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THE THEORY OF PROPELILERS
II - METHOD FOR CALCULATING TEE
AXIAL, INTERFERENCE VELOCITY

By Theodore Theodorsen

U'; 7\lr[ T

A technical method is given for calculating the
axial interference velocity of a propeller. The method
involves the use of certain weight functions P, Q,
end F. Numerical values for the weight functions are
given for two-blade, thvee -blade, and six-blade

propeiilers,

It has formerly been the practice to use the Glauert=-
Lioek simplifisd acqv'ptlon that the interference velocity
is proportional to the loading at the polnt considered.
This assumption is obviously inadeguate since the inter=-
ference flow depends on the slope and curvature of the
loading function rather than on the local magnitude. A
method is developed herein for calculating the axial
interference flow for any loading. The method 1=
accurate to the first order and therefore gives the
interference flow in ratio to fbﬂ loeding  for =mell
loadings. It can be shown th his accuracy is adequate
for all technlcal applications.

he present paper is the second in a cseries on the
theory of propellers. Part I deals with a me thod for
obtaining the circulation function for dual- rotating
propellers. (See reference 1l.)

SYMBOLS
vy axial iInterference veloclity at xj | VZ{XTﬂ
L. Sl
W rearward displacement velocity of helical

vortex surface (at infinity)
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v advance velocity of propeller
D number of blades

| n order number of blade (O £ngp~ 1
w angular velocity of propeller
i circulation at radius x
K circulation coefflcient to first order (%%%ﬁ)
. nondimensional radius in terms of tip rédius
Xq reference point at which interference velocity

is calcuvlated

S angular distance of vortex element from
propeller

A advance ratio (V/wR)

R tip radlus of propeller

Pl(x) function defined in equation (1)

Ql(x) function defined in equation (3)

P used for Pj(x) 1in tables and figures; refers to

other blades (n # C)

Q used for Qj{x) in tables and figures; refers
to blade 1tself (n = 0)
: (o
T phase angle of nth blade ( gw)
/
9 helix angle at xl<%an‘l%L>
i 4

WEIGHT FUNCTION Pl(x)

It can be shown that the axial interference flow
is given by the expression
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(‘.
v ST aP(x
sy N e Eale s
D /_1_ el ax i
2 I &
where the surmation is over the number of blades O to
p - 1. The important function ©P,(x) 1is defined as

hd dé%
B )= e =
1 "L (9] i e 2
P i
\ = i1x° + x 2 Lgxx, cos(0+ T2 )+ (=
J N \ il TTLJI\ & e i Yl
0] e - ~—

where n = 0, 1, 2, «.s P = 1, The nunber oi the pate

ticular blade. The problem is thus essentlally solved

by giving the function Pj(x) for each point along the
radius.

It is convenlent to make Pj(x) finite by sub-

tracting a quantity that is independent of x. The
function Pl(x) may therefore be redefined as
e |
) ;)
T G E
%
g °zyw“ 5 Y
/' , X “"“'5’72(}{3 +X12 - Zxxl CLS() +ST—) + e
Jo 1 V4AmIATL LY k J i
1 | o
- |ir? (1)
P &l
\} 1 + (____>~
i) 2N s
v \'>ﬂ [

It is noticed that, in the integral Py(x), the
integrand changes from +e to =-o» &t x = xy7 for

AN T TNENT T A
C QUL L f‘.xL
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D

8 = 0. This difficulty, which occurs only for n =0
(that 1s, for the blade itself), is overcome in the
following manner: The expression

1 .8 %
- /"'“_' = Ckgn. (C')
AX a \°
(e (G2 9
1'”4}\ \)\.Q s el _j
which is integrable and equal to
NE . |
log | x =~ Xl;

may be subtracted from Pl(x) to yield a finite and
amooth integrand. Thus, by subtraction, a guantity

CONFIDENTIAL
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O =
u - [ = e
- : L /D o /G\f d—_ /9 &
[ Vf~—z—=={X“+ x7C = 2%x%, cos B +(—— 1 ~—>
*jo ‘ﬁﬁhﬂé\d \ 1 1 ) 2 (2n
xx. BN
1 . 1 ‘\(e>
...--—--r) T e I ~ <+ » + o
\/,!4”2,\ ) <_;\.2 2
3l o
+ e o )

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

where

The integral Ql(x) is convenient for graphical integra-

tion and is, in fact, small in comparison with the
function, .
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No dis ccntwnul iee arise 16 the - P funetiens for
the other blades (n # O The P functions are there-
fore used direct]y 1% +Fe calculation for the other
blades. It should be noted that the functions P, Q,
and F are all symmetrical in x and Xx7. The use of

the subscript, which has been used to indicate reference
to the point x4, 1is therefore discontinued. In the

followling discussion, the functions Q@ and F refer to
the blade itself and P refers to the other blades.

Since the weight function ig needed in the form

dp ; :
X3 it 18 written as
L4 _ 88, _oF
fan T Sdk -+ Ton

It is to be noted that by far the largest contribu-
tion comes from the logarithmic function J gince 1€t
really represents the entire field in the neighborhood

of the point considered. In developed form,

EXq
aF _ 1 % i A&
I = ey Xl—+2 log Ix - xq| (4)

XXl

B
l ot —_— .tx:l_
V Vé+x2>

NUMERICAL EVALUATION OF WEIGHT FUNCTIONS Q, F, AND P

The weight functions Q, F, and P are shown in
a series of tables and figures. The first step of
integrating against the angle 6 is omitted for sim-
plicity. The functions £2 and 9P nave been obtained

ax dx
by graphical differentiation of the Q and P functions
with actual calculation at the end peints x =0 and 1
for accuracy. It should be noted that these functions
and their derivatives are continuous and smooth. The
results are given in the following order:

CNFIDENTIAL
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(O § b é 1. Que

(1) Teble I and figure l: Qr ag 8
L cra el 2), obtained

Qil564 S x-S 1005 K =
from equation (%)

Bo
{2V Weble 1T and figure 2: é% against x
0% x £ 1.00; 0.15641S 37 & 2005 A = % 1, andza,

3
- (‘t b= s ° . . i 0
where -= 1= obtained by graphical differentia-

ok
tion &of @ € ‘execept fer

cQ

X
=2 1g obtained analytically

@z
S 2 ok z aQ .
{2} Table LIT and:figure 3t |s=izs against x
(.9 ad

(0.5 x < 1,005 0.1564/% =7 € 1.00; A = 5, 1,ana2),

obtained by multiplying values in table [T by =X
éF i
(4) Table IV: X3 against x <u TR S.2.003

(5a) Teble V: 2 agalnst x for T = 60° i
(O S x B 1.003 0,1568 5 X3 5.1.002 ?xz,—a—, 1, and 2),
obtained from equation (1)

(50) Figure 4: P(x) - P(1) against x for T = 60°
(b < x € 1.00; 0.1564 $ x; £ 1.00; A = %,tl,ano§9

(6a) Teble VI: same as table V for T = 120%

y . o
(6b) Figure 5: same as figure 4 for 7T = 120
(7a) Table VII: same as table V for T = 180¢

(7o) Figure 6: came as figure 4 for T = 180°
(8a) Table VIII: came as table V for T = 240
(8b) Figure 7: same ac figure 4 for T = 240

(9a) Table IX: same as table V for T = 300°

CONFIDENTTIAL




8 CONFIDENTIAL NACA ACR No. L4I19

(10) Table X: %g agseinst T for \ = % ( Tex-8@°)
120°, 180°, 240°, and 300°; x = 0 and 1.00; i

0.1564 £ x7 £ 1.00), obtained analytically

(11) Table XI: same as table X for A = 1

e

(12) Table XII: <came as table X for A = 2

(13) Table XIII and figure 9 -xSE against x for
A= % (r = 60°, 120°, 180°, 240°, and 300°;
GJ1684 'S x 0.1864 < Xq < 1.00), obtained
by multiplying values in table X by =-x

H/\
P~
O
®

(14) Table XIV and figure 10: same as table XIIT and
figure 9 for A =1

(15) Table XV and figure 1l1l: same as table XIII and
figure @ for A = 2

(16) Table XVI and figure 12: ~X%§ against x for
three-blade and six-blade propeller
and 240° for three-blade propeller; T =
180°, 240°, and 300° for six-blade prope

Al

0.1564 £ x § 1.00; 0 £ x7 £ 1.C0; A =73, 1, and2);
it may be noted that these values for two-blade

mn
i
-
O
0
L
'

propeller are given by —x%% for T = 180° in

ey

tables XIII to XV and in figures 9 to 11
APPLICATION OF METHOD

Steps to obtain the induced velocity expressed as

v
== are as followa:
Loy
2
de
(1) Plot the quantity =x-— agalnst the circulation
CLA v
coefficient K and perform graphically the integration i
a9 o
== K |
| Tdx ‘

CCNFIDENTIAL
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T
(22) Plot similarly the functions P

and perform the integretion

~[%§§ dK

) el i - :
Since x%¢ becomes infinite at X1y 4t 18 neces-

sary to exclude a gap from X7 - # AX to X3 + 5 Ax

LaNd
i~
-

RN

and to consider this gap separately by use of a Taylor
expansion.

