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SUMMARY

Tests were conducted in order to defermine how the
characteristics of a propeller are affected by cutting off
the tips. The diameter of a standard 10-foot metal
propeller was changed successively io 9 feet 6 inches, 9
feet O inches, 8 feet 6 inches, and 8 feet 0 inches. FEach
propeller thus formed was tested ai four pitch setfings
in the Propeller Research Tunnel of the National Advisory
Commitiee for Aeronautics using an open cockpit fuselage
and a D-12 engine.

A small loss in propulsire efficiency 18 indicaled.
Eramples are giren showing the application of the results
to practical problems.

INTRODUCTION

In the early days of aeronautics it was eommon
practice to adapt propellers to airplanes by cutting
off the tips until the desired revolutions were attained.
This procedure often led to freak designs and, of course,
at times was the wrong thing to do; but the designer
lacking test data and in many cases pressed for time
and money, found no other course possible. With
the advent of adjustable pitch metal propellers
designed by later and more reliable methods, it may
appear surprising that the practice still continues.
The explanation is that a modern propeller will not
be far wrong when initially selected, and with the
higher cost of metal over wood propellers, it is some-
times more economical for manufecturers and custom-
ers to make changes in this manner. _

Since sccurate measurements of the characteristics
had not previously been made, the tests described
here were conducted in the Propeller Research Tunnel
of the National Advisory Committee for Aeronautics
at Langley Field, Va., with a view to determining
quantitatively the propulsive efficiency, thrust, and
torque of & propeller as its diameter was successively
reduced. For each diameter the propeller was tested
at four blade settings.

APPARATUS

The . Propeller Research Tunnel, the balances,
torque dynemometer, and testing methods have been
described in Reference 1. The torque dynamometer

was Installed in an open cockpit fuselage with a D-12

425-horsepower engine. This fuselage mounted on the
balance ready for tests is shown in Figure 1.

The propeller used, designated as No. 3792, had
adjustable aluminum alloy blades. It was furnished
by the Bureau of Aeronautics of the Navy Depart-
ment. Initislly the diameter was 10 feet. The other
diameters were obtained by cutting off 3 inches from
each tip and then rounding with a circular arc tangent
to the leading and trailing edges. The upper surface
was then rounded off for about one-half inch in the
larger diameter and 1 inch as the diameter became
less and the thickmess greater. The propellers thus
obtained form a series of five diameters from 10 feet
to 8 feet. The appearance of the blades is shown in
Figure 2. Figure 3 is a detail drawing of the blade
with the successive tip radii indicated. Nondimen-
sional blade form and thickmness curves derived from
the drawing dimensions are given in Figure 4. Each
diameter propeller was tested at pitch settings of 12,
17, 23, and 28 degrees at 0.75 of the radius. The
resulting pitch distributions are plotted in Figure 5.
The usual washout of pitch near the hub is to be noted
and also the small differences in pitch distribution for
the different diameters.

METHODS

The torque as measured is the net torque on the

engine bearers. The engine was entirely inclosed in
cowling which was supported free of the dynamometer.
Consequently no correction for torque dus to the
slipstream is required and the torque as read is used
in the computation of coefficients.

The resultant horizontal force of the propeller-body
combination, which may be either a thrust or a drag,
was measured on the regular thrust balance (Refer-
ence 1). This resultant force B may be considered ss
made up of the three horizontal components—

T =the thrust of the propeller operating in front
of the body (the temsion in the crank-
shaft). '

D=the drag of the airplane or fuselage alone
(without the propeller) at the same air
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velocity and density, that is, the same
dynamic pressure g.

This propulsive efficiency includes the increase in
drag of all parts of the airplane (in this case the fuse-
lage) affected by the slipstream, and also the effect of

AD=the increase in drag of the fuselage with | the body interference on the propeller thrust and

propeller, due to the slipstream.

power.

F1GURE 1.—Fuselage moanted for tests

Then R=T—D—AD M)

To obtain the propulsive efficiency, which includes
any propeller-body interference, an effective thrust is
used which is defined as

Effective thrust=T—AD
=R+D

The propulsive efficiency, then, is the ratio of the
useful power to the input power, or

Propulsive effective thrust X velocity of advance
efficiency input power

or from (1)

RESULTS

The observed dats are given in Table I with the
standard nondimensional coefficients computed from
them.

effective thrust
Or =

pn’D*

_ input power
Cr —%—pn

=el’fect,iv'e thrust X velocity of advance
K input power
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where D is the propeller diameter and » the revolu-

tions per unit time. The coefficients for each diameter
r

and pitech setting were plotted against '17,];_D Typical

examples of these plots are given in Figures 6 to 9,

inclusive. The coefficients read from the faired curves

>

at even values of ;IIDare given in Table II.
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where V is the velocity of advance and P represents
the power absorbed by the propeller. Propellers
operating at the same value of Cs are operating under
like conditions of power, velocity, and revolutions,
and can be fairly compared. Figure 27 gives the en-

1

'|. oy wimr 1 n

F1avRE 2.—Propeller serles of ive diameters

Figures 10 to 21, inclusive, give the thrust coeffi-
cient, power coefficient, and propulsive efficiency
curves for the different diameters for comparison.
The curves for one pitch setting for all the diameters
are plotted on the same sheef.

In Figures 22 to 26, inclusive, the values of propul-

sive efficiency andﬂ?—b are plotted against the coefficient

velope of the efficiency curves of Figures 22 to 26,
inclusive, and also the 75 for maximum efficiency
plotted against the coefficient C.

DISCUSSION

Then the diameter of & propeller is reduced in the
manner described, changes in plan form and thickness
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result, (Fig. 4.) The blade width becomes more
neerly uniform from hub to tip as the diameter is de-
creased. It is, therefore, impossible to attribute the
change in characteristics entirely to any one of the

- variables, body interference, plan form, or thickness.
Tests previously reported (Reference 2) were made
with the diameter as the only variable and an approxi-
mation can be made as to how much of the change in
body interference is due to change in the relative diam-
eter of propeller and body only.

