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NATIONAL ADVISORY CCMMITTEE FOR AERONAUTICS

TECEWICAL NOTE NO. 1265

BOUNDARY-INTUCED UPWASH FCR YAWED AND SWEPT-BACK
WINGS IN CLOSED CIRCULAR WIND TUNNELS

By Bortram J. Eisenstadt

SUMMARY

The tunnel-induced velocitins for yawed and swept-back airfoils
in a closed circular wind tunnel were determined. The calculations
were performed for elemental horseshoo vortices having one tip of
the bound vortex on tke tunnel axis for a range cf yaw angles and
bound-vortex lengths. From these results, the correction for com=-
plete yawed and swept-back wings cf arbitrary span lcading may be
obtained by a superpositicn of solutions.

Charta and tables of the induced velocity normal to the plane
of the tunnel axis and bound vortex are presented. In addition,
formlao are given for obtaining the tunnel=-induced velocity normal
to eny other plane containing ihe tunnel axis. These velocities
are needed for awspt-back wingo at high angles of attack, where the
tunnel axis and thne iwo halves of the wing do not 2ll lie in the
enme plane. Curvea are presented for convorting the tunnel-induced
velccities into corrections to the geometric angle of attack of
the wing.

For the case of the unyawed wing, comparison of the present
resulta for the induced velccities along the tunnel axis with those
obtained by Irmgard Lotz and by J. M. Burgers shcws sgreement with
Burgers' resulta. Since the method of Lotz was uged in the present
study, it would appemy that her computationa were incorrect.

b proof of the validity of the methodl presented dy Lotz is
given in the appendix.

INTROIUCTION

Wind-tunnel testing of yawed and swept airfoils has con~
3iderably increased with the development of muneuvers involving
flight at largs angles of 3ldeslip and with the development of
interest in the use of swept wings for transonic, supersonic, and
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taillees atrcraft. The corresponding tunnel corrections have
been difficult to dsrive, inaamuch as the protlem is not redueiblo,
as with a straight unyawel airfoll, to that of a two-dimensional
votential flow, PRectanruler tunrels, however, may te treated by
the method of images, ar wns done in reference 1 in which correc-
tions for 7- ty 10-foot closed tunnele are given. The boundary
conditions for tunnels of circular croes-cection cannot be satis-
fied by tho use of imares mlone. The purpose of the present
stuly is to Aevelop a method for treating this case of the closed
circular tunnel and to evaluate the corrections for a range of
conditions. ’

The method used follows essentially that of reference 2 in
vhich the tunnel-induced poteantial is broken vp into two parts -
that of a refiection vortex system which mekes the tunnel a
stroamlino far from the airfoil, and a residnal potential, whose
effect 18 zero at infinity. In order that the results be readily
applicable to both yewed end swept airfoils, the bound vortex of
the olementel horseshos vortex simulating the wing was assumed
to heve one tip at the tunnel axis, so that, for exsmple, a
svept-back wing with fairly uniform loading would be represented
by two such swept-back vortices, and a yawed wing with wniform
loaling ty one swept-back end ono swept-forward vortex. Since
the bound vortices meet the tunnel axis, the results are applicable
only to wings with lifting lines that approximately fulfill this
condition.

Corputations were made for a range of sweep angles between
-45C and 45°, and a range of cpans up to 0.9 of the tunnel radius,
80 that results for arbitrary loadings may be found by superposition.
The induced velocities normel to the plame of the horseshoe vortex
were computed for a range of locations in this plane. In additionm,
data are given by which the induced velocity normal to any plano
containing the tunnel axin may be computed. These velocities are
shown to be of interest for highly swept winps at large anglos of
attack.

No attempt has been made to descrite the methods for converting
tho induced velocities to corrections to the measured ncrodynamic
parameters, inasmuch as euch methods are deserited in reference 1.
Methods for adjusting the results for comprenssibility effects have
alpo 1ot been discussed, inasmuch as the tasic concopts and procedures
are now well known.