{8b) The eontribution from the gap Ax bécomes
A= -b|x K" + {1 - 5¢ log é} K'lAX
L1 < 2t

where

g Ne
VK + x4
X E
..]A ?

g B e = OO U

) IS
& s
AT+ X4
=
and K' and X" are the derivatives of KX with respect

(3) Finally, there is a contribution from the other
dP
s

blades. This contribution is obtained by plotting X3z
against K for the other blades. Since the value

B
5 _XQ: can be taken directly from the tables, this work
(AN A

contains only one step with a single graphical integration
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By adcdition of the results of steps (1) to (3), the
total interferernce velocity vy 1in the axial direction

is obtained. The relationship between the axial inter-
ference velocity v; at the redius x7 to the axial
displacement velocity w of the vortex sheet may be
geen from the sketch lIn figure 13, The relation is

Vi = %W 0052®1

oEENeconversel vl the diaplacement wveloecity w of the
vortex sheet may be obtalned from the calculated axial
interference velocity vy by the relation

Vl Vl

B e s
2 2

COS @l

which gives the axial displacement velocity at the pro-
peller disk. TFor the case of the i1deal loading this
axial displacement velocity must come out as a constant,
thus permitting a check on the weight functions. Cases
of nonideal loading are evidently of more practical con-
cern. IU is the purpose of this paper to give a method
for calculation of the axial interference and displace-
ment velocity for any (light) losding.

Langley Memorial Aeronautical Laboratory
Netional Advisory Committee for Aeronautics
Lengley Bleld,  Va.

2% Theodorsen, Theodore: The Theory of Propellers.
I - Determination of the Circulation Function
and the Mass Coefflcient for Dual-Rotating
Propellers. NACA ACR No. IL4HO3, 1944.
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TABLE I.- FINCTION O AGAINST x

*CN HOV VOVN

.
[ = =
I ! } ‘ | ! |
x}-\ﬂ 0 10.156; {0.3090 |0..5h0 10.5878 |2.7071 {0.8090 '9 .8910 |0.9511 10,9877 !1,00
| . —
|
0.154,!0.11226!0.12,20 12.11817|0.108¢810.09%3314{0.07351{0.060 ‘:1!3“-# | 0.0%937]0.0312910.03252
i ! ' .
30901 .118261 .11817! .10580! .0BéE36 .r36259l .0%851 .Jlo’/”?i ')vaaml-.o]ébé —.o&o-7i-°02729
|
e . s ’ | ; ! ; =i H fe > = s
o A5l01 .11826) .10898| .08£96, .06101| .02926]-.00072(=.02257 | -.0LEA3 | 06570 =.07355 | ~.0772
(= | | | ;
3' .58781 .11826 .0933l1{ .06259 .@29263 00169} -.03&;! -, 061201 -.08525‘;~..10315%«.113153—.11755
L1 ‘ ‘ i
uj <7071 .11826] .07351| .0%3851| .00072{ ~,036}~.07081]~.0953% -.12258%-01.‘@59 --,15029; -.15/30
> . = |
£ .8090| .11626| .06051 .01679(-.02257

-.06191,-.09533 | =, 121420 | - 1493 L{ = 16703 | =« 17761 | -. 18246
| =.08528 -.12238}-.1193'4 -.18900 ~. 16837 -.20063 | ~. 201,96

29511 .11826| .03937 |-.016L6|-.

i
=
0
@

N

]

i
n
(2)

~J
\J1
n

]
n
=

&

!
no
3
O
@

i
|
.8910] .11826| .0L820 |-.002841-.0L623
! -.10315!-.14059] -.16703
i

29877] .11826! .03429 i-.02407 &1

|
1

o 4 = = e
1.00 i .11826] .C3252 .07720 - 1179), -.15030} -. 18246 |- . 204496 - . 22098 -.23;(:5%-..1)12}4
! ! i J .

-.07355! =,11315 | -, 15029{ =, 1*

=~
-]

«20003 | =+ 21634} -, 22653 | -. 25283

1
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TABLE TI.- FUNCTION & AGAINST x-- Continued
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(b) A =1
e xi 0 io 156&,30 3090 {0.44540 {0.587€ {0.7071 |0.80S0 }0.8910 lo 9511 [0.9877 11 09
i | | | ! af j______J pid e
i i ! { | | ! i
0.1564,[0.06390!0 058\ui0 04)1f=o,oh325 0.03635{0.02954]0. og31oi3 017270 1256@3 110 01111
! | |
\ 3090| 06390! .oL915! .03L28 i 022101 01054 -.00262] - ﬂ11ﬂ1 2736i-.o;o59!-.03552@-,ozh25
] | | | |
‘ Q L5L0 | J06290] 0l323 ] . 29"§ Dol =010t -,03213 -.0573?'-.059561-°069a1§- 07376 !~.07401
&) i : { | |
= | t : | ’ i :
’ = 4 58781 D&B90! 03635 L0105l -.01419-.03715 -.05761; ~.075&0 m.09355§_.10235i-.10847 -.10903
o i ! * _
= <JOT1! 090! .0295)1-.00262 |-.03213{-,05761, - 06155 -. GDZDT-.llTOh{—.1§OE7‘n.13861l 1397L
B | | @ | i
: , ,
\ Eg 80901 0690 .02318\-,01301 - 014733 -.0756@*~.10030{-.12ﬁh¢ -.12758 -.15259! .16012(-.16113
L 1
| ) ! i |
8910 06390 .01727=-.02§56 -.05956| -.09053 | -, 1170 -.1375&1-.15528.-.16920 -.17wsof .18026
|
\ 9511 | 06390 .01236‘-.05059f-.069L1 -.10235} -.13087 -.15259%-.1 920} =-.18140 -.19}LQ!-.1959@
| , |
’ 8771 0690 .31021@—.3 352 |-.07376 -.10847! - 2961‘ .16012| -.17850 -.19300 1-.20L0 ! . 20196
l ' i
1.00 ! .oésool .01111i-.03u2u§-.07u01 -.10903] - 130/1,-.161Aof .JSneég-.19593 -.234-)!-.20&06
i ! {
{ { \ 3 : a t |
|

ot






TABLE I.~ FUNCTICN Q AGAINST x - Concluded

b

(¢) A =2

" ! i i
i0.7071 0.8090 50.8910 0.9511 ‘0.9577 |1.00

TJNOD

ST
AL

wiiM

T AT

AL

o iremis. it o ok G x
0 10.1564 j0.3090 [0.L540 {0.5878 f 0
0.0279410.0252);|0.02008 {0.017480.01426 {0.01102}0.00792|0.005210.00301}0.00305{0.00310
0279l 02008 .01370! 00607 |=.0008y{-.0062);]~.01128! -,01605]~.01970| -.02072! -.0204,
027941 01748 00637 ;-.00182;-.014432 |-.022116{=-.02941] -.03612] -, 04060} -.0L210| -.0L251

027941 .01426-.00084 |-.01L32|-.027C5 {-.03786

0L536|-.05329! -.05897| -.06081|~.0€1L,5

0596, -.06815}-.07L07| -.07713 | -.07820

027941 .01102}-.0062 -.oeeuéj-.o3785 -.05035

|
02791 .00792|-.01128 {-.0201 |~-.04536 |~.05068,{=-.0731]|~-.082,6]{-.08781|-.090,0}-.09199
L0279 00521 {-.01605 {~.03€12{-.05329 |-.06815 {-.082L46| -.09277 | =.10019| -.1028,{-. 104,37
027, .00%01 |-.01970 |-.0L0€0}-.05897 {-.07L07 |-.08761|-.10019{-.10970{~.11211{-.11318

