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A DEFLECTION FORMULA FCR SINGLE~-SPAN BRAHUS OF

CONSTANT SEOTION SUBJEBOTED TO '
COMBINED AXIAL AWD TRANSVERSE LOADS

By Walter F. Burke
SUMHARY

In this paper there is presented a deflectlon formula
for single-gpan beams of constant sectlon subdbjected to
combined axial and transverse loads of tho types commonly
encountered in alrplane depign, The form of the equaetion
is obtainable by dimensional analyslss Tables and curves
of the nondimensional coefficlents are appended to facili-
tate the use of the Tformula.

The equation 1g applied to the determination of the
gpring constant of a beam. Tables and curves are present-
ed to show the variation of the spring constant with
changes in the axial load and posltion along the beam.

INTRODUCTION

In reference 1 deflection formulaes are presented for
single~gpan beams of constant section subjected to axlal
compresslon and transverse loading, These formulas are
consideradbly different for the varilous loading condltions
treated and must be altered when the axlal load 1ls tenslon.

The purpose of this report is to present a simple for-
mula that includes all the above-~mentioned cases of ref-
erence 1 and is valld when the axlal load is oelther ten-
slon or compression,

In refsrence 2 is presented a detalled study of the
interactlion between a 1ift strut and a wing spar when con-
nected by a Jury strut. Therein the authors state, "I%
would be very interoesting to make a goeneral study of the
effect of varying the azial load upon the sign and magni-
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tude of the spring constant . . ., " 1In reference 2 the
term "jury strut" is applied to a member wkose primary
function is to provide an elastic support to a 1ift strut
at some intermediate point and theredy to increase the
critical load of the 1ift strut.,

The deflection formula derived in this repert makes
it possible ta make the suggested study and to show very
clearly the effect of changes in the axial load, The gen-
eral deflection formula presented herein is derived by the
straln~energy method of analysis which is believed to lead
to a more simple form of solution, 4 comprehensive treat-
ment of this method has been presented by Timoshenko. (Soe
rerorence 3.) .

DBRIVATION OF EQUATION FOR BEAM DEFLECTION

The following derivation applies to the case of a
slngle~span beam of constant sectlion sudbjected to the com~
binatlon of loadings shown in figure le. The loads, mo~-
ments, and deflections are shown in the positive direc~-
tions.s The conventlons adopted here are such that positive
lateral loads and positive end moments produce positive de-
flections; also positive axial load incroases deflections,
It should be noted that these conventions differ fron
those of reference 1,

The deflection curve of the beam may be obtained by
the additlon of simple curves of sinusoldal form having
different amplitudes and frequencles so that

' 2 x
¥ = a, sin I + ag sin ;%E ¢+ « « + ay sin E%— (1)

In order that this expression may exactly represent
a particular deflsction curve at every point of the beam,
an infinite number of terms are, in general, required,
Therefore the expression

(-]
Yy = z" an gin nnx (2)
n=1 L3
may be made to represent any deflection curve for a sin-
gle-gpan beam by adjusting the values of the caefficlents
&n. In order to evaluate the coefficients ap, the

changes of energy of the external loads and of ithe beam
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due to bending are determined for a small change da, in-
any one of the ecoefficlents a,. Tor eguilibdbrium, the
changes in energy of the external loads must be equal and
opposite to the change in internal enorgy of the beam, It
is therefore necessary to find the energy changes during a

small displacement dap sin E%E from the equlllbrium posi-
tlon. During thie small displacement the lncrease in en-

ergy of the beam due to bending is. g%%ﬁ n* ap dap (refer-
ence 3, pp. 417-422), '

The work done by the axial force P 1is

b

P 57 B° an dap

o)

