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FOREWORD

A brief unpublished report on the subject of this AGARDograph was made by
Mr B.Hung (BAe) at the Euromech 75 Coloquium in May of 1976. The authors, who had
prepared that report , were commissioned by the Fluid Dynamics Panel of AGARD to prepareA the work for this publication. The AGARDograph Editor was Dr G.G.Pope (RAE).
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A COMPARXS~ 4 OF PANEL METHODS FOR

4 
SUBS~EIC FLtYt COMPU’FATIc~S

by

H.A. Sytøma
B.L. Rewitt~~~
P .E. Rubbert

SUMMARY

Surface singularity or panel methods have, in

recent years, been d~’ve1oped to a stage where , in
princip le at least , ~hey are capable of providing
nominally exact numerical solutions for incompressible
potential flow aroun d complicated , real aircraft con-
figurations . A~ such they have proved to be very useful ,
particularly to the wing designer.

There is at present , a large variety of surface
singularity methods in use or under development through—
out the world. In general, each method has its own model— r

ling, accuracy limitations, convergence characteristics,
computational time per case etc. • The variety of methods
together with the importance attached to them by the wing
designers et. al.mean s that there is a real need for a V

data base against whi ch the various programs (either exist-
ing or under development) may be checked .

This report contains such a data base for a number of
relatively simple wing con fi gu rations and nacelle configu-
rations. The datum results have been obtained from the
Robert s (BAe) Spline—Neumann Program , and a pilot version of
the Boeing Advanced Panel—Type Influence Coefficien t Method.

In addition, results from the practical, engineering

type application of several methods are compared with the

datum solutions • These comparisons suggest that of the methods
considered , i.e. the NLR Panel Method , Hunt—Semple “sheets”
method , Roberts Spline—Neumann program and the pilot version

of the Boeing Advanced Panel—Type Influence Coeffici ent Method ,
the latter is the most efficient, in terms of the accuracy! V

computation time ratio, for the simple test cases considered.

However, it must be realised that these test cases are not

representative of the production cases whi ch are normally
required by aircraft designers, and that the calculation s
related to the results in this document were carried out in
l976~ many improvements to programs have been incorporated
since then .

) Research !)~gineer, National Aerospace Laboratory(NLR), Anthony Pokkerweg 2 , 1059 CM A1~ TERDAM,
The Netherlands S

••) Principal Aerodynamiciet , British Aerospace, Warton Division, Preston , Lancashire PR4 lAX , UK
• ‘)  Thgineering Manager, Boeing ~~litary Airplane Development , P.O.Box 3999, Seattle, Washingt on 98124, USA
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presented
V 

In the next chapter the mathematical background of the calculation of inv ’iscid incompressible flow
aroun d arbitrary l if t ing bodies wi l l  be bri efly outlined. Some details about the particular numerical

schemes used in the methods being currently compered are presented in chapter 3. The geometrical details
of the selected met of temt configurations, together with flow conditions and the chosen panel distribu—
tion s are given in chap ter 4. A discussion of the results in terms of chordwise pressure distributions,
velocity component; quant i t ies  such as sectional load and circulation is presented ir , chapter 5. The sell—

•iti v’ity of the results to the number of panels used is subject of chapter ’6. In chapter 7 an attempt is V

made to relate accuracy, number of panels used, and computation time for the various methods compared .
Finally some concluding remarks are given in chapter 8.

Some provisional results of thi s study were presented by B. Hunt (BAe ) at the Euromech 75 colloquium

at Braunschweig in May ‘76. It was felt by the participants to be worthwhile to mak e the results avai lable

to a wider audi ence , and consequently publication through the AGARD—FDP was sought and granted.

2 • THIIDR~’FICAL BACKGRWND OF PANEL METHOI~
In this chapter the mathematical basis for the treatment of 3—D irrotational incompressible flow V

around arbitrary configurations will briefly be outlined. Only this type of flow is considered in this

report. More details of the theory can be found in stan dard references (Refs .  5, 6,7) .
Flows of this type are characterized by a perturbation velocity potential up . This potential satisfies

Laplace ’s equation :

up + u p  + u p  = 0  (1)
I t  xx yy zz

in a region It surrounding the body, and is subject to ce~~ain boundary conditions. The body is bounded by
7 the surface S. In order to obtain a unique solution in lifting cases, a potential discontinuity surface W

(the so—called wake), leaving the sharp trailing edge and extending to infinity, has to be introduced

(Fig. 1).

According.to Green ’s third identity, a solution of eqn . (1) may be expressed at any point P as the
potential induced by a combination of so—called source singularities of strength a and doublet singulari-

ties of strength LI~ distributed on the surfaces S and W:

up (P) - f J~
( Q)( r~

—) ~ S + fJ~i(Q) 
~~

-
~~~

— (
~-*-;~ ~

S (2)

where r is the distance from the field point P to the surface point Q, and is the derivative in the

direction of the outward surface normal • A requi red solution may be found by imposing suitable boundary
conditions on S and W .  Within the scope of this report only the Neumann type of boundary condition is con—

sidered, which can be imposed directly:

~~~~~~~~~~ •
~~~~~ 

(3)

or (indirectly) by requiring the Dirichlet condition that

(~
)

on the inner surface of the body. Upon making an “a priori” choice for the doublet strength distribution

when using eqn . (3), or an “a priori” choice for the source strength distribution when using eqn . (4 ) ,  a
Fredholm integral equation of the 2nd kind for the remaining unknown singu larity s t rength is obtained ) .

It should be noted that for flows with circulation , doublet singularities must be used somewhere in the

field.

Common to all panel methods is the subdivision of the surfaces S and W into so—called panels that

appro xi mate the geometric surfaces to a certai n order. Further ‘the singularity strengths may be chosen to

vary in a convenient prescribed way over each panel, e.g. in a “first—order” method , constant strength

source/doublet strengths, or possibly bi—linear doublet strength variations are employed on flat panels.
V 

Selecting a number of contro l points per panel ( th is number depending on the order of the singularity

dis t r ibut ion) i .e .  points where the boun dary condition is applied , leads (after  integration) to a l inear

system of algebrai c equation s in the unknown singulari ty strengths. This system may then be numerically

solved in several ways e.g. directly through matri x inversi on or through some i tera t ive  process.

*) Other choices may lead to an integral equation of the 1st kind.
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‘;tr i’ e i t t  oo ntpta,’.it t v stut ly . In tIn ’ n ex t  ‘ t ; a t ’t . ’ i ’  f li t;,’ methods w i l l  b.’~~l. ’~’ ’, ’ t l o t  i t t  i t ,’, ’ , ’ , f . ’ f , i t  I , i ’a v i  . g
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,,‘.‘t’,’ ,-ti c •‘V~~ OLt  t 0,t, ’

V ‘ . ~IHORT ~U’ruNh ~)F I’t’F: PANEL M1’~FIiOtIi IN Vo LtfF.~ I N  ‘rilE COMPAN1SCT~

~,I lnt,’o,f,t ’tion

In t t ; ,  , ‘ ‘t t , i ’o t , ’,’ I t ;  ‘ n ; . ’  t t ; o t t  i t t v , ’l ’,’,’tf t n t  t i;, ‘ i  t ’, ’ ,’nt ~‘,‘nipt i i ’in~~,’, w ill he V t i S t  o’. ’ ,I i t ;  o tt ;, , i , ’ t , i ,  I . K, ’,’.’
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The h,, .’az’ system of ’ algebraic equations is solved i tera t ively .  For this purpose the matrix [A’] and the
vectors [x] and [B] are organized in a specia l way, as depicted in figure 5. The coe f f i c i en ts  re la t ing to
a streamwise source panel otr i p are grouped together in blocks ( w i t h i n  the sub—matri x [Sc] ) on the main
diagonal. This structure allows the solution of the system by means of an adapted (no te  the coluan wise

storage of the influence coefficients) block Gauso—Seidel approach . Convergence is tested on ho  and tar
for two consecutive iteration steps (h a  — 0

n+1 
— C’~, n being the iteration number). The process is stop-

ped when both ha  and hi t’ are < .0001. For a simple lifting wing configuration a number of 10 —15 itera-

tion s is typical.

More details about the method with  regard to the formation and the solution of the system of equation o

‘a,; be found in reference 10. Reference 11 con tains a program l i s t i n g  on micro—fiche .  Examples of applica-

t ions can be found in references 12 , 13.

3 .3 Hunt — Semple Panel Methods

The Hun t — Semple “Mark lÀ” panel program contains w i t h i n  a single program the opti on of using a

“lines ” model or a ~sheets C model .

3.3.1 The “lines” model

The Hunt — Semple “lines” method , l ike the NLR”Pan”l method , is a “f i r s t—order” method . Both the NLR—

method and the Hunt Semp],e “lines” method use the same type of singulari ty d is t r ibut ions  and boundary

con dition s (see Fig. 4), but d if f e r  in two impor tant  respects: ( i )  in the method of applying the Kutta—

condition and ( i i )  in the Hunt — Semple use of an “op t imiser” to determine an “op t imal”  chcrdwise for V

the  s t reng ths  of the  internal constant doubl ic i ty  pane1s~ n .b .  a new shape is calculated for each wing.

In the Hunt — Semple “l ines” panel method the  fo l lowing  approach is adop ted for de te rmining  a charac-

t e r i s t i c  “opt imal” variation or shape of the  chordwise doublet strength . It is argued that for a three—

dimensional l i f t i n g  component this  chordwise shape may be convenient ly  chosen from a quasi—two dimensional

argument. For each l i f t ing  s t r ip  the set of doublet s t rengths is chosen such that for sit onset f low of

w i t h  the internal vortices extended inde f in i t e ly  spai’i wise , and all other  influences, including the

source panels neglected , the doublet d i s t r i b u t i o n  on the camber l ine satisfies ( in a wei ghted least squares

sense),  the surface boundary condi t ions  at the surface collocation points .  An example of such an “op ti mised”

dis t r ibut ion is given in f igure  6a. The corresponding vortex dis t r ibut ion (Fig. 6b) can d i f f e r , s igu i f i —

cantl y, from the typ e used at NLR (see Fi g. 2 ) ,  and from the distr ibution usually used at MBB (Re f .  14) V

where the  s t rengths  are chosen proportional to local th ickness .

In the  currently described Hunt — Semple methods , in order to make use of’ a 2—D “op t imised”  chordwise

doubl ic i ty  shape i: 3—D calculations, the shape values of doubl ic i ty along each chordw’ise s t r ip  are scaled

by the associated t ra i l ing  edge value of doublicity~ which is regarded as the unknown for each chordwise

st r ip .  Fi gure 6c shows the source s t rengths  associated wi th  these “optimised” doublet distributions. It

can be seen that the  “opt imised” dis tr ibut ion produces much smaller source s t rengths  than e.g. does the

thickness—based distr ibution . The object ive of this procedure is to reduce the discretisation errors due

to the fa i r ly  crude constant strength source panel modelling.  It is to be noted that , th ink ing  similar to

that  underlying the Hunt — Semple “optimiser ” is expressed by Rubbert et .  al. in Reference 15.

Wi th  respect to sa t is fying the Kutta—condit ion the fol lowing remarks can be made. In the Hunt — Semple

“lines” method a set of Kutta’ points is first constructed downstream of the wing trailing edge on the ex—

tension of i ts  camber surface. Wherea8 in the NLR— sethod a tangential  flow condition is fu l f i l l ed  at such

points , the techn ique adopted here could be described as a “calculated” Kut ta—condi t ion .

The approach is based on an exact analysis of the  2—D f low around a par t icular  family of analytical 
V

airfoils, and is characterized by the chord len gth C and the trai l ing—edge angle A. The fol lowing funct ion

has been derived describing the velocity component norma l to the trailing—edge bisector an a func t ion  of

A , the circuletion I” and the distance I, downstream of the t r a i l ing  edge .
‘T+A

= ~4 (~~)2 ’T — A (7 )

This formula is applied direct ly  in the 3—D program , where the Kut ta—points  are placed at about % of the

local chord downstream of the t rai ling edge alon g the mean spanwise posi t ion of the  surface collocation

points in the relevant strip. The reasoning behind this  approach is to allow the Kutta—points  to be suffi-

ciently far removed f rom the t ra i l ing edge that flow f ield induced at these points  by the  actual constan t V
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il l ’,’ ‘ , ‘ ‘ , , ‘‘ . ; - ‘ ‘ ‘ t ’ u ‘ ; “ . , , I~n t ’ ’, , i  I t - i t ,  ‘ ;‘ • It; I ,  ;~,t ;,I,~n I  l’i ¶ 0 a I c o n s , ’ it t  1’.’’ ;, tt..~ .c: ‘, ‘ ,i t , ’ tt ’ ,’ tin I t a ,’ .;, ; n,  V

it rec ’t ‘t o ’ • Tt,.’,~,’ I’ ‘‘ii ~i I ~~ ;‘;‘‘no 1,’ it: u i , ”, ;  i’, “I to u t  ‘~‘ f . ’’,’ ft t , ’ , t  I,;;;’ ul; yes ‘f ~,o ’ t t ~I i c il y tut ‘u ,’: ’’,

‘ , wit, ‘1; ir,n’oln’.’ to t bI t ‘t t\’ ’il , ’n it ,ut ,~ ,‘t,t ‘c ; ; t t ’ ’ ;  I n .  At. dc~~~;’t ’ i l ’ ,’ t  ;‘t ’oi~~~ o:, ;’ l ’,’ , t t :,~ ox ;i’,’ at ’ —

i, ’ n ’ i  il ’ ’.l so’t , I’ , ’ , i ;  ‘; ‘v ’ ,’,a’. ’a t io, , a’, ‘it ,’, o;i.’f; ‘t ; ’ r ; w l n , ’ n~~t ’ i ; ’  ‘f ;‘;u :’ l , t i ,’ ‘t,,’ i’aI~~,’ ak I t:,

‘t a i l, ;..’ - ; ‘. . I ; ; ’ ;. ’ , , . ‘; ; ,  , ‘ t h e  I ’ ; “ c t  ,le; ’; ’: ‘ ‘ ‘ it eot i ‘‘ ..i ’ ‘n t i , , ’1 ’ , ’ t’eitultn ,x ,It’:t ’t’li,’itv ,‘‘,‘‘o;’’’,’,’t , t i t  t , ’;. ,’vc,’

‘1: ;‘tuo ’l u t , ;  ‘I: ‘ ‘n.’;: I;’~ in ,‘ct ; ,’t’’u ., on It:;’,’, ,i t ;~~t , , ’t,’t, + t ’’tt l t t ; , ’ ~‘t (~’ va lues  ‘1’ dou h l i , ’i I ’ , .  Ti ;t s  do u h l i t ’i I v

i ,  
, 

‘ ; ; ‘ “ u I  ‘ ‘ ‘ , ‘ tint; ’,t ‘; ‘ ‘ I to “t’l i c ily — n ,‘;‘,i I ~ ,‘t ; ,‘a,’t ;  ;‘ i t . , ’ I , I ,‘,‘,‘I h o ; ’  II: a .un”’,’~ t o  l i t ;o  n’,’rt on

‘f I ; ; . ’ ’ u ”I ‘‘ ‘‘ti,”,’ t I n  t’ ,’,,,’t I’, , ,  u ’,;,;. 0 o,i.’I; ;‘ i t . , ’ 1 , ‘ to ’ . I t  ;‘~~ ‘ b,’ n ; ;owt , t t;at fo t ’  the “ ‘ i t , ’ ’ ’ ’. “ i; ’; ’; ’’a .  I, , ;‘

1 u ;I: I;, t h , ~~~ .i;’ , of l i f t ; ; , , ’ ~~~t ;o,’ wi l t , .;o’at1, ‘ ‘, ,
; ‘ ‘ , t ’ , , ’ , ’ , ’ 1 It. ,’ t ’i,’,,’,’t :I;,i’, n’ ’I,’’tI’,’ it ;ott’n ’,i,’,’ ‘o I l , ’ ,ut ;

w i l l  I’” 1’ ’ ‘ 1 ‘ er c’’ .’ r~ ’ ,“‘ ‘; ,  I’’ ‘ te , I ’ ;‘ I I ; ’ ’ “ I ;  t~~’ . ’ “ ‘;; 1 , s t ’ .’ .’, a it; ’ ‘ t o  I e i t ;  I ,‘t’! , . i t ‘ V  
~~~~ ‘, ‘ t . n ~ i ;

