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AERONAUTI CAL SYMBOLS 

1. FUNDAMENTAL AND DERIVED UNITS 

Metric English 

Symbol 
Unit SYDlbol Unit SYDlbol 

Length ____ _ l 
t 
F 

Dleter _______ ____ _____ ___ _ Dl 
S 
kg 

foot (or Dlile) ________ _ ft . (or Dli.) 
sec. (or hr.) 
lb. 

TiDle ______ _ second ____ ______________ _ second (or hour) ______ _ 
Force _____ _ weight of one kilogram ____ _ weight of one pound __ _ 

PoweL_____ P kg/m/s___ _ __ _ _ _ _ _ _ _ __ _ __ _ __ _ __ ___ __ horsepower __ ____ ____ _ bp 
m.p. h. 
f. p. s. speed_ ----- - - --- -- - -- {~/f:~_-:~=== == ====== = ===== ~.~.~~ ~ti~~~: ==== === ===== == 

2. GENERAL SYMBOLS, ETC. 

W, Weight, = mg 
g, Standard acceleration of gravity = 9.80665 

m/s2=32.1740 ft./sec. 2 

W m, Mass =, 9 
p, Density (mass per unit volume). 
Standard density of dry air, 0.12497 (kg-m-{ 

S2) at 15° C and 760 rom = 0.002378 (lb .
ft.- 4 sec. 2). 

Specific weight of "standard" BJI, 1.2255 
kg/rn3 = 0.07651 Ib./ft.3 

mP, Moment of inertia (indicate axis of the 
radius of gyration, k, by proper sub
script). 

S, Area. 
S1.O' Wing area, etc. 
G, Gap. 
b, Span. 
e, Chord length. 
b/e, Aspect ratio. 
j, Distance from C. G. to elevator hinge. 
po, Coefficient of viscosity. 

3. AERODYNAMICAL SYMBOLS 

V, True air speed. 

q, Dynamic (or impact) pressure={p V2 

L, Lift, absolute coefficient OL= q~ 

D, Drag, absolute coefficient OD=:S 

0, Cross-wind force, absolute coefficient 
o 

Oe=qs 

R, Resultant force. (Note that these coeffi
cients are twice as large as the old co
efficients Le, Dc.) 

iw, Angle of setting of wings (relative to thrust 
line). 

ill Angle of stabilizer setting with reference to 
thrust line. 

'Y, Dihedral angle. 
Vl 

p - ,Reynolds Number, where l IS a linear 
po dimension. 

e. g., for a model airfoil 3 ·in. chord, 100 
mi./hr. normal pressure, 0° C: 255,000 
and at 15° C., 230,000; 

or for a model of 10 em chord 40 mIs, 
corresponding numbers are 299,000 and 
270,000 . 

G.n Center of pressure coefficient (ratio of 
distance of C. P. from leading edge to 
chord length). 

{3, Angle of stabilizer setting with reference 
to lower wing, = (i,-i .. ). 

a, Angle of attack. 
E, Angle of downwash. 
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FULL SCALE WIND TUNNEL TESTS ON SEVERAL METAL PROPELLERS HAVING 
DIFFERENT BLADE FORMS 

By FRED E. WEICK 

SUMMARY 

This report gives the jull-scale aerodynamic characteris
tics oj five dljferent al'U,minum alloy propellers having jour 
dijJerent blade forlns. They were tested on an open cock
pit juselage with a radial air-cooled engine having con-

comparable, and the data have been collected in this 
report to show the relative aerodynamic qualitie of the 
various blade form. The tests were all run at pro
peller revolutions low enough to be below the effects 
of high tip peeds. (Reference 1.) 

FIGURE I.-Metal PropeneI' No. 4412 

ventional cowling, in the Twenty-Foot Propeller R esearch 
Tunnel oj the National Advisory Committee jor Aero
nautics, at La,ngley Field, Va. The results show that 
(1) the dljferences in propulsive ejJiciency due to the differ
ences in blade jorm were small; (2) the form with the thin
ne~t ai1joil sections had the highest efficiency; (3) it is ad
vantageous as regards propulsive efficiency jor a propeller 

METHODS AND APPARATUS 

The propellers were all made of solid forged alumi
num n,lloy, four of them being of the dctll.chab~(' hlade 
type with a <,plit steel hub, and one of the I-piece 
R eed-R type. The detachable blade propellers all 
bear certain relations to each other, for they repreSCll t 
a progressive development.. A photograph of one or 

FIGURE 2.-Reed-R type propeller 

operating in front of a body, such as a radial engine , to 
have it pitch reduced to'lL'ard the hub. 

INTRODUCTION 

Incidental to various investigations in the Propeller 
Research Tunnel of the ational Advisory Committee 
for Aeronautics, Langley Field, Va., aerodynamic tests 
have been made on fiye miscellaneous aluminum alloy 
propellers, four of which had somewhat difl'erent blade 
forms. All of the propellers had approxin1ately the 
same pitch, making the results more or less directly 

them (No. 4412) i given in Figure 1, and A view of thr 
Reed-R type propeller is shown in Figure 2. Curve 
showing the relative blade forms are given in Fignre 3. 
The propellers may be listed as follows: 

avy Drawing No. 3790: feet 11 inches diam
eter; narrow tip; direct drive. 

