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CHARACTERISTICS OF SIX PROPELLERS INCLUDING THE HIGH-SPEED RANGE

By TeEEODORE THEODORSEN, GEORGE W. STIcEKLE, and M. J. BRBVOORT

SUMMARY

This investigation is part of an extensive experimental
study that has been carried out at full scale in the N. A.
C. A. 20-foot tunnel, the purpose of which has been to
furnish information in regard to the functioning of the

propeller-cowling-nacelle unit under all conditions of-

take-off, climbing, and normal flight. This report pre-
sents the results of tests of six propellers in the normal and
high-speed flight range and also includes a study of the
take-off characteristics. The range of the advance-
diameter ratio has been extended far beyond that of earlier
full-scale experiments at the Laboratory, blade-angle sei-
tings up to 46° being included, which are equivalent to air
speeds of more than 300 miles per hour for propellers of
normal size and revolution speed. All the propellers were
tested in conjunction with a standard nacelle unit equipped
with half a dozen representative N. A. C. A. cowlings.

The results show very striking differences in the aerody-
namic qualities of the various propellers, particularly in
the high-speed range. Also of interest is the fact that the
conventional propeller is shown to reach its peak efficiency
in a range of 200 to 860 miles per hour and at a blade angle
of approzimately 36°. The inadequacy of using the pro-
pulsive efficiency unconditionally as a figure of merit is
shown. This efficiency, defined in conventional manner,
i found actually to exceed unity in certdin cases, owing to
the fact that certain cowlings show a decreased drag in the
propeller slipstream. The adoption of some standard
nacelle unit is therefore recommended as a basis for the com~
parative testing of propellers. The experimental results
are presented in convenient charts. Charts for practical
use in selecting propeller diameters and charts for choosing
the optimum blade-angle setting in the take-off range are
giten in an appendix.

INTRODUCTION

The reported investigation is part of a comprehensive
study of cowling-nacelle-propeller combinations (refer-
ences 1 and 2). The tests were conducted in the
N. A. C. A. 20-foot tunnel (reference 3) of full-size
commercial propellers over the full range of blade angles
up to 45° and over the full range of tunnel speeds up to

about 100 miles per hour. Recent rapid increase in
the speed of airplanes has produced a need for tests
extending to large values of the advance-diameter ratio
V/nD. To the knowledge of the authors this is the
first time that the effect of the cowling form on the
propeller has been systematically investigated and that
a series of full-scale propellers has been tested up to
45° blade angle.

It has been mentioned elsewhere (reference 1) that

the quantity Pc=q—f;V (where P is the power supplied

to the propeller shaft, S the disk area, V the velocity,
and ¢ the velocity head of the air stream) represents
the contraction of the propeller slipstream. It will be
referred to as the ‘““unit disk loading” or ‘“‘disk-loading
coefficient.”

The great convenience of using the quantity P, in
comparing the results of tests of various propellers is
realized. The ideal efficiency is directly a function of
P,. TFor a given horsepower and propeller size, P, is
proportional to the inverse of the third power of the air
speed. For this reason the various diagrams are based
on 1/3/P, rather then on P,, the abscissa thus being
proportional to the air speed. The various efficiencies
have in several cases been plotted against this quantity.
For practical purposes of choosing propeller diameters
for given values of the other variables, it is perfectly
possible to include curves of constant V/nD and blade-
angle setting. All practical values may, however, be
obtained directly from the contour charts given in the
appendix, which are based on the experimental results
of this investigation.

Equal values of P, actually correspond to similar
flow conditions through the propeller disk and around
the nacelle. A test to simulate & speed of 300 miles per
hour may thus be run at 100 miles per hour tunnel speed
with the value of P, adjusted to give the identical slip-
stream contraction. This value is obtained by reduc-
ing the thrust to 1/9 or the power supplied to the shaft
to 1/27 of the actual values at 300 miles per hour. The
test is thus actually conducted at a scale or Reynolds
Number of 1/3 of the full-scale values. Experience
shows, however, that no particular Reynolds Number
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effect is expected in this range since the tests are con-
ducted far beyond the usual model range. On the
other hand, the reported tests were all conducted at
tip speeds far below sound velocity and the results may
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FIGURE 1.—Test model with nose 18 and propeller B mounted on the balance frame
in the 20-foot wind tunnel.

be considered free from any effects of the compress-

ibility of the air.

As will be evident from the test results, the propulsive
efficiency alone as defined in the usual manner is not a
dependable criterion of the efficiency of the propeller
tested in conjunction with a nacelle but is quite de-
pendent on the particular nacelle or body used behind
the propeller. This efficiency is therefore significant
only if the various propellers are tested on the identical
nacelle. For this reason a quantity termed the ‘“net
efficiency,” which relates to the entire propeller-nacelle
unit, has been used throughout this report. It is de-

fined as
RV

=P
where R is the net forward thrust of the entire unit as

measured on the thrust scale. This quantity is in
itself a perfectly arbitrary reference number, depend-
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ing largely on the relative dimensions of the propeller
and the nacelle.

Since the same nacelle has been used throughout the
entire test series, it is certain that the combination
giving the highest net efficiency under any specified
condition is superior to any other combination. The
net efficiency may be considered as containing the pro-
pulsive efficiency together with the efficiency of the
cowling-nacelle.

e x =
Q"‘é,‘/ .

F1GURE 2.—Propellers used in the investigation.
DESCRIPTION OF TESTS
Figure 1 is a photograph of the installation in the
20-foot tunnel used for this investigation. Figure 2
shows the propellers used, the complete details of which
are shown in figure 3 and in the following table.

PROPELLERS
Propeller Number Diam. Alrfoll
desig- Drawin of - Type Remarks 011 860-
natlon ¢ blades | ©fer tion
Feet
A ‘Hamlilton-S8tandard 6101-0. 3 10.08 | Controllable. Olark Y.
B Hamilton-Standard 101-0_ 10.04 { Adjustable_....__.| Blade section same as A except near hub._..__. Do.
Bx Hamlilton-Standard 101-0 (modified) .. __ 3 10.04 | dOeo___ _— Bltnbdt?ha ] c(lggc.re;sed from the 70-percent radius Do.
0 | Navy plan form 5363-0 3 10.02 |.eeos do. P ) Do.
D Navy plan form 5363-9. 2 10.00 |oee-dO. oo Same a3 O except 2 blades Do.
E Navy plan form 3780. 3 9 M |...._do. R.A,P.6,
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FIGURE 3.—Blade-form curves for the propellers tested. D, dlameter; b, blade width; &, blade thickness; P, pitch; R=D/2, radius at tip; 7, radlus.
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The drawing in figure 4 shows in detail the na-
celle unit with the particular noses and skirts used
in the propeller tests. Power to the propeller was
furnished by a variable-speed electric motor en-
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FIGURE 4.—Test arrangement and cowling shapes used in the propeller investigation.

closed in the nacelle unit.
tested up to and including a blade angle of 45° at
0.75R and at tunnel speeds up to more than 100
miles per hour.

The propellers were
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TEST RESULTS

Figures 5 to 22 show the results of the experimental
investigation of six commercial propellers tested in
conjunction with a total of six different cowling shapes.!
Each figure includes the variation with V/nD of the
conventional coefficients Cr, Cp, and the propulsive
efficiency 5, all usually given at several blade-angle
settings. The coefficients Cr and Cp are defined as
follows:

T
CT:jD—*pn

_ P
Cr= prtDP

where p is air density and D the propeller diameter.