“a t  ‘n ’ ’  . . T h ’ .’:’ :’~’ ’’. i ,  I ‘ti, ’,; . ’ t; u ’’ ~~~~ a ,‘ivo’h 5i I t o ’  I , ” in “ n i”e  7,  l”;;’t t :,~; it stt o ;t ld ho ;;,‘t oo, I it

i t .  I,’ 1;’ ’ di oc;’cI i .  i t i , ’;; ‘f tIn .’ li f t i t ;  ~‘ ‘,‘‘t ’  I o x .’v “ I ’  ;‘. i t t  a “t. ; ; . , ‘ t ’ ” :‘; , ,l, .’,,  I !;,’ ,t;tt,ip i t ’  II:, ,‘;‘,e:wi ;’c \‘~‘i

‘, ‘ y ‘ ‘o; ’o;;”,; ’t at  t ’~~ ‘v i i  li;;~ c ,i, ’,,’ ’ a n  t o , ’,’; ’ be ;‘t’,’,Ii. ’I,’ t ‘ ‘ t n .  ‘~ , v , wt ;, ‘ ‘no . 3 ” :I’.,’,’’,;’” y odel ;illow;’ I’,’t’

t t ; i  n ; ; .‘ ‘ ‘; ‘ ;;. ; t v .  W ill t ’, ’o’i; ’ I t o  ‘ I ’ . ’ e,’:’ot’n ~~~ a “I it; ,’n” tnod, ’l it ’,’,’t ’ i . t I  , - ,; w i t ; ,  I t ; ,  ‘I;ot’ t ;,’i ,tc it : I I 1;,’

toni ,‘ .‘ ‘ : e to .’, ~~ 
,
“:‘ ‘;. .“. - ,‘ ,‘ it tI; ,’s”,;;~ - n’; , a ’ , i~t nhou l .I  ho t ; o i  ,~tt t t ; ; u t  II :,’ p,tt ’.tt ’; c’, ,“;‘ A f,’’:;; ‘,,o,t’o 7

,,h,nu l , I  be i ; , ’ ,‘ ;‘ ; ‘ ‘ ‘ ‘ ‘ I t  ‘‘ ‘ s;’,’’’ ;’,’.’iv a,’ t h e  ‘ h o t ly ,  ,‘ ,‘ ;‘nt ;,’l l , ’n n t h  ~ ,‘t’ t ’ot’  i t ;  1 ,’ ) , on at ’ itt , ’ t t , ’ ’u;;, ’ t t ’,’ o t t ’ ;  p

li t, ( ‘vt”; ’ in ‘,‘ )  . It ‘v;i’,’ he t ;o t e d  t I, u ‘ It: c,’” ,’ r ’; ’n ’ , ;; If.’ i,~I o,’i I’,’ nay l,ea,t, to ;u’. ,‘r t ’ ,’, ’ i t ;  ~t’ ,’

ta 1 ’’t ’ ‘t ~“ ; , t ttdi n,’’ Y , ‘ i n, ’,’’,’,’ t’ i t :  i t s ’ ‘ ‘~‘.~‘.i I~ ’ I quan ’t i c” n ;u c f ;  r u t ’  I t : , ’ n , ’ ‘t i  , ‘t ;;il 1 oa t  • l’h ;

t .  ‘‘ it ’ ;  l y ,  ‘ ‘ - ‘ ‘ , ‘ “, to Ii; ’ ,;’ ’ ;l i t ;  “., ‘n n , ’’,;’’ta~ ;,, ’ t  “ u n I t , ’:’ i t ;

The ‘f,’t’fwuc ,’ ,,~ ;;i ” ,’ ’ t ’ I t ; . ’ lo’ ,t ’It ,‘i I v  ott  t he  ‘ant ’ ,’:’ ,‘;it ’ I’a. ’,’ naciels is f’,’un,I I I ; r ,~un i; ,‘,‘n ct;tial lv tfi ,’

‘ v i . ’ ; ’  - “ prc’t’eos at,’ f~’t’ t t , ,~ “ I t t ;  ‘c ” n o t , , I • I t  n t . , ’.; 1,1 1’,’ ;;, ‘t ‘I , I: ‘w, ’no ’t ’ , tha t  because ,‘t ’ the ‘—P

‘:i ’’;t ” of t ’ , . ‘: ‘t t t ’,i ; ’ l t j ’ t ,  : ‘t ’ ’ ’ ’.’: , the  t ”;;t ; ’ ’ i t i c t ;  ,‘n,’ot’ for v ,u , ; i ,~f~j ’; ,’ l t : i . ’kt ;. ’,’s in ‘the ,1—~ “inc i t ’ still

V t’,’ r— ,u I l v  .‘t’ 0(1) , ‘i; t’ot’ ’th , ’r “ 1’; t’ ,’ I — “ r i ‘“ ,‘ ,it’; “I methods

The .‘, ; t ‘ u— ‘; . I; ‘ t ot t  I ~. ‘,;:,‘ , ; too , ’ “ ti I ‘ t i - u t ct” ,‘;; ,‘ as entp 1 oyed in t h ,’ “1 ‘i t t . ’;, ” ‘:‘ .‘ I t -  ‘.1 , tm ,t watt ,‘t, ti n t ;  ,‘,I

i t ;  ‘tat,’ ,‘r ~~ ; .1

‘ril e ‘vat t o t ,  I’O t’tt’.ut i ‘1~ l’,’t ’ 1I;o “ ‘ I , , . I; ’” ;;i,~, l , .l i tt, ;‘,‘;‘;,‘wI;,i I ;;;ot’o ~‘o’,tt’lo’x tf;,u; tt ;at f,’; It; ,~ “‘, I n ’ ’;’” mo’,I,” ’i

A. ’ pre viously . ‘x ; ’ l  i t ; ; ’ I , 1t : , ~ t. ”t h t, i ‘t I , ,a ;  ,‘‘i, ’h ;‘,u ’,, ’i in  ,‘.ct,oi’a’i lv ,too,’n,t ,’t . I .‘;, th ree un krtnwr i  t t at  ‘.~~‘:g ,‘,i~ ,’

‘.“i 1, ’t ~~ ‘t ’ .1.’ dcli ‘ity. ‘Chtn ,Iepen,ience ,‘,i;’r. .’s lt ; t ’ ,’;t ~’.i; ,I u t•e~~I i v  i t i t o It; ,~ pu:, 1 i t ; f l ; t , ’;i ,’,’ ‘ \; ‘t ’ t ’n . : ‘; ‘ . .1,; . ;

i t  i t ’ ‘; .‘ ‘u, ’ which n i t  ,~ : ‘ i~.’ ,‘ompl i ‘ u ’ ,‘,‘ I t :,~ “ t ’ , , ~ I , ’ ’~ mod el matrix formatj tat ;‘;‘,‘t ’,’,f i , t ’ , ’ a 1 i t t  V.’ t,’ I hat

fo r  t he  “i i ;  . ‘ . ‘ “ “‘ i, ’ ‘: u n I I ; , ’t ’  .tet;i, i n  are p’,’i ver . in r,’t ’,’r,’;;,’,’ 7.
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‘Tb.’ ,tolt,t inn ‘i ’ the l i t . ’’ .i,” ,‘‘,‘ -,; t o ;  of . tt i , t t  , ‘r , ; t  ia to ’ - ‘to;, .’ it; foc  ii , , ,  “lines ” model .

3 .4 ~~‘ ,‘i t . g ’ .’ I , . 1 , ’ ; ’ ; ’ ; “ ;j t  ~t t , , ’ ; ~~~~ ) : ’ ; n ” ; - u , , , 1 Y. ‘ I I