Navy Drawing No. 3603: 10 feet 5 inches diam
eter; wide tip; geared. 

Navy Drawing No. 4·102: 10 feet 5 inche diam
eter; wide tip; thick blade ; geared. 

3 



4 REPORT NATIO AL ADVI ORY COMMITTEE FOR AERO AUTICS 

.l avy Drawing No. 4412 : feet 11 in hes diam-
eter; wide tip ; thick blade; direct drive . 

No. M- 1 26, urti s Drawing X- 33525- 69: 9 
feet diameter; R eed- R type; direct drive. 

The ame teel hub was used for fiJI of t he detachable 
blade propeller , and this hub had been made 1 inch 
horter th an standard in order to save weigh t, 0 that, 

.07 .Z8 
~ 

~ -:lI 

which point it gradually tapers off to the same thickness 
as o. 3603 at the tip . o. 4412 is geometrically 
similar to No . 4102 in every re pect, except that they 
both fit the same hub, which is unimportant aero
dynamically. 

All of the detachable blad propeller had standard 
airfoiJ ection based on the R. A. F. 6, a hown in 
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FWUIIE 3.-Propeller blade form curves 

although the d io-ned propeller diameters 'w ere 9 f · et 
and 10 feet 6 inches, they were f\.ctually feet 11 inche 
and 10 feet 5 inche as te ted. The change in the blade 
form ratio due to t.he slightly malleI' diameter is 
scarcely no ticeable' in the curves of Figure 3. 

Propell er ~ T o. 3790 was th(' fir ·t of the detachable 
blade de igns of this group. Propeller No. 3603 