02791 .00%305|-.020721-.04210{-.06081 {-.07713 |-.090L0|-.1028} | -.11211}-.11582{-.11708

4
! |
|

.0279L| 00310 |-.0206€l {-.04251 |-.061L5 |[-.07820 {-.09199!~.10L437|-.11518}-.11708|-.11779
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TARLE II.- FUNCTION %%- AGAINST x
(a) N =3
2N X 0 e B 043 0.4 2.5 0.6 077 0.8 0.9 1.0
0.156,{0.95000(0.0175 |-0.0150 |-0.0L70 {-0.0800 {-0.1100 |-0.1340{-0.1470 |-0.1520 |-0.1568 |-0.1597L
30001 00250 |-.0%20| -.0672{ -.1025| -.1396| -.1718 | -.198}| -.2120| -.218L| -.2220 -.2225]
J5L0 | -.06293 [-.0975| -.1300] -.1648| -.1928 | -.2166 | -.2340| -.2LL8| -.250) ) -.2578 -.2558)
.5878] -.161L9-.1825| -.2000| -.2150| -.2300| -.2425{ -.2555| -.2655| -.2720| =~ 0] -.26022
.70711-.28838-.26,8] -.2550| -.2548| -.2576| -.2665| -.2752| -.28L0| -.2880| -.2875| - 27éL2
.8090|-.12088(-.3255| -.2880{ -.2740| -.2700| -.2750 | -.28L0| -.2915| -.2952| -.2950| -.283L9
.8910| -.53863 |-.L000| -.3352| =.3140| =.302L| -.2970| -.2952| -.2978| -.3020| -.3088| -.31319
«9511!=.63559|-.4620| -37LL| -.2375] -.3160| -.3050| -.3020] -.3060| -.3100| -.3160| -.32L400
.9877|-. 69631 |-.5100| -.4oLO| -.3525| -.326,| -.3150 | -.3100| -.3135| -.3165 -.2281 -.33100
1.00 |-.71759|-.5240| -.L1LL| -.3590( -.3320 | -.3190 | -.3150| -.31€0| ~.3220| -.3290| -.33€0
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TABLE II.- FUNCTION & AGAINST x - Continued

dx_ .
(a) N = %— Concluded
0 0.156L| 0.3090{ 0.4540] 0.5878| 0.7071| 0.8090| 0.8910| 0.9511] 0.9877| 1.00

o
~

1O
e e

¥

!

1T

o edN SN

T T KT

TV

110.05000{-0.0010}-0.0501}-0.,0970 |-0.1315 {-0.1475 -0.15L0[-0.1565{-0.1595|-0.1600 {-0.1597L

.00250| -.0520| -.1060| -.1598 -.1960{ -.2130| -.2200| -.2220| -.2240| -.2235| -.2225,,
-.0629%| -.1165) -.1665| -.2065| -.23%0 ! -.2L70| -.2551| -.2580| -.2575 -. 2565 -.2558)
-.1619| -.1030 -.2170| -.2370| -.2545| -.2665] -.27L40| -.2750} -.2735| -.2700 -.26922

-.268838] -.2580| -.25L0| -.2630| -.2750| -.28L0| -.2880| -.2690 -.28L5

i
n
=
@
(@)

o 27&.‘.2
-.l2088| -.3010| -.2735| -.2730| -.2830| -.2925| -.2965| -.2955| -.2915 -.2860| -.28319

-.5284 | -.3575! -.3120| -.2990| -.2950 | -.2980{ -.3025| -.30€0| -.3110

«3115] =.31319

-.63559| -.0)0| -.3350| =.3085| -.3020 -.3060| -.3100| =.3155} -.3200 3235 ~.32400

-.69631| -.ll20| -.3495| -.3190 | -.3100| -.3135) -.3185 -.320| -.3280| -.2301| ~-.33100

- 71759] -535| -.3560| -.32L0 | -.3150 | -.3175( -.3230| -.3280| -.3325| -.3350 -+33600
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TABLE II.- FUNCTION —= AGATINST x - Continued

dTHNCO

—

TV LLNE

: ; : |
\T\\ x| 0 0.1 0.2 0.3 0.l 0.5 0.6 i 0.7 0.8 0.9 1.0
i

0.154; 1-0.9690| -0.0475( -0.0L89 1-0.0500 | -0.0520 {-0.05%0 |-0.0550C {-0.0575 |-0.0600|-0.0630 {-0.06727
.3090{ -.08960| -.0900{ -.0902| =.0920| =.0930| =.0955| -.0930 | ~.1014| ~.1050| -.1030 -.11586|
J540 | -.14818] -.1390) -.1360 | -.1350! -.1270| -.1375 ¢ -.100 ~.1L26( - 14651 -.1500] -.153)3
58781 <1068l -.1800! «.1720) -.1680] < 16701 -.1675] -.16851 ~.1712) ~aa7ol <770 | -.17918

7071 | -.25008| -.2265| -.2120 | -.2030| -.1980 -.1560{ -.1950| -.19k0| -.1636| -.1936] -.19592

.8090 | -.30136| -.2620| -.23%6| -.2270| =.2196| -.21L0; -.2108| -.2090{ -.2080| =-.21C0| -.21471
8

|

1
8910} -.34255] -.29551 -.2712) -.2560} -.2450| -.2280 —.2280’ -.22251 -,2200| -.2225} -.22800
9511} -.37001] -.3187| -.2920 | -.27L8| ~.2620 | -.2508| -.2,16| -.2350| -.2336] -.2370] -.24250
08771 =30l -.3298| -.3010| -.2822| -.2680| -.2575| -.2480| =-.2420| -.2390| -.2420| -.24700

cll
1.00 -39689] -.2322| -.2025| -.2037| -.2700] -.2800}| -.2505] -.2l38 -.2410}) -.2435} -.24850
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TABLE II.- FUNCTION —=— AGAINST x - Continued
() A =1 - Concluded
x) \\ii 0 0.156éL| 0.3000| 0.L5L0 | 0.5878 | 0.7071 0.8090‘ 0.8910| 0.9511| 0.9877| 1.00
0.1564 1-0.0L€90 |-0.01,77|=0.0505 |-0.0526 |=0.0550 [-0.0575 |=0.0600|-0.0625 |-0.0650|-0.0663-0.06727
3090{ -.08960 | -.0900| -.0922| -.09L47| -.0973 | -.1020| -.1051| -.1085| -.1123| -.1149| -.11586
Lsho| -.14818 1 -.1368| -.1351] =.1373| -.1398| -.1420 | -.1463| -.1498 | -.1522| ~-.1530 -.15213
58781 -.1968L| -.17L8| -.1678| -.1670 -.1683 | -.1718| -.1742| =-.1765 -.1776] -.1790| -.17918
JJOTL| =.25208| -.2170| =.2027| =.1972| -.1950 | =.19L0 -.1936| =.19%36| -.194¢| -.1952| -.19592
.8090| -.30136| -.2475| -.2285| -.2168| -.2110| -.2088| -.2080| -.2098| -.2120| -.2132 -.21471
.8910| -.34255| -.2805] -.2550] -.2395| -.2285| -.2225| -.2200| =.2223 | -.2250| -.2275( =.22800
9511 -.37001| -.3020| -.2732| -.2560| -.2L2% | -.23L5 ! -.2236| -.2365| -.2L00| -.2L20| -.2L250
JO877| -.390L1| -.312%| -.2810| =-.2625| -.2495| -.218| -.2390 22| =25t -.2Lh65) ~.24L700
1.00 -.39689| -.3135| -.2822| -.285| -.2518 | -.2l36| -.2410| -.2428| -.2465| -.2480] -.2L850
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TABLE II.- FUNCTION

a0

QY

ax

(¢) N =2 - Concluded

AGAINST x - Concluded

%) x} 0 | 0.1564| 0.3090| 0.1540 | 0.5878| 0.7071| 0.8090 | 0.8910| 0.9511| 0.9877| 1.00