CI. , ’  t y ~ ’,’ ’ ! ’
~~~~.’ ’o., - t tv g’;’r’ox; :;,x’lon it. ~~~ t . , ’’ , ; : .  ‘ I ,  t iu “ft t’ t ; t — o t v ; . ’ n ” , j  .,‘ . f l a t  ;ttui ~~’i;.’ were emp loyed

,,,; lv,’ st ir : ’ u ‘ i t.  : t t . . ’ ‘nay, ’ ¶ 1 , ,  1, ’ - t  t ’ i t . , ’ ; ,n t ,  ;it i  ‘t ,,’ • ‘i’t ;~’ w~~~’ i t ’  ;,.,t ,‘xt, ’nt le .I i t t ’, , i ; f o  the  w ing .  Genera l ly ,

a , :  e’,r.i; ; or; i t t  di ‘~i d~’d in to ,;-  ‘— ‘ al l.’’~ “;.~‘I w - ‘t a t .’ ” • A “n e .  two ;’,:” is viewed a,; a 
~‘ t t ’tj on  of the  boun dary

a. i s 1 t v ;  i ’ i n t o  ; e u . . ’l;; , i t - i  is 1’ ’gio’al l ’ ,’ i ndep , ’t , - I~’t t t  i t ,  t i , . ,; . ’ n,;,.’ t l,;il i t  c o n t ribut e s  a,;

‘a u , . ,  e ; ’ , t i t i . ’ru;i  t ‘ t i . , ‘‘‘ i t o ’ ,  1 ‘,‘ ‘11 ,.,; . n u ’. i t  c o n t r i b u te s  i t ;k t u  ‘wins ,

- - t ,  ‘ ; ‘a, I I t h e  n. ’ v - t I ; ,  I i  n,’,,st;,’,f it ’. If,, ’ p i’ .- ’ ’ ’ I i ; , ’ sect a . ; ‘~ t a r  t l i  s method tt~ ’ si ;;golarit y di e—

r, h’~’, i or ; a,, I t . .’ , : - ,n : ’.i ‘ o ( .~~. : .,,;~~:.-)  ; u,’.~~it ,  t s  of ;l,’ahlot 1Y ”  only . ‘Cl,. ,, ‘‘,,f let 0 ’. t ot .  ~t l~ distribution on

a i t  : ‘ ; .it., ’l is ‘I. ‘ ‘ni , t o  ‘, ‘:,t”,’ ;t , ,u ; ; ; ’ ;i t t cal ly in 1 w . ’ ‘, ‘ t I . . ’ g;’t;al - I i  t’ . ’’, u ’t . s j  a l ’ ’cul 2—D Tay lor o X t O u , ’. —

ni ’,; iv ’,’al ’.’ing I ; : a : ’ ,m: ’ , . ‘ , - ; ‘ ; ‘ . lit ‘t o t ,  ‘‘‘ala,’,; t ’ l I ; , ’ .1~
. uble t st;’ ’;.gtf; are as,’ i~ tt , , ’’,I I ;  ‘ : ‘ ‘t ’t ; m i t .  ; ‘t u u i ; ’ , t ;mnd po i t u t s

c;, .‘at ; f’. “:. ‘ - Iwo ;’,”. Tt..’ I i t i ‘;, 01’ t ic’,’. ’ ‘ o tt ,  t.; (i .‘ . ,;,‘abf et tar’s :;.’ I i  t ’ t ’ ; t t 3 )  i ,,‘ ;‘h, ’wt , i n  fi~~ur e  i. TI;,’

~,hI ’t Ii , ;lr i t’;;’ i a. ‘ t i  , ; ‘ :y u  , 
~i t , ’ :  is h I t , : ‘ ‘ i t .  I by f t t t i t u g  I i . , ’ to t oil ’s ’:, ,-  1 , -n  quadra t i c  t’;’t’ o; , it ; a

,‘ ‘, ,o. ’,, t l ,’a,;t— ,’:t ..it’, . , ;t t ’t ; . g t h , ’ ; ;;huicitv t O t ’ , , ,, at i t , ’ - ‘‘t I :’,’ pci;. t and at tt;o,,e of t t ; e  a - I , a.’ent

p~it’.” s ( ; ‘~~;, t s  t ; . .~~l 1) .  :‘h.~~~~ ’ - ,  gI l i s  t ’ I ; ’ t t n t ,  - b, t’,’lati’,’el’,’ ‘ ‘ c t ’  l ;it ’go ta -dy fo r  t h e  doublet  value point

a; : the  ; ‘  i t . . ’ I cot;  s i .1.’ n . I • F. ’ r a ‘ .u. ‘ ‘ I a l ,’ - ,‘; - I ‘ ‘ a “;,,‘ I ;,‘ ‘  n ’s” , - ;  ; ,n’~ d~’ i i i  ‘I ‘,‘ulu, ’  pa i t ; ’ ,  t; or, t he  edge are ml —
so ;n cl 1 ,1 i i .  I ; . , ’  f i t  (n c i)

~‘ - ‘ ‘a’, t r o  ; - o i ; ; t n  .‘t , ,m t ’ . ’ - ’t - ;“s , i. e  • ;‘a t t , t , ; ‘,‘l’,, ’t - ,’ t o o t , ’ ,  iat’y ,‘ .‘t ;, ii t i ’, , , ;  are applie;I , are also i t , d i t .’at x’ .i

a: ft  g ’ot’~- ’ I .  These “ i t ;  18 i t i ’lu ;I .’ ‘to ol. ‘ ,‘ t t  ‘~~
,, ‘ ‘, ‘ , ‘ i vt ~~ a. ‘ w e ll  it ’ , ’ .l(o ;‘ , ‘ it ; t ; ’  (‘‘ -ny sli ghtly displaced from

“:, , ‘I ; , ’ ’: ’~ ” edges).

A’ t u , . . 1 ~ ,; . t t o  ;‘,‘i t ,t , t  a Diri ci; l,’t conditi ‘tt is ,tr ,;p lc ’y et t  w h ic h  requires the ‘can t ‘ f;it ,g  of t h e  t o t a l

;‘o t,,’nti.ml on flo e ,t, t . - ; ’ , o r  t’ ’,n’f,u , ’ ,’ ‘f tI;., iei,.,a . The i’;I g~’ ‘:,‘t ;tro l ; ‘a it ; t t ’  serve to facilitate matching ‘st-ti e et:

t s r ’s;’” • Ti;’,,;’ at ,,.’’ ‘a n t ’ s  e r , ,
’ . ’ , ~; , t  i t ; ’ , i  I v  ‘f t h e  I. ’t,bl ,‘‘ o t t’,’t;gI t and its gradient is  ensured to a ce~~

I t o t ;  order • At ‘,i;~’ t t a n  l it ; ,’, ed g, ’ (wi : , ’,’ ’ I ho wing t o t  w a . ’ “;;, ; t w o  v’s n ” abut)  the Kut ta— ;’nt,di ti, on, in ttat i

I’;ed ; ttt~ i i i ’ ’ , ,’ . Fat ’  ,t,, cI ,  a ott’ It’l I I , , 10 - ti ’, i, ’: tb le ’,  s tn , ’t ,oII ;  any be i d e n t i f i e d  wi l l ;  the  total  p a t e t t l i a l  ~~
wi’,i oh t o  I f ,  i nn ;  c i , ’  ‘st . ‘ ‘to . t ; ;  t ~~~ ;‘,ut’t ; .‘:tlar ‘,‘ ,-‘t’ni a; ‘f the  Boeing~ s method.

TI ;i ;’ . u ; ’ ; ’ t ’ ’ i ’t . le :m.t , ; t o  a I i t : , ’at ’  system “I ’ al geb raic ,‘ttu titici ;; i t ,  the  uxn~~~own doublet s t rength  para—

:0 . 1 . ’;’ ;, , This  n v n t ,  - t i n  ,‘a l ’,’,o i h’, .‘-n i ’ l o v l t ; g  a Ct ’ , ’uI d, ’ t’a t n ; ’n , ’i t i o ; .  a lgor i thm wi th pi v o t i n g  in diagonal blocks

• A’. , ; ’ ’ u , ’ ’,’ to ’  o n i ’ ’ of a ‘.“;“,‘ f’i,’t “ - “.ta ’ a ; ’n— ’ ’ ‘;I , ’-t I n’ c,’.I a n  .r o;i t ,’t subrout ine  • A f t e r  solving thi s systeto.

\ 

‘;~~‘ “1.,. i t ’ ,’ c.o m o nt , n nt n  it  ,ut ’,’ p o i t ’, I  ar~ ,Iit ’e , ’’, l v  f oun d t r aIn the analytic gt’a~In ot.t of the  total potent ia l

It t ,  I ;  - u ‘ ti: ,’ I nu ,cal  i ,‘;; ,‘ t’;’ ’r of tl ~, a;’;’r.’t ucf’. ,Ie ’,’c; ’i b e t  above is get ; t ’ ‘all y o( i t ) ,  but  becomes o( t~
2

V in ‘u. ’ ’ of - ,‘‘it’ t t~~hitt g , n u t ’ t’:x , ’” curvature (h b;’i:tg a ’ ’i ; :i’,’t m ’ t , ’ : ’ ;n ’tj c ’ pat ;,’’, ;lt n . ; ,’t ;, ’i a t i )

k More “t ’ i;I~ nh-tott It ,;, ’ oc’tl:,’ ‘ ‘ a,’, h,’ fa;itni i t t  reference 3 .

‘1 .’~ Ro ber t  n ‘ ,i;’I it : , ’ — Neumann Fot hod

It ;  I it ’h, ’t” t - ‘  ti.,’t f ; , ’ I (ti.’f. .1) tl ;,~ ai t’,’r’aft’,’ ‘ant  I ,’,’, nu ; ’ facc , ’  are c;thd ivided i n t o  a set of c o n v e n ie nt

“ - i t ’ : ’ ’ ‘ .;“, ‘aI,i ch i t ”  un ti l ,‘g, ’un to the “ t ; n  t sa r ’s ,’” in ti;. iit ’,’i t tg ;v o t f , o , i  (see chap ter . . i)  . ~~ ch carpet  i n

‘oil , ‘rided it : to .‘u:’n’ilinear ,‘,u,:,’ln wf’,ai ’e c o ” tt er n  f a t ”:  a gri d ‘1’ points. These cat’p,’tn are f i r s t  mapp ed i t t —

set of t ” ’ t ,u i ,g ’t ’ ’; ’ in .‘ot ;’,’,’,;t , ‘t; I ; ‘ :it ’t mv:, ’t  t i c  u~ v ‘l t u t ’ ’n  . Th,’ Cart esian t’o” pone .nts of the vect or p o n t —

‘i ‘;; o ’~ eat’l; go’; ; rot i t t  ar,’ spee’i f t  cl .u’ pa , ’t  a t~ I I ; ;~ m oti f • Each ci’ these  ;‘c;n ’att n;; it’ in  regarded an a re—

,“ ; lat’  l ’t~ “;l ’;  c. sp l it t ~’ :‘ut ; . ’t ; on ‘I ’ the par ’ametei’s u and V in the  paraittett’i c p lane.  Using this  t ’op n,”,’, ’ , ; t ;m t t at ; ,
,‘ i n f a ’e shape’ asnc,’t a t e ;f  w i t h  any ci ;; ,-’, ,‘ ;‘t o;,’ I is defined by sixteen basic bi—cub i c sp l ine  modes (ot~,’

mo le is ;‘tt .’wr, in I” ; , ’. 10 ).  Th~ t, ‘ an t  inu i  ly  uup to I f;,~ secoti ;f ,ict’i vat ive between panel taIg,,t~ it’ preserved .

Tl ,e .‘~~‘v, ’ i,’;’:’, ’’, ’;o:.’it i “i t is treed I - ‘ repres ’tit II ; ; ’  r igid ~~ke au ; ’ t ’,u , ’e and j  tn ,‘xt,’r,ni a;; inside the wiutg.

11;. IVt’,’ t i t ; .t  1 ‘ ‘ ‘‘i ’ i tta “1’ t I t , ’ sin igulari t i e s  tin e;I itt t i, ’t’ ,’t ’t o ‘ met hod correspon d I,’ l Ion,’ of tl~.’ “fj ret—

‘ v i ; ’; ” NI.t l  tip ,t Hunt — Semp le tn , ’II ;; ’,I ,t . Sources are emp loyed art the  wet ted surfaces and doublicit y on t he

woilce vt- i ~~~~~~ x ,‘;:nior; along  I l . ~ camber n t r t ’,v ‘e in ej dc ’  the wi ; ;g.  As in the Hunt — Semple anti NLR ti ,’t h , ’,I~ 
V

If,’ chordwise nha ;’e a t ’ the  inten ia l  ,f,’-,;i’t,’t distrihutiot; i t ’  pres;’;’t I,’’ I • Roberts ’ ,‘I ;, ’r; I w i n ,’ shape is gino ; ;

by I t . . ’ integral a t ’ ;i n tx t ’tr,’ of Si rnt baum v o ; ’t i  city modes • The turilur own s ‘,irce acid doublet n i  r’ ,’t ;g l t ’  ,Iistri—

L 

butions over ti , ’ nd of “ ‘ i t ’ ; ’ . ’ I ” rectangles in t t ; o  ‘at’at: ;, ’ I r i ’  plac ie arc’ cubj x ’ . Agai n a bi —cubic  spl i r ue

appt’ ’ x” t is used ar,d any ; i , ; , y l ” panel is covered by ~i x t € ’ et i basic ,~p l it ,e  tn;” ,lee (see Fig . 10). By appl ying

- 
‘ 

the  bot~~dary .‘o t t , I t tj o n  of ,;ero n t. ’ t o i l  velocity :uI t he ,‘o~~~e r’e of ~‘a ’.h panel , a o t ; e — t o — o t u e  i’orr et ’ponttu ’;;;’e A
U’ 

- — 

~~
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wi f i t  l i i . ’  uu ’tkruow nu i t inrgu l ,mr i  ty nt rength in l I t . ’  m idd le  of ‘ti lt mode ( ~t~~i n i t  A In Fig.  10) i t ’  t , t t t  ;i j  t i . ” 1

I t i  t e n t r’ ; it ’t  w i t h  l I t , ’  “l’i r’r,t t— o r’,lu ’r ” rn , ’th o dnu ; f . ’ ; ’ ’ ’r ’  i t’’ ‘I ear l ier  the K u t t a — .’, a it t i t i t ’r ,  (i  . ‘ • l i t . ’  req t u i  re—
merit I f ; ; i I  v . ’ lt ’t ’u ti u t ,  t ’ . ’i i i , i ,  i i  fini t,’ at tire wing trail u r i g  . ‘ t t g.’) is  ‘at i t ;  i i  ed 1mp h ‘ i  I ,y . Over a i ’’’r I ‘ i i  a n ’wrr—

ber of p acre hi r  on both  I t t , ’ t i pper ’  and lower ,, i it’ f ’;u t’ , ’ t ’. of f i t ’ ’ wing at i , j ; i t ’ ’ti t to the  r ’ ;ui I i ng  . ‘ i f g ’ , irp e.’ial ‘ t n t —

~ i1a r typ. ’’.’ of ‘“u t ’ i ’ i’ ; ‘ t r ’ ’ t i g t . It t ,i o ,l .‘,‘ ti , ’.’ .‘tnp lo y t ’t I  , ‘I ’ f t , ’ ; i , ’  ; ;t o,I , ’, t  are b ;t ;’e,I on the ;u i ;t l y t ; i  ; t  of a w i g’’ I y ~’ ’ ’
of f l ow , t huit i m p l i i ’ it ,1,y er ’ ’tu i n’ i n g  li t , ‘ t ’ , , t ’ t ’ , ’ , ’ I, f l o w  h , ” h t i v i e i t t ’  u t  I f , , ’  tt’wi I t t t g  ‘iig .’ . W i n g  I n  p i~ arc’ t o t a l ‘‘1 in

ti similar way .