1 Owing to speclal interest In particalar propellers, the faired values of Cr, Cp, 7, and
Cs for propellers B and C with nose 6 and for propeller Bx with nose 7 are presented
in tables I, II, and ITL. It is of Interest to note that the values of Crand Cr atlow
values of V/nD for the blade angles near 20° and 25° at 0.76R do not falr with the
values from the other blade angles as well as might be expected. These values check,
however, with values from other tests of the same propellers with different test
sot-ups, Indicating an instability of flow for low values of V/nD In this region of

blade-angle setting.
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The propulsive efficiency % is defined
TV

=7
where T=R-+4D, R being the reading on the thrust
scale under test conditions and D the drag for the
corresponding air speed of the nacelle unit measured
with the propeller off.
The net efficiency has been given in several cases.
The net efficiency is simply defined as

_&y
M= P

and is a sort of over-all efficiency of the engine-nacelle-
propeller unit. This efficiency is plotted against
the quantity 1/v/P,, where P, is the propeller unit disk
loading. .

The following table is a key to the numbers of the
figures in which are plotted the data of the various

combinations tested.

KEY TABLE TO FIGURE NUMBERS

vV
Curssof €, C, and oot ol Netolldons
Propeller—_. ... A B B: [o} D E A|B|B:s/OC|D{E|A{B|B:jO|D|E
Blade angle (deg.){24. 1{ 15| 20! 23| 39| 35| 40| 45| 15] 25| 30! 35 40} 45| 15| 20] 25| 30} 36] 40} 45| 15) 25| 30{ 35] 45| 10| 20{ 30| 40 All angles
Nose l
- wee]| Bjaee| 5|--- 6i...| 6 - JE S -]..-] 80[.. | 30)...]..-
2 e m————— emmnfeme]aee| Yaac] 7--- 8__-| § 23]...] 23]...|..-|..-] 31{...] 31|..-]...
3 - o] ¢ 10).__| 10]._. 24| 24]oan]-an]-oc| 32| 32| .|-..
4 13 111 13U 1 12] 12 o) 18]} 25 25(___| 25|._.]|...] 33| 33|...| 33|...| &3
[ S, --| 14| 16| 16) 16| 16| 18] 16| 16 174 17| 17} 17| 17 17| 17} 18] 18] 18] 18 19| 19| 19 19] 267 28)___.| 28] 26| 28|...| 34|...| 34| 34] 34
7 ---{ 20)._.| 20, 21| 21| 21 21| 21| 21 221 b R N P 20 21 27)...]..- 35} 35] 35|...[..-
Propulsive efficiency
envelopes, all noses
tested i = ool -
Net efficlency envel- |
opes, all noses tested 36 37|
y, and n, nose 2 — 38i 33
» 33°,

The original results are given in figures 5 to 22.
Figures 23 to 27 give the efficiency envelopes of each
of the propellers for five different noses. Figures 28
and 29 give a comparison of propellers B and C with
separate efficiency envelopes for each of the noses
tested. The drag for the various noses tested is given
in reference 1. The net efficiencies are given in
figures 30 to 35, and the particular results for pro-
pellers B and C in regard to net efficiencies are fur-
ther given in figures 36 and 37. All the results
are strictly comparable in showing the effect of pro-
pellers and noses since the same skirt, the same con-

ductivity ? of the engine, and, as a consequence, the
same quantity of cooling air were used in all the tests.
Figure 38 shows the net efficiency with no cooling air
as obtained with nose 19 and skirt 5.

2 In order to represent the degree of transmissibility of the baflles, a quantity I,
designated ‘“‘conductivity,” has been deflned In reference 1 a8
Q

Ap
7

K=
FV.

where
Q is the volume of the air passing through the baffles per second.
F, the cross section of the nacelle as a reference area.
¢, the velocity head.

V. the velocity of the alr stream.
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FIGURE 23.—Propulsive-eficlancy envelopes against V/n.D for propellers B and C on
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DISCUSSION OF RESULTS

It should be noticed that the propulsive efficiency in

" figure b5 is greater than 100 percent. The high value of
this efficiency is caused by a certain peculiarity in the
characteristics of nose 1, which has been pointed out
in an earlier report (reference 1). It was shown in
roference 1 that the drag of this particular nose de-
crensed substantially with an increase in slipstream
velocity owing to the fact that the local angle of attack
at the leading edge of the cowling was sufficiently
decreased to prevent a marked breakdown that occurred
with the propeller off. This effect, which is quite
contrary to the expectations of the theory, renders the
practical use of the propulsive efficiency rather ques-
tionable. In other words, whenever some critical flow
conditions exist that may be favorably affected by the
propeller slipstream, it is perfectly possible to obtain
efficiencies close to or in excess of unity. High ef-
ficiencies reported from time to time may easily be
explained on this basis. There are, therefore, only two
alternatives. One is to adopt 2 standardized cowling-
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FIGURE 24.—Propulsive-efficiency envelopes against V/n.D for propellers B and C on
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nacelle shape. Nose 7, described in reference 1, is_
particularly recommended for this purpose as being
unusually neutral to the local flow condition at the
nose. 'The other alternative is to avoid the use of the
propulsive efficiency altogether by adopting some other
figure of merit relating to the entire cowling-nacelle-
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F1aURE 25.—Propulsive-efficiency envelopes against V/n.D for propellers A, B,and O
on nose 4.
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F1GURE 29.—Propulsive-efficiancy envelopes against V/nD for noses 2, 3, 4, 8, and 7 with propeller C.

propeller unit. The quantity defined as net efficiency
has been used for this purpose. In the present report
both these characteristics have been given.

The propulsive efficiencies given in figures 26 and 27
for the most neutral cowlings 6 and 7 show that propeller
By is definitely superior to the others, exceeding the
least efficient propeller by 4 to 6 percent. Figure 28
shows the results for propeller B in conjunction with
five different cowlings. It will be seen that cowling 6
is superior, exceeding cowling 3 by 1 percent and

cowling 7 by about 2 percent. Figure 29 gives the re-
sults of tests of propeller C with the five different noses.
In this case noses 3 and 2 exceed the others in efficiency
by about 5 percent. The highest of all efficiencics
obtained is 91 percent for propeller B, with nose 7.2

3 It a propeller Is operating at tip speeds near the veloclty of sound, these eficlencles
will, of course, be somewhat reduced by compressibility losses. Tho compressibllity
loszes may be minimized by using thin propeller tip sections at or near the 1deal anglo
of attack. (Ses reference 4.) Earller experiments at the Laboratory (referonce 8)
have shown that sound velocity may be approached within 10 percent with no loss
In efficlency.
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Similarly, comparing net efficiencies for the most
complete cases, cowlings 6 and 7, as given in figures 34
and 35, respectively, it is again seen that propeller B;
is superior over most of the range. Notice also the
marked improvement in the net efficiency of propeller
B, as compared with that of its original form, B. Fig-
ure 36 for propeller B shows the superiority of noses

REPORT NO. 594—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

3 and 6 with 7 next. Since nose 3 gives poor cooling
at low air speed, it should not be considered on an equal

| basis. Similar results for propeller C are shown in figure

37. This propeller is again less efficient than propeller
B. Notice in both figures the very inferior efficiency of
nose 1. TFigure 38 has been included to show the cost
of the cooling air as obtained by the standard skirt 2.
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FIGURE 38.—Curves of net efficlency against IIVI_-"'. for propellers B and C set 25° at 0.76R; on nose 19, skirt § without coollng air; and on nese 2, skirt 2, with normal coollng alr.
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In figures 39 to 42 the propulsive efficiency 7 has been
plotted against 1/3/?,, for propellers B, B, C, and D.
The envelopes for each of the five propellers are shown
in figure 43. If the definition of P, is recalled, it may
be noted that with a fixed horsepower and a fixed pro-
peller diameter the abscissa may be considered to repre-
sent the air speed. With a 550-horsepower engine and
8 10-foot propeller, the abscissa happens to give the
nir speed in units of almost exactly 100 miles per hour.
The propulsive efficiencies are compared at, say, 250
miles per hour. They are: Propeller B;, 90.9 percent;
B, 89.4 percent; the two-blade propeller D, 87.4 per-
cent; and propeller C, 84.9 percent, or a range of 6
percent. At lower speeds the differences are still of
concern although less marked. It is of interest to note
that the peak efficiencies of all propellers tested is
found at a blade angle of approximately 35°.