SYMBOLS

angle of yaw or sweepback of bound vortex

anzle of yaw or sweepback of bound vortex in herizontal plane
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length of beund vortcx

tunnel radiue

sfr,

rectengular coordinaten (see f1g. 1)
cylinirical coordinctes (see fig. 1)
x/ros ¥/ros z/rq

rfr,

varigble of integraticn

potential of elomentel horeeshoe vortex
turnel inluced potentlial

potentiel of reflection vortices
residunl potential, & - L3

circulation of elementel horseshoe vortex

N
mth Fourtier coefficient of - —“,-1-1:9 _B_(?_o_:-_gl_)_

:‘@1; g or
Fz_-|z=!0

engle of attack sbout fixed horizontal axis

anale between plane of airfoil and plene of horseshoe
vortox

twice anzle tetween plene of horseshoe vortex and
horizontal plane
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11ft coefficient of wing
11ft of wing

wing erea
ANALYSIS

The olemental horgeshas vortex 1s illustrated in figure 1,
It consistn of a btownd vortex of constent styen sth, of length 8,
ard eweepback angle Y, with one tip on the tunnel axis and two
trailing vortices rinning in the downstresnm direction from the
The two coordinats systems used herein (f1g. 1) are related
as follows:

X=X
Y =1rcos @

Z = r gin 0

end are disposed go that the x-axis coincides with the tunnel axis,
and the xy-plane 1s the Plene of the horseshoe vortex.

Lot ®o(x, r, 0) be the potentinl of the elemental horseshoe
vortex. The velocity normal to the tunnel wall, r = ro, I1nduced
by this vortex 1a

&O(x: r, ‘2
or

r= To
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The problem censists of £inding a4 Mmction ¢ (x, r, 8) vhich is
harmcnic inside the cylinder r = r. end for vhich

%0 + €) -0 (1)

dr
Tar,

The function @ 13 then the potential of the addiitional flow due
to the tunrel walls.

The verticular exiernal reflection voritex system chosen to
make the tunnel a strearline nt infinity is shown in figwe 1.
It connisto of twc seml-infinite vortex linoen, rne in the direction
of positive x, and the other in the dircction of positive y,

Joined at the point (x, ¥, 2) = @, r:%r‘p' O). The potential
of this vortex nyctem is designated Q5.

The residual potential which makes the tunnel a stroamline
evorywhere 1s dssignated &,. Then,

°-°1+¢2

enl by equation (1)

3 a«’o + Q}_)
- ‘—-—3;-—-.

ar
!‘HI‘O =Y,

This potontinl ‘52 ip hawacnie for r < r,, becaure it is
the diffouence of twn harmonic functions; morecver, the derivative
of &~ normal to the twnnel wall approathes rerc as ixl approaches
'rfinl'ty The functicn iz scught In the f'ozxm of =n infinite peries
of harmen!c functions of the type [X(x) R(:r) 6(5)]. If for a
bovndedl haymonls function of pericd 2n 1n 8, and of arbitrary
pericd 21 in x, such a reprecentation exists, it must take the
following fear (referaence 3, chapter 1):
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02--%2:};‘:_{[5mm8 Amcoa-’g-:—x-ram,ain%)

+ coB m@@m cor _«_;;_x + Dy oin %‘)]Jm(i—f—m 1)

first xind, end

18 the mth order Bessel sumetion of the
rmined . gSubsequently

anl D's are constants to be dete
appreach infinity.

where Jp
the A's, B's, C's)
1 will be made to

convenient to jntrcduce the nondmenaioml variables:

It is

The series for Qz +hen baccomes

02"1%}:2 [sinm‘lé\m cos-’r;‘—‘:me sin-"-’%é)
w n

+ cos mﬂ(c._m cos 3’% + Dy 8in —"%’)]Jm(iﬁn p)} »)
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In ordep to 8atisfy the boundar.r
noceceary to detomine the constonta
equation (2) 15 satirfieq .