The lru t’lii ,’n i t ’. ’ t ’,,,’ ff ’i ‘i ‘ r i  t of ’ ‘ i i i  tt itigulari l v mode for thu . n;or’mal v,’l’,cj l ,y at each ‘‘i ’ll ‘i t t  ii,,, ‘ ‘ i i  n i t

i t ’  t’ouinnd nuitt ier i daily through ‘p.’’’ tally 1 “v .‘lo~,,’,1 Cii i , ; ; , ,  iluiadratti t ’e I. e, ’htt i t’p i .” t t

‘the r es u lti ng I i t t . ’ ; mn ’  ,‘y ,’ l. ’rn ‘f ’ iii g,’br’.’ui ‘‘ . ‘tp , ; i t  1)1 ’;; is irolved di u ’eetl y by Cr ’out matri~ I n ,vr ’r ’t ’r t a t ,

NO . that It , , t r’taucatjoyr ,‘ r r ’ i ’r ’ cf ’ f li t t t e tho ,t  i t ,  git ’ner ’ahl y of 0(h 3 ) (h  b e i n g  a chara,’l,’r’it’l.,n ~n,’1 Ii rtt. ’n—

to ‘at ) but , t’, ’t ’ a i t t ,  ‘ o f ’ t he  f’i xed “I t o ,  , ‘ ,‘ of II,.’ int et ’ti ;iI feat ’ I f  ,fi ittr’ i b ,iti on, t h is  becornici, ’ formal ly of 0(1)

i i i  th,’ f i r  it tri g ‘ it ’. ’ of i—P li f’ting w i t t l n t wi th v a t u iah i n g  t i t i  t ’kti,’,,;;.

Mor’e itetat I,’ can be f ’, ’it t i , f  in  r.’ t ’,’r’ , ’ t , t ’,’ 4.

1 .  D~~ ’INIT ION OF TITh T~~3T C AI;F13

‘1. 1 D e f i n i t i o n  “I ’ t he  ( i , ’, a tx . ’t  t v  ‘f t he  ‘1’~’,~l, (Itiuil ’t~~t r’;ut i t,nt,’

Three ‘ h f ’ ft’ nt’ u t l t y 1’,’; ’ . ‘f ’ t ’ t ’l , x t . t vt’l y t;inupl,’ I .‘,‘ l n,,n,fi~~ ir’at jon,; ann , ’  t ’h ion , ’ n t  i’n r the  ‘n n’ n ” u , l  t ’;~n q. ;m t ’i ‘out

The fi r’,’t ‘ ‘ , . n t f ’i g t t ’ ; i t  i ‘n; i t ’  ;i ; ‘W . ’ f ’ l  l:ui~.’r’.’t l w i n g  with NIlE witi g “A” plan’u l’orm, Wi th,auit . u’arnuben’ or twi ‘I arid

at I i ; ’  t I il ih ,’dr’;il . Thu ; ; , - ‘  ,,n t tl ‘ ‘ i t . ’ i t ;  ;m m o r e  comp l ex c on f ig ni r a t ion  of ’  II ,. t ’l . r a.k . ’d—w i tug  l ,y p t ’  . Tire I l i i  r’,l t ’ t t t t ’I  —

if ;~~ t t  ‘ ‘ ; ‘t t oi ’ I ’ ’t’ .’ t I is arm ;uu ruti lt i r ,ftn’l or f1t’~~ It it ’ ,timg ft i i ; , ; ’ , ’ U,’. Thin Lii  I ‘n “ u n i t  ~~~i t ’ ; i t  t ori w ;t ; ’ i n t l  r’ t ’t f , , , ’ .”t

t~ ’ ‘V t  ‘c ’ i i  it t ;’ f ’. ’ , ’ n’ , ,  t ’ .’ ’ . ’ t ’ n ’ , ’, I tht t t the ,‘;, i itj , i m t ,tI ion, ‘f ’ ‘t i l t  “pa t ’ ti a h ly  i t ,  I .‘ni ;;ul “ f l o w  t t t  , ‘ ; ‘ : t ’ ’ t ’ , i ra ’ ’,i’ pr”— ~‘

i f  ‘n t ; ’  I , , ;‘ ,‘n’ ,’t’;tl ‘. mt ;’ ’I ; n , ’ l l ; , ’ , f ; ;  • ‘I ’ l l , -  pl;ur f’,arttit. at’ ll, , ,,.~ w’ittg’.” ; u ~tl lit, ’ i ’n’o;’n’’,’f i on, of I i i . ’  no t ’ ’.’ l Ie  are , l , ’ f inued

‘I i t  I ’ t , ” i t ’ .’ i i .

]‘,tr i l l  ‘ ‘n , ‘ i 1o t ; ’ . m l  t ‘t i ; ’ I i i , ’  ,‘ ‘ ,‘ it tt ,’  i i  r’ f”a i 1 ,.‘i ’I .u t ’ t ,  w;mtt i i , ’e, f for ’  t . i t t t p l i t ’ m I i  of .f,’t ’ t n u i  ti  ‘t i , I f i t , ;  wtt ’ I ;uk , ’t ’ ,

f , ’ ’;;’ I t , , , N A CA— l~’o im r- ”D i , ’i I a ‘‘n ’ , ’ ’ , ’ . T h j t ’, app ’ ;i u ’ ’ , I I - c be ‘I ’ j tn~, i t i ’ I , ’u i t” , ’ i t , , ,  I I ; , ’ ; , i ’ t l t , ’ , l t ;  o ‘ I t , ’, i t i g  ( f t unl ’l ’ . ’r’ t ) ‘ i ; ; , l

; ‘. ‘ i t ; - ’ , ’ I I , , ’ , , n  ;,,‘f I i t t , f ; ’  , ‘‘ u t t i , ’t  ‘‘;n ;;ily t t ;~~t s l’t e open I r ;n t  h a g  ,‘,l i ’g~”a xii I , l ; ; ’ i u t  , , i ’ - l i , ’t , , t g  ; i  liii “s ‘.uttk e t” ’~ ’t’ ,’—

‘ t I  ii t a t ;  • t l ;, , i ; ; ” ~t t , ’t i  I l v  L I , , ~ I’ t ’ t x t  u n  1’ t ’ i fg t ’ ; ’  h ad I. , ,  I i , ’ h ar u ,t l  ed in ;i ;;p , ’i ’ u  ;il w,ty • ittihl,.’r t ‘el ved f i t  I t ,  p t ’~’I ’l , ‘ t i i

by ii I . ’t ’ i , i g  I i i ”  s l n i ~,’ o f I I ; , ’ I t a i l i n g  “ ifg ” ~‘ti i~’l;i , w h i , ’t ’,’ ;s, f l , , l , , ’u ’I ; ,  ‘x l  t ’ ; u i ’ t ’ l ; i I  1 it,.~ I u ’wi h l t t l -  , ‘,Ig , ’ , ; l

f ’ ’ ’v ’’ , ; . l  lb . ’  ; ‘ t ’ i  gi n i l  I tar P i t i g  “dg,’ I ,  , ‘ , i , u f ’ l  ,‘

It ; ‘ ‘t i l t’ to ; ‘ l , i , , l ~ I - I i . ’ ’ ’;p ’ ;mhii  l i l y  t ,l~ t he vat ’i otis t i , ’ l - f t ’ ’ , f , ;  I ; ,  I t ’ , ’ ; u f  w i n g ; ’ at’ i f  i fl ’,’r, ’rrt t.h i , ‘ in , , , ’,;,,, ’,. , a

“ t ’ ext  I i ’ ’’ of’ wing;. wa’. I i ’ t t i ’ l , i, . ’ . , ‘;- i l t ’ i i l t . i t ,j  ann ; w e re  , ‘;i n ’ ; ’ , , ,  I , ,u l  f ’t ’ t ’  l i t ; ’ , ’ , ’  I t t i ’ ’k t i . ’t t t ’ / t ’ l i . ’ ; ’ t f ;‘;il i t ’;; I ’, ’, ’ l i t ,  V

IIAF WI N it p lain form (T/C . t ‘ ‘ , .; i ’  , anti .0:’) mist I ’ , ’ ; ’ tact T/C i’ ;i I i t t , ,  for  I.ltr ‘;I t ‘; Li ‘ i f — i . ’  i t t 1 ’  p1 ut  f,,  r ’ttu,t

( ‘P/ i l  0’ tou t •o. ’)
Altho ;i 1.th i the  , ‘ v  l . t ’ , ’ x i , ’ l~ I h i n t i t t  t ig  i ’i~ t t i ’ t 1” i t t ’ ; u lj ,~~i; ’ (T/c. — • i . ’ ‘I t in , ’ t t i ’t ‘‘ t ’ , ’ , ul  i t ’ l l ’ ’” in , l I t , ’  ‘ t i , ; ; , ’ 11, 0

‘at  n i 1’;’ ‘ ‘ I ’ l i i , ; ,  I I ; ,  , ‘ k t i , ’ ; ~ t ;  t i n ’ ,’ t i t t i  ‘ t i l t  , ‘ ;ul  I ; , ,.;, ;i ‘ ‘ ‘t i , ; I i n t ’ l  i ,,,i;tl t .o t il ‘‘I ’ n t  0;;, l h t , ’v ‘tO ’t ’~~’ to i l ;‘ ,‘, li  i ’ ’ ’’ I

l i t ’ ’  f ’ ’] l’ ’~’iuig i’ , ’ ;t ,, ; , , t ,  . I t ,  I I  , , ‘ , ‘ , , t t’ ,~, i , I i f  i ’ ’ t i  ‘f ’ f l ’ s ; ’ W i l ’ s  .it , It’w ;u i t ’ .’ I ’,’;’ ‘I it i , ’ ;i ;‘ t ’ ,~~i i i  ‘t ’ , ’ ’ ’ ; ; u  l , i i i  I ,’,’ , l i i . ’ ’ ’ , ’ u t ’ , ’ ,

‘t i , ; i n , ,  , , I  i t ;  g to c. ’, . l i t , ’  I ‘ ; ‘ rail ‘
~~ 

‘n u i  ;‘ . ‘ ‘, ; I i i , ’ ‘ , ; q ~ i ; t u I  t ‘u t ‘ f

~ 

h, i t , ,  ‘ t t i n; ’ u ’ ,’; ’ , ;  1’], ’ ‘low : i t ’ , ’ t , i ,  1 to i , ’ l ’f ’, ’ , ’ l  i —

,,‘‘ ‘ l y  f l o u t  i ’ ’ ; ’ ’ ’ ‘t i l ’ ; , ‘ , t i ’t d  t on, . ‘ P h i ; ’  n u t , .,. ’. I li i i  f~~ n ;i a ‘ ‘
~
. liii ‘k ‘ , ‘ t ; t ’ i ,n u ’ ; i l  i ‘ t i  i f  N . 1 , l i i , ’  u t i ’ ’ t ’ n i ‘ 1, ’ ” ; ’; —

l ’ l ’ ’  ‘i t ’s  i ; ,  , ‘ ;i l ~~; t l . u l . ’ I  ‘ m au l ;t ‘ ‘ ‘ , t l ’ u g ; t t ’ i I  ‘ t i  only I “ l i n k • A l ; ; , ’  l w ’  i i . , ’ ’ ’ ]  1 ’,’ were  ‘ l a P  ‘ I , wr f I t  I~~ , ’

il ; ;t ; x” t . ’r  ,‘,uI t o P , i .‘ ‘ • i _ i  ,ari,t i i i.

I • 
‘ I ” ]  ‘‘ii i l , ’ n i , f i  I i  ‘It,’ V

W i t h  , , , , . , t ’ x ‘ ‘ ‘‘p h ‘t i  I t ’ ’ ’ ’ ii i , ] , ’ i t , , , , ,  ;,‘ ‘ ‘ n ’ ’ ‘ - i  ‘ t i ,’ , I ‘ i i !  I ’ . ’, ’  .i — ‘ , ‘ ;u,,1 wi I ,), , u  ‘u ~‘,i 1 i,’ ;mk , ’ . 1”,,t ’ I i.’ w i tt ~’,
‘ ‘ ;i,’.’,; i t , .  1.0 1  ‘ i ’  w i t ;  l ’” ’ , i l  ‘“1 i n I f , ’ l i a r ’ ,  ‘ ‘n , l ; ul ‘ f a t  ‘‘ ‘ f ’ , ; v t n t i , , ’ l  rv , l , ’w t i ; ’ l  t ’ , ’ ; i t ; ;  l i , ’ w u t i 1 ” . TI’ ,’ wok,’ ‘I ’ l i i . ’  n i t —

‘ ‘ ‘‘ I f  . ‘, ;  i t t  l,,’ ’;ib ‘ ‘ ‘ I  ‘t i  ;i ‘ ‘v i t , i t f r t  ‘ ‘ i f  . ; ‘ ‘ ; ‘ t ’ , . i,, I I .  t - ‘ ‘ f t  i t t , ’ ’ l  ‘i’ ‘ ‘ p i t t ]  I t ’ I I , , ’ ’ , ,  I t l i ; t i i i , ’l  , ‘ t ’  ‘ ‘I ’  I i i . ’ n ;  u ’ ’ ’ ] ’ . (in ,—

I v  ‘ n i t ’  wu  u , , ’ ‘ ‘ u ; ’ ’ ’  ( ‘i .‘ ‘ . flA I~I WINn , ‘I’ ,!’ . 1 ’)  i t ;  i t t ’ 1 u r t t , ’ , f  t ’ot’  ,t (I ’ ; , u n i t ’ ,’ r I t ’;ui in , ’ , i  r ’ 1’ ,ui , ’ I t t t ; i1  ;; ‘ ‘ i t ’ ’

‘ f ’ t he  ; t , n l  l , ’ ’ , I ; ,  i t i v , , I  s . f  , ‘ l i ’ ’ii l t l  t i ; un ’ , ’ p t ” ’ h , f , ’t ; i ; ’ - ‘ i i  ‘ a l i t  t i l l  i t t — I t  ‘I i t i i l  p o t . e n t t i if ‘1 , ’,; .

• I Pani c ’] Ju t  I ; ~, I i ,  I i ‘ ‘t i . ’

A 1’ ’ u n l  from . l n f ’ i t i l t i , ’ t i ne  I . , , ’ ] .  ‘ ‘ , ‘ t i l ’ j t ’, , i’ , i l  ‘ i t .  ~‘,‘ , , i , i , ’ l  n t ’ ’ , ]  In’ , ii ,,‘,u; ’ ,’,l t ’.,’ t f, ’ ,’ni ,’ ,l i t ’ t ’ . ’ ’ . ,n ; u t ’ y  t~~

I t o ’  i t , . ’  ‘ ‘ t ’ ,,t,’r t i ’ ’.il p;inu. ’l , f ,;, f r ’ i t ’ t t l ‘t i ; ,  ‘ ‘n m l  l , ’t n , t  l I ~ ’ ~I ,  ~~~~~~~~~~~~~~~~ i t i , ’ t l i , ’, I , ; . i t ’ l l ,  I f i , ’ ,‘ ; i ’ ; u i w u n , ’ ’  :u;,I II; ,

‘ ‘ l i . ’t ’ i l’a i cc p an e l  I m n t 1  ate; I I  i . ’; ’ ’ ’ I ’, ’ ; ’ ’ ’ . t ’ , ’ ’. , ’ ’ t ’ i  I I  • Tine l w ,  , ‘ h i , ’ t , ’ t i  I i  i t t ‘i h u t  i n  ‘ t i , ’ , ’  l,m f ’ ,, l , il .‘f i t ,  I i i ’  I ’ ’ I ( ‘ l t t ’ t ’ t l —

wise) o il  I n f , ]  , ‘  I’ (t ;]’ . u i w t  ; ; ‘ ‘)  . In 11 , 1, ;  w;n.,v , t n  ‘ I ’. ’ , ’, ’ t , t ’ ’ ’ ’ . ; ‘n i  i~” ’ , - t i  I I t . ’ t ’ , ’ , t i i  i ’  w i l l  I. ,’ n t ’ , ’ ; , ]  ‘t i  mi. i’.’ ’ ’ i ’ ’ m u ’

,

~ 
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min t will not be ,tb ,,t ’i m n’ ,’,t by the , i i t & ’  of di I ’ t ’, ’r ’ ,’n t I ~tanit ’l ‘ l i m i t  r i  buti onu • ‘l’huim , some iu,;,’t’mml in, I ’ t ’r ’tna t j  on w i l l

il so 1.. ’ obt ai n i, ’,I ; u t , , i m i t  th i , ’ t ’ ,’nm ,ui Ii vi ty of the  rentu l tnt to ti , ,  number’ of p aimelm used in , the compu t a t io ns .

Pani eltin m g for the “high e r— o rder ” methoth , wait lof t  open t t ’  , ‘ h m t t i n , ;  i n, order ti, cre at.’ t I m. ’  best con di t ions  V

‘,‘i’ ob taining  uuppo maufl ,y d~~tiim .mt ’ ’ tmr’a ~’y. Fiur t i ierm or ’ u’ , i t  was also req uest ed that  t im e “hi ghen— t””den” nnetim odL;

p r’evt tti’ t ;e—c a l l ed  “engineering o o lu t i o uu ” (i •,‘. n ’esultn wi th accep table ai’t”tr’ a .  ,y in t,,rmn.n of c l m o n ’ d w j t i , ’  I ’ n ’~’ i —