The work done by the load W 18

¥ dan sin E—?ng'-

The intenslity of the trapezoldal loeding is
we + eox

wvhere ¢ 1is the change in the intensity of loading per
unlt length of span. The work done py that loading 1is

jl(wo + cx) depn sin BIX 54

1
o
Wl w.1l n ct?
- | 207 . 0" (. - e (=71Y2
- | o n (_1) . nw (-1} dan
Tihe rotations of the ends of the beam are
] | nmx\]
a (d.a.n alin 1 T _
L dx=0
I 3
d (dap ein BEE
Z . _1yB -
and T ‘s -.21 (-1)" dap at =1

During these rotatlons the work done by the end moments
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¥, and M, 1is

n
[M,_ - My BT (-1) ] dag
When the work done by the external forces is equated
to the change in bending energy of the beam, the following
equation for ap is obtained.
21 a M
(n'rr) - 'La (nr cos nm) +

an = = o
S n2{n® - o) \1
1l cogm 2 cos' nm nrd
(wol) (m = 220 - (o1?) ( + W gin = (3)
whers ) e —E— = g; (&)
e

(1131!

—12
and Pg 18 the critical Fuler load for a pin-ended column

of length 1 and bendiang rigidity BI. The axlel locad, P,

ia positive when it ips compression and negative waen 1t is

tension., By definltion, o has the asane sign as P. Wnhon
the foregoling value of a, 18 gubstituted in equation

(2), the expression for the deflection curve becomes

y = % [’5 (’%L) +y (’%-)arg (wol) + T (™) +(F,+ &) v] (5)

The coefficients B, v, §, €, P2, and Pa  vary in form
with changes in the sign of ®. It is more convenient if
those coefflcients are reéeplaced by the caefficients £, ¢,
&, €, ®,, and ¢; 1in which

P _ Y

P P P

Hie |

:» etc,

-]

where P 1s the absolute value of P ard & 15 replaced
by its absolute value o. In order to differentiate be-
tween compression, tevmsion, and no axial load the coeffi-
cients B, v, ete., aro givon thoe subscripts c, t, and o.
Bquation (5) may then de written as

v =y [‘3< y () 7 vy @+ e (v 1)

+ € ) (c1®) +—(Q’1( ) +fPa( )) F] (6a)
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When the axlsl load is compression or tension, use the co-
efficients with subscripte ¢ and t, regpectively,
When there is no axial load replace P by P, and uss

the coefficlents with sudscript o. For axial compressilon,
denoted by subscript e,

x . N
. - 2a ; sin HIE ] sin_[«f—cm(l_" i'i] _ (1 . 5)}
e T n=1 n(r®-q) ein{,/am) !
l T .
—gq & cos(am) sin 5= x  oing/om f)
L R " E vy,
20 © (1 - cos nm) sin EJE'E
8. = — I - =
c m n=1 2% (n® -~ a)

Qg < cos nm sin :}{_r__x_

= - 5 -
e T n=1 0o (2 - q)
{
{_ 1 [x sin \/c—crr T) 1 _x_s>}
Ta [V sin(./oom 14 12
(Dr, Eaplan of this Latoratory assisted in the
evaluation of the foreg.oing irfinite series)
2q @ sin gir_x_ sin ——'%d'-
+ = %
and P T T 4F ok TR T O

) e /- o w\ _ coslfom(u - 1)]
waere | q;’:"c: {2 (L 2/ 2.Jor sin@/am)

where u =. (%— - %:-\

7/
_ v g_s_LEmﬁ_-_L'L
and == {z (2 - ) 2 /Gt sizw"mj#)

where v = (1- + %)
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For axial tenslon, dernoted by subscript ¢,
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640

@ is nega~-

tive and 'the coefficients take the following forms.

P

i
4

Ty

G1) G-

—r'l ——
“ =17 |v -

fu
E

¢1t

vhere a = (g
\1

and ¢at_= {g

where v = (é
A

-1

.ainhtyﬁ;r(} - %)]

sinh (/cr)

- sinh Wam %)

sinh (/arm)

(D)

1>”a sinh (ﬁ%t’i) stan [V& T (1 - ’f)]

X

w° o cosh Q/R.%)

s AN A 1

ainh(@_;)J 1 x  x8
sinh (Jour) B

_ w), cosh [Jar (v - 1)]
(l g/ 2 Jar einh (/am) }

| L3 (v = 1)]
(l"%>+0283&1f::nhv(./&t) e

o x
+ 1)

When there is no axisl
tion (6a), and use the
= M2 X -
Bo = %5 7,(1
_ﬂix.{ -
Yo = & T
TR (x
R
€g =

load, replace

P Dby Pes

) }

in eque~

‘coefficlents with subscript zoro,.