r~ Blade width, b 1 
~~~~I~HtL I I I I ttttd 

• . Oi?5~05.1 .e .3 .4 .5 .6 .7 .8 .9 / 
STATION R.L.E .oe5 .05.1.i?3 .4 .5.6 .7.8 .9 R. T.E. 

ORO/ MAX. ORD . .I0 .41 .59 . 79 95/.00 .99 .95 .87 74 .56 .35 .077 

Standard propeller sec tIOn based on RA.F-6 

Blade WIdth, b . 1 
~ 

Approximate shape of airfoil sectIons of Reed-R 
type propeller. Modified Clark - Y 

l;' \OttHE '\ 

geometrically similar to No. 3790 in piLch eli tl'ibution 
n.nd blade thicknes, but from about one-h alf the 
rad ius to the tip the blade is wid er and the section 

thickness ratio ~ i. low 1'. Propell r o. 4102 is th 

n.me a No. 3603, except that the thiclme is 25 per 
cen t greater up to 80 pel' cent of the tip ra,diu , from 

Figure 4. The Reed-R type 1)rOpel1er, however, had 
ections ba ed on the Olark Y, but somewhat thickened 

at the trailing edge. An approximate contolU' of this 
ection i al 0 hown in Figlll'e 4. The plan form of 

the R type blades wa very imilar to that of the 
wide tip detachable blade, but the blade width was a 
little greater. The ection thickness ratios were n.p
proximately the same as for propellers ~ os. 4412 
and 4102. 

The mean geometrical pitch of all of the propellers 
wa very nen.rly the same. All the detachable blade 
propellers had not only the arne average geometrical 
pitch, but the same distribution of pitch along the 
radius. The pitch increased from hub to tip, and 
near the hub it wa red uced to a very low value. The 
pitch of the Reed-R propeller, however, wa nearly 
uniform n.long the radius. 

The -foot 11-inch and 9-foot, propellers weI' dil' ct 
drive, but the 10-foot 5-inch propeller were geared 
2 : l. A direct compari on may, therefore, be made 
only among the group of three di..rect-driye propellers 
by themselve and between the two-geared propellers 
by themselves. However, since one of the o-eared 
propellers was geometrically imilar to one of the 
direct-drive propellers, an indirect compn.ri on may 
be made among all four blade form . 

The Propeller R esearch Tunnel is of the open-tm:oat 
type, with an air stream 20 feet in diameter in which 
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velocities up to 110 m. p. h. can be obtained. A 
description of the tunnel and al 0 the balancp and 
other mea uring device i given in Reference 2. 

The propellers were tested on an open-cockpit 
fuselage with a conventionally cowled 9-cylinder 200-
horsepower Wright, J- 5 radial air-cooled engine, a 
hown in Figure 5. The engine WftS mounted on a 

dynftmometer inelo cd within the fu elage so that Lhe 

where 
T = tb e thrusL of t he propeller while operating in 

front of the body (the ten ion in the p ropeller 
shaft). 

D = the clrftg of the airplane alone (without propeller) 
at the sftme air velocity and den ity. 

6D = t,he inerea e in drag of the airplane with propeller, 
due to the lip tream. 

~-----------------------------20' 6~"~----------------

'B 
Lin e of moun ling ring 

o 
'.t " ,, ' I 

reef 
2 3 
I I 

4 , 

Thrusl ",,'in..;.:eO-.>L-t- -E3 
I ' 8 I>e 

1Ix.·l~ I 60,,-------,1<.---- 60" -----...1<·- ----------9' O"'-------~ 
~ of cyhnders 

Section A-A 

e 
- -39" 

FIG URE 5.- Fuselage and direct drive J-5 engine 

l'\ote.- \\· ith geared engine, nose was pointed and propeller was i~~ inches farther forw ard . 

torq ue could be measured directly. The engine torque 
ft, measured includ ed the torCJu on the cylind 1'S 

due to the twist of the lip stream. In order to 
correct for this effect a special test wa mfLde in which 
three J - 5 cylinders complete wi th valve gear were 
mounted under the front portion of a water-cooled 
Wright E - 2 engine on a VE- 7 fuselage in the Propelle~' 
R e earch Tunnel. (Fig, 6.) The cylinders were in 
the ame position relative to the propeller a on a J- 5 
engine. The midd le cylinder only was supported in 
such a manner that its torque abo ut the engine axi 
could be measured. The torque on the middl e 
cylinder wa then found for variou engine and air 
peeds, and the re ult have been used to apply a 

conection, amounting to a much as 3 pCI' cent, to the 