First considering all the propellers at the same pitch,
it appears from Figures 18 to 21, inclusive, that each
decrease of diameter causes a corresponding drop in
maximum efficiency. The 20 per cént change in diam-
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F1GuRk 26.—Propeller No. 3792, Diameter, 8 feot

eter from 10 feet to 8 feet results in about 6 per cent
drop in maximum efficiency. The indications are
(Reference 2) that about 2% per cent of this is due to
increase of body interference caused by the relatively
larger body, the remainder, 3% per cent, to change of
plan form and thickness. There is some lack of uni-
formity in the curves in that there are slight shifts in

the E% for maximum efficiency, but these are within

practical limits and the experimental error.

As is to be expected from an increase of blade width
near the tip and thickness near the hub, large increases
of thrust coefficients and power coefficients are noted,

(Figs. 10 to 17, inclusive). At the 1% for maximum
efficiency the thrust coefficient is 51 per cent higher

REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

for the 8-foot diameter than for the 10-foot diameter.

Likewise, the power coefficient is 60 per cent higher.
At the lowest pitch setting (12°) the thrust coefficient
is 83 per cent higher and power coefficient 56 per cent
higher. The results are in agreement with those of
Reference 3, although the differences are greater due
to the wider range of thicknesses and blade widths in
these fests.

However, it is usually the problem to find the pro-
peller for a given engine power, revolutions and {or-

~ward velocity, In this case the coefficient Cs con-

necting these variables is very useful. The value of
Cq is fixed at the start for a given case, and from the
diagrams, Figures 22 to 26, inclusive, the efficiency is

1.0
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FIGURE 27

determined. The pitch setting required is obtained
by interpolation between the settings plotted.

The application of these diagrams may be best illus-
trated by means of examples.

Example I: *

An airplane with an engine developing 425 horse-
power at 1,900 revolutions per minute flies at 150
miles per hour. A 10-foot propeller similar to No.
3792 is available. Should it be cut off and what will
be the resulting efficiency?

78
We have 05=V%-

Inserting the values from the problem and con-
verting to consistent units:
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/0.002378 % (150 X ao)
Cs= ‘5/ —1.304

495x550x(19°°
88
. 150%5S
T 80 220
Also - 5= 550 10 =317x10 0-695°

60
From the lower curves of Figure 22 at Cs=1.394 and

r

—= =0.695, by interpolation the pitch setting required

nD
is found to be 19 degrees. At this setting and
Cs=1.394 the efficiency is found to be .795 from the
upper curves.

The best efficiency at this Oy is .805 at 22 degrees
setting. Referring to the lower curves at this setting

and G, -7 =0.745.

Solving for D

220

D= 317%0.745

=90.34 feet.

For best results then, a propeller geometrically similer
to No. 3792, but 9.34 feet in diameter should be used.
The difference between this and 10 feet suggests the
possibility of advantage by cutting off the propeller.

From Figure 23, which applies to a propeller cut to
9.5 feet, at C 1.394 as before and now

220 0782

nD 31.7X9.5 7.
the efficiency is found to be 0.785 at 21° setting.
This is 1 per cent less than the 0.795 efficiency for
the 10-foot propeller. Therefore, the 10-foot diam-
eter propeller set at 19° is better than the cut-down
propeller. If the best propeller (9.34 feet at 22°)
efficiency is corrected for increased body interference,
using values from Reference 2, the efficiency is
0.805—0.008=0.797. The 10-foot diameter propeller
at hand is practically ideal for the purpose and should
not be cut.

Example II:

An airplane fitted with an engine developing 300
horsepower at 2,000 revolutions per minute flies at
130 miles per hour. How should & 10-foot diameter
propeller be cut to adapt it to the airplane?

o002378x(130><"?‘—8
YWe have (5= =1.268
300><550><(2000
88
1 v_13%0_ ;o
an nD 2000 .. 334x10 -2
=510

From the diagrams, Figure 22, the propeller will have
an efficiency of 0.750 at 14.5% setting. The best pro-

peller would have an efficiency of 0.79 at & ’,,_—VD of 0.66

with a diameter of 8.65 feet and a pitch setting of 20°.
Correcting for body interference as before, the effi-
ciency becomes 0.790—0.017 =0.77.
From the diagrams, Figure 25, for propellers cut to

8.5 feet diameter at Cs=1.268 and

vV 191 -

aD~—334x85 004
we find the efficiency to be 0.760 at a setiing of 18.5°.
Since the diameter is not critical, a 20 per cent change
ceusing only 2)% per cent change of efficiency, it is
sufficient to use this diameter. In facf, if the dia-
grams, Figure 27, for 8-foot diameter propellers are
used in the same way, the efficiency drops to 0.74.
The diagrams, Figure 24, for 9-foot diameter propellers

- give an efficiency of 0.76, the same as the 8.5-foot

diameter.

For this application we may use the 10-foot diameter
propeller cut down to 8.5 feet and gein about 1 per
cent in efficiency. This propeller will be only (0.773
—0.76=0.013) 1.3 per cent less efficient than the best
propeller, one of 8.65-foot diameter geometrically
similar to the 10-foot diameter,

Example IT:

An airplane is equipped with a 600-horsepower
engine turning at 2,400 revolutions per minute. The
estimated speed of the airplane is 180 miles per hour.
How should a 10-foot diameter propeller be cut to
adapt it to the airplane?

[
0002378><(180><g
(2400

Ce=" =1419

600X 550 X

88
60 264
T40X10

4 180 % ==

and
nD~ 2400
50 X10
Figure 22 indicates that the propeller will have an
efficiency of 0.765 at 16.5° setting.
If we cut the propeller to 8 feet the diagrams, Figure

26, apply.

=(.660.

Cs=1.419 as before.

V 264
nD~ 40X8

Efficiency =0.76 at 23° setting.

=0.825.

Tt appears that the cut-down propeller is practically
as efficient as the 10-foot propeller.

It is possible to select another propeller which, at
first sight, is better than either of the above. From
the diagram, as in previous examples, we find that &
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propeller 8.7 feet in diameter geometrically similar to
the 10-foot propeller would have an efficiency of 0.805
when set at 22.5°. When corrected for increased body
interference the efficiency is (0.805—0.019)=0.796.

There is another factor, however, not covered by
the above charts which must be taken into account.
Tests, soon to be published, have shown that above
1,000 feet per second tip speed the efficiency falls off.
The tip speeds follow: _

10 feet diameter #X 10 X40=1,258 feet per second.

8.7 feet diemeter X 8.7 X40=1,093 feet per second.