t ,, ,  tn’ ;h u ’,; t n ’ m b u t u t . n u t i )  agmunm w i t h  I’ n ’ ,’,’ ,iou t i et ’ pan e l l i ng .

‘,. NVAUIATI~~ OF TIlE R~ uL’r3
5.1 Datum Resul ts

• ‘,,l.l Inu t n’otliit ’ lory Remarks

In this chap ter datum solutions from the method s of Roben’t ,, and Rubbert will be , h i m n ” u t a i i ’ , t . The re sul ttt 
V

t i n ’ ,’ compared graphi”ally in t,’rmmt of cimord wi oe pressure dlt,tx’i butlonto , veloci ty d i e t r ib u t i , n n , t t , and i i  z’, ’ii la—

t i ,’n. tln fcirtmu iately ,ti’ntion ,al load ditutributio n s could not ii,’ compared since Robent,;’ program did r mot pro— V

viii , ’  t h i , ,  data. Corresponding  tabulated data can be foun d in table 3 .

The panel d i ,u t r i b u t i o nu  un ited to generate the datum results wer’e the followi ng. Rubbert ennmploy ed 40

pane l s  “ h m , t t ’ i i w i i u e  arid 12 spanwise stri ps for time RAE WING ~~i i t t t~~. Roberts used 39 panels cnhordw is , ’ and 13

t i p ;t i iW i ’,”  ur tn ’ipin i’s’!’ tti ,’tt,’ cases.

For’ th e STRAK~1) WING t ’a,ti”n Rubbert employed 38 pari u’lit ehon’dw ’ise and 12 ap anwine stri~ttt , where as

Robert s used i’l panelt ;  chor dwinte  and 18 i,pan w’i inc ‘I r ’i pa ( thickness/chord i’ati o .05) arid 24 strips opanwi mr e

for’ TIC .0, ’ • On the nacellet ; , the number of’ cimordwi ;,i’ panels used were 40 ar id “, by Rubbert and Rob,’r’ta,

t’ . ’t ’ p en tively. I3, tht in t e l  10 ci n’ ’’iit,, t ’,’t’ .’t,t ial ;;t r’ipe .

V 
I t  should  be noted that  tile ;;.‘t of data is riot complete , in tIn ’ sense th at datum results fr’om both

t t iethedu are not available for’ all test t ’aines, W i t h ,  regard to Rimbbert ’i; results i t  should b~’ r ioted that  an

an omaly tnt  t i m i ’  i nr ,nnme diat e v i i ’ inm i ty  of t I t u ’  t railingredge is p,’esen t~ th is is due to the alteration of the

t rail ing .‘tt gn’ elttp.’ti to enable cloiunmr ’e (;;,‘e 4.1). Time consequences of t h i s  procedure were ch ecked l w , ’— t f i —

t nr en ur io n u al l y and appeared I t ’ have nit ) o ther  , ‘f f ’ n, ’t t i .

“ .1..’ Di t , , ’i i t i t , t  ‘ti

~~ RAE WIN G (ia~~c’,u

Re~ul tt ’ tar thi~’ RAE WING ‘‘a;,’ ;; ar’e ~i r’ ~’’,;.’tt l. ’tt grap lm i ,’ally ira f igures  12 to 13. Chior’dw i nn e pt’ , ’ t ; t t t n r ’ .’ i i i , , —

tr i bu it i ’n i s  show generall y a hi gh l , ’v , ’l  of agrn’ettt t’tit for both (TIC .05 and •o,’) t h i t ’k t t i ’ t i ; t / c t i t ’n ’ d t ’ t i t i o s

(Pigs . 1, ’ to I.] , i t )  • The n’i’l~ui ’ity i’ompt ’tu ’ni ttu agree ti l t ’t ’  very wel l  t a r  both th , i  ckimi ’,t tt/ i ’ I t t t t ’ ,f ra t ios (Figs.

1” , ii’ .u , t l ~‘l, 22). From dr’ag loop comparisons (Figs. hf and ~‘0tu , b) at near mid t t t ’m i— ;;] ’;u i ;‘t~ly s l igh t

di f ’f ’. - n ’ .’n m ’ ’ .’,; i” anr be rioted i tm the peak t ’ i’g’i ott • Prom t’i gures 18 arid ~I ,1 it ‘an t,,’ ti,’ ,’nm that thmt’re i t’ al,’,’ gi.’;I

t m gt ’.’. ’;;t.’ n i l  along the “pan between t i , ,  ct r’cul;m’tio n , t is t r i bu t i on ur ,

0TRAK~~ WING (I a m t , ’ ,,
Only results for the P/C . .0,’ t an , ’  art ’ available for’ datum result  co inpt ir ’ i  t t , ’ n i  • The agreemen t betweei ,

the chor dwiee pressure , t i t ; t r ’ ib u t ion i t  on t I , t ’ inboard wing (Figs. 24, 25)  is definitely worse than, for It,.

‘ t ’ r t”~t ] ’ t t n t t h i n t g  th i i ’kn eu s/ ci  an ’ ,i r a t io  f ar  tim e RAE WING caine . O~ the outboard wing ;i i’nc t to the kink t I , .  agre ,’—

rn ment i s  of th,’ ‘nun.’ orui i’e ( i” t g .  26). Velocity ,‘ompon .’t i t t t  are compared for the two ot a t i o n m e  ,‘ri e i t her  ttoil.’ V

of the kink . The agreemen t is fai n’ for time chordwise veloci ty component (Figs. 27 anm ,1 : ‘o) . The d i f fer on ee iu

i t ,  t he  upanwise velocity component , in partiu’ unl a r at the inboard section , are s igni f i can t (Fi gs ,‘~~~, 
t ( u ) ~

(l , n , t t ~’t iii, ’nt ly the f low ,h i r , ’t ’t i o n s  an pred it ’t et l  by one or both methods are in error. This wou ld obviousl y be

ti’ some importance for boundary layer ca h,a mi h t i t io nu. It  should here be mentiont et i  t imat  there i~; tr ome indi, ’a”

ti,.rm ~nn at Rober~s~ result s are riot fully conven’ged. In chapter 6 .3 . :~ this  will be discussed in , mmmc’ d e t a i l .

Span wise ci rculation distri butions agai n show good agreem en t (Fig.  u ) .

NACFLT.F Cases

Datum results for the nacelle oases , are presented in figure s 32 ariul 33.  For th ese cases re n t i lt , ,  are

also a’al lable from calculations by J .L. Hess (McDonnell — Dou glas). These rentul ts were obtained using a

special “hig h er —ord er ” a.xi -symm’ntric program , using 240 panels chord wt t se .  Prom fi gures i:’, 3 1  i t  aan be

,;i ’ . ’ni that th or ,’ in a fai r agreemen t between all three methods. Since in Hess ’ method no ej rc umferent {al

u h i m , , ’n ’,’t ieation is  cmployn’iI , ani ul this dincretication contribu tes ni gn i i fi ”anmtly to be the error inn inm ti ’rn ma l

fl ow probl ems (hle rn s, Ref )),thls nolution in probably the bent of’ the datum solutions presented 

-— -
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ti ’ “I in’ ,’ ~~~~~~~~ Mt ’ t h m,n ,i f l , ’ , u , i  t , ’

• I I n ;  I t ’  ‘ ; f u ’ ’ I t  t a m

lit I l i i  tu ‘ ‘ I ; .m ~ ’ f ‘ n ’  t’ ,’’, , , , l  I ; ;  fn ’onr , I 1;, ’ hh m i ru t  — i, ’in ~~l ,‘ “ t t t  i , ’ ’ I i ; ” n , , ’ I  l , , ’,l ;u , ; f  I h e’ NLIl tui, ’t lii ,, I ; m n’ , ’ , ’ , ’ ;t , ~’ .n , ‘ , ‘~ I

i ’ ’, iIl y inn I n t ’ ; ’ ;. , , ~~t ’ ‘‘I,,’n’ ,lwm ,;.’ I~ t’.’’,, ;i iii’ n .Ii ,t l n ibin t it ’ t ,; ; , ‘It ’; mj l ’ t ,~;’t i , v , ’ l , .n r  l y t ’ ’u i ] ’ . ’ t t ~’ t , I ; ’ ;u , t h  i n i l , ’ 1 ’t ’ , u l . ” l V p i . U ; l  i— V

ti,,’ ‘‘n ; ’1; in ,‘i ;‘‘ ‘t,f ;u l i , ’~; Wid ‘ t I  i , ’ t , ; mI  i , . t i , I .  11 m i ’ ,’ i t , ’ , , , ‘ l . ’ , I  l l t t i l 11, .  NI ,b ~~ , ,t, ’ I f ; , i i  i t  ‘ ‘ ‘ t i ; ’,  1. i’ .’ I in ;

I i i in ’ ,’ ‘‘I ’ I I ~, t’i r ’ , m I — ~n ’ni , ’t’ : iI  m a, p;ui, ’l u I  1, 1;, .

At Il ,. ’ .’m ,’I ‘f’ th t i ;; . ‘.‘ ; ‘ I ion ;n I’,’w I lT , i i  , . , . , , i  I . ’ ’ ; n t ’ .’ ; , l ,’ ;, ’ ; ’ ‘;t i~t ; n t ’ . ’ ’ l ,,‘i  I t t  , . ; , , , i  f ,  . ‘ f ’ l , m i r , , ’ , f  ‘ u ’,.;,, ‘ ii ‘, ,i ;il i n ,, ,

‘ . t t ’ , ’ i  . 1  ‘ u I  wi l l; l i i . ’  hh,. mn mt. — ti. ’; i i~’l .‘ “I i  u , , ;, ’’ mu,, ’I h i t .iI • At ’ , ‘ ; , I I ,  t i  i i ,  ‘ ‘l ip f ‘n ; ;  I • .‘ nu m .I I • ~. • 1 l l ; ’~;

‘ ‘‘‘ ;~‘ h . ’,v , ‘ ,‘ , ; , ‘ n , l  t m ]  I v  I I , . ’ t , ;u ; i~’ , , i , , m ; , ’ t ’ t  ‘ ‘ m l  t ’t ’hm, ’m, ’ .

I I , . ’ I . ’ , ,I  , , m’ , ; . ’ ; ’  wer e  r’,n n t  w i l l ,  1’ i ’ , ’’,;; ’t’ j tu,’ ,I ;‘ .u i ~ ’l I n  ‘ I  ‘ i  l t , , l  , ‘t i n  ‘ I , ’ ; ’ i , , , ’ , l  , , ;  tt it ’ i. ’,; lA ‘u , l ,  ‘. ‘ I I . , ; ; ‘  iii ‘I

1’;,] t . ‘ t ; , ’ ; t t ’ .’ ‘ t ’t ; . t i . f  ‘n’ .’ ; I ‘i t’  I~ ’j ’ t  ‘ i l  , ‘ti 1 .~t t , . ’; ’~’ m t ; 1  I i  ‘ I  ‘i b , , t  i , , , , ; ‘ ‘n’  it c h “i’i ,‘ ; ; l — , ’ t ’ , i ,  n ’’ ‘ u , , ’ ]  i , , ’ I  ‘ ‘ I  . i ; ’ ’ . ’~ i ’

I t  . ‘,‘ ,t .u in wh;m , ’l ’. 1. ’ l i i  l~’,1 ‘t’ . ’ t , ~ ’i t  ‘n ti i ’,;t n’ ut t tmt i’’, m , ’ , m t ’ n ,‘ . ‘, i i i  n ’ ,’ , f .  II ’i~’~’n ’ . ’ n ’ , i t  . ; l i , ’t ~l , l  t~n i ; , ’ t  , ‘ ,i t I u I  , ‘if I h ; ’;, , ’I . I t )

lam ; ‘ ‘‘  p u’ , ’ ’I  , I i n n  l’. ’, ’t i  i i i  i n  hi ~’l I; t h m , ’ NMI ;u;,l Iii. Ih ,mn , I —2ni,uitl ‘‘ “ t In n ]  , ‘ “ ; , , l  I t V ’ t i  r u t  f l, n ‘ i i .  il i i  I . ‘ , t , ’

V
t .li,t . ’m,,’;’.’,f m u  f l ; t  ,‘ t , , ,’  ‘ I i , ’, . ,  ~,4,t t ’ b, , ’t’ .fw i t ; , ’  nmfl n I, ’ nt’ ,’ ,t ; ’ , i ;n l lv ;i tl t ’V ] t , . mln ‘ ‘n  i i ; , . ’ will , II ;n  I I , i t , t  — i’I, ’n ; i 1’ln “ ‘ , , I

i , i t ’ i t ’  ii l,i,nt t m I  ‘ ‘ ‘I l’s I I ; , ’  ,‘,‘,‘,t;l I ‘ ‘ f , , ; .  ‘i,; t ; n ’I i t ;  t ’ I ; . ~~’I ‘ ‘r

• ‘ Di. ’

W I  ‘10 ‘
‘tin ’ ’ ’’, ’

,‘h mt’r’tlwi i, ’ ,’ ;’ .‘ ‘ I , l ’ , ‘ i i  ‘ I  ‘ i  1’,, I i ’ ’,; ; i t ’ . ’ ; I i i ,  ‘ 1  l’s I I , . ’  i t , , ’ ,  . ‘ t l t  i i i  ‘ I I ;  ~V I ; ;  ‘‘ ‘ t’  f I t  IIAFI W I  l ;  ;,‘ i I I .  ‘ I ’  ~ ,

e ’, m — C ’ ,,‘.‘n’ ,’ t ’, ’ ; t ; t l 1, ’ 1 ‘ .‘ , ‘ , ‘ ,,, ‘ I u , ’ ; , f f ’ ,’ , , I . ’t i l t t ’, m f .  Ai m ‘ x ;n ,’ t l ’ f . ’  , i . In ~,, ’;, i n ,  t ’ i pi i ‘‘ ‘ ‘ 1 .  II ‘ ‘ .e; I ’  ‘ ‘ ‘ ‘n t ;

I I , i  ; ;; ‘ ; ;— I  i ‘ I i ;;g ‘ u ; ’ ’  n ; ’,’ , ’ ’ ”, ;;, ’ ,;  l’n Is ’ ’ , ’,, 1.1;, ’ I i  , ‘ ; ,  I — ; ‘ t ’ ,t , ’r’ Nil ] n u t ]  l , i  ; u ; , i  Ii, ’Iin I , ’’ ,‘,‘l ; ;  I u . 5 ;  i i .  v . ’ r ~~ ~““ ‘tI . ~‘

I’,.;’ fIn ’ ‘t~ f” Ni l , I , t i ll . ‘P/C .1’ t u , , l  a — “ ,m ,’ n ‘,‘ ,‘~‘., ‘,;l ,’,I jt~ t ’i 1ii n ’ , ’ 1’ . ‘ ‘ • ‘Itt,’ ‘i , ’ f un’ ,’ i t ;

A ~~“t i , ’, ’  n 1  l y ‘ i  nu I i;’ I. ’ l i i i ]  i l  i 0 . i t t ’ n\’n; ’, f i i i ’ i t ’ t i 1 ’ I , ‘,
~~~‘ 