N (- %)
T
&+ @)

A HONIORTION,
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2 [1 _ud _ ud u*

P2, T G0 "1zt 12 48
where u = (% -z
[
P2, = °F 9]6"%4'%%"%%}
where vy = (%-+ %j

The foregoing coeffleients are given 1n tables I to
17 and figurea 5 to 16 for the range likely to be encoun-
tered in alrplane design, '

Yhen more than one concenitrated load acts on the heam,
the deflectlon formulas hecomes

1 M M
= E[ﬁ( y @)+ vy )+ 8¢y ma®)
+ e( ) (cla) + X ((PI( ) + (PB( )) w] (6)

where the summatlor sign 1ndicetes that there muat be one
term of thet form for esach concentrated load. When the
values of @, and @5 are being chosen, the following

rule must be observed. If the point whose deflectlon 1is
being determined liseg to the left of the concantrated load
being consldered, use the values of T and as ln the

derivation, ¥When the deflection 1s belng determined for a
point to the right of the load, however, replace T and T

by (} - T) and (} - T\ respectlvely, in computing 1
ard v,

An inspection of the curves and tables shows that
when the axlal load is compresslion the deflectlons becoms
excessive as Q approaches unity, even for small lateral
loads. 4 comprehenslve treatment of critlcal loadlng con-
ditions is given 4in resference 2.
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DETERMINATION OF SPRING OONSTANT

The spring constant of a beam at any point 1s definod
ag tho lateral force required at that point to produce unit
deflectlon of that point, The spring conatant X may bde
defined (fig., 2) mathematically as

R = [g—-}‘!]::d ) (7)

Equation (6a) may bo applied to figure 2 and is re~

" dueible to, the form

- X
y =KLy (8)

For axial compression

co““%'i %)(\1"%)

N ﬁn{coa[fm‘r (%‘5 - 1‘\}]- ~ coB («f_mT)}
3 o® 7® ein (/Sam)

and for axigl tenslon
= L /x\ - 5)
b a \1/ (1 1 - -
' . N/&T{cosh[,\/fﬁ. K%E - 1)] =~ cosh (\/_én')}
+
2 o® w® ginh (/o)

Wien tiore ig no axial load present

Therefore, the apring constant X may be writtea as

Pgy '
K =--El_ T - (9)

— 1
rvhere . Kl = E
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ory; In the alternative form, which may be more convenient
at times C

1
Whel-'e Ka = - :

The values of {; EK,, and K, are presented in tedles ¥V
to VIII and in figures 17 %o 24,

The effect of changes in axlal load upon the sign and
magnitude of the aspring constant may be seen by an lnspec—
tion of curves of X, agalnst a for various positlons
along the span,

PR4CTICAL APPLICATIONS

Equation (6) may readily be used in preliminary or
final design to compute the deflections of beams of con-
stant section subjectsd to comdbined axial and transverss
loads. Its form ls simple and the tables and charts re~
duce the amount of computation to a minimum. It may also
be used to compute the additlonal deflections and from
them the addltional bending moments due to the load 1in a
Jury strut.

When the deflection of any point on a beam is known, -
the bending moment at that polnt may be written as

M= ¥, XPy

where M, 1is the bending moment at that point neglecting

the effect of beam ‘deflection and Py 1s the bending mo-
ment due to the axial load P and the beam deflection ¥
at the point. Equation (6) may be used to determine the
value ¢f ¥y for the caseas treated in thips notse.