8 feet diameter xX 8 X40=1,008 feet per second.

The efficiencies computed for the 10-foot and 8.7-
foot diameter propellers will not be realized in practice.
The 8-foot diameter propeller, therefore, represents
about the best propeller for the application.

When propellers are operating at high tip speeds the
increased body interference and adverse effects of
thickness and plan form of cut-off propellers are less
than the tip-speed losses and a net gain in efficiency
will result if a smaller diameter is used to reduce the
tip speed.

CONCLUSION

1. Changes of 20 per cent in the diameter of a 10-
foot propeller due to cutting off the tips result in a loss
of about 6 per cent in maximum propulsive efﬁclency
at the same pitch setting.

2. The drop in efficiency is nccompanied by increases
of from 30 to 50 per cent in thrust coefficient and from
56 to 60 per cent in power coefficient.

3. A propeller adapted to a given engine and sair-
plane by cutting off the tips will only be slightly less
efficient than a specially designed propeller.

REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

4. The practice of cutting off propellers is justified
by these tests.

LaxcLEy MEMORIAL AERONAUTICAL LABORATORY,
Natrionan Apvisory COMMITTEE FOR AERONAD-
TIcs, LANGLEY, VA., December 10, 1929.
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Ordinales of sections at various radii for propeller blade per draw-
ing, Figure 8

Btations in l‘ger 42" r | 481 | 54" r | BT
cent cho upper | upper | upper | upper
Inehes | Inches | Inches | Inches
014 | 10 | o.07
- 20 14 11
- 27 .18 4
- .83 .22 A7
3 .23 18
.34 .28 .18
- .5 22 A7
.30 .20 .18
.28 17 .13
.19 .12 .10
.12 .08 .06
.08 .02 .02
.08 .02 .01
5.22 18 2.25

The chard s divided lnto 10 squat par or atatlons, with the one at Lhe lesd
sdge subdivided into balves ad quar ey ' g
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FULL SCALE WIND TUNNEL TESTS OF A PROFELLER

TABLE I—OBSERVED TEST DATA

Diameter, 10 feet

Propeller Na. 8782.
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TABLE 1.—OBSERVED TEST DATA—Continued
Propeller No. 8798. Diameter, 9 feet 6 tnches Propeller No. 3792. Diameler, 8 feel 8 inches

BET AT 12° AT 0.75 R. SET AT 23° AT 0.75 R.

N Q r v Vv N 1 T v
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(00382 SLE) Lig)  366) 29| - ol -4 .1 002% | 1034 L280| T38| BO7| 08097 .0868) .748| .
02| S04l il wry &m0l Zae) (om0 Gops | lg27) LT S| omelolowri i) il o
- 02sea L : RN : 1 1024 L2001 83| 385 .0514| .0618] .70} (788
s\ w0 Le| | ) om )| ocom) Cd | oyl ) D) G el com| low| ]
_%g ;‘Z‘_; i% Zﬁ% i%-? 7 % _gg 3;'{ JQo2Ee | w2e| e 41| ae| Cos L0485 [ Tsio| (811
002385 | 7eel| Veeo| 77| 905 o7L| -o2ge| .30 ‘Ooas | 1oL %:% o B - B+ T 4
002355 | 763 | L,005| 7s1| G0 o467 | 0256 | .366| .668 . 1ze] Y| S| | ool ot ‘aeel| Ciet
.002355 | 7m.5| L5e5| 47| 481| .0340| .0203| .427| .T16 . aal ol 2| 15a| Cosss| ossil. o0 | .rEs
002385 ] 7L9| 1,910| 764 940 .0485] .0261| .340| .o : 02s] ol 2 0| ‘o2 | ‘woil Lol T
J00247 ) 7481 10101 7621 04| .04781 L0260 ( 302 %ﬁﬁ 1028 e W 97| .0219) .0247( vom| 787
-002347 | 78.01 1,560 408 408 0200 | . 433¢ .73 00282 | w0L5| 8| 1 64| .oms! oo | noer! .
.002347 | 67.8) 1,000| 776 o85| .osia| .0267 | .380 | .634 (00333 | wLal| 800 0 | _twmil oo L1z
co02350 | er.0| 1,000 74| 987| .0 L0268 | 37| lex: AR 2l Si1=8G!| x| s
Q02300 G341 LeXG 486, M2l .gus) oo Lol .00 002201 | s20| 1400| 3,082| 888 | .0868| .o&vk| . ~6E7
0l BO| L0 Ty LS 0] .Uy B ‘00201 | 79.5| 13% | Lo22| sse| loses| .oei| . +679
QB0 Y| Lo mI M vy .En -2 B (002291 | 72| Tses| Lozs| srs| 0%69 | .oms| .e2a] .77
tomme | sm2l To0l el 19| ome| Coas| [Tesl| des 002291 | 7.7 | 1,395 1,037 870 .0804| .0673| .8530] .680
. . s . . . . 002201 | 75.3 | 1,400] Loal| eS| .osss| .oari| .08 .es
c002350 | 26.8) Logo! 900 Lar2| .oviz| .0300( .128) .208 00z01 | 7a4 | 398 | Tom e I -Son
002389 | 22.3| Lew| 76, 996| .ov20| .0276 | .128] .335 ‘002294 | e50| U300l vom| ook| coeo2| 06| 4sk| L)
002343 | 100.6) 1,800| 416| 85| .0218| .0160) .318| .70 (00504 | 74| Tow0| T0m| 90| oote| oerB| .48 | .o0d
(0288 1071 L0\ B8 ey 082 W01 WML .OTS co0x97 | e0s| Uzoo| Tos2f od7| .oeuf| coes3, . 8%
“oma | 00| Uolo| 8| 88| .omb| [omr| -ee| :da co0z97 | 628! Lol Loss| @0 owar| cosm| L49| o7
002343 | l00:1| N300| 9L| —15| —.00i4| .00} .688|._ -00zor | 2200 L3084 L0zl G0 .OesEl .Oree) W7h 197
- — . N N . «0i . .
-002343 | 100.0| 1,810 8 62| —.0057 | L0042 707 002307 | 20.6| 1310 Lo24| ess) - o767 .14 | 184
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FULL SCALE WIND TUNNEL TESTS OF A PROFELLER