The chart (fig. 43) is of value in demonstrating the
fact that the present commonly used power plant of
550 horsepower in combination with a 10-foot propeller
could be used to best advantage in the speed range
220 to 300 miles per hour. A 1,000-horsepower engine
used on the same size propeller could be used to great-
est advantage at about 25 percent higher speeds or in
the range of 270 to 370 miles per hour. In order to
make full use of a 1,000-horsepower engine at a speed
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F1auRe 43.—Propulsivo-efliciency envelopes against II'VF. for propellers A, B, Bx
C,and D.

of 200 miles per hour, an impracticably large propeller
diameter is required.

It also is of interest to note that the two-blade pro-
peller D, employing the same blades as the three-blade
propeller C, reaches a considerably greater peak effi-
ciency. If 550 horsepower are used with both pro-
pellers, it is seen that the propulsive efficiencies at the
speed of 250 miles per hour are, respectively, 87.4 and
84.9. 'This is a consequence of the fact that the com-
monly used propeller sections are altogether too wide.
It was found that at the condition of peak efficiency of
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the propeller, the actual or effective angle of attack
amounts to only about 4° to 5°. It can be shown that
a narrower blade with a correspondingly higher effec-
tive angle would be aerodynamically more efficient
Vibration and flutter and other congiderations, how-
ever, prevent the practical use of such a blade.
Propellers B, C, and D all are designed with a con-
stant blade angle for a setting of 12° at 0.75R. Pro-
peller B, has a constant blade angle from 0.60R out-
ward for a setting of 30° at 0.75R. (See fig. 3(a).)

1600 T §00
eV (3 2k eductior)
F i
4
A e » 3(0’/}—'ec7l* drive) ~ e
. Case2 (5‘?:2 reductior)-’
1200 600
h |1
BN \_+Kl-Horsepower ]
s R
- 800 200 &
v 0
> 5
S 600 300
400 200
200 100
lg‘ao 1800 2000 2200 0

£Engine speed, rp-1m.
FIGURE 44.—Power and torque characteristics of an actual engine used asan example.

In fact, propeller B; is identical to propeller B except
for this change in blade-angle distribution. The gain
of almost 2 percent in efficiency observed in figure 43
demonstrates the importance of employing a design
blade angle adjusfed to the proper flight condition.
Notice also that this gain is not obtained at the expense
of decreased efficiency in the lower speed range. Pro-
peller B, happens to be superior to all the propellers
tested over the entire practical flight range.

The results of the tests of propellers B and C in con-
junction with six different cowlings (figs. 36 and 37)
illustrate the importance of the effect of the cowling.
Considering the somewhat fictitious case of the top
speed attainable with the present nacelle alone, it is
observed in figure 36 that the comparative top speeds
range from 267 miles per hour for nose 1 to 295 miles
per hour for nose 3. For propeller C (fig. 37) the com-
parative range is 262 miles to 288 miles. Although the
differences between the cowlings of reasonable design
are fairly small, the inferiority of 2 design resembling
nose 1 should be kept in mind, this nose being the cause
of a speed reduction of almost 10 percent.

TAKE-OFF CHARACTERISTICS
The propeller characteristics at low air speeds may
be obtained from the basic test results given in figures
5 to 22. In order to make full use of this information
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in calculating the take-off distance for a given set of
conditions, however, it is necessary to present the data
in a more direct manner. The optimum blade-angle
setting corresponding to the maximum available thrust
at any particular air speed is of particular interest.

The actual differences in the take-off characteristics
will be directly demonstrated by the use of a particular
example using engine characteristics as given in figure
44 corresponding to those actually obtained on a 550-
horsepower engine. The engine speeds chosen are:
2,000 revolutions per minute and 2,200 revolutions per
minute, both with a 3:2 gear reduction ratio; and
1,800 revolutions per minute with direct drive.
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FIGURE 47.—Optimum blade angle and thrust in the take-off range, englne speed
1,800 revolutions per minute with direct drive.

The resulting blade-angle settings and thrusts in
the take-off range obtained from charts in the appendix
are presented in figures 45, 46, and 47. It is noticed
in working through one of these examples that no par-
ticular optimum setting is reached; the maximum
permissible engine speed is the limiting" condition.
Notice that propeller C is very superior to B or By in
regard to take-off, particularly in the lowest speed
range.! The thrust of the two-blade propeller D is
further seen to amount to a little more than two-thirds
of that of the corresponding three-blade propeller C.
Propeller B, is noticed to be slightly inferior to propeller

4 This comparigon is valld when propellers of a constant dlameter are belng com-
pared, as would be the case when the propeller diameter 18 the Himiting deslgn factor.

Given a fres cholce of diameters, the comparisons must be made with a view to tho
high-speed performance, necessitating an individual study of each caso.
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B at speeds less than about 100 miles per hour. Notice
the inferior thrust values of the 9-foot propeller E.
Absorbing the same horsepower, this propeller is rela-
tively overloaded and should not be directly compared.
The beneficial influence of increasing the propeller
speed may be observed by comparing the results from
the three figures.

The results are, of course, strictly true only for the
relative dimensions of the propeller and nacelle used in
these particular experiments, a larger propeller thus
calling for a larger nacelle, and vice versa. It is, how-
ever, known that the propulsive efficiency will be af-
fected very little by this variation in relative dimen-
sions. The results may, therefore, be considered valid
also for the case of different relative dimensions of the
propeller in regard to the nacelle.

Ag these propellers are fairly representative of com-
monly used types, it is possible by some exercise of
judgment to obtain a fairly reasonable estimate of the
take-off characteristics also of any other propellers.

GENERAL CONCLUSIONS

1. Peak efficiency of the propellers tested occurs at
n blade-angle setting of approximately 35°. The
difference in peek efficiency varies as much as 6 percent,
demonstrating the value of selecting & good design,
particularly in the high-speed range.

2. The pesk propulsive efficiency of the conven-
tionally dimensional units of 9- to 12-foot propellers
on 500~ to 1,000-horsepower engines has been found to
lie in the range of 200 to 350 miles per hour, showing
the beneficial influence of higher air speeds on the pro-
peller.

3. A two-blade propeller of the kind tested was
found to be superior in efficiency (in the high-speed
range) to a three-blade propeller using identical
blades, the peak efficiency exceeding that of the three-
blade propeller by about 2 percent.

4, A propeller equipped with a controllable hub
shows an almost negligible decrease in efficiency as
compared with the identical propeller with a standard
hub. The difference is of the order of % percent,
which is close to the limit of test accuracy.

5. In regard to the take-off characteristics, the
maximum permissible revolution speed is in all cases
found to be the most favorable. The three-blade
propeller is superior to the two-blade propeller using
the same horsepower, which is to be expected.
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LIST OF SYMBOLS

v, velocity of air stream:.
n, revolutions per unit time of the
propeller.

