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THE THEORY OF PROPELLERS. II-METHOD FOR CALCULATING THE AXIAL INTERFERENCE
VELOCITY

By THEODOEI+JTHEODOESEN

SUMMARY

A technical method is given for cukulutina the axi.a.?inter-
jertwce vekwity of a propiiler. - The m&d kvolveg the we of
certdn weightfu.nctiarwP, Q, and F. Numemk+?wuhLesfor
i%aweight junctwna are given jor two-blude, i%ree-bid, and
six-bladepropelkm.

INTRODUCTION

lt has formerly been the practice to use the G1auert-Lock
simplified assumption that the interference velocity is pro-
portional to the loading at the point considered. This
assumption is obviously inadequate since the interference
flow depends on the slope and curvature of the loading func-
tion as well as on the local magnitude. A method is
developed herein for calculating the axial interference flow
for any loading. The method is accurate to the fit order
and therefore gives the interference flow in ratio to the
loading for small loadings. It can be shown that this
accuracy is adequate for all technicid applications.

The present paper is the second in a series on the theory
of propellers. Part I deals with a method for obtaining the
circulation function for dual-rotating propellers (See
reference 1.)
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SYMBOLS

axial interference velocity at ZI [v.(zl)]
rearward displacbrnent veloci~ of helical vortex

surface (at infinity)
advance velocity of propeller
number of blades
order number of blade (Os ns p— 1)
angular velocity of propeller
circulation at radius x

(-+)
circulation coefficient to first order ~Trww

nondimensional radius in terms of tip radius
reference point at which interference velocity is

calculated
angular distance of vortex element from propeller
advance ratio (V/coR)
tip radius of propeller
function defined in equation (1)
function defined in equation (3)
used for PI(x) in tables and figures; ref era to other

blades (n#O)
used for Q1(z) in tablea and figures; refers to blade

it9elf (n=O)

()

~n=
phase angle of nth blade —

P

P1 ‘ehmgleat’@%)
WEIGHT FUNCTION P,(z)

It can be shown that the axial interference flow is given by

where the summation is over the number of blades O to
p– 1. The important function PI(z) is deiined as

J
m

P,(x) =
o d zkP+’’’-’+31+(al

where n=Oj 1, 2, . . . p— 1, the number of the particular
blade. The problem is thus essentially solved by giving the
function P,(z) for each point along the radhw

It is convenient to make P,(z) finite by subtracting a
quantity that is independent of z. The function PI(z) may
therefore be redefined as

J
.

P,(z) =
o [ 1( 31+(9CF+X,’-2IZ, Cos e+

(1)

It is noticed that, in the integral P, (z), the integrand changes
from + o to — o at Z=Z, for 0= O. This difEculty, which
occurs only for n’= O (that is, for the blade itself), is overcome
in the following manner: The expression

(2)

which is integrable and equal to

may be subtracted horn P1(z) to yield a finite and smooth
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integrand. Thusj by subtraction, a quantity

‘72%=E7F (3)

is obtained. Finally, for the blade itself (n =0),

P,(z) =Q,(z) +F
where

The integral Ql(z) is convenient for graphical integration anti
is, in fact, small in comparison with the function F.

No discontinuities arise in the P functions for the oth~
bladea (n# O). The P functions are therefore used directly
in the cdcnlation for the other blades. It should be notdd
that the functions P, Q, and F are all symmetrical in z

dd
xl. The use of the subscript, which has been used to in -
cate reference to the point xl, is therefore discontinued. %
the following discussion, the functions Q and .F refer to the
blade itself and P refers to the other blades.

Since the weight function is needed in the form z%, it ~

written as
dP dQ dF

‘h– ‘% ‘Zd;

It is to be noted that by far the largeat contribution com~
from the logarithmic function F since it really represents t~e
entire field in the neighborhood of the point considered. In
developed form,

dF
%Z’–

d ‘kA+%$T310g’z-’1’ ‘4)
NUMERICAL EVALUATION J& ~GHT FUNCTIONS Q, +’,

I
The weight functions Q, F, and P are shown in a series bf

tables and figures. The first step of integrating against @e

angle Ois omitted for simplicity.
The ~nctions ~Q and dF’

dx &
have been obtained by graphical diHerentiation of the Q
and P functions with actual calculation at the end points
z= O and 1 for accuracy. It should be noted that theke
functions and their derivatives are continuous and smooth.
The results are given in the following order:
(1) Table I and figure 1: Q against z (O= z= 1.00; O.IMM~

zl~ 1.00; k=~, 1, and 2), obtained from equation (~)

(2) Table II and figure 2: ~ against z (O~z~ 1.00;

dQ .
0.1564sz,S 1.00; X=$ 1, and 2), where ~ B ob-

COMMJ?M?EE FOR AERONAUTICS’

tained by graphical differentiation of Q except for

.=0 and 1, for which $$ is obtained analytically

(3) Table III and figure 3: –~ against z (0s zs 1.00;

0.1564S z,S 1.00; h=~J 1, and 2), obtained by

multiplying valuea in table II by —x

(4) Table IV: &Fagainstz (OSZS 1.00; OSZIS 1.00; l=;,

(5a)

(5b)

(6a)
(6b)
(7a)
(7b)
(8a)
(8b)
(9a)
(9b)

(lo)

(11)
(12)

(13)

(14)

(15)

(16)

1, and 2), obtained from equation (4)
Table V: P againstz for T=60° (OSZS 1.00; 0.1564S

Zls 1.00; A=~~ 1, and 2), obtained from equation (1)

Figure 4: P(z)–P(l) against z for 7=60° (0S ZS 1.00:

0.1564~z,S 1.00; k=~) 1, and 2)

Table VI: same as table V for T= 120°
Figure 5: same as figure 4 for T= 120°
Table VII: same as table V for 7= 180°
Figure 6: same as figure 4 for r= 180°
Table VIII: same as table V for r=240°
Fi

Y
e 7: same as figure 4 for r=240°

Ta le IX: same as table V for 7=300°
Figure 8: same as figure 4 for 7=300°

Table X: ~ against . for A=; (T=600, 120°, 180°,

240°, and 300°; z=O and 1.00; 0.1564SWS 1.00),
obtained analytically

Table ICC: same as “table X for ~= 1
Table XII: same as table X for A=2

Table X1l.1 and figure 9: –x ~ against z for A=;

(~=60°, 120°,180°,240°, and 300°; 0.1564s Z= 1.00;
0.1564S z,= 1.00), obtained by multiplying vahms in
table X by –z