TABLE I.—OBSERVED TEST DATA-—Continued
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TABLE I.—OBSERVED TEST DATA—Continued

Propeller No. 8798. Diameler, 8 feet 8 inches _. Propeller No. 8792, Diameler, 8 feet 8 inches
BET AT 12° AT 0.75 R. — SET AT 23° AT 0.75 R.
v N T 1 v N Q T v
P lmpnlepm|wi| w | & p e |35 | o foe |mpbirpmmtt B | O | Cr o 3p
0.002342 | 10L3 [ 2,080 428 «0) ooms| ooz o0.504 | 0870 0. 002330 846 Le¢i40| 1,082 925 | 0.1018 | 0.08§0 | 0.534 | 0.043
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. 8.0 1,788 840 261 | .0393! .0282 ] .481| .690 . 3| 1020} 1,810 923 754| .0868| .0785( .0 .7
. 002339 87.0] 2105|688 893 . 0415 . 0285 .431 675 .002813 | 10L.8f I, 523 83 810 Q782 0727 090 42
. 87.0] 2105 536 6251 .0416 | .0284[ .432| .68t .002313 | 101,81 1,525 50 08| .09 07x% | .0e2] M1
002989 | 86.3| L,700| 311 300 | .0284! .0211| .499[ .67L 002304 | 10L.5.
.002339 ( 90.8 2,100| BI1| 584| .0390| .0282| .445| .esg . IOL1( L4301 G347 621 .0701} .OGB4 .TE@| .B17
002330 | 902! 100 s11| B8O 0252 | (445 | 685 . 1.0 1,355 G644 303| 0640 | .0855: .14 788
. 002330 88| 2108 508 %63 0378 0251 Saxg 686 . 1021 | 1,335 544 393 0640 . 0658 .70 02
. 002330 83.1] 2100 507 B6L 0378 0252 S48 685 002304 | 10223 1,25% 436 302 0578 . 0618 N vy 792
. 002333 801! 2100 575 714 0459 L0285 TBOS 664 L0 | 102,01 1,2% 436 301 0576 0618 844 i: -]
.002333 | 804 2100| 67| 7i8) .0478| .02 [ .398| .662 % L6 | 1,170 338} 210, .0450) .05%0| .88} .777
002333 | 77| 1,80| 361| 00| -o365| -.0248| .4 471 - WLE| L1700 336] 206 .0450 %08 ) 768
002336 ] 75.0| 2oss| ser| 7msl [0i83| 025 (376 | .64k - 10091 1,100] 2z6( 167] .0418) .0%0i .90 .¥70
.002336 | 75.9 | 2,085 570 ™8| (04011 .0286| .378| .646 .. 100.5§ 1,020 182 108 . -0387 | Lo2| .BO¢
002336 | 7a.6! 5,810 a0l 4m| o6 .o2sal 420! ewe . 00.21 G0 U8 4| .0 (038 LOD ([ .GIL
. 002336 8.7 | 2105 622 830 L0564 . 0307 343 Sgl1o 002304 | 100.8 80 & 4 0016 L0173 | L1197 109
0023368 | 604 | 2100] 022] 320| o538 .0308| .a42| .68 -002304 | 100.5| 820 3| —30)| —0138( .0098; L326§|.....
. 002330 67.6| 1,785 300 486 L0450 © 0267 ‘802 T 881 . 002313 8LO | I,640 | 1,082 945 L1047 L0848, .51 .631
. 002330 851 2100 649 887 L0504 0821 1821 i . 002313 8L2| 1,640 ] 1,028 944 1048 L0841 ) 512 037
. 002330 65.0 | 2 100 849 302 - 0597 Cpg21 T830 T 505 002313 77.1| 1,630 1,082 Q04 L1081 .Osﬂr <190 B8
.002330 | 622 L1790 416 542 0499 T 0283 " 360 835 002313 7.9, 1,625] 1,028 954 . 1076 .085' .496 622
. 002339 57.91 2080 849 981 T 00368 o827 288 T580 00216 7281 1,630 | 1,030 032 L1100 . 0335 | AR .
. 002339 57.8 | 2,080 850 034 0837 ) Tosy 559 . 002318 TLO| 1,630 1,030 088 1107 (0855 [ .481 .58
.002339 | 57.5| L8OO| 438 | 697| o4 .o2¢| .30l .610 L00WIB ) 661 1630 Lo [ 1,028 .146) 088, 4| .08l
. 002343 5.6 2115 870 685 0848 0328 agy B30 . [i] 66.01 L6201 1,030 | 1,014 1151 L0885 ; .42 . 502
.002343 . 85.9 | 2115 872 083 0847 0327 So74 . 002319 56.0) 1,620 | 1,038 1,070 1213 . 0869 | .SEB . 501
. 002348 52.8 1’785 430 811 .0566 .0293 -306 . 590 . 002819 5&0 1,510 1,033 1,057 .121.4 .0878 1 .37 514
002340 | 22| Zi0] 73l 1,270 | o34k | 0374 | .12¢| 2D 002529 | 245, 1,630 | L036¢ LO75( L1264 .08 . .1M] .28
(002340 | 25| Z100f ve1| 1,280 | .oss| .0878| 128 o -00232 | 25.3 | 1,590} L,030} LO7L( .1261 08"‘-’| 1851 .23
002349 | 20.9; 1,800| 406| 809 | .0814( .0382| .120] .205
. Propeller No. 3792. Diameter, 8 feet 6 inches
Propeller No. 3798. Diameter, 8 feet 8 inches
SET AT 28° AT 0.75 R.
SET AT 17° AT 016 R, _
N Q T 1
e | 7| & o | X ? lmphirpmjbt| b | | ¢ [ zp | *
, m. p. h|r.p.m.{ b 1t | 1b.- T » nD ¥
o) el bl o) T oum| eun) oo | o
0.002340 | 848| 2,080 | 1,006 . - N : - . . .
-ty | Beo| 2000 Tl Tont g ope| ogz) ot 0Bdd | se7| T4l | foz| me| lum| cum| el law
L002340 | 88.4| 2,080 | 1,004 | 1074| .07 ) “zx1 | less L002344 1 84.5] 1,410 | 1,026 | .18 L1121 .63 | 852