0.156ul~0.02¢60 -0.0295 |-0.0291 | -0.0290 |-0.0285 |-0.0280 {-0.0273 |-0.0270|-0.0267 |-0.026, |-0.02€1
3090 | -.01:857] -.0L97{ -.0500{ ~.0500{ -.0500| -.0498| -.0L90| -.0LB3| -.0L478| -.0L72] -.0L4T712
L5040 --07055| -.0718{ -.0726| -.0730| -.0730| -.0730| -.0723{ -.0718| -.0711| -.0708| -.07058
.587¢| -.09199| -.0933| -.090| -.09L0| -.0937| -.0931| -.0930| -.0929| -.0928| -.0927| -.09270
.7071 ! -.11265! -.1108] -.1090} -.1081 -.1078{ -.1078{ -.1078} -.1078| -.1080| -.1080} -.10800
.8090| -.13155| -.1279| -.12i1| -.1210| -.1189} -.1177| -.1169| -.1167| -.1168| -.1170| -.11700
.8910 | -.14748| -.1432]| -.1384] -.13L40| -.130L| -.1280| ~.1269| -.1266} -.1268} -.1270| -.12705
0511 | -.15874] -.15L46] -.1505] -.1467| -.1032} -.1409| -.1396| -.1390| -.1393 | -.1400| -.1L403L
.9877| -.1655l| -.1578| -.1528| -.1L90| -.1459| -.113% | -.1420 =116 -.1419| -.1L22] -.14200

1.00 -.16757| -.1589{ -.153L| =.1097| -.146B | -.1L39| -.1428 | -.1420} -.1L2L| -.1429 -.1320
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TAPLE III.- FUNCTION -xz— AGAINST x
(a) A =%
%) ;x 0 o | 0 0.3 0.l 0.5 0.6 0.7 0.8 0.9 1.0
oy =
L1560 1-0.00175|0.00300 {0.01410 {0.03200{0.05500 {0.080L0 |0.10290 0.121600 ,lullalo 15974
»3090| O .00%20| .013LL | .0%075] .0558L 1 08740 .1190L | .148LO} 17472 .1998 ﬂ 22251,
J5lol o .00075| .02600| OLOLL} 07712 108hﬂ! JUpho! 17136 .20352] 232021 2558/
58781 0 .01825| .0looo! .06h50| .09200] .12125) ,.15192] .18585| +217€0 2750 26922
<7071 .0 026481 .05100] 0764, ] 10304 .153:5% 16512 .19880¢ .230Lo| 25875 27642
8090} O .03255| .05760| .08220| .10800{ .13750{ .170LO[ .20405 23618 .24550] .283L9
88101 © .0looo| .0670L! .09Lh20! .12096| .14850! .17712f .208L46 L2hléol 276121 31319
.9511| 0 .0L620] .07L88| .10125| .126L40| .15250f .18120} .21420| .2L800; .28LLO 32400
«9877f © .05100{ .08080| .10575| .13056! .15750| .18600| .219L5} .25320| .292327 .23100
1.00 0 .052,,0! .08288] .10770 .15280‘ -15950! .18900} .22120 25760 .29610] 33600
! |
NATIONAL, ADVISORY COMMITTEE FOR AEROWAUTICS
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TABLE III.- FUNCTION

daQ

3
-x—,—; AGAINST x - Continued
i

(2) A\ = é— - Concluded

ki o {0.156; |0.3090 |{0.L5LO |0.5878 |0.7071 {0.8090 [0.8910 {0.9511 {0.9877 {1.00
0.1564] o |0.00016[0.01548| 0.0LLOL|0.07730 |0.10430]0.12,59 0.1%94L),}0.15170{0.1580% |0.1597)
§ «3090f O .00813| .0%3275 .07255| .11521) .15061} .17798| .19780| .21305| .22075| .2225L
'5 Jslol o 01822 0515l .09375| .13696| .17U465| .20638| .22088| .2LLo1| .25335| .2558L
fj ,5878!1 0 .03019| .06705 .10760| .1LO6D| .188LL} .22167) .2L502] 26013 .26668| .26)22
E .7071f O .04035| 07849 .119L0| .1614,| .20082| .23299| .25750| .27059| .27L458| .27642
8090 © .0l708] .08L51 .12%90] .16635| .206683| .23987| 2829 .27725| .28248| .283L9
.8910| © 055911 09441 .13575! .173L0| .21072| .24L72] .27265| .29579| .30767| 31319
1 9511 © .06319| .10351] .14006| .17752| .21637| .25079| »28111| .30L35| .31952 32100
| «9877| O 06513 .10800 .1LL83| .18222| .,22168| +25767| .28868| «31196| .3260L| 33100
1.00 0 .07093! 11000 .14710{ .18516| .22l50| .26131| .29225| .3162l| .33088| .33600
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TABLE III.- FUNCTION -x%%- AGAINST x - Continued
() A =1

2N\ 0.1 0.2 043 0.l 0.5 0.6 0.7 0.8 0.9 1.0
0.15€l 0.00,7510.0096010.01500{ 0.02080}0.02650{0.03300 {0.04025 0.04800 {0.05670 |0.06727
<3090 009001 .0180L| .02760 .03720| .0L775| .05880| .07098| .08L00| .09810| .11586
14540 .01390| .02720| .0LO50| .05L80| .06875{ .08LOO| .09982| .11720| .13500 15303
.5878 .01800| .03L0| .050L0] .06680| .08375( .10110] 11984 .13920| .15930| .17918
<7071 .02265( .oL2Lo| 06090 .07920| .09800{ .11700| .13580| .15488| .17L2L} .19592
8090 .02620| .oL792| .06810] .0878L4| .10700| .124i8| .1L630{ .16€40| .18900| .21LT71
8910 .02955| .osh2l| .07680 .09800 .11900( .13680| .15575| .17€00| .20025) .22800
9511 .03187| .o58L0| .o82l){ .10480| .125L0{ .1LLO& .16L50 .18488{ .21%330| .2L4250
. 9877 .03298| 06020 .08l,64 .10720| .12875| .14880| .169L40| .19120{ .21780| .24700
1.00 .03%22| .06050| .06511f .10800f .13000{ .150%0 .17066| .19280{ .21915{ .24850
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TARLE III.- FUNCTION —xg-% AGAINST x - Continued ﬁ

0

:;7,

(b) A =1 - Concluded 5

(]

I}/U

=

T O

R | .

0.1564 |0.3090 |0.4540 |0.5878 {0.7071 |0.8090 }0.8910 j0.9511 |{0.9677 [1.00 B

i~

-

0.00716{0.01560{0.023880.0%233 {0.0L066 |0.048510.05569 10.06182{0.0660810.06727 ©
.01L08! .o28Lgl .oL299| .05749| .07212| .08503| .09667| .10681] .113L9; .1i586

Q

o021bof .oln7s| 06233 082170 10112} 11876} .133471 .1LL76] .15112] .15303 %%

=

02730 | .05185| .07582| 09893 | .121,8 | .1L093| .15726f .16892| .17630! .17918 53

.0%39L | 06263 | .08953( .11462! .13718| .15662| .17250{ .18537| .19280| .19592 5

:J:

: N o £
.03871 06999} 09842 | .12403| 1476y | .1€827| (1883 ! 20165 .21058 21k
.0,287| .07880| .10873! .13L31| .15733| .17798! .19807| .21400| .22,70! .22800
oh723 | Jo8LL2| .11622| J1h2h2| 16581 .18898| .21072{ .22826f .25902 .2h250
.oLeal| 08683 .11617| .1L4666| .17098| .19335| 21491 23254 .2L3L7) .2L700

.0l003 | 08720} .12008| .14801| .17225| .19497| .21633| .2BLL5; 2195 21,850

(A9

NATIONAY, ADVISCRY COMMITTEE FOR AERONAUTICS W







YOV VOVN

‘ TAELE III.- FUNCTION -x%%- AGAINST x - Continued
(C) A =2
x;\\g\ 0 10.1 0.2 0.3 0.l 0.5 0.6 0.7 0.6 0.9 |1.0

* ol

0.15€4] 0 10.002950.00588/0.0087310.01160]0.014140{0.0170L!0.01960|0.02208{0.02,30 0.02411

3090} 0 00092 .00598] .01500{ .02000{ .02500{ .03000f .03486| .03928| .0L338| .CL712

~

N
/N

L5401 © 00712} 014L0j .02175| .0292c} .03650f .CL380| .0S5110} .058C0! .0435) .07058