D, diameter of propeller.

Vv advance-diameter ratio of the pro-

nD’ peller.

P, power supplied to propeller shaft.

S, disk area of propeller.

q, velocity head of air stream, ¥ pV2.

P P unit disk loading or disk-loading coeffi-
T ¢SV’ cient.

P, air density.

R, net forward thrust of the entire unit

as measured on the thrust secale.

ﬂu=1i;—7: net efficiency.

T=R+D, thrust.

D, drag of the nacelle unit for the
corresponding air speed measured
with the propeller off.

T .
=" thrust coefficient.
1 _ o8

JP. 2P

P .

Op=m: power coefficient.

C’Q—E?F; torque coefficient.

n=%—Y, propulsive efficiency.

Q, torque of propeller.

9 ;

Q. VA torque coefficient.

h, thickness of blade section of propeller.

b, width of blade section of propeller.

7, radius to any blade section of propeller.

R, radius of propeller,

8, propeller blade-angle setting at 0.75 R.

P, geometric pitch of propeller.

O,= : "1—}%:, speed-power coefficient.

0, net propeller-nacelle efficiency with no

cooling air.



APPENDIX

CHARTS FOR SELECTING PROPELLER DIAMETERS

The characteristics of a propeller are given as &
relation of three and only three variables; these vari-
ables may be given as Cr, Cp, V/nD. TFor geometri-
cally similar propellers these quantities remain con-
stant. Any other three independent variables may
be selected, and the combination of C;, V/nD, and 4
is chosen because of certain advantages. Since only
three quantities are involved, it is obviously possible
to give a complete representation of the characteristics
in a single contour chart. Inserting values of the
efficiency 5 against C, as ordinates and V/nD as
abscissas for various blade-angle settings, connecting
points of equel efficiencies and points representing
given blade angles, gives a contour map containing all
results. This type of chart is primarily useful in
selecting the diameter of a propeller. It is tacitly
assumed that the type of propeller has already been
chosen and that charts are available. It is interesting
to observe that the contour lines map a smoothly
shaped peak; no crowding of the lines occurs. In the
selection of a propeller diameter this type of chart
makes it possible to judge the effect of changes by
observing how the representative point moves with
respect to the efficiency peak.

Charts I give the results for the three-blade pro-
peller B, the modified version By, C, and the two-blade
propeller D. The charts are applicable to controllable
propellers allowing for 1/2 percent decrease in effi-
ciency by a slight increase in the diameter.

PROCEDURE FOR THE USE OF CONTOUR CHARTS FOR S8ELECTING
PROPELLER DIAMETERS

Given: Horsepower P, revolutions per second =,

air speed V, and density p.

Calculate:
5
— / _P_
C’S - V Pn2

(1) For a controllable-pitch propeller, select the
point of maximum efficiency at this value of C;. (The
efficiency envelope is shown by a curve on the chart.)
Read off angle setting and V/nD, the latter giving the
value of D.! _

Examples are shown on the particular charts.

(2) For & fixed-pitch propeller the selection of the
blade-angle setting is a matter of compromise. It is
necessary to choose a blade angle that shows peak
efficiency at a somewhat smaller value of C, than the
one calculated for the flight condition. The choice
depends on how much efficiency is to be sacrificed at
the high-speed condition in order to improve the take-
off. It is therefore necessary to resort to the simultan-
eous use of charts giving the take-off characteristics.

1 Notics that the blade-angle setting in the charts is the true setting at the operating
condition. The results presented are free from compressibility effects and twist of

blades dus to alr loads and the effect of the centrifugal force. The blade twistcan be
estimated and allowed for.
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CHARTS FOR THE TAKE-OFF CONDITION

In the determination of the diameter of a propeller,
consideration must be given also to the condition of
take-off. It is desirable to know the thrust in order to
calculate the take-off distance. For the controllable-
pitch propeller, the determination of the minimum
blade-angle setting is of interest. For the fixed-pitch
propeller, the setting is a matter of balancing the per-
formance at high speed against that at take-off. It will
probably be necessary to study two or three blade-angle
settings in order to arrive at a specific result. Charts
for determining the take-off thrust, based on the results
of this investigation, are given in charts II as supple-
ments to charts I already described. These charts,
which have been developed along similar lines, show
contour curves of constsnt thrust and constant blade-
angle setting against the coordinates V/nD and 1/+/Q,=

Vﬁ%y the latter quantity representing a torque

coefficient; the actual engine torque @ is, as usual,
considered to be a constant. Results are given in
charts IT.

PROCEDURE FOR THE USE OF CHARTS ON TAKE-OFF
CHARACTERISTICS

(1) Controllable-pitch propeller.

Given: Engine torque ¢, propeller diameter D,
revolutions per second 7, and air speed V.

Calculate 1/+/Q, and V/nD.

Read off from the chart Cp/Co=TD/Q and the blade
angle. TFor constant » the whole range of air speed is
given by a straight line through this point and the origin.
Plot thrust and blade angle against air speed (as in fig.
45, etc.).

(2) Fixed-pitch propeller

Calculate 1/4/Q, and V/aD.

Make a choice of blade angle and read from the chart
the related values of Cr/C, and 1/4/Q.. Plot thrust
against air speed for this blade angle. If the resulting
take-off thrust is found to be inadequate, choose a lower
blade angle and repeat the procedure; or vice versa.
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CHARACTERISTICS OF SIX PROPELLERS INCLUDING THE HIGH-SPEED RANGE
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OHART ] (8).—Oharacteristics of three-blade propeller B. Hamilton-Standard 101-0. Example (shown by circle)—Given: P=550 horsepower; 1=24
revolutions per second; V=200 miles per hour. Result: 8=27°; #=0.877; D=10.68 feet.
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Cnrar? I (b).—OCharacteristics of thres-blade propeller Bx. Hamilton-Standard 1010 (modified). Example (shown by circle}— Given: P=§50
horsepower; n=24 roevolutions per second; V=200 miles per hour. Result: f=29° 5=0.883; D=10.44 fest.
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CHART 1 (¢).—Characteristics of three-blade propeller O. Navy plan form 5853-9. Example (shown by clrcle)—Given: P=550 horsepower; n=24
revolutions per second; V=200 miles per hour. Resuolt: §=28.3°; y=0.855; D=10.18 feet.
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OHART I (d).—~Characteristics of two-blade propeller D. Navy plan form 5883-9. Example (shown by circle)—Qiven: P={£50 horsspower; nm=24
revolutions per second; V=200 miles per hour. Result: §=25°% 3=0.885; D=11.50 feet.
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CaART II (a).—Take-off characteristies for three-blade propeller B. Hamilton-8tandard 101-0.
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CraRT II (b).—Take-off characteristics for three-blade propeller Bx. Hamilton-Standard 101-0 (medified).
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CHART II (0).—Take-off characteristics for three-blade propeller C. Navy plan form 5868-9.
Blode angle at 0.75R, 455 35°
4 £ ol
/ bt
/ AT
-/ -1 30°
L2 =~
)4 A 5
/ ] L +T125°
A 4 4
127} P =
v ] A L] 6
nD / [T
8 / N AN G /Co
YV IA 2V 1T =5 ~31_|7
[V VA X A4 >
NAA 2 LT | 15°
V ¥y ) 1
6 274 1A
1/ // L1
/ /// //
7,
4
/4
/AR
/AR
2
A
g 2 4 & 8 0 72 4
140