. 002340 84| 2040 1,004 1:072 L0759 . Q525 449 L6840 . 002332 00.6¢.1,415 | 1,034 373 .11 113 652 A7
-002328 | o1.6| o085 | 1,00i| 1,058 -OWL| .0518| .45 660 -0z SL4} L4IG) LOW| 767 | .1 -1128 -
.002328 | 92.8| 2030 1,003 | L053| .0736| .0518| .468| .66l -002332 | 940} 1,420} 1,03¢, 7 <1181 . 1123 670
00238 | ocd| Zor0| noco| ros2| lomm| losio| .ar2| eer -00ze2 | 0 L416 L,028] 7M) LB L2 LGET L
‘00238 | ece| Zor! 'oes| 1037 .oms! .o510| .48 668 002325 | 103.9 | 1,440 10201 72| . (1083 | .75 T2
.002325 | 103.5| 2180 092 " 998 . 0823 o4 a0z e .002325 | 108.8 | 1,435 1,024 20 .1038 .108¢ .74 J14
©olonze2s| 1ma) 180 992| 99| oem, . az]| lew (00225 | 1034 L 400 (e85) 34| .1080) .1093) .705{
002325 | 1028 Zooo| 88| sal loea| loses! w0y 713 002323 | 1084 1,400 ( 885) 638 1043 1008 .3 -
T .0023251 102.5| 2,000 848 s41| .o824] . 1 s8] .78 L0018 | 103.2 | 1,350 885 608 . Of95 1071 02 LT
' looz317 | 102.2| 10| j00| 668] .0564| .0438! .se2| 797 -002318 | 103.7| L30| 885| 004) 0888 10711 .72} .70
.002317 | 20| r'ss0| 700 es8: .ose4! loms! me1]| 736 -002318 | 103.11 1,300 1 33| 561 .00%8] .1 B2l .TH
‘002317 | 1019 L80| e0o| s8s| .osie! | ‘el Tl -002818 | 102.1) I,303| 836) ba0| .0030) .1 -89 .74
002817 | loue| rsw| eos| ses| losicl| jowe| lss2| L7 . lo2.8) L2070 7TB] 40| .08%) 1008 .84 .74
002317 | 1003{ 1705 512 e | owre! loasr| leid| .78 . lozg| L0} 73| 470 0010 .1 S50 .76
1 .00m17] TOnI| n7s} 52| 48| 045 | - 14| 734 -BI8 | 102.5 )| L1eo| 043 48| .38 .1 A
. 002317 1011 1,810 408 250 . 0402 9 1 LO0Z18 102.6 1, 20 1 413 0857 884 i
(002317 | 1000 | L6 408 30| <0402 ‘754 | -00Z318 | 102.4 | L1304 G785 | 335 0708 o I L
L002317 1 10L 1! 1,405 309 218 70330 LOORB | 1024 | 1,150 575 357 . 0804 . 0937 N1 T3
L002817 | 100.5 | 1,400 21 163 . 0248 .002318 | 102.1 | 1,100 481 288 070 . 0875 . 960 . 782
omi7 | 1004 T30| 98| 100 .omse L002318 | 1020 | L,100| 482 28| .09 .0876| .0% | .778
. 002317 90.6 ] 1,180 88 25 0051 .002313 | 101.7 1.,05§ 45 b i ] 0718 . 0003 008 T
002317 | 100.1| 1,105 43 —-10 | — L002313 | 10L.6 | 1,085 408 6 L0725 0008 . 585 ]
002317 | 10002 1,345 13 —i5 | — 0101 .0028T3 | 101.7 | 1,008 404 227 . 0670 L0580 | Lofd ]
. 002328 80.8| 2080 | 1,000 1,118 L0015 | 101.6 | 1,015 406 237 . 0650 (0869 | Lom 819
, 002326 80.4| 202 1' 008 | 1,115 0810 . 002318 101.8 955 318 .3} . 0527 oeaT | 1.102 i
0023328 | 7170| Zooo| L,013| 1148 | .oesl .oaza8 | 102.2| ess) mgl lesf .05t .ove7 | L | .me2
_m2° 74.2 2‘000 1'012 1’ 158 m .Mu 101.9 900 24.1 122 -0449 -0055 L 170 .MI
002329 | (1.6) 20000 Lois. Lire| .oeve L0038 | 0L7| ss0) 14 85| .ossi| .ol nasg| I
_m 70.8 1’995 1, N4 1’ 175 m 002313 101-5 800 160 06 - .055l 1.310 .785
‘oozte | oe8| Zoog| Tow| T <608 L0030 [ 1008| TR0 81 2z} .ou6| .08 1400 .m8
10022 | 65.0] I.930| Lol l-gf; ] L00BI18 [ 10L0| 00 28] —9|—.0086| .1033| 1.495
00233 | 6L4| T6os| To1s} Loae| -oem % 70.0| L410] ro2s| s17) .i205( .1130| .51[ .62
. 002332 60.71 Loos| L0161 1244 T 0924 . 70.1[ L,410] 1,024 810 1211 . 1130 . 581 . 824
002333 | ba0| I'es5| vow| Iaa| o L0 [ 752 1,415( Lo | 8w .1231 1126 | .55
.002332 | 56.2| Lero| Lois| 1,287| -0%6e .00232 | T7.9| L410] Lo2¢| 818) .1222| .1130| .&1| 817
(002239 | 208) 1630 | Lozl Lanl | (108 ol WAL RAN| REE| OB cimel ciiml chs|
-002389 | 2.9 L9830} 1,020 1,878 | .1088 oxm| eig)| Lawo| Dom| SI0| I8 ldg| 48| i
. 6161 1,400 | o8| sos| .1216| .1148]| .4i7| .o08
.002328 | 68,4 1,83%| Los2z| 78r| .1216| .mmm| . €51
00228 5.3 1,885| Loaw: T87| .1216f .1176) .4d3] .
002331 | 58.2| L370| Lod2! w80 . . 1210 431
.002331 | 858 | 1,860 | L,0R| T7s! L1280 .1211] 424 | 408
002387 | 2.1 L2r0| 1,010| e8f . .13%0 1 T
002337 | 220 L20| 1L016| 696( .1276( .1384| .ITO[ .168
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FULL SCALE WIND TUNNEL TESTS OF A PROPELLER

TABLE I—OBSERVED TEST DATA—Continued

Diameter, 8 feet

SET AT 12* AT 0.75 B.