engine torque and power. 

The resultant horizontal force of the propeller-b dy 
combination, which may be either a thru t or a draa, 
wa mea ured on the reglllftr thru t balance. Thi 
resultant horizontal force H, may be though t of as 
being composed of three horizontal component , uch 
that 

R = T - D - 6D 

In order to obtain the propulsive efficiency, an 
effective thru t i u ed which is defined as 

EO'ective thrust = T - 6D 

Th e propuJ ive efficien y i then the ratio of the 
useful power to the inpu t power, or 

Pl'opul ive efficien y = 

effective thru t X velocity of advance 
inpu t power 

Tbi includes the incl'ea e in drag of all part of the 
airplane affected by the slip kearn, and al 0 the 
effect of the body interference on the propell er t hrust 
and power . 

RESULTS 

The ob erved data point for eacb of the five pro
peller tested are given in Figures · 7 to 11 and in 
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F IGURE 6.- J-5 cylindors mounted on E-2 ongine fo r slip stream torque 
tests 

Table r. The:v are reducen to the u ual coefficient 
of th1'u t , pow 1', and propul ive efficiency . 

O - effective thrust 
T - pn2D4 

o _ input power 
P - pn3D 5 

1'/ = efl'ecti e thru t X velocity of advance 
input power 
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F IGURE 7.- Propeller No. 3i SO. Diameter 8 feet 11 inches 

where D is the propeller diam~ter and n repre entR th 
revolutions pel' unit timc. Since the coeffi cient are 
dimen ionless, any homogeneous sy tem of unit may 
be used. 

In Figure 12 the thrust, power, and effi ciency curve 
of the three direct-drive propeller are compared, ond 
in Figure 13 tho e of the two-geared propell ers. Tho 
propellers are grouped similarly in_Figure 1"4 and 15, 

in whi ch the propul ive efficiencie are plot ted again t 
the coefficient 

a = .5 /p V5 

S V Pnt 

where V i the velocity of ndvance and P repre en t 
the power absorbed by the propell cr. Propellers 
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FIGURE .-Propeller No. 4412. Diameter 8 feet 11 inches 

operating at the arne value of Os are fulfilling W~e 
requirements of power, velocity , and revolutions, and 
are, therefore, on a fair ba i for compari on. 
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F IGURE 9.- Reed-R propeller. Diameter 9 feet 

DISCUSSION 

1. Comparison of the det achable blade form 
(a) Propellers os. 4412 and 3790 had the 

same maximum efficiency ancl very 
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nearly Lhe same efficiency throughou t I 

the entire working range. The light 
difference which does occur can be 
explained by the slightly lower zero 
thrust pitch of No . 3790. No. 4412, 

· I 0 r-~---r--.--.----r---'--lr--'----'--r--l 1.O 

,cT I 7} 
~ ~~:;r:xxx 

· OBI--+---"-' J-I",,-+---/+v-'''''''''''':- - '\-x -..,I--+----l 8 

1\ x\ 6 
.06

I
---t-+I-L/ +1-'<+i\,-+-t----l-r--T--\-1:=:: 

~ / \'tz, ><1 1 

~.041--t--clt-t--t--I+---+'''fi~--t--t-IJ -+--1 4 

/ c-: "-.~. 
· 02 f--H/ -+---j-----t-+-~~t2.1-,,-.J----t---j 2 

/ ~~ 
o~+-~-+--~+--r~~~\-+~O 

. 2 .4 
V 

nJ) 

.6 .8 1.0 

F IGU Il E 10.-Propeller No. 4102. D iameter 10 feet 5 inches 

with i t wider and thicker blades, 
absorbed about 13 pel' cent more power 
at maximum efficiency. 

(b) The m~,,-imum efficiency of No. 3603 was 
found to be about 1 per cent greater 
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FIGURE ll.-Propeller No. 3603 . Diameter 10 feet 5 inches 

than t.hat of o. 4102, and No. 4102 
absorbed about 15 per cent more power 
at maximum efficiency. 

(c) Although no dircct com pari on can bc 
made between No. 3603 and o. 3790 
(wide and narrow tips, same thickness , 
but wider tip having lower section thick
ness ratio), an indirect comparison is 
possible because propeller I o. 4102 
and 4412 are geometrically similar. 
According to the indirect compari on, 
No. 3603 and No. 3790 have about the 
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same power coefficients at maximum 
efficiency, and the maximum efficiency 
of o. 3603, which has the wider tips 