Table XIV and figure 10: same as table XIII and
figure 9 for X=1

Table XV and figure 11: same as table XIII and figure
9 for ~=2

Table XVI and figure 12: ~–z ~ against x for three-

blade and six-blade propellers (~= 120° and 240° for
three-blade propeller; 7= 60°, 120°, 180°, 240°, and
300° for six-blade propeller; 0.1564 S z= 1.00;

OSZ,S 1.00; ~=~~ 1, and 2); it may be noted thmt

these values for two-blade propellers me given by
dP
— for T= 180° in tables XIII to XV and in

‘x dz
iigures 9 to 11

APPLICATION OF METHOD

Steps to obtain the induced velocity expressed M ~ are

a9 follows: 2

(1) Plot the quantity z $$ against the circulation coo5-

cient K and perform graphically the integration
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(2rL) Plot similarly the functions &~ against K and per-

1
form the integration

——

szd;dK

imm zdF~ becomes irdinite at z=zI, it is necessaxy to exclude

kgap from xI–~Ax to zl+~~ and to consider this gap

separately by use of a Taylor expansion.
1 (2b) The contribution from the gap AX becomes

‘=-’[z’K”+(’-iclO@l&l&
where

AZ=21Z-XII

b=ib=ti“
xl’

c=A2+z?=c0s2~1
~nd K’ and K“ are the derivntivea of K with respect to z.
, (3) Finally, there is rLcontribution from the other bladea.

This contribution is obtained by plotting x~ against K for

the other blades. Since the value

directly from the tables, this work
with a single graphical integration

JZ&ix

~–za~ can be taken

contains only one step

By addition of the results of steps (1) to (3), the total
interference veloci~ VI in the axial direction is obtained.
The relationship between the axial interference velocity fi at
the radius z, to the axial displacement velocity w of the
~ortex sheet may be seen from the sketch in figure 13. The
relation is

ol=& cd$bl

cr, conversely, the displacement velocity w of the vortex
ehect may be obtained from the calculated axial interference
~elocity al by the relation

1 VI
-w=—
2 Cosldl

WhiCII giveE the axial displacement velocity at the propeller
disk, I?or the case of the ideal loading this axial displace-
ment velocity must come out as a constant, thus permitting
a check on the weight functions. Cases of nonideal loading
am evidently of more practical concern. It is the purpose
of this paper to give a method for calculation of the tial
interferimce and displacement velocity for any (light)
loading,
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TABLE I.—FUNCTION Q AGAINST z
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–: w–.a%w
–. oeJ91
–. M-5m
–. 1(BI5
–. 11215
–. 11765

0.07351

-: %
–. mo44
–. 07w
–. mm
–. 1223
–. 140.W
–. lmm
-. NW

o.mo61
. 0167Q

–. 02257
–. mm
–. am3
–. 1!M!20
–. 14m4
–. lo7a3
–. 17761
-.18246

0.03m7 o.mfm
–. 01646 –. W07
-. m370 –. ma
–. la316 –. 11315
–. 14W –.lmm
–. loim –. rnol
–. IW7 –. m
–. 23762 –. 21m4
–. 21m4 –. !2zm3
–. fzmm –. m

X=1
I

a 1654
.m
.4640
.LW8

:E
.8910
.ml
.um

1.w

O.mm
.Cmal

:=
.m

:W
.mm
.M3m
.M3m

aos#J

.04323

.Cm35

. 0n54

.62318

.01727

.01236

. Olon

.01111

0. oi915 0.6s23
.a34m
.02244 :%
. Olcw –. 01419

–. mma –. ml13
–. 01301 –. 04733
–. 023m –. Wm
–. cmlm –. 0m41
–. 03352 –. 07376
–. C3425 –. 07401

o.cF-m5
. Olca

–. 01U9
–. a3715
–. 06761
–. 07660
–. mam
–. 10235
–. lm47
–. lcrxs

0.02954
–. Cm32
–. m213
–. 06701
–. mM5
-. lm30
–. 11704
–. 12M’
–. B361
–. lm74

k 02318
–. Olml
–. 04733
–. 07mo
–. lW
-. 12)49
–. B769
–. M2.W
–. Iem2
–. 16140

0.01727 a01236
–. 02330 –. Oalw
–. Wm –. m941
–. Qxb53 –. lW
–. 11704 –. 1M37
–. 16768 –. 16259
–. 156M –. Iwo
–. lm –. 18140
–. lmm –. 1’2344
–. Im26 –. 1’JW

0.01021
–. cmm
–. 07376
–. 1U347
–. 13%31
–. leo12
–. 17’8s
–. 16344
–. ‘mio7
–. W%6

0.01111
–. m425
–. 07401
–. Im
–. lm74
–. 16143
–. lmm
–. IQwo
–. mlm
–. m486

——
I

0. lm4
.mm
.4540
.6W8

:E
. E910

:&
L w

0.027W
.0n04
.02794
.027u4

:W
.02794
.027’ai
.027u4
.02764

0.02524

:R%.014!23
. Olm
.m762
.mml
. ml
.W
. W1O

a.

–: k%a–.W324
–. 0112s
–. olm6
–. 01970
–. 0m72
–. 0aM4

: y&

–. mm
–. 01432
–. 0z446
–.@Ml
–. ow12
–. 04w
–. 6!220
-.04261

a 01426
–. m
–. 01432
–. 027m
–. m-786
–. omo
–. O&?3J
–. Ossw
–. m
–. 06146

0. Olm
–. m
–. 02Mo
–. 037m
~.

–. 0E31b
–. 07407
–. 07713
–. 076m

am
–. Ohm
–. 0m41
–. 6mM
–. 0m64
–. 07m4
–. 6s346
–. ml
–. w
–.091va

o.0os21
–. olm6
–. w
–. Omm
–. om15
–. w
–. 69277
–. 103I9
–. 10Z34
–. 10437

0. m301 O.mw
–. 01870 –. 0m72
–. w –. 0i210
–. Wm7 –. ml
–. 07407 –. 07n3
–. m –. w
–.1W19 –. 10234
–. lm –. 112LI
–. 11211 –. 11s92
–. 113M –. Ilm

a W310
–. 0m34
–. CM251
–. 06145
–. 07820
–. crmw
–. 10437
–. 11318
–. llm
–. Um

I

TABLE 11.-FUNCTION ~ AGAINST z

0.9 L o\lz o I 0.1 I 0.2

I

0.3
rl

I

0.4 I 0..5I 0.6

I
0.7 I 0.8

+

0:#&

.4540

.m78

.7371

.m’m

.8910

.9511

.9577
1.W

o.m

-: w
–. 16149
–. Msm
–. 4m.m
–. Ew?3
-. mw
-.60231
-. n7f4

0.0175
–. 03’m
-.0976
–. lm6
–. 2548
–. 3255
–. w
–.46XI
–. 61cEl
–. 5240

-o.Olm -o.Mm
–.0672 –.1026
–. 13m –. lW
–. m –. 21m
–. 2bm –. 26M
–. !Rm –. 22’40
–. 3352 –. 3140
–. 3744 –. 3375
–. 4640 –. 3525
–. 41U –. 3m3