, ‘ , i ; t t o . i m ’ i  ‘ ‘ mm ‘t n t , ]  i’d I , ,  ft  , it  i ’  I ;’ ,‘It . ’,,’,’ ; ; ,”;;

u t ’ ; . ’ t ;  i ni tI ,.~ I ‘ ‘ . n I t  ,;,n “I,’,’ ;‘ , ‘~~ i ‘ ‘ ; ,  ‘ ‘n II; n f himn i I — 0. . m m l m l  , ‘ “ ‘ ‘ I ; , ,  I ; ‘ “ ,‘ , ‘ ‘.‘,, 1 I • i t , ’ ’ , ’  I I,. . ‘,, I ‘ t i ]

I’ ’,’ 1 ‘t I ‘ I l l ’ u ;.l l ; it , I — i, ’ m ; ; ,,I , ’ ,‘,‘ , ‘,1t’.u;, ;inn , , t ’ t , ; i t t . m l  I v  ii t’l,O ~‘;ui. ’l , ‘ , ‘ , ; f t ’ V i i . ’~~ II, , Ii I ’ ’,’nm ’ , ’tt ,’n i n ,

‘‘ ‘ ml ;,. ’.; ; ; , ‘ i t ’  I tn In i , ht;i, ’ , ‘l~’n ; ; ; t u ’ I ‘n ,m , ’ t ’.’; ’ t,m l ‘I i,’i  It , II,, ’ ~, ,l l ;; il N i l ] ,‘!‘‘ , ‘nt i n ’ , I v  ‘ m l  i n , ,  . ‘ . I I ; , ’ ; n ’

t n, ’ ’ i ‘ ‘ V , t o i l ’  I’ ’ I ‘‘ i t ’ ,  i i  t a ;  ,,‘ t I; n ’ . ; ’  ‘ ‘ a I I ,‘ ; , , ‘ , ‘ I i . ‘, ;; u 1 I ‘‘‘ m l  I, t’l • WI; i ‘ ‘ f t  n ; ‘ a . , ; ; ;  I I ;  i t I I : ~ I .  .,.  n i ‘ “ I ,” ’

n . m I ;  i, ’ , ; ; m n ’ , ’ p ‘ ‘ I ’ m f ’  I v  ‘n’ n ,’, ’., I m t,u ;uI .,’,f I , ’ ‘‘“mu,’, ‘ i t  ‘ , m I n  I ’,~ t lii. ’ m i t t ; ’ . , 1 , . i f ’  In A~’ ;t, ; ,I, , ‘ , ‘ 1  i , , m t  , ‘;,

I t ; ’ t’m ; l t ;a ’ . ; “ ‘ , . m. ‘ ‘‘‘ t O n I  with , II; n “liii ’ ’; ’ ” m , i t ” I . ’ i f , n t ~’. I I ; ; t . , H; ,n ’ ’, ’ ,i t ’ ; ul,’ N i l ]  . , m’ ,, ’ I ’  ‘ ‘ , ‘ ; ‘n . ’ , , l , v i i i , , , ,,

,,‘,,;,1,i, i;,;t .,,i,~ 1. ’ f ’ ’  I I , ~ ’ i’ t ’’, ’ ;m l I ‘f . m t’ ; u I  It, ’t’ I ’, ’ ; ’ h , t ,  I~~; i ;  ‘ ‘ u t ’ ’ , ’] f ; i l  j ‘t i  ‘ ‘1 ’ i ti ,j. ’t’ , ’ ; ttl. ’ m;f , ‘ ; ‘ ; ‘ , ‘ t ’ ; ;  m , ’ . . ‘ , i i ’, ’ ; u, ’i I I ,  I n ’

‘~~ , anal  I I , ’ C n i l  a ’ , ’ . Thi n’, ’ i t ’  i l ; , ’ .u ‘ I ;  ‘ ‘t i l t !  n ,In  ; ; , , , ; t t .  i t ,  I I ; , ’ t o u t , , ’, a , ’ i i  n i ; ,  f ’ ; ; I  i ‘t i  ‘f ’ H i . ’ , ’ , ’ ‘ I i  ‘ ‘a u I

I m . i  (F’ i ,. . ; t
, t I n ’ I Itt u l ;m l i i  i t ; ; ;  ‘‘ .1 tI , ‘u, ‘ ‘n I . l t i  it ‘ n; ;, ’ i t ,  i ’  I m i t t  I i l l  n )  . ‘i’ltn n, ’; m i , . ’ m ,  ‘ ‘n I ,  a i i

S n ;  , , . ‘ I w e ]  I ; ,; ,, I ’ ’ ;‘,; I ‘ ‘ ‘ I  • I I , ’,, ’ , ’n’ , ’t ’ , I l t , ’ ; ;~~. u , w  t, ’n f m ’ ,; I . ; ,  l ’ , , l i e n i , ’’ , ‘ C ‘ i  ‘ ‘in f . m  I i t  ‘i t  (ho n ,‘. ; ‘1 ,,‘. v i  n’ b i n  I I v i t  a ; —

I i .  i t .  

‘I /i ’ n ’ t o ]  I ,‘ , ; n n ’ , ’ o’.’n . ’t ,  I ‘ f  r n  ~i ,~~i n, ’; ’ ‘i  — .]n ’ . I , , ,  I I , , . , ‘ I , , ’, ’ , l n ,  , ‘.‘ p t , ; ; ; , ,  t’ n , I i  , i i  l ’ I

a , m 1 t t m , ;  ~a, , ,,l , u~ ,‘ . ‘, ‘ ,mm, ’,, h I m . ’ l  ,,‘ , ‘ , ‘ , ,  l i i , ’  n’;i ,’t . ’,,,; ; ; , u l m , l  i ‘ i i ; ; , i l i . lm . ’, t ~~f i  ;‘, ‘;t t , ’ t l i ; ; t ’ ’’ , ’ ‘ u n ’s i t ’  t i . ’ l ; , ‘ , ‘. n l ’ I  a m ; t  I I , . ’
l i l t  ,‘ . ‘ , “ t , f  I , t  nm, ’ar t l t , ’  h m ~ ’ ( h t ’ ig.  i i )  • ‘l’h,e h u n t 2~ ’,iu ; ’1 . ’ ,‘ , ‘ , , , i i  I.,’ ; m~ ; u i t  , , I i l ’I ’ ,’t ’ a t  ,i , m  i ’i , ‘ ; u . , i l  l i  t ’ t’ , ’~ ; I

j 
, ‘ , ‘ 11 ,1  m ‘tm i n ,  I fin I ‘te l i t t 1’ ,‘,I g,’ i’i’ tl i ‘tn , ‘m u ,  It,’ t.,’i’ni ft’t’,ni the ,t n a g  1~ ’ t ’ ]‘ ‘“‘ ;;i ’1 ’ m  ‘ i  ‘ ‘ t i ; ‘ , ‘ ,“ , , , ‘ , ,  I ‘ ‘ 1  m , ;  I ’ i ;i, t n

I], ’g ;it ’ I m t i g  I I , , ’  ;~p m u t w ’  ;. ‘ n ]  ‘‘‘‘ m t y i’i~tn, p eni i ’n m I,~ i I , ‘ ;u ,  I, ,‘ ,‘,‘,‘,i t eem l’i gumn ’n’ 1,] t .lt;iI II ,, ’ i n I ;, ’;; ‘tn f t n t  I i f  ‘‘‘I I’y I I ; ,

N i t ;  , ‘ . u t , ’ l  n ; . ’ I I t t ’,I n t ’ ,’ in; , ‘t’ ,’ ,’ t’ ,‘v, ’r ’  a i t t n ’ 1-,’ p ; i n ’ t  c i ’ I I , , ~ w i n g .  ‘II,,’ ’  \ I t f ; U l ; i l  i . ’i m ‘f ’ Ihui c lit ; ’,’,’ n u t t y  I t ; , ; ; , m f

t’~’e l y I ’, ’ , ’tt  11i ve t ,  in , ’ . ’, ’ I i  ‘n , t • ,, ‘ , ‘Phi, ’ t u g  ,‘ , ‘ , ‘ , m m . ’ nm I I ’, ’lu , ’ , ’, ’n , , ; ] ‘ ;n, m i, ,’i ,‘., ‘ , l m ’ , t l  t i  l ’, , l  u , ‘t i t ; , , ’ t i  t i , !  O i , ’t, in, l I , ‘ ; i , l i t ’

I ’, ’t ’  I ’ l l ;  I I , . ’ ‘‘f m  n’ , , l — , ’n ’ , l , ’, ’ ’’ ;t , . ’ f I , , ’, l , t  ( F ig .  ‘I’ ’ ;u i ,I i t ’ ) .