Bquatlion (10) has a special sigaificance in Jury-strut
problems, In reference 2, equations are given for the re-
quired minimum value of the spring constant of & 1ift- strut
for varlous conditions, 4 1ift etrut will have minirum
welght when 1lts value of & 1is so chosen that 1t Just de-
velops the requlred spring constant The tables and
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curves computed from equation (10) enable the designer to
select the lightest strut for any particular case.

Lengley Memorial Aeronavtical Laboratory,
National Advisory Committee for Aeroanasutics,
Luangley Fleld, Va., July 15, 1935,

APPE¥DIX A

In order to demonstrate the application of the gener-
al equation to a speciflic case, the following problen is
congidered, Referring to figure 3, let 1%t be required ‘to
determine (a) the deflection of point A dune to the extor-
nal loads, exclusive of the reaction of the Jury strut
(4B), (b) & suitadle 1ift strut, and (c). the supporting
force or the sgpar.

Spar- Sirut

'1:1 = +33, 300 in.“lbc ) ) ]
By, = 0 ' 0
P = G5L70 1b. tension 5,460 1b. compression
I = 150 ia.*
(i?\ = 0,30 0430

/.ﬂ. ’
B = 1,300,000 1b./sg.in. 28,000,000 1b./sq.in.

' 5.88 x 1300000 X 150 '
P = = B5600 1h.

- P _ _5170 _

a = Py 53356 0.0604
%, = ~10 1b./ia,

(a) The deflection at point 4, due to the external
loads exclusive of tae jJury-strut reactiodn, is given o7y
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¥
vy = 3 [By = + 8y (wo1)]

- +33300\
= z190 [(0.0335) ( 150 ) + (0.0059) (~10 X 150)]

= «0,041 in.-

By from figure 7; 8y Zfrom figure 10
(p) Trom figure 3 -

150 N\
168,11/

32 =
cos® p 168,11

= G.g

?he)spring constant of the spar at point A is (eguation
9

Py 85600 :
i— = 44110

E, T = 72 150

t
(Klt from fig. 223)
I2 the notatlon of thls paper the maximm allowable nega-

tlve value of the gpring constant of the 1lift atrut ie
(reference 2, equation (22)),

K(BPB-I') cos? M = K(Btrut)
I(Btl‘ut)-——. -(45110) (0.9) — _3'700
and from equation (10)

~3700 X 1B8.11

(K3) ggrut = 5450 = =107.3 "

From flgure 23 it may be seen that forxr % = 0.3 the maxl-

mum ellowable value of o for the strut lies between o =
3.18 and o = 3.20. If a strut be chosen with thils wvalue,
it will be in a conditlon of indifferent elastic stabili-
t7« For positlve stabllity the etrut chosen should have
a value of K, 34 algebralcally grester than -107.3. The

optimum strut wlll, in general, have a value of Ka- given
: c
by the point on 1ts curve at whichk the slope begins €o

change rapidly. (Ses rsference 2.) 1In thip example the-
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optinmum strut is 2t « = 2.8, approximately, at which

Ka = =~ 10,5, When this value of «a = 2,8 has been chosen,
c

the moment of 4inertia of the strut is obtalned from

. - -] .
1= k2B . (168.11) x 2250 = 0,176 1n*
m3E a (9.88) (28000000) 2.8

(c) The corrscted value of the spring constant of
this strut is (reference 2, equation (22))

5450 1 _ .
E= 155717 X gog (~10.5) = - 40

In the notation of thim paper the supporting load on the
spar 1s (references 2, equation (9))

- K(spar) K(strut) s
I(spa.r) + K(s'trut)

Wg =

We = - (~0.041) 2110 (-402) _ _ 34,3 33,

4110 -~ 402

The minus slzn in tae foregoing equation indicates that
the supportling locad acts in the same directlon as the lat-
eral load.
APPEWDIX B.
Beams with Restralned Bnds

In the derivation of equation (6) the valmes of I,
and Mz were assumed to be knmown. It is possible, howev-
er, to apply the general equation to the solution o2 prob-
lems in which the end moments must first be determined.