Cmarr II (d).—Take-off characteristics for two-blade propeller D. Navy plan form 5368-0.
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TABLE I—FAIRED VALUES FOR NOSE 6, PROPELLER B

8et 16° at 0.76R Bet 20° at 0.75R 8et 25° at 0.75R Set 30° at 0.76R
Cr Cp n C, Cr Cre 7 C. Cr Cp 7 oA Cr Cp 7 C.
Q, 1230 0.0529 0 0 0.1323 0. 1140 [ 0 0.1529 0.1563 0 0 1598 Q. 2074 0 0
1191 . 0529 113 .09 . 1299 L1078 .060 .08 . 1492 .1522 .049 .07 . 1582 . 2051 .039 07
1150 . 0529 217 .18 .1288 . 1009 .128 .18 . 1477 .1510 .098 .16 1568 . 2030 077 14
. 1101 .0527 314 .27 L1972 L0948 .201 .24 L1450 L1404 . 148 .22 . 1650 . 2007 116 .21
1 .0622 .38 . 1253 . 0897 . 280 .32 L1442 L1474 L1986 .29 1536 . 1682 155 .28
. 0988 . 0518 470 .45 L1231 .0851 . 362 .41 L1427 . 1451 . 248 .37 .1519 . 1959 gt s .35
L0505 548 .5 L1204 .0812 445 .50 L1411 L1425 .208 44 1 .1633 . .42
8490 . 0487 810 .64 .1169 .0782 . 523 .58 . 1395 . 1397 .350 .52 1487 . 1908 273 .49
. aTio . 0463 685 .74 .1120 . 0760 . 560 .67 .1880 . 1363 .405 .59 1470 .1881 312 .56
. 04887 L0432 715 .84 .1053 . 0741 .640 .76 . 1885 .1328 .463 .68 1454 .1853 353 .63
.50 0602 , 0398 756 .05 . 0882 L0719 684 .8 . 1350 .1285 .536 .76 .1440 1824 305 .70
, 856 0512 . 0358 786 L07 . 0907 . 0691 722 M L1322 .1238 . 588 .84 .1423 L1794 438 .78
.60 0417 . 0313 800 L20 .0827 . 0857 . 786 L3 1272 L1187 644 .02 .1408 .1781 .480 .85
.85 0320 . 0260 800 L35 . 0743 . 0815 .785 L13 .1203 .1133 . 600 Lol .1381 Jd721 .525 .92
.70 L0201 L53 . 0356 . 0587 .810 124 .1125 . 1082 T8 L09 1877 . 1686 573 Loo
.75 0124 L0131 710 179 . 0565 .0510 .830 138 L1044 .1028 . 762 118 .13567 . 1643 620 L8
.80 0016 L0047 2.34 0472 . 0448 848 L 49 . 0960 . 0970 .701 L28 .1328 L1684 L18
.85 .377 . 0376 .852 164 L0870 . 0910 .812 L37 L1276 . 15637 705 1.2
00 - - . 0282 . 0300 .848 181 .0788 . 0347 .837 L48 .1207 . 1466 740 132
.05 -—- . 0182 2L .805 2.05 .0888 Rurtd 845 167 .1136 . 1400 JTI0 141
1.00 . 0080 0125 .640 2.42 . 0595 . 0695 .85 L71 .1080 L1324 .800 150
1L.05 RO, . —. 0018 0020 3.65 . 0500 . 0600 .874 L84 . 0980 .1250 .83 1.59
L10 . 0400 . 0502 .876 2.00 . 0896 1171 841 L69
1156 - L0297 . 0302 .871 2.20 .0810 .1085 .859 1.80
.20 - .0189 . 0276 .825 2.48 .0718 <0900 .870 L 80
1,25 - -- . 0080 . 0145 .45 201 . 0624 . 0380 .885 2.03
L3O | . o (R —. 0028 0016 3.62 . 0527 .0769 .81 217
1,35 |-. - - . 0430 . 0850 .893 23
L40 - - . 0327 . 0514 .890 2,54
145 . 0225 . 0380 .858 2.79
L& -.| .0124 . 0231 .808 3.18
1.556 - 0020 . 0080 .387 4.07
1,60
1,85 -
L.70 - -
L7 ... — - -
1.80 -
1.85
1.90 - SO FROREPUSIIUO P NP F,
195 PR RO ORI URUIN NUNSYI EVII O I AU,
2,00 2
2.05
210
215
2,20
22
2,30
2,35
2. 40
2.45 o
2. 50
2.65 |
2,60 | .
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TABLE I—FAIRED VALUES FOR NOSE 6, PROPELLER -B—Continued
8et 35° at 0.75R Set 40° at 0.76R Set 45° at 0.76R
ViaD
Cr Cr ] C, Cr Cp L] C Cr Cp n C,
0 0.163% 0. 2695 0 0.1643 0.3324 0 1] 0.1576 0.3888 0
.05 . 1629 - .31 .07 . 1640 .3201 025 .06 . . 3842 L021 .08
.10 1617 . 2631 . 062 .13 . 1837 .3260 . 050 .13 . 1585 . 3817 042 .12
.13 - 1606 . 2800 083 .20 . 1633 3228 .078 .19 . 1589 . 063 .18
.20 1593 . 2587 124 .28 . 1828 .3197 102 .25 L1602 . 3767 . 085 i)
.25 .1583 . 2335 .158 3B . 1624 .3164 128 .33 . 1588 L3742 .108 30
.30 . 1570 L2501 .188 .40 .1618 .3132 165 .38 . 1609 .3717 120 .37
.35 . 1557 L2487 .21 .46 .1613 .3100 .182 4 . 1602 . 3603 1632 .43
.40 L1543 2432 . .53 . 1607 . 3067 .210 Bl . 1606 . 36687 176 .49
.45 - 1530 . 2308 .58 .60 . 1600 L3033 . BT . 1608 . 3640 L1090 85
.50 .1517 . 2360 322 .67 1593 . 3000 268 .64 . 1607 .3614 . .61
.58 . 1502 .33 . 358 L4 . 1585 . 2063 204 .70 . 1605 . 3588 246 .68
.60 - 1490 2285 .391 .81 L1877 2027 .33 rd . 1601 . 3557 270 .74
.65 - 1475 L2245 A7 .88 . 1568 . 2890 .352 .83 . 1596 . 3627 O .80
.70 . 1462 . 2205 . .95 L1554 . 2853 .381 .90 . 1588 L3409 .318 .88
.75 . 1445 . 31656 500 1.02 L1542 . 2813 .412 .97 L1677 . 3468 341 g3
.80 L1427 .3121 .538 1.09 . 1527 .0 441 1.03 . 1565 . 3434 . 385 .90
.85 . 1405 . 2078 . 1.17 . 1510 . 2730 470 1.10 . 1560 . 3400 .388 1.05
.90 . 1375 2028 .610 1.24 . 1402 . 2683 500 117 . 1538 . 411 1.12
895 1345 . 1982 615 1.31 . 1470 . 2634 . 1.25 1523 L3324 435 1.10
1.00 . 1317 1840 . 1.39 .1 . 2580 . 1.31 . 1507 32307 .480 1.256
LO3 L1200 . 1895 .716 1.47 L1418 . 2530 . 1.38 1480 .3232 . .32
L10 .1253 L1841 750 1.54 1392 L2400 815 1.45 1476 L3183 510 1.38
1.15 . 777 . 1.62 L1372 . 2455 643 152 . 1480 .3136 . 1.456
L2 - 1140 1700 -804 1.71 . 1355 L2128 .670 1.69 . 1443 .3088 . 1.52
1.25 . 1057 . 1624 .820 1.80 . 1340 . 2400 608 1.68 1 . 3052 . 1.59
1.30 . 542 1.89 L1324 . 2350 .730 1.74 . 1412 . 3016 610 1.65
L35 L0913 . 1440 .855 1.99 . 1300 . 2310 .760 1.81 1388 . 2000 831 1.72
1.40 . . 1340 .867 200 . 1267 . 2256 796 1.89 1385 . 2064 . 1.79
1.45 L0750 L1210 .876 2.2 .1215 L2185 805 1.6 L1371 . 2048 .676 1.86
L.50 . 117 884 232 1157 L2103 .825 205 . 1360 2025 . 1.92
1.56 . 0370 . 0920 803 2.46 . 1090 . 2010 841 2.13 . 1348 . 2004 . 1.68
1.60 0178 . 0850 . 900 2,62 .1020 . 1910 855 223 . 1339 . 2878 745 2.05
1.65 . 0712 .892 2.80 . 0H0 . 1790 . 866 2,32 JA3H . 2845 767 2.12
L70 . .0558 .876 3.8 . 0858 . 1670 873 2.42 1303 . 2806 L7890 2.20
L7 .0195 0400 853 3.33 0770 1540 875 2.54 1270 . 27680 805 2237
L 80 .0100 0237 .760 3.8 . 0686 .1 .881 2.66 L1220 . 2690 .818 2.31
1.85 . . 0078 .166 4.88 L0595 L1240 .888 2.81 .1160 . 2600 829 2.42
1.0 - . 0500 .1080 .880 2,98 . 1095 . 2480 . 839 2.61
1.95 0410 .0915 .874 3.14 . 1030 . 1353 856 2.60
2,00 s . 0320 0745 . 8680 3.38 . L2220 855 2,70
205 . . 0575 .810 3.63 . 0878 . 2080 .883 2.80
210 . 0147 . 0400 W77 4.00 0S00 1920 .874 2.92
2.15 . 0058 . 0220 . 568 4.61 0714 1750 877 3.05
320 —. 0025 . 0038 6.70 . 0632 . .880 3.18
2.25 . 0550 1400 .883 3.30
230 0170 1230 .878 3.50
2.35 . 0387 . 1050 . 867 3.60
2.40 . 0305 L0870 . 842 3.91
2.45 L0228 . 0888 .B12 4,18
250 L0150 . 0505 . 742 4,53
2.55 . 0070 . (0320 . 568 4.81
260 —. 0005 L0140 {oeo . 6.10
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TABLE II.—FAIRED VALUES FOR NOSE 7, PROPELLER Bx