and relatively thinner tip sections, IS 

about 1 per cent higher than that of 
No . 3790. 
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2. Oomparison of the Reed-R type propeller with 
the other forms. 

(a) The Reed-R type propeller, which differed 
from No. 4412 mainly in that it had 
modified Olark y airfoil sections and 
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approximately uniform pitch distribu
tion , had a maximum effi ciency about 2 
per cen t Ie than tha t of J os. 44 ] 2 and 
3790, and about 3 p I' cen t less than that 
of o. 3603 under the lime condition . 

(b) The R eed- R propell er absorb ligh tly 
more power than No. 4412 at max-llnum 
efficiency, and its maximum efficiency 

# p- ~ ~ 

3 790W ~ ~~ 
/; 

J! 
Ji V; . 

V 
V 

.4 

1\\ "" 
\ \ \ 

1\ \ 1\ 
\ \ \ 

\ '\ 
I ~ ) 

;7' ~ 
44/2 37f)~eed \-~ 1-
~ ~ . 

~ ~ 
e--

~ ~ 

Reed-R ~v 

V 
V 

.8 1.2 /.6 Z.O 2.4 2.8 

V 
FIG RE 14'- nD and ~ vs. Cs 

occurs u,t a lio-htly higher value of as , 
so that the pit.ch is aerodynamically 
lightly greater than that of TO . 4412 

or the other propeller . If the pi tches 
were aerodynamically the same, the 
maximum efficiency of the R type would 
be relatively still lower, bu t its efficiency 
at the lower rates of advan ce would be 
sligh tly higher than at pre ent. 

(c) The aU'foil section of the Reed- R prope]]er 
should, judging by wind- tunnel aU'foil 
tests, be at lea t a efficien t as tho e of 
the other propeller . The lower effi
ciency must, therefore, be attribu ted 
mainly to the uniform pi tch distribu
tion, wi th which t.he blade sections neal' 
the body work at inefficiently high angle 
of at tack. 

CONCLUSIO S 

1. The bl u,de form having airfoil ection of the 
lowest thickness ratio (TO . 3603) had the highe t 
ma)..'in1Um efficiency. 

2. Difference in effi ciency between t.he val'iou 
blade forms were small . 

3. The propellers having the pitch reduced toward 
the hub had higher effi cicncie than the one uniform 
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pitch propeller , when operating on the particul ar 
engine and body used in the te t . 
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V N 

I m. p. h. r. p. m . 

85. 8 1, 695 
6. 3 1, 690 

89.1 1, 700 
1, 700 

91. 4 1, 700 
91. 7 I , 700 

104.8 1, 750 
103. 6 1, 745 
102.9 1, 700 
103.4 1, 660 
102.9 1, 595 
102.9 1, 550 
102. 9 1, 490 
102.5 1, 445 
102. 3 1, 390 
102. 4 1, 360 
102. 1 1, 2 0 
101. 5 1, 225 
101.5 1, 165 

93. 2 1, 695 
93. 4 1, 690 

1.8 1, 675 
2.0 1, 660 

77. 8 1, 640 
77. 1, 650 
74. 2 1, 610 
74.8 1, 600 
70. 6 1, 620 
70. 7 1, 630 
59.4 1,610 
62.1 1, 610 
65. 4 1,660 
64. 7 1, 650 
20. 3 1, 580 
20.9 1,580 

TABLE NO. I 

OB ERVED TE'T DATA 
PropeUer No. 3790 

Diameter, 8 feet 11 inches 

Q T CT lb. ft . lb. 

447 476 .0425 
442 471 .0423 
438 459 .0406 
43 455 .0403 
435 444 .0395 
435 441 .0394 
404 378 .0318 
405 3 0 .0322 
367 33 .0302 
325 292 .0274 
291 252 .0256 
248 205 .0220 
217 165 .0192 
1 1 135 .0167 
143 9 .0131 
119 72 .0100 
80 36 .0057 
41 1 .0001 

8 -36 -.0068 
412 408 .0367 
412 405 .0367 
446 4 6 .0448 
442 480 .0450 
447 502 .0482 
447 495 . 0468 
422 479 .0476 
420 471 .0475 
444 517 .0508 
442 514 .0496 
462 597 . 0595 
460 578 .0575 
480 593 .0555 
477 595 .0563 
449 763 .0787 
449 748 .0770 

Cp 
V 

nD 

O. 0281 O. 500 
.02 0 .504 
.0273 .517 
.0273 . 516 
.0274 .530 
.0274 .533 
.0240 . 591 
.0242 .5 6 
.0231 .596 
.0214 .616 
.020 .636 
.01 8 .655 
.0178 .681 
.0158 .700 
.0134 .726 
.0117 .744 
.0089 .788 
.0049 .819 
.0010 .861 
.0261 .544 
.0263 .545 
.0289 .482 
.0292 .48 
.0302 .469 
.0300 .465 
. 0296 .455 
.0299 .461 
.0306 .430 
.0302 .429 
.0324 .364 
. 0322 .380 
.0316 .389 
.0318 .388 
.0326 .127 
.0326 .130 

9 

'1 

O. 755 
.760 
.769 
.762 
.765 
.766 
.783 
. 780 
.7 0 
.790 
.7 3 
.766 
.735 
.740 
.706 
. 638 
.504 
.028 

---- -- -- - -
.765 
.760 
.748 
.753 
.749 
.725 
.731 
.732 
.715 
.705 
.669 
.679 
.683 
.687 
.306 
.309 
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p 

O. 002288 
.002280 
.002280 
.002272 