-a mm
–. 2181
–. %44
–. m
–. ‘2s31
–. 2962
–. m
–. 31al
–. 31&5
–. 3Z0

-_: g
–. m
–. 27m
–. !m75
–. mal

:%%J

–.3293

-o. lm74
–. !H2s
–. 25694
–. 2@22
–. 27042
–. 2s49
–. 31310
–. wm
–. 331m
–. mm

x=]

1 1 1 I I 1 I 1 I
D.lm4
.axm
.4540
.&m
.7071
.EmQ
. Wmo
.9511
.m77

L m

-a 046W
–. aaw
-.14818
-.19684
–. mm
–. WIM
~~

–. 39WI
–. 396s3

-CL 0475
–. Mxl
–. mm
-. 1M3
–. !U.5
–. mm
–. !235s
-.8167
~.

-a0480
–. Cm2
–. Kw
–. lm
-. 21m
–. mo
–. m
–. mm
–. 3010
–. ‘m25

-o. C&xl
-. mm
–. 1’?50
–. lea
–. 2mo
–. 2270
–. m
–. 2748
–. 2322
-. 23s7

-_: M.&l

–. 1370
-.1670
–. Mm
–. 2NM3
–. 2450
–. m
–. X&3
–. m

–_:$.&

–. 1375
–. 1676
–. ma
–. n40
–. 23m
–. m
–. 2676
;. mm

-am
–. mm
–. 14m
–. lW
–. mm
–. 211M
–. 2zm
–. 2416
–. 24m
–. 2bm

-o. M75
–. 1014
–. 142a
–. m2
–. 1940
–. mm
–. m
–. m
–. 2420
–. m

-am
–. lm
–. 1465
–. 1740
–. lwo
–. m
–. !2m)
–. mm
–. m
–. 2410

-am
–. mm
–. 10KI
–. 1770
–. lmo
–. nm
–. m
–. 2370
~. ~

-am727
–. 116s3
–. lW
—. 1X118
–. raw
–. n4n
–. Z@m
~.

–. 248m
I I

A=2

a MM
.3cEm
.4mo
.mm
.70n
.Em3
.8910
.ml
.M77

LW

-a Omm
–. 04857
-. 07m
-. ctuw
-. 11M5
-. 131&5
–. 14748
-. lm74
-. W34
-.16767

-aE96
–. 0492
–. ml
–. Wm
-.1114
-. l’ml
–. 14m
–. Mm
–. lm
-.1616

-a CQ34 -a 0231
–. 04w -. m
–. 07m -.0725
-. cm37 –. m40
–. llm –. mm
–. I!m9 –. 1243
-. 14!m –. 13$7
–. 1534 -. Mm
–. lml -. Mm
–. L5il –. 1s33

-am
–. 05xl
–. 07m
–. m40
–. MM
-. mm
–. la-m
–. 14m
–. Iml
–.1610

-am -CLEW
-. owl –. am
-. Om –. 07m
-. mm –. @m
–. lam –. loi%
–. lm –. llm
–. 1327 -. lWI
–. 1464 –. 142JI
-. 147a –. 1456
–. 14!% –. 14m

-aOml -a0276
–. 04m –. 6WI
–. Om –. 0725
–. C@31 –. @no
–. 1078 –. 1078
–. 1178 –. 117Q
–. 12sl -. 12M
–. 1410 -. MM
–. 1434 –. 14!20
–. 1440 –. 1423

-a m
–.ow

. –. on5
–. Q&w
–. 1078
–. 1167
–. 1266
–. 13m
–. 1416
–. 14m

-o. ml
–. 0W12
–. 07m8
–. mno
–. lcwo
–. 1171M
–. lzim
–. 14034
–. 14240
–. 14s43

I
—’
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TABLE IL—FUNCTION ‘~ AGAINST -CONCLUD~

\lz o I 0.LM4
z,

0.3wo

I
0.4540I O.bm I 0.7071

I
OSQN

I
Omlo

I
0.9511

I
Ossm

I
l.(b)

-0.1475 -a lMO
–. 2130 –. m
–. 2470 –. 2651
–. m –. .25’40
–. ‘wo –. 2ss0
–. 2925 –. 2935
–. m –. 3025
–. m –. i?lw
–. 3KM –. 3185
–. 3176 –. m

-0.1595 -_: ~
–. 2240
–. 2S76 -. X.M
–. 2735 –. mm
-. MS -. 27EJI
–. Z915 –. m
–. mlo –. 8115
–. m –. 3223
-. 32W –. ml
–. 3325 –. W-50

–o.a501 –a m
–. lm –. lEW
–. 1.s95 –. .fmJ
–. 2170 –. %70
–. 2540 –. 2330
–. 2724 –. !3?al
–. am –. XrN
–. 33M –. 2USS
–. 3495 –. 31m
–. m –. ?a40

–o. 1315
–. 1980
–. 2330
-..2545
–. 27fo
–. 2s30
–. !zw
–. W
–. 31m
–. 31m

-o. MM
–. 2220
–. 2580
–. 2760
–. m
–. 2065
–. m
–. 3166
–. 3240
–. 3230

-_y8&

–. 26584
-. m
~. ~;

-.31319
–. 324m
–. 231m
-. 2a3al

o.W4
.m
. 41no
.W8
.7071
.80M
. Ss’lo
. Wll
.S&il’

LIXI
1

x=1
I
I

I
-o.Oom
–. 1123
–. 1522
–. 1776
–. 1W9
–. 2L20
~: ~

–. 2446
-.2465

-o. Owa
-.1149
-.1530
–. 17’M
–. 1952
–. 2132
–. 2275
–. Mm
–. M05
–. mm

o.IW4
.m
.4540
.5878

:%
.8910
.9611
.%77

LW

-_a~n

–. MS
–. 1748
–. Zlm
–. 2475
–.Z05
–. mm
–. 3123
–. 8136

-0.0K16
–. 0922
–. 1361
–. 1078
–. m
–. m
–. 2660
–. m
–.mo.
–. m

-y.
–. m
–. 1673
–. 1’372
–. ‘am
–. 2396
–. ZYm
–. m2s
–. 2645

-a 05m -a a575
–. 0978 –. mm
–. 13W –. 1430
–. Km –. 1718
–. M&l –. 1940
–. 2110 –. 2as3
–. m –. 2Z?5
–. X23 –. x
–. X95 –. 2418
–. 2518 –. 2430