8(% + °1)/
5 Twr,

an odq Nmetion of

ccnditions on 0?,

in a Fourter 8erles in 9. Since this function 1s

only

0, the 8orteca containg

" aine terms, Thus

o + 8
a\Qo + l)

= =
o

&n(E) = F(A.m ccs 1{1_;' +'B., @in ﬂk‘:? 1z, 'ﬁm‘>
—

A n Oy
lé,m cog Mg , . otn m? imny '('\!r_n)
%\' A " AT\,

0a

Thege 8oring gpe ths Fourqgp ®Xpansicns op the Trnetiong & (S)
tnd o, vhorg thegs functiong are agaumeq to be or beriod 23 ¥
&. Therefope

2

A
er i-‘/; &(8) coai‘lmdﬂ

[
- 1 3
=TE ) o
. A

clm'Dmn"o‘




e, fToR eguation (#)

Oz = {Z— Zs&n ] %,%—g:) % Sm(m cos

m -9 ¥

8 considered

us 9, The torm o aq

COns* der ¥ SrBl

a contmuoua v

is replaned vy
0

1imit is

T < einr;a:‘;‘r ./—_._——
0

o= TR | -
w3

A diacuasim of the ccmre\'genc of thie geries
der*va.tivca o the desirod ction and de rivat*vea 1
rppcmnx

ve %o the rmnel

The uw& velocity adve
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plane of th
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£o cos V¥
;Qi'vzcos'x'; + (1 - 4o cos \:/)5

-AE_ 1l - ng coe ¥ 5
g i_ I/Q—?UQCOB?\.'I+ (1 -n0 cosv)2

1o the vb.'l.ocity due to the rsflection vortices. The temn

Wn = 5—‘— is obtained by differentiating tho serios for @2, .
s * 2=0

term by torm. ‘'he eceries (a Fourfor series in c) is very suitably
arrorzsd Cor thio dffferentiation normal to the plene of the
vertex, since

Thus, defining &, (n) = 1 when n> 0 end &, (n) = (-1)2 vhen
n<0 girss

[ > =
P | _Inliea) :
2 * T "Z_ m 8y (n) %j; ﬁm dq f_@ exfB) cos q(B - £) ap

(10)
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The total cerroctlion tc the vertical vyelocity in the plane
of the airfeil 1s then

Ve Vl + Vz
MFTHOD OF COMPUTATION

The determination of W 1g dependant upon An eveluation of
the functions em(s‘f_.) and pefformance of the operations indicated

in equation(l). In meking these calculaticns, 1t st be remembered
that the functione gn(E) end, thovefore, the final upwash
velocity due to the tunel wall deponls upon tho parezmeters 0
and V¥; consequently, & different computation must be performed for
ench ccritinaticn of thépo two paramotors. The present computatiens
were periormed for o = 0.45 and 0.90 end for ¥ = 0°, +159, +30°,

v, fThe fwctione gn(E) vere calculated for those valuos

; ns=s 1, 2, L, 5. Only the first threo

functions em{E) weve used, since em(é) for hishor values of m
wore fouid to be too amell to affect the resnlts The calenlation
of ay(&) required tho expenoion ef

e
X

=F(&,9)

I‘lro

in a Fourior seriee. For ‘§| > 10, ‘this colculation could be
dons analytically by first expanding F(Z,9) 1n a power eeriee
in -1- Terms of order —-1,; and highor were ignored. In order to
to o%tain en(E) for |g,| 210, PE,0) wes computed for tho dosired

volues of & and for 300 intorvelo of ¢ and a mmericel Fouriler
analyele was perfermed for oanch value of

fo=]
f op(B) cos a(B - E) 48

wae then evalunted by breaking () 1into two parte (fig. 2):

(2) = En(E) + R (3] (12)
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For JE|2 10, ppl(Z) 1s taken equal to gn(%). For | € 10, g}(2)
1s defined by the three streight lines intersecting the curve oul(E)

a% the points & = -10, -.]_}‘2; Z - -10, 439,- ad &= l?, 10. The
equations of these stalsht lines ere aleo kmown snalytically. The

finction ¢pll(2) 1o then defined by equation (12).