. 002272 
.002272 
.002272 
.002269 
.002269 
.002269 
.002262 
.002259 
.002259 
.002256 
.002256 
.002256 
.002256 
.002256 
. 002256 
.002248 
. 00224 
. 002248 
. 002248 
. 002248 
.002248 
. 002248 
.00224 

I .002248 
.002248 
.002258 
. 002249 
.002252 
. 002252 
.002252 
.002252 
.002255 
.002255 
.002255 
.002255 
. 002264 
. 002264 

REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

V N 
m. p. h. r. p. m. 

82. 1 1, 750 
82. 5 1, 710 
82. 1,705 
82. 9 1, 690 
83. 1, 680 
82. 8 1, 685 
83. 5 1, 690 
88. 3 1, 750 
88.0 1, 750 
90. 8 1,765 
91. 1 1,760 
94. 2 1,750 
94. 2 1, 750 

104. 4 1, 10 
104. 1 1, 805 
103.5 1, 750 
103.5 1, 700 
103. 1 1, 650 
103. 0 1, 595 
102. 7 1, 550 
102. 4 1, 500 
103. 1 1, 455 
103. 5 1, 390 
103.4 1, 355 
103. 1 1,290 
102. 4 1, 240 
102.8 1,200 
102. 5 1, 100 
102. 5 1, 175 

80.6 1, 760 
81. 5 I, 750 
78. 9 1, 705 
78. 9 I, 705 
74. 3 1, 705 
75.7 1, 700 
6 . 5 1, 675 
68. 2 1, 670 
61. 2 1,660 
62.8 1, 645 
20. 8 1,600 
22. 2 1, 590 

TABLE NO . I- Continued 

Propeller No. 4412 

Diameter, 8 feet 11 inches 

Q T \ CT lb. ft. lb. 

579 646 O. 0525 
542 591 . 0505 
524 562 .04 4 
519 555 . 0488 
513 551 .0490 
516 556 .0494 
516 559 .0492 
550 582 .0476 
545 572 .0469 
561 586 .0474 
555 575 . 0468 
547 558 .0460 
541 554 . 0452 
529 511 .0394 
528 514 . 039 
485 457 .037 
444 409 .0358 
396 350 .0324 
344 291 .0289 
318 261 .0274 
265 210 .0236 
233 175 . 0210 
200 138 . 0181 
165 100 .0138 
119 56 . 00 5 
87 23 . 0038 
63 3 .0005 
7 -47 -.0098 

49 -11 -.0020 
579 666 .0545 
566 637 .0525 
538 599 .0521 
536 601 .0524 
549 645 .0561 
542 621 . 0545 
540 655 .0591 
535 649 . 0589 
541 688 . 0632 
533 666 .0624 
519 859 .0845 
511 838 . 0834 

I Cp 
V 

nD 

I 
O. 0332 O. 464 
.0327 .476 
.0318 .479 
.0322 .4 4 
.0322 .492 
.0322 . 485 
.0320 .488 
. 031 .498 
. 0314 .496 
. 0319 .509 
.0317 . 511 
.031 . 531 
.0315 · 531 
. 0290 .570 
.0290 .570 
. 0282 .584 
.0274 .601 
.0260 .616 
.0241 .639 
.0236 .653 
.0210 .675 
.0196 . 700 
.0185 .735 
.0160 . 754 
.0127 .790 
.0101 15 
.0078 45 
.0010 .920 

0063 61 
.0332 .453 
.0330 .459 
. 0330 .456 
.0328 .456 
.0336 .430 
.0334 .440 
. 0344 . 404 
.0342 .403 
.0350 .364 
.0350 .377 
.0360 · 12 
.0358 · 13 

-

11 

O. 734 
.735 
. 729 
.734 
. 749 
.744 

I 
. 750 
. 746 
.740 
.755 
. 755 
.770 
. 763 
. 775 
.782 
. 769 
.785 
.769 
. 765 
. 75 
. 758 
.74 
.720 
.650 
.495 
.306 
. 057 

- -- -- -- ---
--------- -

.744 

.730 

.720 

.729 

.719 

. 719 

.695 

.694 

.656 

.670 

. 302 

. 321 
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TABLE I O. I- Continued 

Reed-R Type Propeller 

Diameter, 9 feet 

----
V N Q T Cp 

V p m. p. h. 1' . p. m . lb. ft. lb. T 
nD '1 

-- - - ---
O. 002242 5. 3 I , 54"0 429 409 O. 0422 O. 030 0.541 0.741 
.002242 4. 3 I, 530 427 407 .0425 .0311 .539 .736 
. 002242 7.7 I , 540 42 400 . 0413 . 0308 . 554 . 742 
. 002242 8 . 2 1, 540 42 397 .0410 .030 . 559 .745 
. 002242 9.2 1, 540 42 400 . 0413 .0308 .566 . 760 
. 002242 89. 2 I , 550 432 399 .0405 .0307 . 562 .741 
. 00223 92. 9 1,650 497 476 .0429 .0314 . 550 .750 
. 00223 92. 9 1, 640 493 472 .0430 .0314 . 554 .758 
.002229 104. 3 1,765 529 497 .0393 .0292 .577 .777 
. 002229 104. 5 1, 760 523 4 5 .0386 .0289 . 5 0 .775 
. 002229 103. 6 I , 705 4 3 434 .0368 .02 6 .596 .767 
. 002229 103. 2 I , 660 440 389 .0350 .0275 . 609 .775 
. 002229 102. 9 I, 620 403 347 .0325 . 0263 .620 .765 
. 002229 103.2 I, 560 355 294 .029 .0251 .646 .767 
. 002229 102. 5 I , 500 315 250 .0274 . 0242 .66 . 756 
. 002229 102. 6 I, 450 250 190 .0222 .0204 . 691 .754 
.002229 102. 4 1, 400 206 153 .0192 .0180 . 715 .764 
.002229 102.5 I , 350 167 116 .0156 .0157 . 742 .740 
. 002229 102. 1 1, 300 125 79 . 0115 .012 .76 .688 
. 002229 102. 0 1, 240 86 46 .0073 .0096 .804 .613 
.002229 101. 6 I , 190 40 11 .0019 . 0048 .835 .330 
.002229 3. 1 1,665 545 571 .050 .0338 .489 .734 
. 002237 83. 8 I , 660 53 557 .0498 .0334 .494 .736 
.002230 78. 2 I , 640 537 570 .0521 .0343 .466 .70 
.002230 78. 9 1, 610 525 560 .0533 .034 . 478 .731 
. 002230 74. 8 I , 590 511 554 .0539 .0347 .460 .715 