I ] , ’ , m , ,  I f , ’  ‘ ‘n ’ I t , . ’ ,’ x l  n . m . ’  I v  I I , ; , ,  t] kI ’I WI NG ‘t t ; ; . ’~ i .‘‘ . ‘I/C — .0. ’ i t ’ , ’ gi via, ; t u ‘i 
~~~ 
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t h i n  ‘‘b; ,’t’ t l wit ’ .’ pt ’ .”, ; t~t m n ’ i ’ ,l m , , t r’Itt ,i I i tin iO , i t  ‘ u ,  t” ,;, ’, ’ni t ’ t ’ , ’m t t ~~ g Ut ’ . ’ h l l;;tI Ih , ,’n’n’ i t t 0’ , ’ ; ’  ; i  0 t ’ i ’ t ’ ; ; t , ’ u ;  I t’,’ti,’ ,’n i t ‘ 

V

I i , , ’ N i, fl t’ ’ ’ r , , m f  1 , ’ . u , ,1  I f , ,  , I a h i , m n  ‘ ‘ f  i l  , ‘u, • ‘i ’h i h  ,‘. . ‘ ; u ,  m l  ;;,‘ h,’ t’,’’’rt t ’t’ , ’t,m I f i .  h ill  I ,~, ,,t  t ’,~ i i ] ’ t i t ’u  ;~~t ’t , i ~ ]‘

I ’m t~ ’,’’’’ l O t , it . t u t u  I , ,  , ‘ t ’ I .lu , ’ ~, n ’ .’’. ; , . , m n ’ , ’ I i  ‘i  ‘n I’,m I i ,’nnm i nn If, ~’ In ; t,I i ti il ‘h g . ’  t ’~ ’;”i ‘ t i  i i ’ . ’ ; I i l; m i n m  , ‘ , ‘, ‘, ‘ i v  ~.i’,’,h i

l f , p ,  I — IP’nn;p l .‘ meI.lie,I • I I ‘‘.i ni  I,, ’ ~‘. ‘, ‘n , I I , ; ,  I i n ;  I I , , ’  Nil ] n ’,’ t ,uml I,; l’,’i’ I h u h , , ‘ , i ; ~ , ‘ iii u . t ’ u ’ ’  n ’ i t  \ ‘ i n ; ’ ;

ri ’nm I al, ,  n’ ,’;i;’ t b , ’  ern’,’r i n m I’ , 
t n ; ;  n , ’  t’ , ’ ; t , , n ’, l  ‘ i  1ln i i f m  ‘ to,  I I v  i n ,  ‘ ‘, ‘ t i m u ” i ‘i ‘ ‘u , u , ,  I I ,  l i i , ’ a i I , , ; , ]  , . a ;  I ’, ’; ’  ‘1’

“ i a;; . I i , au)) • Al t~t., I i i . ’ ; ’ . ’ i t t  0 ‘ i  t l t ’ , I ,  ‘ u; I ‘t n ’ ,’;’ fri 1.1 i .  t ; p ; u t w i  a. ’ 1 ,‘,u,I 1, ,,t nm  itu l m ‘tm p,’.’ Ii ‘ I ,‘I l’s hi’

n i  Ii ‘,l (i’ , , l~ ‘ ‘ , 
V ) •

I’ r ,.nni I I , . ’ ‘h ’ ; ’ . ’  ‘ i n  I m ‘n , , ,  nnt’i,i, ’ ;u i . , ’n’ , ’ i I ,~;Ui I t ’ , ’ , , ’ I m t,l , ’,l I h i : i t .  ;i ’’ f , m ,  . ‘ ; ‘ ‘‘ ni l,’] i ;  ‘ ‘n~ ’I  ‘ ‘i i i t ;  II ,, ’ N II ] ‘
‘ 

V

mm m l , t i , ’ t l m , ’t f ’) ,‘t ’ , , , ’ t ’ ; i I  lv m, ’ nm , ’ I ;i,l.’’~mi ;i I. ’ I , ’ pi’ ,vfm ‘ ‘ I  . i t ’ , ’ ,I ,v,,;itt, i , ‘ ~m i ; u ~m I  m l  i t ’ , ’  ,,, ‘.‘‘.;, ‘ ,, f ‘I v u i  m t ,

. i n I  i t  1 I ’. ’,’ w i t i g , ~ wi I t ;  a I l ;u ‘k, m,’;n,;/,’Iit ’n ’ t l “ m l ,  a i.,’l ,’a’ 0t~ , , ~ t I ‘a;; I ri ot wi th i ,n t’ u;’I l u I ,’, I,;uI , , ‘ , ;  a;~ t m , , , ’,l

l i i . ’ , ; . ’ ‘ ‘ n i t ’ , ,  l i t  , t ‘u , ; • I”’ n t I ; u  a low I t ,  i .‘knit ’;t;t/, ’li , ’ i i  ‘ t i  I i t ’ ‘ru I y I I ;  n , ’ i t ’ ,’ m i . ,  I m ‘ i ;  . ‘ i, ; t I’,’ ‘ i f , ’ i t ] il , ‘~l u,’ m
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i’ ,’a;t, .nt , ib l n ’ ,~ t ’ , ’ t m r a y  t n , t i  r i g  ~mn , ’h a ,nn ’t  l ;, ’,I

The Hun t — i5empl e r’ . ’t ’t ,  I f s  ,‘. ‘ m i . ’ r ail ly ag r n ’” qium te well am t h t  Robert s ’ ita t umni t u t t i  m t i  t ’ i i t u , excep t it, t h i n ’  n ‘ ‘in ’

r’ i’g’m en, • ‘r hi B i t  p05m m bly .‘ip l ;itn, ’~l by I I t ,  f ’, I l,’wu ri g • From I ’ m gun n , ’ (~~~ i t  can to’ seen that  thi n’ muse of thu..’

“op ti miser ” n’ ,’tl mn n, ’; ’ the ‘ “ m n  n ’ ’ .’ t ’ I r ’ ..’n ,g tbi gradi cii t ‘v .’ n ’ I t i , ’  gr .’;it n e  part of’ the chord, but riot inn time i men,’—

,i i at . .’ n m “ i n  m ty ‘.1’ thu ..’ l eading .‘ , Ig ,’ • ( ‘‘ ‘ n i t , ’ ’ , 1 i ,n ’i , fl y  I I , , ,I i ,,nn ’ n ’ In ‘ i t t  ‘ i n ,  er ’roru , whit t b  are proportional to tl,,

sourc e strength; g’radi ,‘n , t  , au, s t i l l  1 . ’  ~~ g u m  fi m’ant in n tin,, r i g ”  , ‘i t .

i3It RAK~~ WING Cases

Results for the STRAK~~ WING “t i , ’ ’ will , P/C — .0” are pn’ ( ’,n , ’ n i t , ’ tt i n ,  f igu re s ‘, l  — 64. From the compari—

eons of pressure distri bmnti ,.it ,m at t h i n ’ ,’,’ inboard arid th ree outboard stations it can be seen that the agree— 
V

ment with Roberts’ datum so lu t ion  i s  reasonable , bot h inboard wmd outboard for’ both methods (Figs . “~~ — 58 ) ,

the worst errors bn’inug mrhowni by tI,. NUt results just inboard at ’ the crank stationm (Fig. ~5). Spaniw’ise and

i ’hu,’n’,Iwm ,t ,’ velo city ‘ ,~n ;pi ’n i , ’e t , ;  ar e presen t ed fon ’ the mi t a t lon L n  at ei ther side of time kink in ,  f igu res “ ‘ I  — (2 .

I t  cat be m eet , that the error in n V at the inboard ‘,n ’t ’ t i , t n t  i t ;  m n  gra m I i  cant for the NL R results (P ig .  1,0).  I n ,

contrast , the Hun t — Semple results exhibit a much smaller error. This error is probably duue to the fact

that in tue Hunt — Semple method a ‘—D “optmm i..nen’” is used I’,’n’ t ue  determ ination of’ the internal dotiblet

t l i st r ibt mt i t ’n i  (see 1, ~.l) ,  whereas t Im. ’ f l ow at t h i s  s ta t ion  is h igh ly  3-’D .

For T/c — ,0,’~ n ’ , ’t t ; ,lt , ’  are presented in figures 65 — T~. In board , the pressures are again, predicted

reasonabl y wel l  by both metho du~ however , the NUt erron ’i, are larger thwi those of the Hun t — Siumple method.

At th iu  outboard s t a t i o n,  next t i ’ the k ink , time er ’rei ’t , in the  N LR n’esult s are s imi la r  to those in the mi d—

;uemi mnpan resu l ts  for the  corresponding RAE WING ,‘ai,,’ (Fig, 47; P/C — .02). Regarding the V conrmparison n , ‘
it ~‘an l’~’ noted from figu re 68 that at the iniboard station the error’ inn V

~ 
has increased s l i ght l y for both;

.‘nt’ f I ’ t’,I , ; in ,  comparison w i t h  the  corr ’ernpon ding plot  for’ P/C — .05 (F ig .  5 ; ) ) .
At the  ou tboard  ;,, , , t  i ,‘nu n e x t  to time kink the ui t m n a t i o n  it ,  sinnni lan’ t ,t  the  RAE WING case wi t im P/C .0, ’ i .,‘.

thi s Hun t — Semple resul t s  agree well w i t h  t iu .  datum solution , wimereami the  NUt  results are seriously m i  er ’t ’, t r .

Regarding t I m. ’ V i’ompar’i son m mu t ime s i t ua t ion  i; qu i t e  d i f fe i ’enmt .  Inboard both methods an’s seriously in en’ror

(Fig.  (“i ) ;  r m .b .  two ,tatum solutions an’e shown . However , fi gure 6’) indicates  some uncet ’ ta ini t y in datum u o l in —

t i e r ,  ;it ’ cum n’ t it ’y . At the outboar’d section , hmow t ’v er , time results agai n agree reasonably well w i t h  Roberto ’ u s —

t , m , m , ~~ ’,’ Ii, I i ,‘nu

The t’.’i ’t i , ’ r , , i l  load di t t t r i bm m tio n m , n  are premnenited in figure 71 , Apnr’t from small di~
’eren,ces ,tni the inuboan,l

part ~‘f t he  wi r ig ,  t I ; , ’  Hun t — Semple n’.”,; t n l  t u m  agree very wel l  w’i tht  Rmnbhn’m ’t ‘a t ’, ’I m t . u tn, • For’ tln~ NL R t ’,’m ui , l  I , ’

II,.’ t u i  tumat i  oni is di t ’fert’nt , in  tha t  in , l t m , ’ outboard w’i rug I I , , ’  ,‘o rtipar ’i ion, i t t  t i  mi lar to that for tire RAE WING

with p/c — .0;’, i .,‘. the ‘ n t ’ ,’,’ inn  th,,~ l,t;i,I i t ’  ‘u  gui I’; ‘ ‘ t in ,  I , whin ’t’,’titu on lime ini t’,’,ur ’tI j’a r’I at ’ the winmg the

,mgn’.’.’n,n’ntt with Riitnben’t ‘ t’ n’,’t , uml I,; it ’ , ‘ . ‘ I ; i l  , v i ’I ,y g’’’’’l • II. ’w’’’.’’ ; , lb .’ l i t  i n I  jump f ri thin’ NUt remnmnl t s acn’omu,’ th i ’
‘rank seems inn realit’Ii ,’,

Su,nmnn,~ ri sing the “ I’i r’, , I — , ’n ’ , l , ’ r ’ ” me tha, l , , ‘tm t 1’ .n t ’m ‘ ‘ ‘ ‘i i i .  ‘ ‘ u ’  I 1,, ’ i ’rRA.xl~~ WIN G ‘u ion ’t ;  it nutty be sai d tha t , i ’t ’n’