Since @,1(&) 1s thus known either as a linear function of &
or as an inverpe power series in . the expression

/ﬂ 8 (B) cos q(3 - &) ap

nay tc “rnitograted to sive simple functiona plus integrals cf the

P oot :

form ! -‘-u._’! af and /h fedel L ] 3f. Theos lattar intemrals
L‘O I Uo ‘)

are tetvlated in 1efersnce 4. Fach of tho soparate loops of gmﬁ( )

wne ox;vnded In a Fourier series by numerical methods, and the
integral

l//‘ 8a 1(B) cos a(p - &) a8

wee then obtained analytically. The Intecral

f Zn(B) coe g(p - &) ap

wag then finally cbtaincd in the fom

2 oin qfl,(a) + 2 cos Qlg(q)
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The functione 1,(q) end ky(q) have been given in table I
for values of q running from O to 2x in steps of 0.05x.. Integra-
icn with respest to g over this rance sms enough to ensure
ensentially complete convergence to thelr limiting values of all

Jm( 1qp)
the integrals involvinz q. The functions -———= were

1pq:-rm'(1¢1)
obtained, fer these same values of Q¢ and vericus valuee of o,
by use of the tables of reference 4 and the relation between the
derivativer of Beesel functions and the functions themreelves
(reference 5). Thece results are presonted in table IX. The
nroduct

PTge Ty [ a8ia() + con (]

vas dotermined for various values of the positicn parameters p
erd & and of the wing parameters o and W. Tho final integra-
tion with respect to q wes perfoimed nmumericzlly ty use of
Wedllo's f'orenda (reforence 6).

The functions

m In(10q)

" Jo 1par, "(1a) dc /F" En(B) coa q(B - &) ap
s =00

obtained as decacribcd are presented in tabdlo ITI. Tho velocity
correction wp 1s then ottalned by suming these functiona as
iniicated in equation (10); the volocity correction w 1is
computod by uso of equation (9), and the totel tunnol induced
velocity w 1a thus obtainod.

An additionzl computation was performed to £2nd tho tunnel-
wall corrections for the limiting casc of a wing with zore span
but with fintte 1ift. The funciione (&) =implificd so that
tho integral with respect to P reduced to an expression involving
simple functions and the tabulated Dossel functions, Ko end Ky
(reforenco 3). Tho second integration was thon performod in the
szme way.
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RESULTS AND DISCUSSION

The velocitiea w normal to tho xy-plens have been

converted to the nondimensional ferm I‘—:L:::g{-@ . Thie function

1o prescntod for different valuse of the peoaition end wing
parauetors in figures 3 to 7 and table IV. Tho values given

for 0= 0.25 and c = 0.7 vers obtained by a numerical
interpolaticn. The rociprccale of the upwash volocitlos were
urold in thic interpolation, since l/w tende to vary linearly with
¢, as 1o ehown by the eqution

Yrr v _ 1
['a coe ¥ 1-10

for the upwach velocity at an unyawed wing (reference 7).

The vuriaticn alongs the tunnel axie of the induced velocity
w hus been computed by Lotz (voforenco 2) and Bursers (refor-
enco 8)1 for tho special chse of a wing at zoro angle of yaw.
Those values are not in complete agreenment with oach othor. The
reeulte obtalned herein for-thie case, by methods esecntielly
aimilar to those of Lotz, check tho rogults cbtainod by Burgore
(f1z. 8). In refcrcnco 2, moroover, Lotz has stated that tho
.induced velceity cbtoinued by the calculutions of Burgers (refer-
onco £) dces not havo a maximm. An exteneion of those calculations
ohowed, however, that n maximum ie obtained. It must accordingly
be concluded thet Lotz 18 in error both as to reeults and accusetion.
Burgere' method was not used in tho present work becauce it
appeured fiom preliminary study to be vory unwieldy. Cloger
‘naspection, howevor, har einco indicated that the computatione
involved would probatly have besen leee laborlous than thoee needed
with the method of Lote=.