I.4:80

.00929! 01874 .02820| .0%376€0{ .ohéos| .05é1€| .06517| .07LLO| .08361| .09270

=d
Ll
U
(@))
=3
(@3]
(@

T AT
B FLR

o legrd | e .0111:| .02200! .0%270| .Ol33é} .0shool 06LEB| .075L6| 08624 .09702| 1080

i

.8090f O .01201} .02538| .03729| .0L880| .06000| .07128| .0C2L6| .053€0| .10503| .11700
.8910{ O 01450 .o28lof .ol1é1} .oshel| .06635( .07800! .089€T7; .101€0| .1139L} .12705
«0511] O .01cé0| .oz068] .ols2y| .05020| .07270| .08580| .09870| .11168| .12510{ .1LO3L
98771 O .01600! .03122] .04590| .0600L| .07390{ 08736 .10038} .113&0| .127Lh4| .14240

1.00 0 .01616| 03142 .oL61l| .0é0Lo| .07430| .08740| .10080| .11h2L} .12780] .14320

ST

NOO

NATIONAL, ADVISORY COMMITTEE FOR AEROHAUTICS
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ANOD

TVIINECT

TABLE III.~-

FUNCTION -xs— AGAINST

x - Concluded

dx
(¢) A =2 - Concluded
o 0.1564, [0.3090 {0.4540 }0.5878 |0.7071 |0.8090 |{0.8910 }0.9511 {0.9877 |1.00
0.156] 0.00461{0.02899(0.01317{0.01675{0.01980|0.02209(0.02};06{0.02539|0.0260810.0246,11
«3090 00777 .015L5| .02270) .02939| .03521| .0%39&.| .oL3oL| .oLSLé| .oLéé2| .oL7i2
4540 01123} .02243| .0331L4| .0L291| .05162| .058L9| .08397| .06762f .06993| .07058
.5878 01459 .02005{ .0L268} .05508| .06583| .0752L| .08277| .08826| .09156| .09270
A7 017%3{ .03363| .0L908| .06336| 07623 .08721_ 09605} .10272 .10667{ .10800
8090 02000| .0%835| .05493| .06589] .0E323 .09557L .10%398( .11109| .11556| .11700
.8910 02210 oL277] .0%08L| 07665| .09051| .10266| .11280| .12060] .1254L| .12705
0511 .02118] .0lLé50| 06660 .08L17| .09963| 1120l | .12385) .132L9| .13828| .1403L
9877 02463 .oL722| .06765| .08576| .1C133| .11488| .12617f .13L96| .1LoL5| .1L2Lo
- =1659) .021,85] JohTho! .06796| .08600| .10175| .11553| .12652f 135441 .1411) 14320
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
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PLE IV.- FUNSTION x%%

-

AGAINST x

00

\

AT AN

VILN

T
oo

1
-
e
X 0.45L0 | 0.5878 0.8090 | 0.8910 } 0.9511 0.9877 1.00
ek i
1
-1.00 -1.00 -1.00 -1.00 -1.09 -1.00 1.00
-1.118,581-1.26170 ~-1.06855 |-1.0161)| -.08157) =-.961871 -.955L0
-2.78%66-1.30306 -1.26665(-~1.15397{-1.08539( ~1.0L503 | ~1.03613
too -2 .05 -1.8463L [-1.1418211-1.29261) -1.22783 | -1.20769
1.99871 +o C1-2.037101-1.89009! -1, 49721 -1.5%080 | -1..9506
<G3133| 2.61274 -L.81641{-2.905} -2.2968) | -2.0L7L5 | -1.97675
617791 1.26965 too -5.96506G| -3.£7916] -3.0183) | -2.85105
182981 .8721 L.53529 too -8.07121} -5.232051 -1;.69950
Ji1901)  .70L92 2.154651 6.55772 to |-12.97115] -9.87L89
38579 €3067 1.88986] 3.90597|11.31L99 o =57 el 3}
0 379221 .A091L 1.75072| 3.L2125{ 8.32837| 35.30113 o

:D
=
—
(a3
i
&
b
(W)
<
1
n
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=
Ca
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i
[
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=3
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53|
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TLRLE IV.- FUNCTION xg.% AGAINST x - Continued
(v) A =1

XN 0.15€, | 0.30%0 | o.lsLo | 0.5878 | 0.7071 | 0.8090 | 0.8910 | ©0.9%511 | 0.9877 | 1.00

-1.00 -1.00 -1.00  |-1.00 -1.00 .00 |[-1.00 -1.00 -1.00 -1.00
156l ® -2.020001{-1.51292}|-1.33779 |-1. 2,658 |-1.19054{ -1.15399 | -1.13052| -1.11731 | -1.11302
3090 5868 -3,0433)]-2.0208% |-1.68390 |-1.50919| -1.40738 | -1.3L4,2| -1.313L9 { -1.30302
L4540 1169001 1.88LL0 o -11.091%31 |-2.72121 {-2.06741;{-1.82101 | -1.68705| -1.61849 | -1.5972L
.5878 .31%08| .92928 | 2.82841 ® -5.50622|-3.21099| -2.5L,678 | -2.2,,206] -2.098L46 | -2.05546
<7071 231 .62835] 1.L415011 3.87876 ® 6310 -1.05123 | -3 ,233%25] -2,901L5 | -2.80771
.8090 22221 190771 L9T747L| 1.98748] 5.20307 o -8.68218 | -5.35062| -4.1,0589 | -L4.16788
.8910 181790 .la8lol .77603{ 1.L0L381 2.7553%2| 7.12155 o -12.11751| -7.8480L | -7.05128
.9511 16074 37883 | .67518| 1.150%39| 2.02152| 3.96099]10.43287 © -19.95323 |-15.16694
9877 J1EBE0|  .35885| L62606] 1.03526] 1.7331L| 3.09010f 6.32119 16.08L69 ® -58.1;076

.00 16171 .35272) .61123{ 1.001L9| 1.65306| 2.8739L| 5.564E: | 13.39780| 56.18133 o

NATIONAI, ADVISORY COMMITTEE FOR AERONAUTICS
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TABLE IV.~ FUHCTION xg-; AGAINST x - Concluded
(¢) A =2

.{1\{ 0 0.156L | 0.3090 | 0.45l0 | 0.5878 0'7071_1 0.8C90 0.8910 0.9511 0.93877 1.00

0 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.C0 -1.00 -1.00 -1.00
JA56 1 0 o -2.02%63] -1.50266|-1.3569 [-1.27,53} -1.22695 ! -1.19742| -1.17919 | -1.1£922} -1.16602
300! © 1.00762 o -2.,10970|-2.08915 I-1.752811 -1.58947 | -1.L9766] -1.1):28 | ~-1.41600} -1.40710
Jsho!l o .51046| 2.0624L7 3 L 31 j-2. 73 708) ~2. 222862 | ~1.97925 | -1.85005 | -1.78491] -1.74,88
.5878{ 0O 31911 1.05685| 3.22139 ® -5.T3€L€] -3.53335 | -2.82827 | -2.51033 | -2.36233| -2.21828
70711 - 0 2722l 732590 1.67673) L.59L22 o -7.55951 | -L.61001 | -2,700L6 | -3.33L96] -%.23228
8090 o© 22051  .579771 1.18224f 2.L362} 6.35690 ® -10.177711 <6.27367 | =5.17695| -11.90194
.8910{ © 20lh19l  JLo669l  .95%382) 1.75803 ¢ 3.L6ETH 8.90569 o 1),.59886 | -9..,28038] -8..,7927
L9511 © .18920] LWLl .83532 1.L5735] 2.58738] 5.06961 13.2L395 > -21;.56797] ~18. 6,159
98771 © 18124 JLosél  .7766L) 1.319291 2.23798] L.00223 | 8.15130| 23.10187 ® -73.1971%

I1i.00 0 .17870  J808)  .75876f 1.278511 2.140k1| 3.73593 | 7.20978| 17.22166 | 71.5218,4 o