-a 0+25
–. 1M5
–. 14s3
-. 17a5
–. lW
–. m
–. m
–. 2W6
–. 2412
–. 2428

-o. 0w27
–. llbw
-.16343
-.17918
–. 105%2
-.21471
-. Z?iam
–. 242m
-. 24m
-. 248m

k=2

I
-u 0267 –o.02e4
–. 0478 –. 0472
–.0711 -. 07a3
–. aJz3 -. W27
–. lam -. law
–. Iles -.1170
~ ;~ –. 1270

–. 14W
-.1419 –. 1422
–. 1424 -.1429

-aa –a OZw
–.Mm

-. m –. 0718
–. Cram’a –. m
–. llms –. Ilm
-.13155 –. 123’9
–. 14748 –. lW
–. lm74 –. 1546
-. IE554 –. 1678
–. 16767 –. lbm

-am -aOia5
–.am –. Cxo
–. 0730 –. 0720
–. Ua40 –. Cw7
–. mu –. 1078
–. MO –. 11s7
–.’1340 –. Im4
–. 1407 –. 1432
–. 14m –. 1469
–. 1487 –. 1453

–a m -0.0273
–. 0423 –. 04w
–. 0730 –. Om
–. ml –. m
–. 1078 –. 1078
–. lln –. 1109
–. H40 –. KTa
–. 14MI –. 13Q3
–. 1423 –. 1423
–. 1429 –. 1423

-a 0270
–. 048s
–. 0718
–. W29
–. 1078
–. 1107
–. 1%
-. Mm
–. 1416
–. Im

-0, m-41
-.04712
-. 070b9
–. 0a270
-. law
–. 117MI
–. 1270.5
–. 14a34
–. 14240
-. 143m

II=

.U40
4s#

.m

.S310

. !?511

.9s77
L@

-a 0291
–. m
–. m
–. cwo
–. mm
–. 1241
–. 13%
–. lm
–. 1’5Z3
–. lrw

TABLE 111.—FUNCTION –z% AGAINST x

o 0.1 0.2 0.3 0.4 &5 0.6 0.7 0.8 0. ‘a 1.0
m

A=+

O.w o -o. al175 O.m
.2JWI

o. Oluo am am o. cwio o. lozm
o .W3al .01344

a 12160
.03076 .Csa4 . IB740

0.14112 0.15474
.11934 .14840

.4540
.17472

0 . W97b
. lima .22254

.04944 .077M . Icwo .14040 .17136
.m

.23m2 .2M84
o . 01EZ6 :KiM . Cm34w .12125 .16192 . M&6 :%

.m o .0a348
.24760 .m922

.06101 .07044 :% . lm .10612 . law
.mm o

.23040 . 2%875 .27042
.mU5 .057@l .- . lm . 137&l . 170io .m405 . ZM16 .26bm .23349

.8810 0 .W .Wm4 .W4al . 12@3 . 14W3 .17712 . W6

. !3s11
.24100 .27612 .31319

0 . .046m . Owa .10126 .12340 . 162&l . 181m
.W7

. 214m .24&m .Z?A40 .32403
0 . amm .W2so .10575 . law . 157KI . lwxl

LUI o
.21946 .26320 .2%232 . S21m

. a5240 .mza .10770 . Im . 15M0 . lam .22120 .25700 . 2M1O .3WW

X=l

c1W3i o 0. O(M75 am
.Wm o

a omm acraxa aow acmm aow a 04EZM O.awo am
.Cmm .MEW .02760 .03720

.4&40
.04776 .Owo .070u8 .Wol

o
. W310 . 115s3

. o13m .040m . 034m . wa75 .Im4m :%
:% .W40

. 117ZY3
.iw’s o

. lm .15343
. Olsm . IB376 . 10HO . lwm

.70n o
.1- .17918

.a22e.5 .W240 .c$aw := . Ilm . 135SI .164M .17424 . 1W2
.81M o .cQom .04792 . cwlo :%?% . 1’W8 .14630 .lWO . 18W3 . z4n
; g: o .0206s .0s424 . 07esl .m . llm . lwm .15576 . 176m .ZUu5

o . mw .0E340 .W .10480 .12540 . 144E4 . IOW3 . lsms
.m o

. 21m
.U32i@

:Hil
.m .WM . lm .12$75 . 14,%0 .16940

Lm o
. lm’a) . Z27W . 247W

.amza .ckm.m .U3511 . lm .m . Im . 17W3 . 16ZW .21915 .24W

A=2

a 1W4 o am29s amsa scum a om 0.01440 a om
.X@o

a 01033 O.azm o.024m aowl
o .Cm2s .Olml .Oam .02m .azm .03480

.4640 0 :%%
.04m

.01440
.04712

. ~76 .0z5m .cmm .M11O :% := .07u69
o .ar)xl .01874 .Oiaal .cmeo .0wJ6 %% . @3517 .07440

:%? o .01114 .H . CQm := .W4es
.- 0

. 07M6 .Ea24 .0a702 :%
. OU91 .m5s8 m37& :%% .071za

.&Jlo o
.@z46 .m3PJ1 . lom3 . 117W

. 014M .0zs40 .0-5424 .M5s6 .078m .Uw37 .1010
.9611

.11394
0 . 015E0

. l!ZW
.030?a

.!X77
.a?%m .07’m .W@o .axm

o :& .c#li .073m .U372J3
. llh?a .12610 . 14(U4

. Olm . 03m . lcms
LDI o

.11380 . mu .14240
.01616 . a9142 .04014 .c@340 .07430 .m . lW .11424 .lzEJ1 . 143Z3
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TABLE I.H.-FUNCTION —z$$ AGAINST fiCONCLUDED