Wings at Hich Angles of Attack
In genoral, & yeved wing in a wind tumnel ! rotated aiout

its quartor-chord line anl thie an~le of rotution & 1e tho angle
of attack cf tho wing. In corrocting for the tummel-induced .

_"Il_thou(m rei:ure'nco € 1o publiehed wnder the joint authorship
of von Karmin and Bursers, the preface statce that the chapter
cited herein was contriduted by Burgoere.
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velocity, 1t 18 asaymed that 3 ® velocity normal to the plene
of the Ufting 11p etrean diroction, the Xy-plene, hag
any effect on the 117+, Tho Correction 1g¢ mede to the angle of
attack ang 13 given by

‘@ component op t 2 velocity normwal
to the axis of rotution, It 15 thig velocity, ¥ vwhich 1g -
’

tabulateq herein in terms of the Parameter i + Then,
T'o coa ¥

by
8 = oW e
['o coe YW bnrgy

or, by using the relation between cirewlation ang 1ift coefficient
(1f the ving can ve assmed to pe adaquately represented b a
single 11ftIng 11ne of uniform circulation)

Cr, = % (201, cos V)

the free-
Xy-plane ang the
X¥o-Plene vary alse (f13. ¢ the plens of
the x-axig arl the lifting €8 the form

Co8 ¥ = cog ¥, " tan%'o

con
- _f_‘___\l'n

cos T
2
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vhere V, 18 the ergle of yew et zerc angle of attack. This
variation of the yaw angle must be taken into cccount in using
the charts and tsbles of this report.

The desired correction to @ {g still the one associated
with the chango in 11ft and therefore depends egain only on the
velocity ¥ normal to tho xy-plane. A chonge in tho anglo «,
howover, involves & chenge in tho verticel velocity norual to
the xy,-planoc. In order to obtain the samo 11ft, the correction
to the angle a must bo such that the additionel vertical
velocity aesociated with it muat hevo tho component W normal

to the xy-plane. This vo.ocity 18 —l-z and thus
cos

M= tanoa.-._"l—

Vcosg

barow
N.E ._.._2-_—

T o cos V¥
To 03 ¥/ yurgv cos g

Tho circulation about oach semispen of the swept-back ving
results in a foerco nomal to tho xy-plene. Tho lift force meesured
in tho tunnel, howover, 1s the vorticel compcnent of this force
ard, thoroforo, the equetion cornmecting the 1ift snd circulation is

_L_ vV (201, cos V)

cos 2

The angle correction then Ybecomes

 o(pm) hsett O
o

The drag correction doos not involve ¢ directly and is merely
w0 cos V.

Plots of ¥, ¢, and aeczg against Y, end o &ve glvon
in figures 10, 11, and 12.
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Yor values of { of about 30° or less, vg((-;‘,,p) is, Yo a
g0od approzimetion, ccs8 @ w(&,-p cos @) an? therofore can te
obtained reeiily from figurs 3 or tedble IV. This epproximation
is most accurate for mmall values of p vwhere v¢' ie ccmperatively
large, and ie leest accurste for large velues of o whore wf is
& very small part of the totel correction. For this reacon, ]
approxiration may be ccnsidered adcquate over the entiro range of
values of p.

The preceding discuseion concerns only one of the difficulties
ossocieted with caleuletions for ijgh engles of attaci-. At
leact two other sourcee of comperadle inaccuracy ray be pointed
out, although no effort hes teen mede here to evaluate their
effects: (1) the pronounced dietortion of the trailinz vortex
systen at high engles of attack, and (2) the fact that the ceuter
of e svept-beck wing may not bo on the tunnel exie at high
engles of attack, btecause the axis of rotation cf the wing ie
usually behind the wing i1oots.