NATIONAT. ADVISORY COMMITTEE FOR AERCNAUT
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NACA ACR Wo. 14119

TABLE V.- FUNCTION

CONI"'IDENTIAL

P AGAINST

KO B Ni =

600

< I
x;\\\f 0 20.156310.5090 0.587810.8090{0.9511{1.00
= | .
() M =5
0.15€ [2.21478] 1.961% | 1.1,980(0.8830 [0.5696|0.4113 |0.3 00
| .3090 |1.5673| 1.1,980(1.2L413| .7646] L963| .3580| .30L6
5878 .9259] .88%0| .7646| .51L6| .3280| .2230| .1866
.8000 | .608lL| .5€96{ .L963| .3280| .19L6| .11L46| .0826
.9511 1 LL82| .L11%| .3580( .2230| .11L46| .OLL6| .0213
1.00 3086 .2600| .3006| .1Bé6| .0826! .0213% (0
(b) A =1
} i
0.15€ |2.2,63( 2.0200{1.5000{0,882L{0.5700!0.4200{0.373L
<3090 {1.5655]1.50001.313L| .8207 +5300 .3800| .3%00
.5878| .9228| .883L| .8267| 06| 3900f .2567 .213L
.8000| €039 .5700] .5300| .3900| .2L00| .1367| .1000
.9511 1 LL25! L200| .3800| .2567] 13671 .0567| .0267
1.00 392l «375L| 3300 .213L .1oooi .0267(0
(¢) N =2
g
0.156L12.1727 2.2%%3|1.5200{0.8667|0.5333 |0.3667|0.3133
3090 |1.1,928 1.5200{ 1.2667| .7700| 4900 .3367| .2857
.5878| .8L88| .8667 .7700| .53E7| 3667| .2500| 2067
.8090| .5295 .5%33| .L900| .3667| .2L33| .1467| 1067
L9511 3678 3667 .3367| .2500| <1467} .0€00| 0267
1.00 31771 3133 2867 .2067| .1067| .0267|0
1
: 1

NATICOVAL ADVISORY

COMITTEE FOR
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TLBLE VI.- FUNCTION

L4119

P AGAINST

CONFIDENTTIAL

x FOR T = 120°

I

!

‘ bl ,
: 0.156[,10,3090 0.5878i0.8090%0.9511 100
i | i |
(8) N\ =~
| |
0.15€ [2.28251.6693 1.239310.8000 |0.5377 0.35L7
+3090|1.602011.239%3 | 0860 €460 JBEO .2813
65878 -9606 :8000 q(,’_l,L:O .’;Qt‘o 08777 ."..6}1,0
o 53771 -L3é0f .2777| 1693 .0977| .0777
<9511 4829{ .3G6D| .3160) .1893 0977 | .0167
1.00 J55%0 JBeLT) J2BI5T <IELOY 0777 0
(t) A =1
~ . lo} -~ P !
0,15€L12.416511.8231,11.3900]0.906710.6500(0 0.L600
+309011.735571.293,11.11001 75677 5300 388
.587811.0028| .9067! 75671 JL9ET| 343l L2067
8090} .7739| .6500| .530C| 3L3L} .2067] .093L
95111 .6125) .5100} .LazL| .25341 L1300 .0%200
1.00 562l JL600 | 3654 2067 .og;h‘ 0
(¢) N =2
g
0,156 {2.17911]1.6931 11,5133 {1.0267 [0. 7267 0.5067
«3090 [1.7985{1.51%3 {1.2800| .8800| .6067 14000
.58781.1555(1.0267; .0800| .€000| 3934 . 2200
80901 .8%362| 7267 €067 39341 .233), « 1000
95111 .67L5| 5600 L53L| 2667 .133L L0267
1.00 62l .5067] LO20O| .22001 .1000 0
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TAPLE VII.- FUNCTION P AGAINST x FOR T = 180°

xNF| 0 ]0.1564|0.3090|0.5878{0.8090|0.9511]1.00

0.156412.1518]1.5686]1.1586]0.7106|0.4653|0.3220{0.2786
3090 |1.471%(1.1586| .9320| .5973| .3920| .2753| .2320
.5878| .8299| .7106| 5973| .3986| .2573] .1736| .1386
8000} .512L| L653| 3920 .2573] .1600| .0986] .0680
9511 .3522| .3220] .275%| .1736| .0986| .0L70| .0220
1.00 .3026| .2786| .2320| .1386] .0680} .0220(0

N

(]

0.156L]2.3063|1.6867|1.2667|0.8100]0,5600{0.14100{0.3 3L
.3000{1.6255|1.2667| .993L| +653L| JL53L{ .3300{ .293L
5878 .9828! .8100{ .é53L| L3671 293L{ .203L| .1767
.8000| .6639] .5600| L53L| .293L| .183L .1100| .083L
.9511| .5025! .L100| .2200{ .203L{ .1100| .OL33| .0200
1.00 5ol 3634 2934 1767 .083L| .0200{0

(C) A= 2

0.1564L|2.,060(1.7,3311.3000{0.8L400{0.59%%|0.,,633|0.L4200
.3090(1.72514{1.3000| .99%32| .6533| .LE0O| 3L6S| 3066
.587811.0821) .8L00| .65%3] .L20O| .2733} .1966| .1633
.8090| .7628| .593%| .LE0O| .2733| +1600| .1000| .07%3
9511| 4011} Lé33%| .3L66| 1966 .1000{ .0LOO| .0200
1.00 5511} .4200| .3066| 1633} .0733| .0200{0

NATIONAL ADVISCRY
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TABLE VIII.- FUNCTION P AGAINST x FOR T = 2)400

) [

{
xlw 0 |O.156’L; 0.30G0 0.58781048090 0.9511{1.00
. |

(a) A =§

0.156411.878511.4720{1.115%|0.549% 10.2800}0.1220 |0.0680
03090(1,198G1.115% | .9320{ .5450] .285%3| .1287| .07
5878 .5566! .5697| 553 JLoes! .2Lizl .1220| 0773

.8090| .2391} .2800| .2853| .21%| .1573| .0787| .0L53
«9511| .0789} .1220| .1287| .1220 .O7B7| .0320| .0120
1.00 0293 | .0680( .0720{ .0773| .0L53| -.0120|0

0.,15€L12.0296]1.5867]1.1833]0.6767{0.3967]0.2L400/0.18%%
.309011.3,8211.183%| .965%| 5933 .3600| .223L| .1767
58781 JT0T71| .6767] 5933 JL0ET| 2567 13| 1267
8090 .3872| .3967]| .3600| «25€7| 1567 .0900| .0633%
9511 .2258| .2l00] .222L| 1633| .0900{ .OL3%| .0200
1,00 17571 1833 L1767 1267 0633| .0200{0

0.15€,12.192711.70%% [1.30%3 0.8167'0.5300 0.3700{0.3167
+309011.5118 {1.30%% [1.0967] .7300] .L767]| .3%300| .2767
58781 .8688| .8167| .7300| .5200f .3L3%] .2200| .1800
«8090{ .5L95| .5300| L767| .3L33| 2167 .1267| .0933
«9511} .72878| .3700| .3300{ .2200! .1267! .0567| .0267
1.00 33771 2167) .2767| .1800! .0933| .0267]|0
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TABLE IX.- FUNCTION P AGAINST x FOR T = 300O