Bet 15° at 0.75R Set 25° at 0.76R Set 30° at 0.76R
VinD
Cr Ccr 9 C, Cr Crp 7 [eA Cr Cp 7 (¢4

0 0.1167 0, 0480 1] 0 0.1240 0.1388 0 0 0.1381 0.1828 0 0
.05 1131 . .17 .09 .1259 L1378 . 046 .07 . 1380 . 1802 .038 .07
.10 1088 . 0485 . 224 .18 1275 . 1360 004 .15 .1378 .1 .078 .14
.16 1043 (485 .33 .27 L1340 L 144 22 .1378 . 1751 .18 .21
.20 0900 (482 .411 .37 1208 L1322 .18 .30 .1370 1728 .159 .28
.25 0831 478 . 487 .48 1304 . 1298 . 251 .38 . 13685 . 1706 . 200 .36
.30 368 . 0468 . b56 .55 1307 .1270 308 .45 . 1369 .1681 .212 .43
.35 L0797 . 0452 .617 .85 1306 .1240 .3688 .53 . 1350 . 1660 <284 .50
.40 . (430 670 75 1300 L1200 .433 .61 .1340 .1638 .328 .58
.45 0640 . 0405 LT .85 .1185 . 501 .68 .1330 .1620 .369 .65
.60 0375 . 740 .88 1259 . 1100 .572 .78 L1316 . 1596 .412 .72
.56 , 0467 . 760 L8 . 1060 634 .86 . 1805 . 1570 457 .80
.60 . .T75 L21 1170 L1022 . 687 .95 . 1205 . 1536 508 .87-
.85 B .0240 .761 137 1102 0993 .722 L03 . 1289 .1487 . 564 .95
.70 0181 L0180 705 1.56 1030 . 0860 .752 L12 1217 . 1440 .620 103
.76 . G087 L0126 522 1.80 0954 L0021 LT L21 . 1268 L1390 . 678 Ln
LR =, 0041 | L0021 ... 2.75 0873 L0877 i 1.30 L1222 L1343 .T28 118
.86 . .819 1.40 .1170 .1202 LT70 1.28
.80 -840 1.51 . 1105 L1240 .802 1.87
.85 -850 L62 . 1040 187 .832 1.46
1,00 . 863 1L.76 . 0960 L1130 . 8560 1L.865
1.056 . 886 189 . 0879 .1070 L8062 Léd
1,10 L8564 2.07 L0797 .1008 .870 1.74
1.16 .808 2.29 .0713 .0037 .B75 1.85
.20 rsd 2.64 . 0630 . 0850 . 889 1,98
1.25 . 098 3.42 . 0540 L0750 . 800 2.10
1,30 L0447 . 0845 .901 225
1.36 L0348 .0522 . 900 2.43
1.40 - . 0250 . 0400 .876 2.88
1.456 - .0150 L0273 97 2.8
1.5 - . 0050 L0150 . 500 3.47
D I T PRI [ESRIPIURSURIN SV BUNPPUI SIS SOOI AU EU . —. 0050 0018 5.5
1.60 SR
1.66 -
1.70 - —
1.76 RO (R,
VR (1N DRSO FONPRIPUIN RPN PR FUNIPRIPOIN P I, RSO R,
1.85 -
1.90
1.96 [ .
2.00
2.05
2,10
216
2,20
2.26 [
2,30
2,36
2,40
2.45 -
b U VORI RO FPIPDIN (N [N FUSIS AP, -
b . ORI [ IR IR MEPURII SNSRI S
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TABLE II.—FATRED VALUES FOR NOSE 7, PROPELLER Bx—Continued

8Set 35° at 0.75R 8et 40° at 0.75R Set 45° at 0.76R
VinD
Cr Cr n (A Cr Cr L] C. Cr Cr n
0 0.1516 0.2488 ] 0 0.1492 0.2970 0 1] 0. 1450 0.3400 0
.05 . 1508 . 2440 .081 1490 2830 .025 .08 . 1460 021
.10 . 1500 . 2410 .062 13 L1484 <2890 . 051 .13 R tlivg 3465 042
15 .1480 2381 084 .20 . 1480 L2850 . .19 .1485 L3450 .64
. . . 1480 . 2351 128 . .1473 2810 L1056 .20 .1468 L3436