am 0.4640 0.6476 o.7on O.sc?m o. Ezalo
m

a 9611 am L~

k=+

a IM4 o
.3W0 o

a ~: a 01648 0.04404 0.07730 :;% a 12468
. Q3275 ;=

a 13344
. lmll

a 16170
. 177R9

0.16803
. Kma

o. 1M74

.4640 0 . Olm . a5146 . 13@M .17406 .m3313 .Zzm
. mb :%

.m7’8 o . a3019 .0!3706
:% .!25336

.m o
. mmo . 140s3 .IEa44 . z316-7 .245)2

.07249 .11040
. 2M13 .223zl

..m’o o :U%
.16164 .Zas3 .!BX9

. ccM61 :%
. ZmTLl .Z7’a!a :% .27642

. IIK36 .!am’m .m .m .27?25 .2@4g .-
.8910 0 .06691 :%
.0611 0 . 0!?s19

.17340 .21072 .34472 .27m5 .!i9679 .W
. 14X8 .17761

.31319

.Q!377 o . m13 . mm
. am .23379 . mill .33436 .31962 .324m

1.00 0
. 144E3

.07ua3
. Isza . .2Z1E13

. llUI
.25707 . 31r% .32@M

:%%?
. 831W

.14710. .18616 .22460 .26131 .31024 .3X%9 .3%W

o.lm4
.3MI
.4640
.ss78
.ml
.Cml
..9210
.am
.cml

Lm

A= 1

a am3
.06749
. a3a7

: R%
.lMm
. M431
. 14X2
. Iwa
. I@

clo4w
. ml
.10112
.11148
.13718
. 147V4
.16733
. mm
. lm
.17226

am
.04!4%9
.Cn233
.076s2
.m963
:%

.11623

.11917

.lmB

a0WJ3
.0ZS49
. 0U75
. C5Nu

:&%

:%
.Q3Wa
.Cfiiml

o
0
0
0
0
0

:
0
0

a00740
.Olm
.02140
.0m4

:=
.Qm7
.04723
.045zu
. 04’K13

cLM#

. 11s70

. 14Q33

.16001

.16327

. 177s3

. 1SE2M

. KES6

. 1M87

aom
.W5i’
. lm47
. 167X!
. 17’2M
. 1SEZ39
. lm
; gg

. mm

a ymi

.14476

. Uxz3!J

.18E37

. mm

. ‘am

.22s33

.%254

. B445

a=

.16112

. Imo

. mall

. alw

.22470

.Zxul

.24347

.244M

am
.llm
.Lma
.17918
.19593
. a1471
.ZaY1
.242%3
. 247m
.24W3

A=2

, ,
aw2&

. 0s?49

.07624

:%%
. mm
. 112!M
. 114s
. 116s3

acwm
.04?J34
.m
.c@i7

:%%
. llmo
.123e3
. la317
.12a68

o.IEU.4

:g

.7071

.Lml

. S910

.9611

.%77
L@)

o

:
0
0
0
0
0
0
0

a IXUOI
.M777
.01U3
.01469
.01733
.m
.0za40
.oa4L9
.W
.9248J

a=

.02243

:8%5
.03%36
.04277
.0459)
.04722
.04740

a 01317
.02770
. cm14
.04ma
.04033
. W93
.IMcr34
.033s3
.m
.m7Q3

a 01076

:Hi%
.m
.m

:%%
. m417
.m
.m

a OIE&

.05163

.WEa

:=
. Um51
.Qm3
.10133
.10176

a-
:%
.@&t!
.10273
.ulcr3
.m
.13249
. M4%
.13644

am
.Mea3
.OeAW
.091&3
.1B37
.HbM
.LM44
.-
.14046
.14114

acriw
.04m

:%%
.lam
.117MI
.127a6
. 14U34
.14240
. 142al

TABLE IV.—FUNCTION & AGAINST z

#

rl
am am O.mm 0.8910 O.elill 0s377 1.W

–L W
–L !M170
–L S#XH
–3. 41046

–L m
–L 18521
–L 46440
–2 Iwo
+. m919

L*&

ill%
1. a536s
L IXIZ31

–1. m
–L W
–L M&%
–L C4!2M
–2 43710
–4 81041

4+&
246406
L E&AM
1.76072

0
.1604
.m
.4640
.6s78
.7V71
.Wal
.8910
.9611
.Lm77

LIYI

–1. al –L Cd
*- –L ~
.7s$s
. 34M9 F4mml
. am
. Im :%
. 13EIM .31447
.= . a3s41
.121s9 .24613
. lal17 .23403
.11974 . .’m)74

–L m
–1. 46469
-a. m

L*i%7’1
. sum
.6177’9
.4.!SU9
. 41W1
.2s679
.=

–L IM
–L01614
–L lW
–L 41E21
–L S9SW
–!2 H
–6. Ssam

&*&
&w697
3.42126

–L W
–. ffl167

–1. a3639
–L =1
–L 64572
–2 .m384
–3. 67J16
–a on31

–L m
–. 9olR7

–L 0i803
–L 222%3
–l. &am
–2 04746
-3. olE34
–6. m206

–U 97116

–Lm
–. w

–L Q3618
–L Z07E@
–L4QKM
–L97076
–2861a6
-4.6cQKl
–9. 874s9

–37. 327Q7
.

0
0
0
0
0

:
0
0
0

1L*3;4Q6
am iRou3

I I

–1. al
–L l?ZUU
–L34641
–L &SitM
–2 .24aM
-3.23236
–6. 3m61

–12 11761
.

la as469
13.39780

–1. m
–1. 11731
–1. 31349
–1. 61849
–20%%6
–2 m145
-4.4ota9
–7. 84s34

–19. 9-

–L w
–L llm
–1.2#33
–L B3724
–2 05346
–2m771
-4. 167%s
–7. Omfa

–l& 16694
–68. 44076

0
.1M4
.m
.4640
.m
.m
.Som
.W1O
.ml
.W7

1.m

-L @l
m

. 96ma

.m

.31308

.24131

:H%
.16974
. mm
. 161n

–l. cd
–2 m

1.&
.9z02a

:!%%
. 424!3
. 37%83
.3+W6
.36272

–1. 00
–L 6121i2
–3 w

m

–1. m
–1. Wi7’9
–202@s
-4.09131

–l. W
–L 16399
–L 407Y8
–1. mol
–2 mm
-4.05123
–a e@48

10. &
& 32119
6. fa!64

o
0

8
0
0
0
0
0
0

2 Wl
L41MI
.97474
. 77m3
.67618
.0zco6
. 01U3

3.IiTmo
L U3746
L 40438
L 18R9
L m
L m149 W.%W3

A=2

1 ——
–L m
–L 17919
–1. M
–L8#36
–251a33
–3. 7cc40

–-4 w

o

:%
.4640
.m
.7071
.eml
. E31O
,9611
.E$J77

Lm

o
0
0

:
0
0
0
0
0

-L @l
-L6211M ‘
-3. lm

–LOO
–L3M49
–2 06916
-4.3141

–L 03
–L 19743
-L 497ES
–L 97tt16
-2 m
-461041

–la 17771

–L M
~~ ;%

–L 78401
–22s2s3
–3. 3?.4M
–h 17095
–9. 438as

–34 M7’97

–L W
–L 1~
–L 40710
–L 764S3
–2318z3
–a 23223
-4 ‘a194
–a 47m7

–1& 04169
–72 19n3

.