Digmeler, 8 feel

Propeller No. 8782.

Propeller No. 8732.

5 B.

SET AT 28° AT ¢
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Diameter, 8 feel

SET AT 28° AT 0.7% R.

Propeller No. 8792.

No. 8792. Diemeler, 8 feet

SET AT 17" AT 0.75 R.
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TABLE II.—FINAL ADJUSTED COEFFICIENTS

Propeller No. 8798. Diameter, 10 feet

Propeller No. 8788. Diameter, 10 feel

12° AT 0.75 R. 2%° AT 0.75 R.
v v
w5 Cr Cr L] Ca WD Cr Cr [} Ca
610 0. 0639 0. 0269 0.238 0. 208 .10 0.0864 0.0946 0.001 0. 1603
.18 . 0623 . 0283 . 349 . 810 .15 . 0852 . 0819 . 139 .43
] . 0581 . 0260 44T .415 <20 L0846 . 0895 .189 N>
.28 L0540 L0281 . 538 .52 .95 .0838 L0878 .238 o7
.80 .04 L0241 .610 .632 .50 L0830 . 0803 380 490
.38 L0431 L0228 . 862 748 .35 .0828 . 0858 L339 . 573
.40 . .08 709 .88 .40 . 0822 L0347 .388 L858
i . .81 .730 1.003 | .45 L0819 . 0835 .40 L0
.50 L0219 . L0l80 .780 1.155 .80 L0810 L0818 .405 .825
.88 L0148 ' Lo . 650 1.833 .55 . 0798 L0780 . 550 +910
.60 .0008 i .0088 . 4680 1. 558 .60 . 0788 . 0780 . 605 1. 000
] .88 . 0778 . 0766 . 659 1
.70 . 0759 . 0782 . 708 1.173
78 .0785 L0742 T2 1,303
.80 - 0700 .0728 .709 1,350
| we | ome | | @
Propeller No. 8792. Diameter, 10 feet .95 L0561 . 0651 .818 1640
100 - 0508 L0812 .829 1.750
17° AT 0.76 R. 1.05 . 0451 . 0587 834 1886
1,10 . 0396 L0522 L8385 1,088
: : TN B
. I - -
£5) er cr ki G .25 .0216 L0364 L4 7420
.30 L0151 .0208 .600 2 030
136 0091 . . 540 2,830
.10 0. 0868 0.0411 0.211 0.189
‘30 G .0411 g " '
.2 Nl L0410 ! 470 .473 Propeller No. 8798. Diameler, 9 feet 6 inches
.30 L0781 L0405 .54t . 569
. . 0687 . 0400 601 . 865 12° AT 0.75 R.
.40 . 0683 L0390 . 651 768 .
.48 . 0578 L0874 . 868
.50 . 0512 . 0850 731 .o77 Vv
.86 . 0443 0820 .761 1092 Py} Cr Cr ] Cs
160 0372 . 0386 . 1,220
.% . 0304 .g%ls(ll 790 tgﬁ
78 s0162 -0171 it 1.691 0.10 5.0738 0.0308 0.240 0.200
& 0095 s Lo .15 . 0701 . 0303 . 887 . 302
.86 0027 . . 2220 ‘20 . 0658 L0288 441 L0t
. . . : .25 . L0290 5% . 507
. - .30 . 0650 .0z77 . 506 .615
.85 . 0484 .0260 . 651 728
.40 L0411 .0238 . 691 845
.45 .0332 .0 7L 974
.50 L0284 L0179 .70 1.%2
Propeller No. 3798. Diamater, 10 feet :g :mm:: ;3{;‘{ :% ;;g
i — .85 .00 -0076 .
% cr o . s Propeller No. 8792. Diameler, 9 feet 8 inches
: 17° AT 0.75 R.
.10 0.0801 0.0870 0.120 0172 v -
.15 0802 . 0649 . 188 .25 Cr Cr ¥ Cy
20 £ 0803 . 0680 . 288 .348 nD
.25 . 0803 . 0816 .828 437
.30 . 0802 oog .400 577
.35 .0302 . O A .818 0.10 0.0466 0.201 0. 1845
.40 . 0800 . 0890 LBl . 705 .18 . 0914 . 0468 294 3T
.45 . 0700 . 0588 . 605 793 .20 .0883 L0463 .382 .369
.80 0770 .0ns4 . €60 . 883 .2 . 0850 .0de1 .481 463
B8 L0737 L0570 R .30 . 0810 L0428 530 L5857
.60 . 0630 . 0563 736 1087 .85 .0763 L0452 501 .650
.65 . 0640 . 0546 L76L 1162 .40 L0714 L0445 841 L TAS
.70 . 0581 . 0520 1265 .45 .08%0 L0434 <688 842
5 L0510 L0485 . 801 1.372 .50 .0580 . 0408 .20 .950
.80 . 0451 . 044 .818 1.490 .85 - 0500 . 0848 \T48 1,083
.85 . . 0888 .04l 819 L.615 .60 L0415 . 0824 . 768 1100
.40 . 0321 . 0358 .812 1.754 .65 .0332 .0380 770 1330
.95 . 0268 . 0310 .700 1003 .70 254 . 0235 LT85 1.480
1,00 .0181 | - 0268 740 2.08) .76 .0180 L0101 L7105 1.653
105 0126 . . 056 . 2900 .80 .0109 .08 N 1.858
L0 . 0061 10134 . 500 2,610 .85 . 0040 .0100 340 2,130
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TABLE II.—FINAL ADJUSTED COEFFICIENTS—Continued

Propeller No. 8792. Diameler, 9 feel 6 inches Propeller No. 8798. Diameter, 9 feet
23° AT 0.75 R. 17° AT 0.75 R.
v | v

xD Cr cr v G e or cr 1 Cs _

0. 10 0.0956 0.0730 128 0.167 | 0.10 0.1002 0.081¢ 0.15%8 0.181

.15 . 0053 . 0788 .180 . 251 i .5 .0985 0519 .285 .7 -

g 0953 .0738 258 8T " -0ga1 0518 .81 .381

a5 . 0061 L0720 330 AT iL2s 0929 0517 . .45

. -0gd0 LOi04 405 .&10 P80 .03s8 -0512 . . .