.002230 74.8 I , 585 50 542 .0532 .0347 . 461 . 707 
.002234 6 . 5 I , 500 454 496 .0543 .0347 . 446 . 696 
.002234 69.1 I , 500 454 493 .0540 .0347 .451 .701 
.002234 64. 4 I , 530 502 578 . 0607 .036 .412 .680 
.002234 66.0 1, 530 497 562 .0590 .0364 .422 .684 
. 002236 60. 2 1, 500 4 5 56 .0620 .0370 . 392 .657 
. 002236 60.0 1, 505 4 3 565 .0613 .0366 .3 9 .651 
. 002242 19. 6 1, 405 472 662 .0 20 .0410 .136 .274 
.002242 20. 2 1, 405 469 657 .0 13 . 0406 .140 . 281 
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TABLE NO. I - Continued 

Propeller No. 4102 

Diameter, 10 feet 5 inch es 

V N Q T CT Cp 
V p m. p. h. r. p. m. lb. ft . lb. nD ." 

-- -

O. 0022 8 3. 0 1, 115 316 252 O. 0270 O. 0205 O. 629 O. 2 
. 0022 3. 6 1, 115 316 253 . 0272 .0205 .634 41 
. 0022 8 83. 4 1,090 285 224 .0252 .0193 .645 41 
.002288 3. 2 I , 070 261 199 .0232 .0183 .657 .831 
. 0022 8 82. I , 040 243 1 2 .0224 . 01 1 .673 31 
.0022 0 3. 0 1, 015 211 147 . 0191 .0165 . 691 . 799 
. 0022 0 2. 5 995 186 121 . 0164 .0151 .700 .757 
.0022 0 2. 2 965 162 96 . 013 .0141 . 720 .705 
.0022 0 2. 0 940 134 70 .0106 .0122 . 736 .640 
.0022 0 1. 915 115 56 .00 9 .0110 .755 .614 
.0022 0 81. 6 90 93 32 .0054 .0094 .775 .443 
.002280 1.3 865 66 10 .0017 .0071 .794 .199 
.0022 0 81. 3 35 4 - 6 -. 0011 . 0055 24 - - - - ------
.0022 0 1.0 15 31 - 23 -.0046 .0037 .840 -------- - -
.0022 0 7 . 4 1, 110 339 2 4 .0309 . 0222 . 596 30 
.002280 79. 2 1, 115 344 2 .0310 .0224 .601 31 
.002283 75.1 I , 100 361 317 .0350 .0240 .576 40 
.0022 3 75. 4 I , 100 360 I 317 .0350 .0240 .579 44 
.0022 3 71.6 I , 100 378 344 .03 1 .0252 .550 .831 
.002283 71.5 I , 100 378 342 . 0378 .0252 . 549 .824 
. 0022 3 6 . 6 I, 100 397 373 . 0413 . 0264 .527 .825 
.0022 3 69. 4 I , 100 398 371 . 0410 .0266 .533 21 
.002286 65. 2 I , 100 416 404 .0446 .0277 .501 06 
.0022 6 65. 6 I , 100 416 104 . 0446 . 0277 .505 14 
.0022 6 62. 0 I, 105 425 430 . 0470 . 0281 .474 . 792 
.0022 6 63. 0 I , 100 423 416 .0459 .0281 .4 4 .790 
.002286 58. 0 I , 100 441 466 .0515 .0296 .446 .776 
.0022 6 5 . 2 I , 090 427 443 .0499 . 0290 .451 . 776 
.0022 6 19.6 I , 100 491 749 .0 2 .0327 .150 .3 2 
.002286 19. 9 I , 100 495 750 .0 30 .0330 . 153 .3 5 

TABLE NO. I- Continued 

Propeller o. 3603 

Diameter, 10 feet 5 in ches 

V N Q T CT Cp 
V p m. p. h. r. p. m. lb. ft . lb. nD 'T1 

---
O. 002323 84. 0 I , 100 253 199 O. 0216 O. 0165 O. 645 O. 841 
.002323 4. 4 1,073 230 167 .0191 .015 .665 05 
. 002323 3. 4 1, 052 216 154 .01 3 .0155 .669 . 788 
. 002323 3.4 1, 023 1 4 126 .015 .0139 .688 .7 2 
.002323 3. 6 1, 000 160 104 .0136 . 0127 .706 .760 
.002323 3. 3 970 133 71 . 0099 .0112 . 725 .640 
. 002323 83. 4 940 100 41 .0061 .00 9 .749 .512 
. 002323 3. 6 965 115 61 .00 6 . 0097 . 733 .646 
. 002323 3. 4 920 81 22 .0034 .0075 .765 .345 
. 002323 3. 2 90 50 - 2 -. 0003 .0050 .790 -------- - -
. 002323 3. 1 75 3 -15 -. 0025 .0039 04 ----------
.00231 78. 6 I , 105 309 264 .02 6 . 0202 .601 50 
.002318 79.1 I , 10 310 265 .02 6 . 0201 . 604 59 
.002318 75. 8 I , 10 324 290 .0312 .0210 . 579 60 
. 002318 75.7 I , 102 324 290 . 0315 .0212 .580 62 
.002309 71. 1 I , 100 341 313 .0344 .0225 .546 35 
. 002309 71.2 I, 100 341 315 .0344 . 0225 . 547 36 
. 002312 67.3 I , 100 369 357 .0390 .0244 .516 25 
. 002312 67. 9 I , 100 369 351 .03 4 .0244 .521 20 
. 002312 64. 1 1, 105 406 403 .0435 .0266 .491 04 
.002312 64. 6 1,110 409 405 .0435 .0265 .491 05 
.002312 62. 0 I , 105 409 415 .0449 .0267 .474 .796 
.002312 62. 4 I , 100 409 410 .0449 .0270 .479 .796 
.002312 57.7 I , 125 455 4 1 .0504 .02 7 .434 . 761 
.002312 57. 0 I, 125 455 490 .0512 .02 7 .42 . 764 

"I 
.002321 19. 7 I , 100 4 727 .0791 .0320 . 151 . 374 
.002321 19.5 I , 100 489 72 .0792 . 0320 .149 .370 



I V 
nD 

0.10 
· 15 
. 20 
. 25 
. 30 
. 35 
.40 
.45 
. 50 
. 55 
. 60 
.65 
. 70 
.75 

i 
.80 

V 
nD 

0. 10 
· 15 
. 20 
.25 
. 30 
. 35 
.40 
. 45 
. 50 
. 55 
. 60 
. 65 
. 70 
.75 
.80 

V 
nD 

0. 10 
· 15 
.20 
.25 
.30 
. 35 
.40 
.45 
. 50 
. 55 
. 60 
. 65 
.70 
. 75 
.80 

--
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TABLE NO. II 