3.&
L07073
1, LSi24
.m
.s6s
.77M4
. 7W6

4.6%
Z43042
L 7hSl13
L 46736
L 81%!9
L2WKl

m
13.24396
8. 161?JI
7. m

23.;1s7
17.mm n %04
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TABLE V.—FUN CTIOA- P AGAINST z FOR T= 60°

ADVISORY

TABLE VII.—FUNCTION P AGAINST z FOR r- lSOO

z o 0.1’$34 O.aow o. m O.seal 0.9611 IOm
s,

k.+

‘\\z o 0. It& CLwm abs?s O.sml a am LW
h

a 4113
.Ssm
.22S0
.1146
.0446
.0213

0. IW4
.mxl
.Em8
.a?m
.9.511

1.w

11s18
L 4n3
.8Z9
. s124
.3s22
.-

L m
I.lSE.O
. noo
.4W3
.32iu
.27M

L LBO
.E3m
.m
.&am
.2753
.m

a &lc&

:%%
. lna
. 13?8

0.4653
:g

. mm

.cmo

.cwl

o. 32m 0.2786
.2763
. 173Q :%
.UBo .cml
. 04m .02m
.02m o

cl 1M4
.m
.E$i78
.Eaal
.9s11

L@

O.tew
. 4L133
.3280
.1940
.1146
.a?a

O.&m
.a-io
. 18M
.Cm3
. cQ13

o

a-l

1.m o.m34
1.3124 .m
.Sa37 .EKa
.m . 3m
.m .256’7
.2203 .2134

am a3734
.3W yg
.2&87
.1307 . lmo
.M417 .0m7
.Ccm o

f 813!3 am o. 41@l o. 3a34
.4534 .23iK1

.43$7 .2s34 .Za34 :?%

.!a34 . IE34 . lml .W

.2Z34 . llW ,.0433 .Oaxl

.1707 .C@34 .am o

a Im
.m
.m
.aral
.8511

LIX

224m
L Im.35
.S2ia
.m
.442d
.3624

2crml
L m
.=
.S7co
.42QI
.3734

CLmm

:%%
. 24m
.12$7
. 10M

A=2 Am2

21727 Zm 1. .5am am 0.= a3697 0.3133
L 4S23 L5201 1.2e87 .m
.84m3 .&m

. 4m .2S67 .2%7
.m .5S07 .3007 .m .im7

.529s .5533 . 4W .Mo7 . 2m .1467 . 1M7

.3078 := .2387 := .1407 .0267

.3177 .2&37 .1007 :%$’ o

:. 1.7= L m a84m acaa a 4m3 o. m
1. m .’XG3 .W . 46cm .3400

LIR21 .S4co .0633 . 421M .27Z3 , lWO %%’
.7023 .Ea33 .4mI .2733 . 10M . mm .07m
. all . 4EB . 34M . l%M . lm .0i03 .02xl
. ml .am .3M0 . Mm .0733 .m o

a IM4
.30W
.Ss7a
..mxl
.alll

LCO.1

0.1604
.m
.6%%
.m
. 9s11

1.m

TABLE VIII.—FUNCTIO~ P AGAINST x FOR r= 240°TABLE VI.—FUNCTION P AGAINST z FOR .= 120° :

A- 4
1.1153 am
.’mm . Mm
.E4J53 .40M
.2253 .2413
. l!m .1220
.0720 .0773 Io. Eam o. la O.owo

:% . law .0720
. lza .0773

.1s73 .0787 . Mm
:% .mal .Ol!m

.0120 0

1,
a K84 22s2s 1. @’i93 1.m afm &m a3%o a 3647
.3cm 1.m L 23E3 ;= .e45u ;=
.m

. mm . Z313
.Scm .4233

:%’! .S377 .4KCI .2777
. l= . 1G40

.amo . 10Q3 .Ua77 .0777

.9511 .482B .3%m ;&m
1.co

. lm .Wa77 .O?m .0107
.4333 . W47 .1540 .m .0107 0

a IFJ34
.XKm
.4%78
.ezrm
. 9s11

L@)

1. 47m
HE 1. 11s3
.bE&! .&m
.2391 ;=

:%! .c@I

A-1 h= 1

am
.3534
.m
.WW
.am

0 T
am o:~
.3WI
.2m7 . IW
.1M7 .mm
;= .0433

.02m

amm a 37im
.4707 .3200
.34s3 .m
.2107 .1237
. 12%7 .0607
.m .0207

202%
L34E2
.?’on
.3372
.!2Z8
. 17s7

o. 1s33
.1707
.1237
.W
.Oam

o

0.3107
.2707
. law
.0m3
.0337

0

a MM
.m
.bm
.S3w
.9.511

I.CU

24103 ~~
1.73s5
L- .Kk37
; T*Q .&m

.61m
.E@4 .m

24794 L=
L% L 51?3
L lb5S L 0a37
.&w .7267
.6746 .bsxl
.6244 .W37

LWXI atom am a 61W
L llUI . 7m7 .m .4134
.7667 .4907 .3434 .2s34
.S3mI .3434 .mv . lam
.4134 .2E34 . lam .0B4
.3F34 .2M7 .Cm4 .03m

LW07
1. Km
.0707
.&m?
.241N
. 1s33

1. la 0.0707
.%33 .M23
.6s53 . 4M7
.W
.2234 :%i
.1707 . rim

id

L 5133 L0207
L2#l .E#3
.m ;g
.0037
.4&34 .2W7
. 4m .Zml

am am
em-7 .434
.3W4 .!M7
.2334 . 1L?2.4
.1234 .am
. Im .0m7

21927 1.7033
L 5118 1. m
.E$Sa .8107
. 549s .m

.3701
:E .3107

1.3033 a 8107
1. 0%37
.m :Hi
.4707 .3433
.m :=
.2707

am
.4m
.Zam
. lm I
.0i87

o

Q..

.m

.80M

.9.511
1.m
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TABLE 1X.—FUNCTION P AGAINST z FOR .=300° TABLE XL–FUNCTION # AGAINST Y- FOR x=1

\ o
n \:

\

(d:@ ~
m lEO 240 2m

n

O.llm om 0.ss78 o-mm O.wll 1.00

h-+
z-o

T
-8.mo7 –10. 333s
–L 9333 –3. 4m7
. ------- --------
–. m67 -1. lm

-------- --------
–. mm -. 7Ka

-------- --------
–. Mm –. 6axl

-------- --------
–. 6mI -. 4ml

-a gmJ -_a 27&

.02?3
:% .mm
.m .0406
. 01Z3 .Wi9 nhm57

.7067
--------

. X32
--------
–. @a

--------
–. 1403

--------
–. lm7

O.wm
LObM
.46m

-: %!
-.2434

-a 34m
-.2434
-.0634

. Ola

.mm
o

L 4E?3
.04m
. Slco

–. 0m3
–, m34
–. Mm

a ~m

.44m

.Z33

–:%!