Longley Memorial Aercnauticel Ladoratory
Y¥ational Advieory Cormittce for Ae: rnﬁu}icn
Lanzley Fleld, Va., Octcber 9, 1944
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APPENDIX
PROOF OF VALIDITY OF METHOD

In this appendlr the formal expression of eoustion (8) for
the twnmnel-irduced potontial will be called Ca‘l « The derivatives
obtained by the forsnl Aifferentinticn of this expression will be

called the derivatives of G‘a(l) end will be written es crdinay
derivativos. Tho hammonic functica vhich catisfies eguaticn (2)
will be called Qn.

1 s
Tt 18 neccspcry te prove that ’.'-2(1) w2 =t V-‘a( ) 'W:!'
The proof will conctat of the procfs of the folleowing ctatemonta:

(,,)(l) The furction @2(1) converpges to an haz"\gml'; function
02 “ for p €1 ani V¢sp & sonverges to Wia'™’ for PL A,

2) .
1w a"a() sz!

L
I“ro

(2)

r-ro

Then by tho wniguoncas theosren for hermrnic fimctione (rofer-
ence 9), it fellows that 92\1) = &n. This thoorem and tho oty ~rs
us~d horein, vhich sre darivod in reference ¢ fer bowmdsd regicna,
ure Iimmedletuly extenasidlo to the irnfinite regicn of the presgont
problem for functions which approack roro as & approaches intinity.

In ordor to prove the first statermcnt, it 1s cufflcient to chow
that tho infinite intograls end the Infinito sories appoaring in 1*2(1)
converge wniforuly with respect to &, p, 9 (Harneck's firet
thoorsm on convergenco, roforsnce G).

The converzence »f' tho infinito Interrals dopende wpon tho
characteristics of tho finctions &y(f). The churecteristice
ussd in the following discuseion, vhich ere eacily verified by
oxpension of F(E,0) in a Fovrier series arc:

(a) Tho functicns gu(%) =ars bounled and con*inuous for all
values of & and apnroach zers aa |5 aporcactes intintty

(b) the derivatives ag,(<)/AY exi3t ond are absolutel : .
from minus Infinity to rlus liqhtir/uty. B e

(c) 28z, gy(E) + gn(-2) = 0(1/22)




In integreticn by parie glives

f: g,(8) com (B - &) 8 = &(8) sir; a(p -§,)l-m

f‘!
‘ %J g.'(p) rin q(p -£) 3P

Tt follows from propertien (a) and (v) that the intesral conversen
fry q > 0. TFrom v party () 1t £e110wa that the prinzipal yalu?

Since
= 10dy, (1a)

of the integral converges for 4 = 0.

beunded for all valuves of 4, the function

on (5 - ) 4B
FERR | enfs) con of

ES———— g

7 (1e0) /-w

en~e of the inteornl

has To pingularities and. thn converf

¥n oopen
[7 Sn(00) | I g (p) ccoa(p -5) &

)
1
iy 100 (10 Voo 9} 4q

cnly be cong’dered in the infinite region

with respect to § neod
(reforence %),

of q. Since for °§. 1

Jm( 1p1) P
g (10) | =

1t is oufficient to prove that

Lhad [ ad
jK J EnlB) cos o(p - &) a8 ﬁqﬂ

o
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converges in ordetr to prove that the original integrel converges
wifommly in &, p, 0 in the region p <1. Frem the integration
by parts and praperties (a) and (b) it follows that

ks ) 3 29
‘/Kb,‘f_asm(ﬂ)cooq(ﬂ §)dB,q$C£;p

@ >
vhich convergés. Therefore f ’ f &n{B) cos q(B - &) ap , %3 converged .
K -

In oxrder to complote the vroof of the first otatement, the
infinite serier of infinite integrals muast also be rhown to coaverge
wiformly in &, p, 6 for p< 1.

ir

stnpo [ Iullen)_ f i s q(p - %
On(E, 0, 0) a B3 ‘/; o7 (aa) aq L em(B) cos a(f - ) ap

cen be shown to te less in sabmolute value then K/m2 whero X
is en arbitrary conetant, the proof will te complote, for then