FIN AL ADJU TED COEFFICIE 1'8 

P ropell r No. 3790 

I 

I 

Diameter, 8 feet 11 inche 

CT Cp 1/ 

-

O. 0 00 O. 0323 O. 24 
. 0770 . 0329 . 351 
. 0734 . 0330 .445 
. 0695 . 0330 . 526 
. 0650 . 0328 . 595 
. 0601 . 0322 .654 
.0549 .0314 .699 
. 0489 . 0302 .729 
.0429 .0285 . 752 
.0367 . 0262 . 770 
. 0301 .0232 . 779 
. 0235 . 0200 . 764 
. 0167 . 0160 . 729 
. 0100 . 0118 . 635 
. 0031 . 0069 . 360 

T ABLE NO. II-Continued 

Propeller No. 4412 

Diameter, 8 feel. 11 inches 

CT Cp 1/ 

O. 0864 O. 0360 O. 240 
.0829 . 0360 . 346 
.0789 . 0360 . 438 
. 0746 .0360 . 518 
. 0698 . 0359 .5 2 
. 0649 . 0352 . 645 
.0591 . 0342 . 690 
. 0539 . 0335 . 723 
.0478 . 0318 .751 
. 0412 .0294 . 770 
. 0360 . 0270 . 778 
. 0279 .0236 . 770 
. 0210 . 0199 . 739 
.0140 . 0160 . 656 
. 0070 .0119 . 471 

T ABLE O. II- Cont inued 

Reed- R T ype Propeller 

Diameter , 9 feet 

CT Cp 1/ 

O. 0837 O. 040 O. 205 
.0810 .0405 .300 
. 0779 . 0402 . 387 
. 0742 .0400 .464 
. 0702 . 0391 . 539 
.0659 .0380 .606 
. 0609 . 0369 . 660 
. 0552 .0353 . 705 
.0491 . 0333 . 737 
.0425 . 0310 . 755 
. 0359 . 0281 . 765 
. 0290 .0247 . 763 
. 0216 .0201 . 751 
.0150 . 0156 .720 
. 0078 .0099 .630 

[ Cs 

O. 198 
. 296 
. 395 
.494 
.594 
. 696 
.798 
.905 

1. 019 
1. 140 
1. 272 
1. 421 
1. 599 

I 
1. 821 
2.170 

I Cs 

I 

0.194 
.292 
. 389 
. 486 
.584 
.682 
.785 
.886 
. 996 

1. 112 
1. 232 
1. 376 
1. 531 
1.711 
1. 941 

Cs 

0.1 9 
.284 
.380 
. 474 
.573 
.674 
. 774 

79 
.985 

1. 102 
1. 225 
1. 361 
1. 530 
1. 725 
.201 

V 
nD 

0.10 
. 15 
.20 
. 25 
.30 
. 35 
.40 
. 45 
.50 
.55 
.60 
.65 
.70 
.75 

V 
nD 

0.10 
. 15 
. 20 
. 25 
. 30 
.35 
.40 
.45 
.50 
. 55 
.60 
. 65 
.70 
.75 

TABLE O. II- Continued 

Propeller o. 4102 

Dia met er, 10 feet 5 inches 

CT Cp 1/ 

O. 0880 0.0328 O. 268 
. 0833 . 0330 .378 
.0788 .0329 . 479 
.0738 . 032 .562 
. 0680 .0322 .633 
.0625 .0319 . 6 6 
. 0564 .0308 . 732 
.0500 .0292 .771 
.0442 . 0274 .807 
.0380 .0252 . 830 
.0314 . 0224 . 840 
.0246 .0192 . 832 
.0170 .0152 . 781 
.0100 .0115 . 650 

TABLE O. II- Con t inued 

Propeller o. 3603 

Diamet er, 10 feet 5 inches 

CT Cp 1/ 

O. 0832 O. 0321 O. 259 
.0796 .0322 . 371 
.0755 . 0322 .469 
.0709 . 0320 .554 
.0659 . 0316 . 625 
.0604 . 0309 . 684 
.0543 . 0296 . 733 
.0482 . 0279 . 778 
.0415 .0256 . 810 
. 0349 .0229 .838 
.0282 . 0199 .850 
.0211 . 0165 .830 
.0139 .0128 .760 
. 0062 .0086 .541 

Cs I 
O. 198 
. 296 
.396 

I . 495 
.596 
. 697 
.801 
. 912 

1. 025 

I 1. 148 
1. 281 
1.432 
1. 616 

I 1. 832 

Cs 

-
O. 198 
. 298 
.398 
.498 
. 599 
. 701 
. 809 
.920 

1. 041 
1. 170 
1.311 
1. 477 
1. 675 
1. 941 

-

U S. GO VERNM ENT PRI NTIN G OFFICE: 1930 







l , 



z 
t . 

~. 

Positive directions of axes and angl~s (forces and moments) are shown by arrows 

Axis Moment about axis Angle Velocities 

Force 
(parallel Linear 

Sym- to axis) Designa- Sym- Posit ive Designa- Sym- (compo-Designation bol symbol tion bol d irection t ion bol nent along Angular 
axis) 

LongitudinaL __ X X rolling ______ L Y---> Z rolL _____ <I> u p 
LateraL _______ Y Y pitching ____ M Z--->X pitch _____ e v q 
NormaL ______ Z Z yawing _____ N X---> Y yaw _____ 'IF w r 

Absolute coefficients of moment Angle of set of con trol surface (relative to neu
tral position), D. (Indicate surface by proper 
subscript.) 

L M 
OL= qbS OM= qcS 

D, Diameter. 
Pe, Effective pitch. 
Po, Mean geometric pitch. 
PO! Standard pitch. 
Pv, Zero thrust. 
PM Zero torque. 
p/D, Pitch ratio. 
V', Inflow velocity. 
V., Slip stream velocity. 

4. PROPELLER SYMBOLS 

T, Thrust. 
Q, Torque. 
P , Power. 

(If "coefficien ts " are introduced all 
units used must be consistent.) 

7] , Efficiency = T V/P. 
n, Revolutions per sec., r . p. s. 
N, Revolu tions per minute, r . p. m. 

<P, Effective helix angle = tan- 1 ( 2:) 

5. NUMERICAL RELATIONS 

I hp = 76.04 kg/m/s = 550 Ib./ft./sec. 
1 kg/m/s=0.01315 hp 
1 mi./hr. =0.44704 m/s 
1 m/s = 2.23693 mi./hr. 

lIb. =0.4535924277 kg 
1 kg = 2.2046224 lb. 
1 mi. = 1609.35 m = 5280 ft. 
1 m =3.2808333 ft. 