.35 L0943 . 0601 477 57 .35 087 0508 577 . 635 -

.40 004 0681 548 685 I 20 0778 0493 . o —

.45 .0916 .0679 607 71 B <0700 L0475 683 . )

] 0852 0672 .655 .857 i .= -0622 0444 701 g3l

.58 0837 - 0665 .61 945 | -5 ~Q54E J0dog .3 Lod2

.80 0781 - 0850 il 1,035 . -0459 . 0366 .758 1168

.85 .07 -0827 L8 1.130 .85 gz 0310 .78 1206 =

.70 . 0669 . 0599 769 1230 .70 L0289 L0271 JTAT L0 :

75 .0593 .0564 789 1333 75 .0212 .0223 718 1.606 -

80 .0531 .0521 800 L 447 . .0138 0174 635 1.800 .

-85 -0456 0450 808 1557 .85 : . . 435 Z.040

.50 . L0420 . 1686 _

.85 0316 .37 . 128 =

108 0e78 oo 113 i Propeller No. 8798. Diameter, 9 feei

L 017 « U202 . i ropeiier o. . ameter, e

110 .0Li0 L0108 . 2,410 P » 8 fe

L15 <0041 .0121 . 2.780 23° AT 0.75 R.

v
Y} Cr Cr L] Cs
Propeller No. 8792. Diameler, 9 feet 6 inches —
.10 0.1098 00875 0.125 0.163 -
L
28" AT 0.5 RB. .15 1085 . 0830 L1098 47
.20 1001 L0704 a7 .382
v .25 -1089 L0778 351 AIT
LA Cr cr ¥ Cs .30 ~1083 o787 .425 ~501
sD .35 .1068 0760 .483 .
40 104t L0756 .550 .
) T 1002 0755 .57 754
.10 0. 1040 01130 0092 0.1544 -5 - 0959 0782 .837 .88 _
.15 L1030 . 1105 . 138 . 230 55 - 0903 .a738 674 g
.20 - 1000 L1081 L1858 3T 60 0845 o718 706 1015
.25 - 0980 ~10%0 .3 .3 65 - -0775 .0690 N 1110
.20 0970 1025 284 AT4 .70 0704 - 08565 .75 1.207
.25 0958 -1002 834 . 564 .75 . 0635 L0818 T 1,810 —
.40 - 0950 -0980 .288 .87 .80 . 0565 0577 783 1.416
.45 . 0950 . 0969 441 - JTIR -85 .0462 -0530 TaL 1.533
L5 . 0950 . 0952 . 499 . gg .0421 . 0450 -700 185
.55 L094L . 0368 .558 .883 ! -0352 .0i% ~780 1786 -
-8 L0940 0927 .608 - 965 1.00 ] .0363 757 1633
.65 0925 L0815 . 856 1050 1.05 .0208 -0304 18 2.110
.70 20800 0897 R 1133 1.10 .ai3e L0241 .633 2 310
.75 0866 0881 ST L26 113 L0070 .oLTe . 450 2 570
N 0819 08623 7L 1807
.85 .omL L0839 | .81 1395 -
B 053 o : R Propeller No. 8792. Diameter, 9 feet
. . Ui : . er No. A er,

L00 - oses ong e L®s rope 0 » 9 fe

L -0320 - 0685 ] . o =

L1 <0455 er i .83 Lo0 % AT OIS R, -

L15 0392 058 807 .050 —

L2 .0324 07| i 2.100 v - s

L25 0260 0430 . T66 2340 ) Cr [# 3 'l Cx

180 .0185 .0z61 .2 2,520 -

135 -0131 -028% 618 it —

L4 - 0066 -0212 ° .10 0.1140 0. 1248 0.0915 0.148
.15 . 1230 .138 . e
‘20 S 12T 186 . —
. J1135 -1220 .282 .31
1 Rit an B "t :

Propeller No. 8792. Diameter, 8 feel i 1190 s . Lae Rt -
.45 . 0 . 4o 700 —
12° AT 0.75 R. .50 .1072 .1051 510 -
.85 .1063 .10%6 . :
v | 2| e | s o= | o :
Y, - - - -

5 Cr I cr ' Cs 8] J1015 ~1000 710 L1l0 A
75 - 0963 -0990 .7a0 1183 Ty
| B E ) om o) im -

0.10 0.0339 0.244 0.157 . . . . T

.15, . 0767 . 0331 848 .26 . a7 -0900 | Ly i
.50 0707 @21 -440 897 95 .77 .G857 N 1.565

.25 .0842 0310 517 JEI 1.00 .0852 L0312 . 1.683 )
.30 L0532 2% L5838 -805 1.05 .05 0788 .810 1.760 -
.35 . 0510 .oz 640 LTI L10 . 0519 .78 . L.867 =
40 ‘o | lozm 679 5] 115 L0481 -0852 708 1.068 —
.45 .0361 .0232 . 700 -055 1.20 0877 0578 ;- SR § ] —
50 0279 .00 J702 1,085 125 .0302 -0402 e D 2z _
.55 0199 L0168 .650 1M5 130 - 0226 S04 705 2.40

.80 0115 0131 .526 1430 L35 - 0150 . .6l 2.660

. . .008¢ .83 Less 140 0078 - 0245 . 2.940
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TABLE II.—FINAL ADJUSTED COEFFICIENTS—Continued
Propeller No. 8792. Diameter, 8 feet 6 inches Propeller No. 879%. Diameter, 8 feet 6 inches

