considered admi ible ince previou test 
have hown the tare drag to be independent of the lift, 
give lightly higher valu s of thru t and efficiency than 
the method of reference 4, which a umes no change 
in profile drag. The difference in thru t and efficien y 
obtained by the e two method i mall , especially neal' 
maximum efficiency, and certainly does not exceed the 
limits of accuracy of the tests. 

The composite curve in £igUTes 5, 6, and 7 indicate 
that, up to 0° angle of attack, the limit to which the 
data are con idered to be reliable, the corrected tlu'u t, 
power, and corrected propulsive efficiency are inde­
pendent of angle of attack. verage curve were 
accordingly drawn from figUTe 5 and 6, omitting the 
thru t for 37° pitch at 0° angle of attack. Figure 
and 9 how the e average values of thrust and power 
and fio-ure 10 shows the recomputed corrected pro­
pul ive efficiency, ba ed on the foregoing average . 
Table I lists these values together with the computed 
value of the operating coefficient as. 

Fig UTe 11 present the data of table I in working­
chart form. Figure 12 i a plot of aLp again t as giv­
ing average value for all pitche . Table II li ts value 
read from figure 12. 

DI CUSSION 

The airfoil CUTVes for the wing alone and the wi.ng 
with nacelle as hown in figure 2 are conventional. 
In general, the effective nacelle-drag coefficient at a 
con tant lift i in good agreement ,vith that of refer­
en e 2. jlJthough the effective nacelle-drag coeffici nt 
varies somewhat ,vith lift, it may be taken a 0.0026 
[or this combination over the high-speed range of 
flight . 

Fig UTe 7 indicate a tendon y of the corrected pro­
pul ive efficiency to increa e with angle of attack. 
This ame trend is al 0 hown by the data in reference 
2 when the corrected propulsive efficiency is computed. 
Ov r th high- peed and climbing range of lift co­
efficient the change in corrected propul ive efficiency 

is mall, being almo t within the accuracy of the ex­
periment. The corrected propu1 ive efficiency may 
therefore be considered to be independent of the angle 
of attack except in very pecifil ases find. may be 
Laken a the average over the high-speed find Lho 
clim bing range. 

The working chart given in figure 11 i to be u cd 
in the ame manner a tho e of reference 1. Thi 
chart i , of course, ba ed on certain fixed te t condi­
tion and in its application due allowances hould be 
made for the effect of change in propeller diameter, 
power input, and other variables. 

The ffect of the propeller on the lift i hO\\']1 in 
fLgure 12. The curve apply only to these particu lar 
te t condi tion and must not be considered to have 
general application. They have been in erted to give 
the change in lift cau ed by the propeller and al 0 to 
how that for a given arrangement the effect of pro­

peller pitch is slio-ht with a :/i'(ed-diameter propeller at 
con tant value of as. 0 te t point ( ee fig . 3 and 

o .4 .8 1.6 2.0 2.4 2.8 32 3.6 
Cs 

FIGult '; 12.- EITccL of propeller on lifL. 

4) are given, but the maximum variation of the faired 
UTves for ea h pitch i h wn . The mall eftect of 

prop ner pitch may eem unusual but a few imple 
computation at the different pitche, assuming as, 
velocity, propeller difimeter, and angle-oI-attack con­
tant, will how that th thru t i about the ame for 

all pitche and, since the change in lift for any com­
bination i mainly a function of propeller thru t, it is 
not unrea on able that the lift variation with propeller 
pitch should be small. 

The e are the first published result of tests made 
in the pro eller-re earch 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 previoll tests Ior lower pitche a well a be 
u eiuI to the designer of modern high-speed airplanes. 
The refi on for the fallino' oft' in efficiency a early flS 

27° i not fully explained. One po ibility is tbat there 
may be increa ing interference with the wing as the 
pitch of the propeller i increa ed. 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 Wll1g in terfe rence is to iucrea e as the propeller 
pitcb is increased. The pitch distribution of the pro­
peller used in this investigtLtion is not considered 
particularly good for the higher pitches and a se ries of 
full-scale test with more favorable pitch di tribuLion 
is contemplated. It is expected that some improye­
men t in the efftciency in the higher pitch nlnp.e can be 
ubtained. 
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Positive directions of axes and angles (forccs and moments) are shown by arrows 

Axis Moment about axis Angle Velocities 

Force 
(parallel 

Linear 
Sym - to axis) Sym- Posit ive Designa- Sym- (compo- Angular Designation bol symbol Designat ion bol direct ion tion bol nent along 

axis) 

LongitudinaL __ X X Rolling ___ __ L y-.z R oIL __ __ 

'" 
u p LateraL ___ ___ _ Y Y Pitching ____ M Z-.X Pitch ____ (J " q NormaL _______ Z Z yawing _____ N X-.Y yaw ____ _ 

'" 
w r 

-

Absolute coefficients of moment 
L ?vI 

0 1 = qbS Om = qcS 
N 

0,, = qbS 

Angle of set of control surface (relative to neutral 
position), o. (Indicate surface by proper subscript.) 

(rolling) (pitching) (yawing) 

4. PROPELLER SYMBOLS 

D, 
p, 
p/D, 
V' , 
V" 
T, 

Q, 

Diameter 
Geometric pitch 
Pitch ratio 
Inflow velocity 
Slipstream velocity 

Thrust, absolute coefficient OT = ~D4 
p n 

T orque, absolute coefficient OQ = 9D 5 
pn 

P , 

0., 

Ti , 
n , 

Power, absolute coefficient Op= ~D5 
p n 

Speed-power coefficient = 4 p~: 
Efficiency 
Revolutions per second, r .p .s. 

Effective helix angle = tan- 1 (2!n) 

5. NUMERICAL RELATIONS 

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 

1 lb. = 0.4536 kg. 
1 kg = 2.2046 lb. 
1 mi. = 1,609.35 m = 5,280 ft. 
1 m=3.2808 ft. 