©

Z Gm(gy 2] 9) é%- Gm(éy -1 0‘) s K Z- LQ< €
=) m=M

— bt
m=M .

for M osufficlently larce. The funciions (%) arc the Fourter
Y

coefflicients of a function - _i.,r;‘l ¥(%, 0) which hag continuous

first end second dorivetives. Thorefor: (reference 10, p. 8L),

thore exiots a sequence of Tunctions, cp(f), wniformily bounded

in nm, euch that

mle(E) 8 cp(X)
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2)

4 (] (-]
a@ v
r]-'f)mro —%.— i ‘i:‘!‘o Z'm b4 *‘/; d‘l'[m&n(ﬂ) coe q(p -£) ap

Frem the remark following theorem 7, reference 11, it follows that

(*) r
rl—i-:ro -%— -- m; Znin nd em(é)

n

and since the Fourier expansion of a tunction vhich ie continuwous
and has continuous first derivoatives convorges to the gencratinz
function,

2
1z a"2() 3%,

r-3r; Jr = ar ~r
B [+

The second statcment has thus beon proved and the validity of tho
operations performod in the analysie has bocn estublished.
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TABLE T.- VALUES OF THE FUNCTICNS 1.(q) amd k,(q) FoR
VARTOUS VALUES OF o, ¥, q

[In(q. 9, ¥) = 108, 0, -§); K (q, 0, Y « - (q, 0, -@)]

0 =005 ye -ks® o = 0.45, ya-20°
1

¥, (q) xa(q) [13(q)

3
(=]

REEZER

Dt et b B e e e et e
8333333383

1

RATTONAL ADVISORY
COMMITTEE FOR AFRONAUTICS
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TABLE I.- VALUES OF THY FUNCTIORS 1h(q) AND IK,(q) - Continved

o =0.9, ya -45° ¢ = 0.9, ya -30°
1 B BB
q/x k1(a) |1x(a) [kola) | 35(q) x1(2) [3a(a) {ko(a) | 34(q)

- g

— - - L -t -4

0.157%4|0 0.1722 0.1719 0.1597
1M1 066 a7 F AT .1578
1%k 2670 160k 1622 1398
1978 167s g 1609
gp : i . fs| 161
.20%6| . 088| .%692] . 982| .14

a3 . 4 1547
1543
1316
.1493
J1bho

d sl 15
-.0%65 R 7 1334 .12
-.0823 1266 1290
-.0778
-.0733
-.0687
-.06k1
-.0595
-.0550
- .050%

- .0k62
-.0420
-.0779
-.07%0
-.002
- 0267
-.0234
-.0203
-.0174
-.0148

33358

-

o]-.0717 -.012h
-.0239 -.0102
- 0002
- .0C64
-.0ChT
-.0012
-.0019
<0007
0C0h
001

8 PRI32DY B3E53338558 888y

]

1
1
1
1
1
1
1
1
1
1
1.
1
1
1
1
1
1
1
1
2

8

NATIORAL AIWTSORY
COMVTTIEE FOR ATRONAUTICS
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TABLE T.- VALUES OF THE FURCTIORS .(q) AXD Iiy(q) - Continved

0= 0.5, ya -15° 0 ®0.45, ¥ a0
T = T
k() [12(q) [Xa(q) | 1.(Q) X (q) kz(q)

w
-
o
f=

|
I
|

1

0.0130]-0.0793
.0118] -.04%8
0126| -.0t09
0145] -.034h
.0148] -.078%
.0140| -.0u49
0133] -.0Lk3
.0135| -.okol
.0137] -.03%
0133] -.0384