12° AT 0.75 R. 28° AT 0.75 R,
v ]
.% Cr Cp 7 Ce b _ Cr Cr 7 Ca
1 0.10 0.1308 0.1450 0.000 0.147
“% | 28 | %% o 0 % | M6 1430 357 "3
20 o7 - 6357 .425 T 1271 1389 A .
.25 . 0658 L0342 508 T 491 25 1257 . 1330 . 878
.80 . 0619 . 0326 . 671 . 505 .30 1243 .1288 .
.85 . 0545 . 0308 . 622 . 703 .88 .1283 1249 L340 .
L40 L0484 . 0280 -081 1816 .40 1223 | 40¢ L6810
.45 . 0384 . 0282 T .68 . 940 .45 1220 JIe . 000
50 . 0803 T0222 * 858 1672 50 . 1133 B0 m
.58 0217 L0188 635 1219 55 1231 1130 . .8%0
.60 (181 .3150 : L824 . 1.300 . gg ﬂiﬁ Hg -g; 1.'%
-6 - 0046 -0113 - 28 L5898 270 11100 s .090 1.0%8
& dosa 1007 g I 2%
Eom o8 o8| i
. ] -9 Nins7] ‘032 iT70 1,825
Propeller No. 8792. Diameter, 8 feel 8 inches i% . 37833 % .gz H\g
. . « od .
° AT 0.75 R. 1.10 L0360 0770 .800 1.837
17° AT 0.76 B 115 10483 - 0ade 707 1,958
120 .0410 . 0624 .89 200
v . 1.2 . -0541 .7 2,340
— Cr Cr [l Cs 1.30 0462 730 2.400
nD 1.85 0188 . 0376 668 2,600
_ 140 -0108 -0283 B1E 2830
0.10 0.1117 0.0610 0.18% 017 1.45 1 -0212 -210 8,130
.15 . 1087 . 0508 a2 .24 -
S%0 -1046 - 0589 .as5 .282
- 10 -en 4 aa Propeller No. 8792. Diameter, 8 feet
$ 0238 -Gt o0 g1 ' 12° AT 0.5 R,
.45 0758 .0825 813
50 0672 0489 887 1913 v
.55 0581 . 0445 718 1.028 =5 Cr Ce 1 Cs
.60 . 0899 744 1143 R
AR B I R
175 0245 i : 1 564 .10 0. 0000 L0380 0.287 o102
.80 . o170 0310 1733 .15 . 0841 . 0879 L334 288
.85 . 0161 485 1942 % g;é'g ggg ggg %
.90 0016 L0113 128 2210 - <108 - 0283 - 30 45
.45 . 0407 - 0274 . 658 1923
s | @ | &) @ oow
Propeller No. 8792, Diameter, 8 feet 6 inches .60 0155 ~0179 520 1343
.85 . 0065 . 0140 .50 1526
23° AT 0.75 R.
v or Cr " Cs Propeller No. 8782. Diameler, 8 feet
"0 17° AT 0.75 R.
o | om | om | e | g : : a
. . . ) . C
m 1201 ~0891 23 8% ab ¥ * i
g ‘149 0 i 8
.35 1228 L0876 <490 570 0.10 0.1218 0. 0656 0. 185 0172
-40 1178 0369 it -852 .15 L1179 . 0048 .27
.45 1130 . 0561 .535 : .2 1133 .0839 .35 346
50 -1068 L0882 -625 818 .28 .1081 . 0830 49 .488
.55 <0997 -0833 1660 . T l80 . . 0622 ~404 N
.60 0030 .0808 .890 004 .88 . 0950 .0818 54T .612
.65 -0859 ~0774 .70 1.088 40 <0890 - 0800 .
70 . 0738 745 1.181 45 L0811 .0575 635
8 0710 - 06989 ~768 1278 50 0726 - 0540 L6738 887
-850 .0632 - 0650 T8 1.883 .85 - 0832 . 0491 307 1. 006
.85 . 0583 - 0600 784 1.498 .80 - 0536 . 728 1120
90 L0478 -o541 1786 1.618 -.86 -0447 .0392 740 2
05 .0303 .0480 718 1,743 .70 L0343 .0362 .738 L1381
1.00 - 0315 ~0420 750 1.885 75 .0285 0204 738 1.520
1.05 . L0852 .604 2. 500 180 L0200 .0243 .659 1,680
1.10 -0150 0288 5 2,240 .85 .ol33 L0198 -498 1.872
1.15 . 0075 .0220 .376 2,500 C .80 L0030 L0146 1 2110




FULL SCALE WIND TUNNEL TESTS OF A PROPELLER

TABLE II.—FINAL ADJUSTED COEFFICIENTS—Continued

Propeller No. 879%. Diameler, 8 feet

Propeller No. 8798. Diameter, 8 feet

23° AT 0.75 B.

L Cr Cr L Cs
nD

ale 0. 1468 0. 0967 0152 Q160
.15 . 1441 . 0961 225 .240
- . 1412 . 0958 . 205 .30
.25 . 1378 0054 .360 400
.30 . 1340 . 0352 423 . 481
.35 L1207 . 0950 AT 561
.40 < J248 . 0950 524 JHL
<45 <1187 0943 . 586 .72
50 L1123 .0929 . 604 . 805
.58 . 1065 0907 -840 .83
.60 0679 0874 .62 .90
.86 . 0868 .083L L2 1072
.70 . 0820 0793 . 723 1163
.16 0738 0748 .4l 1262
.80 . 0659 . 0699 . 758 1364
.85 . 0580 . 0844 . 765 L40
.90 . 0510 . 0585 .T13 1585
.95 .0432 .0533 ) 1708
Loo . 0681 . 0478 . 766 1 805
L0S . 0285 0418 .75 1950
1.10 . 0207 . 0351 .650 4 150
L1§ L0128 0288 . 518 2330
.20 . 0050 0218 .28 2. 560

28° AT 0.75 R.
v
- € C
=25 r P ] Ca
@10 0.1437 0.1513 0005 ° G. 146
.15 1413 L1473 144 .220
.20 L1303 . 1435 L4 .995
.23 159 . 1897 .27 .37
.80 1368 . 1359 . 447
3 1363 J1321 .361 . 525
.40 . 1870 1288 . .608
.45 L1350 L1252 . .682
.50 . 1865 L1435 .58 .758
.55 1322 JI42 . 835
.60 .12:8 L1238 610 Kt
.65 J1223 L1225 . 987
. 1163 L1210 .63 | Lo67
.5 . 1000 177 . 700 L 151
.80 .1023 1187 . L7
.85 - 0951 L1001 .TA2 1525
.90 . 0880 -1043 .80 1414
.95 . 0805 .00 . L&8
100 L0732 0942 . 1. 605
105 . 0659 . 0890 75 LR
110 L0588 |  .0e82 LT 1811
115 0511 0767 .7 1920
120 0435 . 0689 748 2.045
125 0829 . 0620 . 2180
130 0282 . 0538 . 2.330
135 L) .08 .61 2.515
140 0125 0380 . 2.720
145 . 0043 0269 .243 2.990