‘;;\ x 0 [0.15644{0.3090/0.5878| 0.8090| 0.9511] 1.00
| (8) A = 5
0.156;(1.4198 |1.49%3]0.9400}0.3100|-0.0600|-0.273L |-0.3L00
2090 | 7393 | .9400]1.0566| L566] .0766] -.153L| -.2L3L
.5878| .0979} .3100{ .L5€6| LL0O| .2233 0232 | -.0631,
8090 |-.2196}~-.0600| .0766] .2233| .2100| .0866| .0133
«9511]-.3798 |-.263L| -. 153! .023%3 08661 .0L466| .0066
‘ 1,00 |-.429L|-.3400]~-.23,}-.068L| .01%3 .0066| 0
| |
(b) M =1
0,154 11.L296]1.3467|0.9567|0.2433 | -0.0967 |-0.2700 |-C.3200
3090 .7L88| .9567| .9067] .L4100| .0333| ~.1€00| -.2133
58781 .1061| .2433{ L4100} .L333| .1833 0167} =-.0367
.8090}-.2128|-.0067{ .0%3%| .1833] .1900| .0900| .03%67
9511 |-.3742|-.2700{ -, 1600| .0167] .0900| .C567| 0200 |
1,00 |-.243|-.3200}-.2133|-.0367| .0367| .0200} O
(¢) A =2
0,158l 11.6794]1.9600]/1.3000]0.5534| 041734 {-0.0100 |-0.0600
3090 | .9985(1.3000{1.1200| .&334| .2B3L| .0867| .023L
.5878| .3555( .553L| .633L| .523L4| .3000| .1L3L| .0€00
.8090| .0%362| .173L| .2834) .3000( .143L| .0967| .053L
‘ 9511 [-.1255 |-.0100| .086é7! 143l .0967| .oL67| .0200
i~ 1.00 |-.1756|-.0600| .023L{ .0800| .053L4{ .,0200] C
|
NATIONAL ADVISORY |
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TABLE X.- FUNCTION 4P seaTNST T FR A = %.
{
(ada & 120 180 2lLo 200
X4 \Q g
A3
B —
(a) x =0
|
0,156, 2.2667 | -%.33%3 | =6.0000 |-2.2867
2090 2667 | =1.8667 | =1.937% ; - 2067
JiBLO  f meeees | maeaae o b sl @b -y
5878 -.1413% | -1.0267 | -.83%2 | '.Li33
¢TOTL | mmmmem | mmmman e mm————
-£090 55001 =~ BEE 480 2300
B <o) (o TR (U R R Lot
9511 -.3017 | -.5733 | -.3000 ; .3017
e i A S e e E T
(b) ='=1.00
0.154, -0.9367 -0.8‘}5 ~-0,9%%3 {-1.0153|-1.190
+3090 -8767 | =.TL6T | -+7933 | =.9967|-1.3L0
B T B e el IEE L L frmmm ] s e
5878 -.73500 | -.580014{ -.618% | ~-.8533|-1.L,133
.7071 ----------------------------------
8090 -.5850 | =.4700 | =.L4867 | -.6650]-1.15€7
‘8913 """""""""""""""""""""""""""""""
.9511 -.5023 | -.}4100{ =-.L4000 | -.L733| -.6700
9877 e o Bttt & s el it Rty b
1.00 - L767 | -.3967 | -.3603 | -.1333| -.L333
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TAELE XI.- FUNCTION %§ AGAINST T FOR A =1
\;;\\ngg) €0 120 180 2l0 300
\
(2) = 0
0.1564 5.0667 |-8.6667 | -10.3333 | -5.0667 | 8.6667
.iozo 7667 | -1.93%3% -2, 1,667 -. 7667 | 1.933%
. 5 O """""""""""""""""""""""""
.5878 213% - 9667 -1.1000 -.213% <9667
B (o v H R B I e Dttt BTt
8090 =+0533 -. 6933 -+ 7500 «05%3 6933
<= s TR I B B el ettt ittt
«9511 -.1400 -. 4,00 -.5200 .1400 8,00
NeTsl i A R R It Rt Bttt
1.00 -.1667 -.6200 -.1,800 1667 L6200
(b) x = 1.00

0.156l -0.9567 | -0.85%3 -0.8L00 | -0.95%33 {-1.0300
+5090 -.973% - 79535 -+ 7600 -.8667 | -1.0733
B0 | | mensens [ecossue | seseses | ewssees | seSesse
.5878 -.8133% -. 6267 -.5767 -, 6600 | ~.9533
oTOTL | =memmem | mememan | cemcmee | eemeces | ecaocee
.8090 -. 6633 -.5100 - 11600 -.48%23 | - 68467
08910 --------------------------------
.9511 -.5967 -.L633 -.L4100 -.L40%33 | -.3333
W3BT77 | mmmmmem | memmeee | eeemmee | memoeoo | eomeoee
1.00 -.552% -.L67 -.3800 -.36%% | -.2900
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TABLE XII.- FUNCTICH 92
dx

TN

ENTTAL

y

AGAINST, T

FOR A =

&

N, } ] 1 I
\\\\\\4@Lgs €0 i 120 % 180 210 % 3200
X5 ¥
i \ i !
(a) % =0
b —— i e bt

0,156l 11.3%%% | -8.83% |-16.%33%3 | -11.%3%3 | 8,833

«3090 2,8000 | -2.L400 | -5.66€E7 -2.6000 { 2.L00
n}.’J_’BL‘lO --------------- g -------------------
.5878 . 6853 -.9333 | =1.2000 -. 6833 933%
JIOTL | memmmmm | meemeee [ | Sm e ) e A
.8090 253% - 6867 | - TGET -.25%% « 6E6T
8910 | cmemmmm | mmmmee T I B ST e
9511 «2000 -.BE367 | -.633% -+2000 5867
.9877 S A e e Tt
1.00 1600 -.5L67 5667 -.1600 cLE7

(b) "x'E 1.00
0.156l, -0.97%3% | -0.9067 { -0.77%% -0.7L67 | -0.8000
<3090 -1.0533% -. 7600 -. 6400 -.7200 | =.8L400
ABL0 | mmmmmmm | e | mmemee el IR Tt
5878 -.9L 67 -. 6600 -.5000 -.14800 | =-.7200
7071 o Bt o w1 Bl 1 |G
.8090 -.7200 -.56587 -. 1,867 -.oé7 | -.5467
. 8910 ---------------------------------
«9511 -.6200 -.5000 -.4500 -.3600 | =.0267
O877 | e | memmee I A e
100 -.5600 -.1,867 -+3800 -.3L00 | ~-.2%33
|
|
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TABLE XITI.- FUNCTION

dpP

-Xx=—— AGAINST x FOR A =
dE

il

&

f\;;\\\x 0,156l | 0.3090 |0.5878 |0.8090 | 0.9511 ] 1.00
(a) 17 'w &%

0.156l | 0.299 | 0.890 |1.0LL !0.964 |0.93%3 | 0.9367
32060 | .194 <570 «B77 787 1 »810 8767
5878 | .105 261 526 623 .65 . 7300
.8090 | .O7L «159 «375 L1160 .5%2 5850
9511 .055 124 <309 379 L8 .50%3

1.00 .050 111 . 280 3L7 L7 L7767

(b) T =120°

0.15€, |0.526 | 0.662 [0.785 (0.834 1 0.859 | 0.8633
3090 | 316 Ji57 . 609 . 690 731 « TLET
5878 | 162 e 11 .508 562 .5800
«8090 | <117 <207 321 06 153 1,700
.9511 | .085 150 « 266 32 301 .ulqo

1.00 .075 142 .29 .328 375 3967

(¢) 7 = 180°

0.1564 | 0.507 | 0.679 |0.736 |0.823 | 0.908 | 0.9333
3090 | .26, L65 611 . 663 752 - 79%3
.5878 | .118 .78 394 182 579 . 6193
.80%0 | .04, 149 273 377 L5k L1867
9511 | .04l .106 .208 .285 .358 .1;000

1.00 oLl .101 .18L . 260 | 334 2693

(@) T =240°

0.156L |0.397 | 0.6999 |0.92y |0.987 ' 1.0050 | 1.0133
3000 | 147 JZ1 <771 «905 973 9967
.5878 | .008 .091 381 663 B16 .85%3
.8090 | -.020 «025 «155 1400 .598 <6650
.9511 | -.018 .002 .059 .228 1015 1733

1.00 -.01 | -.008 042 104 363 1333

(e) T =300°

0.15€4 | 0.6200| 0.9070 | 1.1330 |1.216 | 1.209 | 1.1900
«3090 | -.203C | 3380 | 1.0800 [1.3222] 1,350 | 1.3400
5878 | -.207L{ -.1591 | +3590 ;1.021 | 1.360 | 1.L133
«8090 | -.1372| -.2%385 { -.173L | .Lo2 70111567
«9511 | -.1175 | -.21148 | -.2933% {-.025 165 . 6700

loOO ‘oOQ)_LO "nEOLLL? '032)45 ”-OC7 028!4. 0 335

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
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d
TABLE XIV.- FUNCTION -xag- AGAINST x FOR A =1
.8090 | 0.95111 1.00

\;I\\‘Xi 0.15€L| 0.3090} 0.5878 | 0
S

— ——

(2) T - &°

e R

0,156, ! 0.450 | 0.93 | 1.020 | 0.990 | 0.96L | 0.9567
.3c90‘ .1%0 L1635 970 .918 .9L0 l .973%
5878 | .050 16 548 77 e e -
8090 | .0%8 aligey L8 1 LEoE G0 | L6633
«9511 | .03%% .105 200 | W48 570 | .5947