Let it be requilred tv determine the moments ¥; and
My for the problem in figure 4.

The deflection at any point is
U, Ea 1
:r=%[— T B = T Yot 8 (wo'l-)]

The slope at any point is
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dy 1| My dBs My 47 | ds]

.l L
P |- 1 ax -3 ax T (Ml 5=

The end moments are equal due %o symmetry and, since the
slopes at the ends are szero,

d8¢
- _ - ¥ = 3 __&x
dx a&x

A close approximation may be obtained by substituting

ﬁ%s §¥; and %% for %%, %%, and %%, respectively, the

values of the former being readily obtainadle from tadbles
I and II. ' VWhen the wvalues thus obtained are substituted
in the preceding equation, )

0.0203
2 0.05
0.1282 0.0893
0.06 0.05

M= wyl = 0.0934 w,1°

In reference 4, equation (6.128), the exact solution
for this case yilelds the result

¥ = 0.091 wg1®

Uore complicated loading condliitions, for which the
exnct solution 1s not avallable, may be solved with equel
esne and accurecy.

APPENDIX O

.Many ingtances occur in structurel englneeriling in _
which continuous loadlng occurs over only a part of the
span. 4 very close approximagtion of the deflections due
to such a load distribution 1s odtainabdle by the use of
equation (6). The following example will demonstrate the
method of solution, Let 1% be required to detormine the
deflection at point B of the beam loaded as shown in
figure 4a. The lateral load may be replaced by a number
of small concentrated loads of magnitude w dx, where W
varles from w, to 2w,, end the deflectlon at point B
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obtained as a sum of the deflactions due to ths small coa~

centrated
acting on
dy. Then

dy =

and T =

loads w dx. Waer a concentrated load =+« dx 1ia
the beam, let the boanm deflectlon bo dsslgnated
from egquation (6) ’

%-($lc + ¢ac) w éx

. x=0.861 |

P x=0:41 £¢1c * ch) v 4=

l’._!'x:o-s_z (9, +9.) w dx;+ fIO-G.L(‘;'JI + @, ) cix}
T Y=c.al ic R x=0:+51 c %

If it were posaible to express ¢, , ¢3 , and W in
c

terns of

c
x the value of ¥y counld be accurately deter-

mined. Thls procedure, owever, is usually eithsr too

difficult

be obtained by substituting Ax for dx and. replacing the

or inpossible. A very close apnroximatlion may

integral by a summation of a finlte number of terms.

At point A . L .
u = (1 - %) - (1 - %} (See p. 10.)
= (1L - 0.4) - (1 - 0.5)
= 0.1
o= [ &N | £ .
=1 - g (-1 -5 (sse p. 10.)

Sea ftable

Pic
Pz,
quc + Cch

(¢1c + @ac) w

(1 - 0.4) + (1 - 0.5)
=-1l.1

IV for value of @i, and @2z,
= 0.23C9

Cc.2591 R

= 0,290C
0.29C0 w

o}
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At point B
u = (1 = 0.5) -~ (1L = 0.5) =9
v = (1 = 0¢6) + (1 -« 0.5) = 1.0

¢1c = 00,2400
¢3c = 0,08659
¢1c -+ cpac = 0.3059
(cplc + ¢3c) w = 0.3059 .(1.5 wO) = 0.4589 WO
A%t voint C _
= d . X . *
w=§- % (Seo p. 10.)
= 0.6 Ld Q.E - 0-1
d. x
v= =+ =
1 1

= 04,6 4+ G456 = 1,1

¢1° = 00,2309
= . Q
Pag 0.0591
@18 + @36 = 0.2900

(Qlc + ¢ac) w = 0.2900 (2 wg) = 0.5800 w,
In this 1llustrative problem, let Ax = 0.1l

Jr_,.".—.O-EZ
' 28 + 0.1589
£C 0.41(¢1c * q)3c) v ax = S 3_0 Vo (0.11)

= 00,0775 wyl (anprox.)