. . 1470 2202 .160 .34 L1470 2773 133 .32 . 1470 . 3420 .107
.30 . 1460 . 2263 104 41 . 1483 L2734 .161 .39 1470 3405 .129
.35 1448 . 2233 o7 .47 . 1457 2695 .189 .46 . 1470 . 3388 .152
.40 . 1435 . 2202 . 260 . . 1450 . 2858 .217 .82 . 1470 .3370 176
.45 L1423 L2170 .205 .61 . 1443 . 2625 . 248 .59 . 1470 .1
50 . 1410 L2140 .830 . 1435 2580 .278 .68 . 1470 . 3330 1
.55 . . 2105 .386 .76 .1420 . 2560 .307 .72 . 1470 .3308 .
.00 1382 L2074 .400 .82 . 1420 . 2530 .37 .79 . 1468 . .208
.65 .1365 <2040 .435 .89 . 1410 . 2500 .367 .86 . 1464 . 3255 .
.70 L1348 . 470 .97 . 1400 L2472 .37 .93 . 1460 . .318
.75 L1333 .1972 507 1.04 . 1390 . 2445 427 100 . 1455 . 3185 L343 M
-80 .1325 1944 546 L1 .1380 . 2420 . 456 Lo08 L1448 .3148 .368 1.01
.85 .1325 .1920 .588 L18 .1368 2400 .485 L13 . 1440 L3110 L34 1.07
.80 1330 .1897 . 630 128 .1353 . 2378 .512 1.20 . 1429 3075 .418 1.14
.85 L1325 . .679 1.3 .1338 . 2358 . 545 L27 .1415 3043 .441 1.21
1L.00 .1316 . 1800 .730 1.41 .1328 .2335 . 569 1.4 . 1401 . 3013 .485 1.28
LO5 .1203 . 754 1.48 . 1825 . 2317 . 601 1.41 L1384 .2085 .487 1.34
L10 1250 .1740 .791 156 L1331 . 2300 . 637 L48 .1370 . 2060 . 510 1.40
L16 L1181 .1670 .813 Lo4 1334 . 2282 .671 1.55 .1368 . 2038 .532 1.47
L20 L1110 . 1600 .833 173 . 1335 . 2258 .710 1.62 . 1850 .2018 . 656 153
L26 .1083 . 1525 . 848 L82 .1830 . 2216 750 1,69 .1348 . 2001 578 1,60
1.30 . 0955 . 1445 .853 1.92 1310 .2163 .787 L7 L1340 . 2889 . 603 1.87
135 . (870 L1360 .864 2.01 . .2105 .815 L84 .1343 . 2880 .629 L7
1.40 .0785 . 872 2.12 . .830 1,92 L1340 L2875 . 866 1.80
L45 . 0688 . 1147 .881 224 L1150 . 1976 X7 2,00 .1359 . 2870 . 688 L87
1.50 . 0810 il .895 2.36 ! . 1800 .857 2.08 .1385 2358 L7 1,93
L. 55 .0520 . . 905 2.51 .1018 L1820 . 866 2,18 .1385 . 2830 747 2.00
L.60 L0428 0745 .918 2.69 .0840 . 1730 .870 2.28 .1853 L2783 LT 2,07
L65 . 0333 . .916 2,89 . 0864 . 1620 .880 2.38 L1324 .73 .801 2,14
L70 0230 . 0450 869 318 .0785 . 1500 .8%0 2,48 .1280 . 2050 .821 2.22
L786 .0135 . .814 3.5 .0700 . 1367 .898 2,60 L1225 . 2575 532 2,30
L8 . 0040 L0123 .585 433 . 0620 L1225 911 2.74 L1167 2495 842 2.38
1.85 . 0530 .1080 .908 2,89 .1100 . 2400 848 2,46
1.90 . 0440 . . 000 3.05 . 1030 L2282 .888 2.68
Lg5 |- . 0350 . 873 M . 0950 . 2160 .862 2,68
2.00 . 0260 . 0630 .825 3.48 .0870 . 2010 .865 2,76
2.05 .0170 .0465 . 749 3.88 .0700 . .874 2 87
2.10 .0078 . 0270 . 607 4.32 L0718 .1700 .880 2.99
2,16 —. 0013 . 0060 509 .0032 .15836 .888 3.13
220 |- . 0554 .1380 .883 L
2,25 . 0470 1205 .87 3.4
2.30 .0393 L1040 .870 3.62
2.35 .0310 . 0870 .838 3.82
2.40 .0231 . 0695 797 4,00
2.45 . 0150 . 0500 L7356 4.456
2.50 .| .0070 . 0295 .58 5,05
255 —. 0010 0095 e 6.48




CHARACTERISTICS OF SIX PROPELLERS INCLUDING THE HIGH-SPEED RANGE

TABLE IIL.—FAIRED VALUES FOR NOSE 6, PROPELLER C

437

Set 16° at 0.76R Bet 20° at 0.76R 8et 25° at 0.75R Set 30° at 0.76R

VinD

Cr Cp ] Ce Cr Cr L] C, Cr Cp n (22 Cr Cr n G
0 Q. 1322 0. 0584 0 0,1514 0.0858 0 0 0. 1469 Q. 1742 0 0 0 0 0 0
,05 L1230 . 0582 . 110 .09 L1492 . 0857 .087 .08 . 1486 . 1668 .45 .07 . 1709 . 201 .039 .07
.10 L1224 . 0578 .212 .18 . 1485 . 0858 .170 .16 . 1409 . 1810 .083 .14 .1692 2173 .078 .14
.16 . 1186 .0572 . 308 .27 L1433 . 0857 . 251 .25 .1510 . 1558 .148 .2 .1678 44 017 .20
.20 L1101 . 0664 .381 .36 . 1397 . 0853 .328 B . 1520 . 1605 . 208 .20 . 1662 L2114 167 .27
.25 . 1036 . 05585 . 467 .45 . 1352 . 0848 .399 .41 .1529 . 1460 .202 .37 .1648 . 2083 L1988 H
.30 . 0968 L0543 . 536 54 . 1306 .0840 . 487 .49 . 1534 . 1414 .325 .44 . 16835 . 2050 .210 .41
.36 . 0889 . 0530 . 593 .63 . 1252 . 0831 .528 .58 . 1538 .13713 .392 .52 L1622 L2017 . 283 .48
.40 . 0828 .0614 .043 .72 .1193 . 0819 683 .66 . 1538 .1338 .460 .60 .1810 . 1982 325 .56
.46 . 0762 L0402 .688 .82 L1129 0804 . 632 .76 .1529 L1307 . 627 .68 1599 L1947 . 370 .62
.50 . 0674 . 0461 .732 .93 . 1060 . 0788 .676 .83 . 1505 L1282 . 587 .76 L1588 .1910 414 .70
.65 . 0587 . 0419 .70 1.04 . 0885 0764 .710 .92 L1482 .1258 .636 .84 L1678 L1974 . 485 .77
.60 . 495 . 0370 . 802 118 . 0905 L0732 .743 Lol L1378 1230 673 .91 . 1570 . 1840 .612 .84
HE IR IR IR I IR AR A A A
.7 . . . . . . . . . . . 1761 .817 .
.75 0183 .0182 .756 167 . 0635 . 0588 812 132 1126 L1110 .753 1.18 . 1532 .1708 .67 1.07
.80 0030 1.99 . 0542 . 0523 829 1.4 .1037 . 1062 .78 L25 . 1454 . 1649 . 705 L15
.85 282 . 0447 L0485 836 1.68 L0943 .1003 . 800 L34 . 1369 . 1589 .73 .23
- DRREURIIPUN PRSP PP [ . 0350 . 0380 173 . 0849 . 0940 .813 L 45 . 1286 . 1528 .760 1.81
.85 L0254 . 0208 810 102 0757 . 0568 .829 L85 .1201 . 1481 . 781 1.39
1 (I O ORI (RO P, . 0153 . 0200 765 2.20 . 0662 .0788 .840 L 67 117 .1397 .800 148
105 L0043 . 0090 510 2.69 . 0857 . 0693 .844 L.79 . 1081 . 1328 .816 1.57
1,10 L0454 . (388 .862 1.9 .08 . 1256 . 830 L67
1,15 . 0350 .0480 839 211 . 0862 .1175 84 1.77
1,20 . 0250 . 0364 825 23 .0770 . 1090 848 187
1,256 . 0150 . 0240 . 781 2.64 . 0679 . 1000 .849 Los
1,30 . 0047 .0118 .518 318 . 0677 . 0881 . 851 211
1,356 JHT72 . 0752 .845 2.28
IR T4 I RIS CROORIIORU [FURPRIOIAIION (RSO USSR SRR JN-Eupuu (S . 0385 . 0812 .835 245
1.46 . 0285 L0470 .818 2.67
160 L0159 L0327 . 730 2.98
) 1O 0 (O IRV, PV OSSP PSP PP MU, S (ORI .- [RONDINIPIPRE P F . 0088 .0184 672 3.45
}.gg —. 0047 0040 |- 4.8
I 11 I PRI S IR SO SEU SN FOUNOREINN [V I S PO
) W/ T D ORI RSV SIS S PRI ORISR SUUPOURON SRS N SUNAIEPRIN
U TH DR SOOI PO FUY SO NI NPRRPIIN NPUIPRIIN NSRRI NI FROIPUpUIE PR PRI,
U1, S DR ORI NN SIS SN USRI SOUIORNPIN (IIPUPIN NN SO [N
FOR I SR RN SR PRI SUNPIPUIUUN PRSI ERIIPI PRy S N R
1,96
2.00
PR I PSRRIGNION SO (SRR IR IS, -
b 11 I SR NSRRI FEPRSSUUISIUI (ROURUPRUIIIN (SUPRIRISIURIN PRSI Uiyt (SRR FIVSU U U .
2,16
2,20
2,256
b % 11 I S ORI U PRI [SPRSURIRPU FRIUCRRRI PRI R S I SOOI ———-
2.35
240 | -
2,45
2,50 Jeeemononnn -
P 2 PR "
X 1 U PR " -
2,65
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TABLE III.—FAIRED VALUES FOR NOSE 6, PROPELLER C—Continued