1.00 { .029 053 . 270 L27 528 ‘ 5523

. e i - st

() T = 120°

o.156ﬁ§ 0.515 { 0.711 { 0.817 | 0.8L49 | 0.853 | 29,8533
3090 .318 | .L80 | .60 | .7295| .778 | .7933
588 - w167 202 | ps ] us8a e Leln | Geel
80004 12h 228 375 RSN 501 | .5100
«9511 «106 .191 326 26 L4460 l LE23

1,00 «095 <179 518 Lol JLo | Lhé7

()

(¢) T =180

0.154, | 0.518 0,668 0.0 | 0,81 {10.85] E 0.840
«3090 | .307 JTO . 622 . 7015 7.8 . 760

5878 | J162 .283% 419 .510 560 577
o090 | L1130 .191 31 103% Jig61  Jhéo
9511 | .087 .158 <2705 | .350 305 110
1.00 .080 Al «2505 | 326 269 380

() T = 20°
0.1564 | 0.L442 | 0.733 | 0.800 | 0.937 0.9505 0.95%%

3090 | .205 16D . 688 <794 .8500] .B66T
.5878 | .068 .198 0115 565 é¢oa| . 6600
511§ .002 .052 163 2Tl GE 10%3
1.00 .0006| .0%9 I .235 Sl 3655
(e} T =300°
0.154,{ 0.2,1 | 0.967 | 1.1580 | 1.103% | 1.053%3 | 1.0300
3090 | -.051 298 | 1.1266] 1.222}4| 1.1300 | 1.0733
#0070 1 =175 1 =.259 | - Sl «995 | 1.0330 | .9533
8090 | =.128 | -.24)p | -.205 31l JOET L L6467
9511 -.108 | -.230 | -.330 | -.087 215 .3%3%
1.00 | =.109 | -.214 | -.308 | -.080 .185 2900

) S

iTATIONAL ADVISCRY COMMITTEE FCR AERONAUTICS
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dap

TABLE XV.- FUNCTION -xy— AGAINST x FOR No= 2

x | 0.158, 10.3093 0.5878 | 0.8090 |0.9511 | 1.00

Yl .
b ¥
(a) T =60°
0.154; 10.880 {1.019 (1.061 |1.cLO ]0.9985 |0.9733
«3090 | .C97 72 834 «939 11.023 | 1.05%3

.8090 027 .110 «305 .509 . 6615 .+ 7200
<9511 021 .081 «255 122 568 « 6200

i
I
5878 | .035 ’ 282 | JLL8 4.2 .861 .9L67
|
1200 e ) S .210 384 .51l .5600

(b) T =120°

0.1564 |0.L73 10.655 |0.856 |0.922 {0.918 |0.9067
23000 | .260 1480 781 862 .8195 | .7600
5878 | 142 301 .58% 750 . 700 . 6600
80904 117 .229 L2 560 5775 | 5667
.9511 | .1035 | .221 <279 62 195 .5000

100 0042 1 210 358 Al il 1867

(¢) T =180°

0.156 |0.551 |0.707 ]0.752 {0.7L0 }0.7550 | 0.7733
3090 | 373 516 .581 BL2 1 A0
5878 | .220 327 119 165 JL91 .5000
.8090 | .153% + 256 .332 379 151 1867
Mo o3 O U Y . 200 « 281 327 .39l 11500

1,00 s122 197 262 | 301 351 3800

(@) |7 = &

0.156é, [0.439 |0.689 |0.893 {0.914 [0.832 |o0.7L67
»3090 | .208 106 . 708 814 .788 cTLE7
x5878 § 077 .200 LA TS .585 14800
.8090 | .OL3 .119 322 1189 152 L4067
.9511 | .0%3 .100 .278 3996 | 391 3600

1,00 - 02X .091 262 ' .381 376 .3L,00

(¢) T =300°

0.156 {0.847 4]1.087 1,202 |1.121 |0.943 | 0.8000
3090 | .OL6 82 11.000 |1.118 11.099 .8L00
5878 | -.119 l-.oho 1481 .862 .837 .T200
8090 |-.127 | -.161 162 .L,o8 .5585 | .5L67
«9511 |-.107 |-.160 .0L5 .281 Ja2 Ji267

100 -.100 ;—.1uo -.008 166 .230 <2333

NATICONAL ADVISORY CCOMMITTEE FOR AERONAUTICS
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B od
TABLE XVI.- VALUES CF ;)>-x5§v AGAINST x FOR

THREE-EI,ADE AND SIX-RLADE PROPELLERS

‘—Fcr three-blade propsller, T = 120° &and 21;00; for sizg—
~tlade propeller, T = €0°, 120°, 180°, 2,,0°, and 200°

2090 | i e 0
N 0.156l | 0.3090 | 0.5878 | 0.6090 30.@511 1.00

o !

(a) Thres-blede propeller; A = -12-

0 Ja 0 0 0 0 0
A58 1 925 1361 [1.709 [1.821 {1.868 |1.8766
3090 | L6B .8688 |1.380 [1.595 |1.70L |1.7L3L
.5878 | .170 3 €0 Je2 1107 11,578 1digne
.8090 | .097 .225 4430 806 | 1.051 |1.135
9511 | .067 .156 325 570 .7925 | .88%3

100 <061 <134 <291 520 . 738 .6300

i
(1) Three-blade propeller; N =1
aumad T .

0.186; 10.957 |1.4ldy | 1.707 | 1785 § 1.8035 | 1.8056
»3090 | .523 OL0 | 1.328 | 1.5235 | 1.628 |1.660
5878 | .235 g0 .881 }|1.12 |1.250 1.2667
gooo | ke | 3z | &1 | .Bl3 i 957 | .9933
+0511 { .108 23 199 .700 .82 8666

100 | cos6| .26 | L2 | .59 | 74, | .8100

| i
(¢) Three-blade propeller; A = 2

0 0 0 0 0 0 0
158 | o1z 1 1.3kl | 1.9h9 | 1.856 | 1.750 1 16550
+3000 | .L68 886 [1.489 |1.606 |1.6075 |1.5067
5878 | .219 .501 | 1.043 |1.396 |1.285 |1.1400
8090 | .160 .358 .76, {1.049 |1.0295 | .973L
9511 | L1365 321 657 B6161 B86 5600

1.00 12321 .301 . 620 822 .853% 8267

NATIONAL ADVISORY
COMMITTEE FOR AERCNAUTICS
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TABLE XVI.- VALUES OF ’/) e AGAINST x FOR THREE-
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FLADE AND SIX-BLADE PROPELLERS - Concluded

[For three-blade propeller, T = 120° and 2,0°; for six-
tlade propeller, T = &°, 120°, 180°, 210°, end 30063
- 0 0.156u: 0.3090 | 0.5878 lo.aogo 0.9511] 1.00

(d) sSix-blade propeller; A = %-

0 0 0 0 0 0 0
J15¢, | 2.4h90 | 3.837 | L.622 |L.82L (L.918 ,.9%66
3000 | .718 | 2.261 |3.9L8 |L.367 L.616 | L.T753L
.5878 | .1856| .6999| 2.071 [3.297 (L.012 L.1949
8000 | 0978 .2005| .95L6 |2.0L45 |3.007 | 3.363L
o511 | .oL85| .1712| .5L87 |1.209 [2.0635 2.,566

1.00 .0580| .1l38 | .L305 |1.062 |1.773 | 2.1093

(¢) Six-blade propeller; A =1

0 0 0 0 0 o} 0
154, | 2.166 | 4.022 | L.655 |L.6933 L.65L81 L.6333
3090 | .909 | 2.171 | L.0Lé6 L3650 |L.Lbé | L.L666
5878 | .272 677 | 2.28L [3.407 [3.65L | 3.6303
8090 | .166 387 | 1.093 {2.162 {2.6733] 2.7653
511 1 w122 276 .7295 {1.131 |2.004 | 2.2066

1.00 0956| .250 6645 11.312  11.846 | 2.0%33

(f) Six-blede propeller; A =2

0 0 0 0 0 0 0
156 |3.190 | 4.157 | L.78s [L.T37 |L.LLES 14,200
2090 | .98l | 2.607 |3.90L |L.365 L.3005] L.0LO
5878 | .325 | 1.070 |2.391 [3.36 |3.L74 3.3067
8090 | .21% 56 | 1.568 |2.435 [2.7005] 2.72€8
o511 | LJa7hst b2 §1.208 [1.8916 [2.260 | 2:5567

1.00 1622 .L2es | 1.08L | 1.673 .1'%8 2.000
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