x=os8l 0.4589 + 00,5800
(@3, + P3,) w dx = I

Wo (0 011)
X=0s51]

= 0.0520 wgl (aponrox,)

migrefore the approxizate deflection of the beam at point
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B 1is given by
g = %-{0.0375 wol + 0,0520 wol}

a3

w.l
= 0,0895 -2
P

If less accuracy 1s sufflcient the trapezoidal load-
ing 1in figure 4a may be replaced by a single concentrated
load of magnitude -

1.b Wo (0.21) = 0,3 w°1

located at the centrold of the trepezoid. The centroild is
located at .-

x = 0,417 + 0,556 (0.21) = 0,61121 = 0,61 (approx.)

From equation (8) and table V the deflection at point B ie
glven by

la Wy 1?
y = 5 (0.3 wal) (0.5098) = 0,0918 —3—
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TABLE

I1

L)

0.086

0.10
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0.20 }0.35

0.30

0.36
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0.45
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0.086

z 0.0040|0.0048

.0088| .0103
0134| .0181
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0.00E6
.0118
.0184
.0881
.Q348
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©

0.0086
0138
.0818

.om
.0536

.0818

»1008
+1338
.1498

1.104
3.333
©

Values of &3

0374 0447
.0384] .0408

0614 .0814

0 .00B0

0178

0.0058
0111
.0160
.0304
.0345
0383
0317

0778
.0813
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] TABIE ¥

r&>\<% 0.1 0.2 0.3 \ 0.4 0.5

Values of {g
0 0.0266 0.0842 00,1451 0.1895 0.2056
VYalues of {,

0.2 0.0318 00,1025 0.1788 0,.,28355 0.2563
4 .0401 1324 2349 . 3124 3411
o6 0566 .1914 . 3461 « 4654 +» 5098
«8 .1063 « 3671 . 6782 « 9235 1,016
.9 « 2023 « 7179 1,342 1,841 2030
«95 . 3963 1.420 2,671 3.676 4,059
«975 «7816 2814 5.313 7.328 8.096

1.0 o« © ™ o (-]

1,025 -,7662 -2,786 -5.897 -7 336 -84115

1.05 -,3779 -1,381" —2,636 -3.657 -4,049

l.1 -,1842 ~, 6814 -1,309 ~-1,826 2,023

1.2 -,0872 -,33056 -, 6456 - 49081 -~1,010

le6 -,0216 - 0943 - 2009 —e2961 -, 3342

1.8 -,0128 -~ 0633 ~o1439 - +¢2190 - o 2497

2.0 -.0071 - ,0437 . = 41086 -.1724 -.1989

2.5 00025 "00125 "'0567 _.1082 "01311

3¢5 0315 .0679 .0399 - o,03B67 -.0764

3,75 «0674 «1623 .1364 0060 -.0889

3.9 «1725 « 4379 « 4131 «1143 -.0649

3.95 «3491 1.466 1.023 .2917 ~+0638

4,0 (- (=) o - -40625

Values of {4

0.1 0.0248 0.0774 00,1330 0.1730 0.1874
«2 0232 0720 <1225 .1588 <1719
3 .0218 .0662 «1137 « 1468 «15687
- 3 «0206 «0630 « 1060 «1366 « 1475
«D «0196 0596 «+0996 .1289 »1379
«6 .0187 0563 0938 « 1201 »1295
o7 «.0179 0635 .0887 «1133 «1220
«8 0171 «0B10 «0842 « 1072 «1154
9 «0165 .0487 .0802 <1018 «1094

1.0 «0159 0467 0764 0969 «1040

1.25 «0146 0423 0686 08656 0926

1.5 «01356 «038%7 «0623 «0781 .083%7

175 0126 0357 0570 40712 0761

2.0 0119 «0333 0527 +06586 0700
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. TABLE VI