Set 35° at 0.76R Set 40° at 0.7T5R Sect 45° at 0.76R
VinD
Cr Cp 7 G Cr Cr ] C: Cr Cp n

0 0 0 1] 0 0 0 1] 0 0 0
.05 1770 2728 .033 .08 1725 .32 .028 .08 .1663 .3037 .021
.10 1757 . 2699 . 085 .13 .1730 3320 .052 . .1670 . 3025 . 043
.15 1723 . 2685 .097 .20 1733 .3318 .079 .19 . 16877 .3011 . 004
. 1702 2030 .130 .28 .1737 . 3302 . 105 . .1682 . 3000 .0388
. . 1680 2602 182 33 .1738 .3288 132 .81 . 1687 .3388 .109
.30 . 1669 . 2552 .185 . .1739 .3270 .160 .38 . 1602 L3871 .131
.35 .1638 . 2510 .228 .46 .1738 . 3249 . 187 .44 1697 .3857 L1564
.40 . 1618 2467 282 .53 1737 3228 .215 .50 .1700 .3340 177
.46 . 1600 2422 297 .60 L1783 .3199 24 b7 .1702 .3824 .200
. . 1582 3377 .335 .67 1728 .3170 .2713 .63 . 1704 . 3500 224
.56 . 1568 . 2330 .370 .74 1720 .3138 .302 .69 1705 . 3788 247 67
.60 . 1550 . 2283 407 .81 . 1710 .3102 . 330 .76 1704 . 3787 271 73
.85 .1638 2245 445 .88 . 1699 . 3068 . 360 .82 .1702 L3143 . 285 .70
.70 1527 . 220 .480 .95 .1684 .3027 .388 .89 . 1700 .3720 320 .85
.75 . 1517 . 2208 .516 102 .1683 . 2088 417 08 1694 .3690 344 .02
.80 » 1508 . 2188 . 552 Lo9 L1641 . 2045 445 L2 . 1687 . 36680 .360 .08
.85 .1501 L2154 .503 118 .1619 . 2598 477 L09 .1678 .3625 .30 104
.90 . 1488 2110 .635 123 . 1588 . 2847 505 1.16 . 1666 . 3587 .418 1.10
.95 . 1471 . 2362 . 680 1.30 . 1578 . 538 L2z . 1650 L3544 .442 L17
L 00 . 1442 <2015 .716 1.38 . 1560 . 2766 . 568 1.30 .1631 L3408 .467 L24
103 .1393 . 1963 743 L45 . 1645 2712 . 599 137 .1609 L3446 . 400 1,30
L10 . .1915 .70 L53 .1531 20672 .631 143 . 1685 .339%0 .514 1.37
L15 . . 1858 781 1.61 . 1520 . 2632 . 685 1.50 . 1563 L3333 . 540 1.43
1.20 .1210 .1796 .810 1.69 . 1511 . 2595 689 L567 1542 . 3280 L5664 1. 50
L35 .1131 17233 .821 178 . 1497 . 2550 .730 1.64 . 1622 3236 . 680 1.67
L30 . 1048 1644 .88 187 L1472 .2519 .761 L71 .1503 L3199 L6811 L63
L35 . . .837 1.98 1427 2470 . 780 L7 . 1488 .3168 .633 170
1.40 . 0875 . 1453 .843 2.08 .1 . 2409 .97 188 . 1476 . 3142 .857 L77
1.45 . 0788 .1345 .848 2.17 .1310 . 2340 .811 Lo 1470 8127 .681 1.8
L 50 . 0700 .1238 .850 2.28 <1240 2262 .822 2.02 . 1468 L3110 .08 1.80
L 55 L0811 1110 .853 241 .1160 2170 .820 2,10 . 1460 . 3038 T2 1.90
1.60 .0521 . 0984 .848 2.54 .1078 . 835 2.19 L1445 . 3054 . 756 2.03
1.85 . 0430 . 0843 .842 271 . 0988 .1050 .838 229 .1413 . 3010 .T76 2.10
L 70 . 0340 0393 . 835 2.90 . .1825 .838 239 . . 2950 . 700 2,17
L75 .0243 .0531 .800 315 .0810 . 1650 .839 2.49 .1318 . 2880 . 2.26
L 80 0145 . 0365 715 3.49 0720 . 1540 .840 262 . . 2800 . 233
1.85 008 . 0200 A 4.06 . 0630 . 1385 541 2,75 . 1101 2720 .810 2.40
190 | —. 0051 . 0031 6.03 . 0510 .1230 835 2.60 L1125 . 2038 .811 2,48
L 95 . 0450 . 1070 .820 3.05 . 1056 . 2536 .812 250
2.00 . 0360 . 0900 . 800 324 0988 2427 .813 2,66
2.05 . 0265 0720 754 3.48 . 0910 L2203 814 2.76
2.10 L0175 . 0545 .675 3.768 . .2135 .818 2.88
2,15 . 0083 . 03685 .489 4.16 .0748 .1981 .818 2,98
220 —. 0008 0190 oo 4.86 . . 1780 .819 3.10
2.25 —. 0100 0010 oo 8.96 . 0530 . 1585 .820 3.25
2.30 . 0500 . 1410 .818 3.40
2.35 L0412 1220 705 3.58
240 . 0330 L1040 .762 3
2.45 .0242 . 0855 R 4.00
2.50 .0180 . 0670 . 897 4.26
2585 .0073 . 0485 .383 4,67
2.60 —. 0010 L0300 |aeemeamnas 5,24
2.85 —. G096 0120 o 0.42