–&mm
-. 7m7

--------
–. as

--------
.0s23

--------
. 14m

--------
. lW

&w
LE633

--------
.9M7

--------
.W3

--------
.6400

--------
.mm

X=1

cLe& 0. %33
. 41m

. 41m .m

.6333 . 1s33
-. Iem .0167
-. 21= –. m67

4, Ok& -0.!HQI
–. mm

. lm .0107
, mm .Oml

.M47
.:E .Oam

-o. Sm
-.’a?a
-. mm

.mo7

.Cml
o

0. 1s04
,W
. tan
;=

L m

r- Lm

-_: ‘at& -o. am
–. mn

--..---- --------
–. 8K3 –. a%7’

--..---- --------
–. w –. 51131

. ------- --------
–. 5%7 –. s

----..-- --------
–. m –. 4467

-0.8403
-.7600

--------
–. S707

--------
-. 4@m

--------
-.4m

--------
-. m

-o. W
–. m

--------
–. mm

--------
–.4s33

--------
–. 4023

--------
–. 3833

–L am
–L 0783
--------
–. 9633

--------
–. 6407

--------
–. w

--------
–. m

I I I I [ I I
A-2

a lmi L m LiBIM L axm ag ag -0: OK& -a mm
L m :%

:%% :%% .M34
.0234

. 6m4 .m . 14s4
.Sm3 .Za4 .X02 .1434 .0997 %3
.9511 ~; $ –:% :~ .1434 ,0s%7 .0477

L (m
.02m

–. cdm .a!m .6$?4 .OaN o

TABLE XII.-FUNCTION ~ AGAINST T FOR x=2

TABLE X.—FUNOTION +P AGAINST r FOR A=+

\

(d:@ ~
m 1s3 240 ml

:1 I z-o I

S=O

T
–s. m -(L am
–L X87 -L W29
-------- --------
–L0267 -. m
-------- --------
-. 72s -. m

. . . ----- . . . ----
-.6723 -. mm

-------- --------
-. Mm -. moo

o. 1M4
.m
.4640

$%’
.mm
.Ewo
. all
.W77

Lm

11.832S
2Eam

. . ------
.F#2

. . ------
.2636

--------
.m

--------
. lmo

–a 833 –16. w
-2 4m –& 6s437

-------- --------
-. m –L ~

------ -- --------
–. w -. 7m7

-------- --------
–. m -. cm’s

-------- --------
–. 6407 -. m

z-1.m

–11. m
–2 Eml
--------
–. m

. ------
-.2633

--------
-. mm

--------
–. lm)

am
24m

--------
.!E33

. . . -----
. @m

--------
.s857

--------
.5407

a LM4
.mm
.4640
.6s78
.?lnl
.EmK1
. .W1O
.9s11
.8377

L w

22337
.Z2i7

. . . . . . . .
-. 41s2
. . . . . . . .
-. m
--------
-,2417
. . . . . ..-
-. %ml

–2 X87
–. X87

--------
.4133

--------
.Sm

--- —.- -
. &I17

-.---.--
.m

2.3s23
L W97

--------
L0267

--------
.7332

. . ------
.6739

. . .. ----
. Mm

I

a 1s04
.E@3
.4540
.5s76
. ml
.mm
. S910
. !2511
.Wn

L m

-a 972s
–L 0.s?3
--------
–. 5467

--------
–. m

--------
–. Oml

--------
–. mm

-0.9397
-. 76m

--------
-. mm

--------
–. mm

--------
–. m

--------
-.4837

-am
–. 04m

--------
–. m

--------
-. m

--------
–. 4W

--------
-. mm

-0.7407
–. m

--------
–. m

--------
–. 4m7

--------
–. Wxl

--------
–. 3403

-a m
–. S4m

--------
-. m

.— -----
–. M67

--------
-.4267

--------
–. m

-a 9247
-. S767

-. . . . . . .
-. 7am

--------
-. mm

--------
-. m

-- . . . . . .
-.4767

-o. ems
-.7467

--------
-. m

--------
-. 47m

--------
-. 411m

. . . . ----
–. SW

a IW
.2JMI
. 4mo
.&n
,7071
.mm
, Wo
.0511
,m77

L w

-am
-. ma

--------
–. 61=

. . ------
–. m

--------
-. m

--------
–. 2893

–L 0133
–. ‘Jw7

--------
-. mm

--------
-. mm

--------
–. 47m

--------
–. 4233

-L IW
-L 340
--------
–L 41%
.. -- . . . .
–L 1587
-------
–. 67m

. -------
–. 42$9
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TABLE mII.-FUNCTION –&p AGAINST Z FOR A=+

COM~ FOR AERONAUTICS

TABLE XIV.-FUNCTION –&p AGAINST Z FOR k= 1

T‘>< aM44 as-f?m 0.637$ am 0.9511 Llm

\
z O.w a3m O.wa O.mm Owl

n

7- eo”

——
0.9247

:%%
.M.m
.M33
.4767

am
. mo
.ms
.632
.44s
. U7

0.1604 0. 4m
.m .134
.M78 .Om
.Eaa3 .ma
.9611 .066

L(D .M9

&w

:%
. n?
. 10s
.m

1. Om

:%’
.34a
.293
.270

am
.918
.77s
.@
. 4al
.427

0.904 0: yg
. ‘MO
.811 .8123
.mo .Oom
.670 . bm7
.bm .SEm

.-W

I
T.lay

Tam m&
.316
.102 .Zm
.117 .m
.am . 1s4
.075 .141

:%
.Ea4
.463
. ml
.376

—.
0.3033
.7467
.ESm

.:%

.3M7

—.
o. m

:x%.mm
. 40?S
.4407

: .5& a ill

.107 %’