N— 0.1 0.2 0.3 0.4 0.5

Values of af,

0.2 0.0064 0.02056 0.0358 , 0.0471 0.0513
v4 «0160 05630 «09840 + 1250 « 1364
6 « 0340 «1148 « 2077 . 2792 « 3059
.8 .0843 « 2937 . 5426 7388 «8128
«9 «1821 « 6461 1,208 l.657 1,827
«95 « 37656 1,349 2.537 3.493 3.8567
« 975 «762%7 2.744 5.180 7145 7.893

1.0 o o [=-} o« oo

1,025 -~,7854 ~2.856 —-5.430 -7 4520 -8,318

1.2 "‘l1047 —03966 -.7747 "1.090 "1-212

1.4 -, 0537 -.,2159 -.4381 -, 6292 -~ +7045

1l,6 - «0345 -.15C9 ~-o,3214 - ¢4738 - 5347

2.0 -.0141 -.0874 -a2172 -+ 3448 —-,3978

2.+25 - ,0040 - 056390 —o1772 ~ 3024 ~-e3561

2.5 « 00862 -,0312 -,1417 - 23705 —~ 43278

2.756 0187 <0013 -+1043 -, 2430 -,3071

3.0 .03562 0444 - 0577 -.21561 -,2911

3.26 «.0614 «1113 «0111 -,180%7 -.2783

3«5 <1103 2377 «13956 -21250 ~,2675

B3.75 225286 . 6086 .5114 02286 -.,2582

3.90 « 8727 1.708 1l.611 «4458 ~- 2531

3.95 1,379 b.792 4,042 l.152 -~ 2520

4.0 & Co o o _.2500

Values of afy

0.1 0.0025 00,0077 0.0133 0.0173 0.018%7
2 .0046 0144 0245 .0318 0344
«3 « 0065 .0199 .0341 «0440 0476
o4 .0082 +0252 0424 .0546 .0B90
« 5 +0098 029%7 «0498 0644 .0689
«6 0112 .0338 +.0563 0721 Nakardd
7 0125 0375 0621 0793 0854
«8 <0137 «0408 0674 .0858 .0923
9 «0148 «0439 0722 «0916 09856