.0361
0312
0280
0268
0246
0219
0193
.0188
0173
0159

8233328

...
3%

0141
.0130
0119
0103
.00%
-.00%1
- 0075

3558 8

- .0052

- .0049
-.00k1
-.0034
-.0029
-.0027
-.0022
-.0016
- .001%
-.001%
-.0012

P et b bt et et

858233383 BEE338R

0000000000 O0O0O0O0O0O0O0QRO OO00O00O00O0O0O0 OO0O0O0O0O0O0O0OO0O0O
0000000000 O000O0OCOO00O0 O0O00000000 OO0O0OODO0OOOOO0O0O
0000000000 OO0OO0OO0OOMOOOO0 O000O0O000O0O0 00000000000

PO b

i
1

NATTORAL ADVISORY
COMMITTEE FOR AFRONAUTICS
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TABLE I.- VALUES OF THE FINCTIONS 1.(q) ARD Iky(q) - Coneluled

@ = 0.90, yeo -15° ew 0.9, yu C°

[
("]

-~
[

-~

Xy (a) [35(a) [x5(q) | 25(a) Xy (q) | 32(q) Ilg(q)

5E3

3 B3B>EIIRBY BEEIBIB

i
1)

BEE38 N

1
1
1
1
1
1
1
1
1
1
1

e o w [
N

3 e e e

2333 224328

0.0P67
087
0913
090%

5

O
)
OHO00000000 0000000000 0000000000 00000000000

-]
2
i

BIVEITL
13536

BEE EhEEG

53384
§

§38
§888

3

15

CO0VOO00O000 0000000000 0000000000 00000000000
000O0ONOO0O00O 0000000000 0000000000 00000000000

TATTOMAL ATWISORY
TOMMTTE. FOR  ARROTAUTICS




NACA TN No. 1285

, |S6EEAEEEEY SATUFTTLTY GERSRNGNNS saaITANE
9999993999 334YTNRNLE SA238E4ER LRyRANEEY

f~ ~ - - —_
00000000000 0000000000 0000000000 0000000000

it el R b LR ELEL L EE R R EREE LY

BIR1ZRARNES GRAAFIRIST 2RIT9RRLEE SUTEEIAANY

LELALEELE I EELLELEL IS LI SR R B
SSTLLLLAREN 4ANTTILELE CHUSEASIIY FRRRENANER

00000000000 0000000000 0000000000 00O0O0OOVLUOO

QEBOEREGTE RIYRETONE WASTIIEARY SRENGREEYS

gﬁﬂ&ﬁﬁﬁéﬁﬁﬁ%hﬁﬁﬁﬁﬁﬁ%né}

IREUIEIGHE SERNERSSDS TOOGAEIANE BEEINEREEG

R L TR & alfa .

§RRUEERETRE yRRCE g% |

¢ "

m?‘*i-]‘ﬂs Wre e wape

| M

|




NACA TN No. 1265

TABLE IIT.- VALLYS OF THEZ FUNCTIONS 1_-;%6[%MJC50)°"!(!-4)0

FOR VARIOUB VALIRS OF @, %, ¢, MD ¥

[ates 4. 2, 0 @ -Rte, w0, -5, 0)]

¢ w 0.5

.
u‘
o

°
[ ]
(-]

000000000
000000000
000000000
000000000
000000000
000000000
000000000
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TABLE ITI.~ VALUES OF TER FUNCTIORS ¥, - Continued
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TABLE ITI.- VALUES OF THE FUNCTIONS Fy - Continued

5{0.149310.0314

-.4371(-.0%5] - 0151
-.%517|-.1097] - .0707
|

.2231] .14ko0
163 0T
-.0649] - .0069
-.25811-.0752[-.0216
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TABLE III.- VALUES OF THE MUNTIONS F, - Concluded

0.5547]0.2017
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Pigure 5.- Ooneluded.
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Figure 6.- Tunnel-induced-valocity parameter normal to plene 5 =0 plotted
sgeinst £ for different valuse of m, o = O T.
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Figure 6.~ Continued.
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Figure 6.~ Concluded,
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Pigure 11,~ Reletion Letwsen & end ‘ for different veluse of wg.
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Figure 12,- Relation between uozs and a for different valuee of wo.
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