.134 .22S

. lW .191

. VJ6 . lm

0.817

%
.376
.?30
.aw

o. w
.m
.610
.E411

alE&

.Ss-?a

.W90

.mll
Lm

0.7%5
.Om
.411
.3U
.mo
. a49

CM&

.ms

.4M

.342

.3M

o. 1M4

:%$’
.mm
.9611

Lm
.4M
.440

1

r- IMPr.lMO

:lf& o. m :4% 0.770
.307

0.814 0. m4 0: ~o

.m
.= . no6

.102
. 74s

.ZH .419 .610
.Eaxl .110

.m .677
.191 .319

. mll
.403 . 44W

.M7
. 4im

.16’3
L m

.2706 .3m :%
.U3J

.410
.147 .Zm6 .3M .mo

:IE.& :g 0.079 cL7& 0.823 am

.m .Us
.M3 . 7s2

:X7
.mm

.344 .4s4 .m
.149 .273

.9611
.377

$% .100 .ms
L@) .041

.224 :Z
.101 .Is4 .am .334

U?&

. 61E3

.4307

.40M

.3m

r-w T-24(P

a m4 a397 aam aw
.147 .431

%J’ .091 :Z
–: E .025 . l.m

. ml –. OIE .Om
Lm -.014 –: E .041

a m4 a442 a733 am o.m? 0.w amm

:%%’ :% :%’ :4% :E %%’
.Ema3 .@z . @s

:%%
.2m .379 .460

. ml .ma
.4933

.052 . la3 . a74
Lm

.304 .4m3
-w .@ .134 .!236 .324 .3F33

am LWhl L 01?3

:% :Ki :=
.4m .ms .mm
.Zm .4016 . 47?3
.104 .333 .4B3

r4JxF’

a w34
.?#a)
.6373
.Eaa)
.9311

Lm

aoam
–. am
-. m74
–. m
–. 1175
–. w

afon
.3380

—.1391
–. w
–. X48
–. 2342

L E31 L 216 L21KI
LOD3 L3ZZI L&l)

L021 L3M
-: %% .m
–. 2$S3 –:% .40s
–. 3246 –. Qo7 .234

L~
L34M
L 4123
L IM7
.67M
.4M3

am
–. ml
–. 175
–. m
-. lce
–. lW

0..

–. 2s9
–. 244
–. 233
–. 214

1. MM
1. m
.616

–. m6
-.330
–. m

1. 10S3
L!U24
.ms
.314

–. m7
–. Ma

1. m
1.1240
1. m
.M37
.216
. Isa

i %
,Qm
.0407
.m
.Tm
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TABLE XV.—FUNOTION —zdZp A&LIlW3T z FOR ?.=2 TABLE XVL—VALUE!3 OF ~–&p AGAINST z FOR 3-BLADE

AND 6-BLADE Propellers

[For3-blade pro@kr, r.12YF and 240% for~bladepropeller, r-13Y, ~, lW. 24@, andw”

\

z O.lm O.wm 0.5s78 O.som 0.9611 1.M
II

r- w“

o.LM4 o.Em 1.019
.m

L Ml l.. Uz# o. m
.723 .s4

:% :% .448
1.0523

,m : Ml .9407
,m .2L15 :E . c&16
.9511 :% . ml . 2%5 .Im :E

L m .017 .m .210 :3 .514 .mm

o 0 0 0 0 0 0
.1564 L 361
.m

L~ L821 L=
:E

L S71M
L=

.m
L7U4 L 7434

.170 % .792
.EaOo

k= L378 L=
.225 .#a

. Mu :%
.m LOSl L 135

. 1E5 .3-2S .570
1. m

.7%25 .&m
.061 .134 .291 .Sm .738 .E3m

T- lm

a 1s64 0.473 O.OM o.. 0.922
,XrXl

0.918 0.0007
.202 .480 .W : 8A= . 7eal

.Ss7a .142 . al .@a . 7M .eml

.lmal .117 .239 .Mo : .57J5 .5657

. Elm . 102J . al %J .402 .&ml
Lm . IYJ42 .210 .441 .477 .4867

1 1 I 1 1 I

2-blade PTCWlk .X-1

:I&.&

.m

.Wtw

.0511
L cd

0.957
.&n
.2W
.146
. 1U9
.@156

L444
.940
. 4m
.323
.243
.218

H%.Esl
. ml
.439
.452

?E6
L 124
.843
.7U3
.639

$g
.957
.824
.764

L80M
LWI
L2%57
.fK3
.MeO
. mm

.

r-w

a M&.4 O.MI 0.707
.30W4 .273 .616
.5s?8 .221 .s27
..S?W . lm .2M
, esll .124 .m

1.m .122 .197

a 740
.612
.4M
.379
.3zi
.331

a&y

.491

.451

.W4

.351

&blade prop?JIIx A-2

o 0
.1’534 .912
.m
.5578 :E
.m .160
. ml .Lm5

LfJI .U32

o
L344
.S33
. ml
.3Ea
.321
.301

0
L 749

;%
.704
.667
.&m

o
L8M
L@3
L2M
L 049
. Ea16
.822

0
1. 7m
1. mm
L2%5
l.~

.853

0

T=xr
I I 1

cL74&

.4&m

.4037

.3ml

.3403

0.1504 a429 aw as93
.m .!2U9 .41M
.bs?s .077 .m %
.SGw .043 .119 .322
.9511 .633 .103 .278

LOI .029 . Oal .202

a Wj C@&

.640 .m

.4s9 . 4s2

.3W2 .391

.381 . ?J6 0 0
.1M4 24493
.m .m
.&m% . 1&53
-m .m
.’Jsll .0i85

1. w .Om

o
3.837
2 ‘m
.Osfm
.!i9M
. ma
.MM

o 0
4622 4.824
%949 4367
2on 3.297
.9546 !2 046
.5487 L2KI
.4KI.5 1. m

o
4.918
L 016
4.012
3.m7
2mM
1.773

0
4.W
& 7634
4.1046
3.3E34
z4E&3
2 K&3

T=2W
1

am
.S4!m
.m
.5467
.4267
.23s9

lam L202
l.~

-: E
-.161 .161
-. ml .046
–. 140 –.m

L121
L 118
.m2
.4E3
.21U
. lea

acw
L@39
.E37
.55%
; %2

0.1s04 0.847
.30M .046
.Ss78 -.149
:~ -.127

–. 107
Lm –. lW

.
&bladepr0p311eGA-1

&bhde Promlleq A-2

o 0 0 0 0 0
& lm & 157 4.764 4.737 4.446-5 Lm
.m4 2607 S.fm 4.305 $g &040
.325 L070 1291 3305
.213

3.3027
.Sm 1.E63 !2435 am Zzms

.1746 .442 L 218 L 8916 Zm z3m7

.1622 .423 L% L~ L~ z~

o
.If&
.m
.m
.SMu
.9611

1. m

●

‘1”

*



0

b.

.

0

0

n



0

b.

.

0

0

n



0

b.
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0

0

n