1.0 «0159 04867 0764 «0969 21040

1.25 .0182 +0529 « 0857 »1081 « 1157

1.5 +0203 05681 «+0934 «1171 1256

1,75 «0220 0624 0997 « 1246 1332

240 «0238 «08666 «1054 «1312 =« 1400
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TABLE VII
o % 0.1 0.2 0.3 O.4 0.5
Yalues of Klo
o] 37,59 11.88 6.892 5.277 4,863
Values of ch
0.2 31.48 9,756 5.593 4,246 3.902
ol 24,92 7.553 4,257 3.201 2.932
.6 17.66 5.225 2,889 2.14% l.962
! 9,494 2.724 1,474 1,083 . 984
.9 4,943 1,393 . 745 . 543 . 493
«95 2,523 704 .374 272 246
975 1,279 « 355 .188 .136 124
1,0 0 o] o] 0 . 0
1,025 ~1,305 -+ 359 -,189 ~-.136 -.123
1.1 ~5.429 -1.468 -.764 -.548 -.494
1.2 -1%.46 -3,026 -1 ,549 ~1,101 ~.990
1.6 -46,36 -10.60 -4,979 -3,.377 -2.992
1.8 ~78.25 ~15,80 -6,951 -4,566 ~-4,005
2.0 -141,4 -22.88 -3.210 -5.800 -5.027
2.25 ~-568.2 -38,17 -12.70 -7 .442 ~6.319
2.6 400,0 -80.0 -17,64 ~9,240 -7 627
3.0 - - ~51,95 -13.95 ~10.30
3,25 - - 292.4 -17.99 ~11.68
3.5 - - - -28.00 ~-13,08
3,75 - - - 165.6 -14,52
3.90 - - - - -15.,41
3.95 - - - - -15,67
4.0 - -—— - - -16.00
Values of xlt
0.1l 40,32 12,92 7.619 5,780 5.336
2 43,20 13.88 8.163 6.29%7 5,817
.3 45,81 15,11 8.796 6.812 6.301
o4 48,57 15,87 9,434 7.321 6.780
B 51,02 16.81 10,04 7 .758 7 «252
«6 53 .53 17.76 10.66 8.326 7.722
o7 55.89 18,69 11,27 8.826 84197
8 68, 34 12,60 11,88 9,328 8.666
9 60.72 20,52 12 .47 9.823 9,141
1,0 62 .97 21l.42 13.09 10.32 9,615
1.25 68,59 23.64 14,58 11.56 10,80
1.5 7%.96 25.81 16.06 12.80 11,95
1,75 79.68 28,03 17.54 14,06 13,14
2.00 84,17 30.05 18,97 15,24 14,29.
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TABLE VIII
a % Ol 0.2 0.3 04 OeB
Velues of ch
0.2 156.3 48,78 27.93 21l.23 19,49
o4 62 .50 18,87 10.64 8,000 7.331
o B 29.41 8.711 4,815 3.582 3.269
«8 11.86 3.405 1,843 1.3564 1,230
o9 5.491 1,548 + 828 . 604 « 547
«95 2.656 o741 « 394 «286 «259
«a 975 1.312 « 364 «193 » 140 «127
1.0 0] 0 0 _' o] 0
1.025 -1,273 -+ 350 -e184 -al33 -e1l20
1-05 —2.520 -.689 "'-361 "0260 "1235
1.1 "4-936 -1-334 "'-694 -.498 ".449
1.2 -9,551 -2.521 ~-1,291 -,918 -,825
1.4 -18,62 -4,632 -2.,283 -1,589 -1,419
1.6 -28.99 -6.627 -3.111 -2.111 -1,870
1.8 -43,48 -3,780 -~3.862 -2 o 537 -2,225
2.0 -70.92 ~-11,44 -4,604 -2.900 -2.614
2.25 ~250.0 -16.96 -5.643 -3.307 -2.808
2.5 161.3 -32.,05 -7.,057 -3.697 -3,057T
2.75 - 769.2 -9,588 -4,115 -3,256
3.0 - - -17.33 ~-4,649 ~3,.435
325 - - 90,00 ~5,534 -3,593
3e5 - - - -8.000 -3,738
3‘75 - Lt Ll 44.25 "'3-873
3.9 - - - - -3,951
395 - - - - -3%.968
4.0 - - - -— -4,000
l Yalues of Kat
0.1 400.0 129.9 %5.19 5%7 .80 53.48
R 217 .4 %9, 44 40,82 3l.45 29,07
3 1653.8 50,25 &9.33 22.73 21.01
o4 122,.0 39,68 23,58 18,31 16,95
5 102.0 33,67 20,08 15.53 14,51
6 89.29 29.b69 17 .76 1%.87 12.87
o7 80.00 26.67 16.10 12.61 11,71
«8 72.99 24,51 14,84 11,66 10.83
«9 67 .57 22.78 13.85 10.92 10.15
1.0 62,89 2l.41 13,09 10.32 9.615
1.25 54,94 18,90 11,67 9.251 8,643
leb 49,26 17.21 10.71. 8.540 7.962
1.76 45,46 16.03 10,03 B.,026 7.508
2.0 42,02 15.01 9,488 7.622 7.143
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N.A.C.A. Technical Note No. 540 Fig. 18

]
\ T
-m i
NN
KK
.16 N
EANIAN
N N DN/l = .5
12 \\ \1 -\'\
e 1 \
L \\i‘& d -5\\‘;\
. N
€y . \\\k\‘ -
08 015 and 07" \\ \ \\
TSN ™ I
\\\‘ \\\ [
.06 I e S
L apd (8.7 \\ P
\\
.04 L
N-\‘NN
02} —1
11 bnil.9}-
0 2 .4 ] 8 1.0 1.2 1.4 1.6 1.8 2.0

=]

Figure 18.- Plot of {; against a.
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Figure 19.- Plot of al againet a.
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