II,. ’ r,’;,,,l t ,t on th i n ’ outboard wi r u g  I It , ’ , ; .mnu ’ ‘‘ ‘n,’ ’ I, , ; i u rns , i 1 ’~ ’ I v  i. I l~, ’ ; ;n . i  I t ’ . ’ ’ i ’ I v  given, ‘ ‘i’ I I , , ’ RAIl WING ‘ut ; ’,’;’

Regarding th e inboard p , in ’ l  ~‘ n ’ i t , .  ,,‘ ; t t , ’, , ‘ n ’ t ’ ’ ’ n ’ , ; in I I ; , ’ ‘ t I ;  ‘ ‘ I  ‘ ‘ ‘I  t’(t,uiwi , ; . ‘ v, ’ l, ’, ’ m  l v  ‘ ‘ . ‘;n;’ on t ~ ’n t I  I’, ’,’t ’n ,i. ’ ven~’

appar ent , it ;tn ’I . m t ’, m t t m n ’ I ,v t ’’ ’t ’  I I ; ,~ ‘P/c — ., t ‘ ‘ i ; . ’ . I” ‘ ; ‘  I I ; ’  f I , u ,  I — .fl.’m1’I,’ ; . t  i m i l t ’ , Il,m, ’ rnmtt,y ~~‘tti~h lil y it.’ Du o I,’ ~~~

2—fl natur e of the “t ’]~ I i t ; , ,  ‘ ‘ n ’ ” , m ; , , ’’l n n m  t h i s  i t , ’  I , t ’ ’i ( t  . h , 1 ’  I ‘r I • ‘~~I • I , ’w. ’n ’ , ’ t ’  , m l n ih o n n i d  be men ,tjonied that ,

t i ; ’ ;m t ’t  fr ’om “sheets ” n ,, ’t I . ’ l  l i n t ,’ i’. ’ m t i g i t i t i t ’ n ’ ’ ’ n ’ . I v  f , , ’l  I ‘ i ’  I b t . u .  I I t O ‘f ’ * I ; ’ ’ “I i t ; ’ ; , ” ~~~~~~ t I i . ’ H u u r t  — iiemp l.’ m oth ;—

‘tI m loemi ml I , ’w the m , , m , ’ n ’  to m , ’ , t i  l’y I I ; ,  n’ . ’’, ’ , , I  I ; ’  n I ;  . ,,; “ t n , i I ti ~,1’ t i ; ; , ;  ; t . ’ n ’ ” , i t ’ i t  m a I ’.’] I ;i ’l \ ’tu i l , ig , ’ , . i , t t  I ,, do

NACF~LLF, Casen

Chordwi;’.’ p n , , , , , ,  n ’ . thi tt t n m  l ’, ,I  u ‘ t i n ,  I ’ m ’  t i m . ’ NACj~U,F ‘ ‘ i n . ’ wi ll, ‘ h , .,, I/ t i  I , I i ,u , i , ’I n i ’  r a t i o  1.0 muu,i to , wigin ’

“i ’ attack ‘‘~ 5~ tin’ .’ ’ ‘ ,‘nn i’ . m n’ ’’ I i t  I It  n’ , ’ . ’ ; n ’ ’ ’,, mrt f’’’i’en t miii . ‘ 1 , 0 i ‘ ‘n i ; ’ ~ .u t , l ‘ i n ’ . ’ mnh i , ’wn m I nn i ’ m gnu n ’ ’ ’,; 74 — (I’. Al all

l , i m ~~’en’ ntath ,’nnmn the il ium I Scmn)p]P ,‘ .‘; ‘ , , f  I , ’ . i ~nr ’ .’ n ’ we ll with; Rnnttln ,’i’I ~~‘ ‘ dat um, ‘‘ I itt m ,‘n , an I I , , ’  , ‘ i , t . , ’m , l , ’  ‘I ’ t l ;n

nacell e. On the m n i n i , ’ n ’ ’.m u t i , ’ , some di ,;, r’.’i’;u,’’n es ‘ ‘ u i  It , ’  ~een • 
; ‘., ‘ , , , ‘ n ’ ,i l  t y ,  t h,’ NLI )  r em n ti l  I t t  I~’ ti n t  muhow suchi gu.,’,f

agreeseni t u t ;  l t i , ’m ; , ’ fn ’om thu s lh iuu  t — Oeml’ t t ’ t in ’

In f igu re ‘(7 result s are compar ed I ’ ,’r ’ ’ h i , , r ’ , 1t 1,.’, n t t f  i tt ;,. ’ I ‘n r’~ I m a  1 • I I I ~ ,~ I tot  uuxgl, e of 00 . The flow for’

t h me  type nt ’ m ’on fign i ratio n n i’an, be n ’h ; in’ , t , ’t  ‘ n m  “‘ ‘ ‘I an b, ’I n g more ‘‘I ’ lii,’ “ Im it en,’n a l” typn’ than  i n ,  I h u , ’  ‘‘t m ’ . ’ di a—

above . I t  can be tn t ’ , ’ m m frt xrt ,  I’, gmi r , ’ 77 tl;;m t i n u , m i In ’  I I ; . ’ nacelle , both “ fi ret—order ” method s ar c’

u ;r ’rx i u s ly  in ,  error ’ . These errorn ,‘uu i be annool*t ed wi th i the fact th at , fo r hru t er na l flows of h u t ;  typ e , the

‘ ‘n  , t , . ’ r ’ v .’tt u ‘nm of ma t,, ii ’ not sat i nfl  ‘ I , t hm. ~ l eak age being duo to “ft runt—order ” m o d e l l i n g  deft  i’i n’nu ’ ’i cit .
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,, ‘ , l Comparison , “I ’ N Ut  R e m n u l t m m  wi ti n Ii  ~nt  t — iemp ln * “I m t i t ’ u ; ” M . ’ t l t , i , I R n’ ; ; i , l  t a

A compari iron, i s  p t ’ . i t . ’,, t .‘,t t ’’ i l l ust ra te  th e type “I ’ di t ’ t ’e n ’ , ’n , , ’ ,”,; that  nnuay m t  ‘ ‘ m m  wh nn ’n “ t i )  ‘ t m  I ut i n n , , ;  a r’ . ’

‘ u n n i , ’ ,I , ‘ m u t  w i t h  two m e t h o d s , tha t  bash rally employ am i d e n t i  cal nurnren’i cml model w i t h  m ’ i’g,un’,I I ; ,  m,urfac’,’

approx inniat t on to i l t h , , ~ t n t ; , ’  ‘I ’ a ~~~~~~~~~ vortex ,~ y ; ’ I ~~’t ;i ( i  •‘‘ . mm “I m t u . ’t t ” nnm od e l)

Di t ’n ’. ’ n ’ . ’n , ’ .’’,t b, ’lw , ’ , ’n , I I ,  r ’ . ’’,mu l t ;,  t h u r u  an” ’  , t n , l y  ‘ I i , , ’  to ii I t  f ’t ’. ’n’ , ’n , t  e,hon’dwti ‘i’  v’, t t ’ i ; t t  m ; ‘ n , , ’t ’ t b ,, jnmt i’ rnma l v,’n’te’x

~t t t ’ .’r~gt Iuuu ( n i t m t . ’  thin’  ,u ,’ t , ’ , t t ’ t h u ,  “ ‘ ‘n ’t n u ; , m  ,‘,. ‘ n ” m t ~ t hu . Htnn t — Somp le “lint ’s ” u I  I , ’ l , t m , ’ n ’  , ‘hapt . ’r’  ~. I .])  , u , , I t I , .

t ’’ ’ t ’ ; t m m n l ; i t , ’nu ,in ’ t h u ,  K ; u t  t ;t— ’ ,’,tmi~iLm t i e r ,  ( “ i ’ali ’tn lnmt . . ’a” in ,  I I , ’ ’  h u n t — 2 , ’ ;m, 1’ l , ’  t ,,, I 1 , 1

II.’aul tnj f ’ ’ ’u ’  t b , ,  RAE WING wi th ;  ‘f/C .0’, ni’ ,’ gl’u’eni i t ,  1 m g,, n ’ . ’ . ’ ‘(8 —I I ,’ • I” n t’ ; , ;  I ’ m gum ’.’ h I  i l  ‘‘an t be u , , ’ , , ,

I l ’ . m f  t i m e  ; n ’ . ’ t ’, t ; t i  n ’ .’ , I m , ’, t  n t  h t m l  i t t ; , ,  t ml  I I , . ’ , , , ‘ t ’ t c ’ t n ,  r , n a m r  m,t ; l— ;t . ’ mt;m t t p ; m n t tug ;’ ’’. ’ t,. about I I , . ’ sante l, ’v, ’l ,. t ’ ti ’ ’ , ’ut ’,it ’y

wi l l, i I , ’ lm , ~ ,’t , , ’ n’cs,nlt;’. ‘f l i t , ’ .n p l t l  m ,, ;, ‘mi tt ,’ I ’ ’ I I , , ’  t ’~’;m u f ’ a u ’ m t m o n i t ’  ‘‘I ’ t I , .  v n I V t ,’t t y I i  t t r m l t , , t  i ’ m , , ; (Figs. ( 1, 1 , 1

A~’t’e, ’, t , ,’t , l  between thu . .’ cm ~‘cu latj ;’n ,  ,Ii , m t r ’ h l i ; , t  , ; ‘n, , ; m , t  tig umi n; very gm. , t t I ( I ” i g, I ) .  t” n ’ ,, mt ,  ‘i g ’ , n ’ ’ 8,’ i t  ‘ ,o ,  t n ’  n , ’ ’ I  . 1  
V

f l t , m I  t h e  l f i m ; ; * , — l,’tn ;’l .’ “1 t n t . ’ , , ” t i n t l , , ’ I t , ’ n t , I , ’  I~ ’ , u , , I  ‘ n ’ p i ’i ” I n  I I I i ~ I n t l  s l i g h t l y

• f E :  1 ~ ~ (‘I” TI~ I ;~f ; i ’  f ; L’. I ; u ‘i ” IFI l i i t , f I l ’ Ii ;t f . ’ f ’ ,~ : I l I t ’ ll5~j

t ’ .l l , , l t ’ ,’, I , , , ’t , , ’,,

In ; I I t t , ’ a “‘ I , ’ ; ; ,; ‘u, , ‘ t ’ . ’; ’, m , I  I , ’, , m t ’ , ’ , n ’ ; t . , , t  ‘ “I  int ’l ,Iu; ’ ’ ’,, ;;”” I whi ,‘b; w n ’n ’ ..’ ‘ltt,’m i ti, ’,I f rom ‘ ‘ n i  ‘ id  i t  t , ’, , ~
; t ’ t u n ’ n ’ i , ’ ,l

1 mu t t  V ~‘ Ii I ’ I ’ ‘‘nn , ,  I t; ’,tt,tm ” ,‘, ,  , ,  t ’ ‘ i’, , ‘ , I”,’,’ f t  I, thin ’ N DIn’ i’m’ .1 t;.’If t ‘ 1 ‘u I I , , ’ Hurt t — , t , ‘t~~ ’ I,’ “ ;, ; , ‘ , ‘  f ; ” n,, I I I

‘‘ ‘t t t t f l t . ’t t  ‘t Ut ’ ’ l .I t , ,I n’; tt ,,I t a , ,  wac I ’ m ’ ’ ,~~~‘ t ’ i  tt , ’, h i t t  w h ,j t ’ b ,  t .t ut v 10 ‘t in  ‘ I , ’ a le ’t’ ,i,,’t ; ; , ‘ wi n’ , ’ ,~ ;, ‘ , ~~~~~~~~~~~~~~~~ I I . . ’  I i ’ ; —

f t’i h ,,ti, ’it t , ’  II,. ’ mn ,~ ’t , , ’ ’n . ’ f ’, , t ’  I I ,  ‘;“ ‘t ’’’; l i ; ; l ’ , ‘ , t t ; u ; , ~~ , i ;  ‘ n , ;  ( , ; , ‘n I n l ’ I , ’  Hi u t  .‘ ),  A l ’ ’ II ,,,. ten a m ; ;, ’
i ’, it I if’ tm, e t n,,,,, I I t , ’  ,t ,, ’ t l t , ’ I ; ;  a ’ ii m t l ’ l t , ’;’l u I  II’’l’, ’n’I ; ‘ ‘ ,,‘ l ; m ‘Ii ,,‘.‘;‘.‘ ‘l ; I i t t ; ’  1 f ’ ’,’ t ’num ’ . ’ t ’  ~, o , . ’ l ; ’  I I ; , u ;  w , ‘; ‘ , ‘ t l t ; , ’ t 1

‘ t I  i t ;,  V t t i i  i t , : . , , ’ ‘ i ,  ‘‘ i v  • 1” ‘r’ 1’ , ’ II, II,, ’,;, i t , , ’ I 1, 1, ’ I I;. ) ‘ iU i . ’ 11 m n u ~ t t , t , ,l won I .~~l t  , ‘ , ,  I t r’ely I,. t I , n ~ ‘ I t  ‘u , , ’  ‘n ’ I t;,’
V . V

6 . Ii, ’ ,’u1, I~ ’ ‘n ’’,; , ‘ ‘‘ i t ’ ; ’ I ’ V V ; ’ V i

m , tuf ’ ’ W I  I ‘I i , ; , ’, ’
H e mtu n l t , ’ t ’ t ’ t , t t ;  I i ; , ’ NUt ‘ ‘ I I ;  u i t ; ’  II,, ’ RAE WING , w f  I l ,  ‘ f / mt  — .1’ , m n ”  ‘; ‘,‘,t”nI.’ ,I in ’ l ’ t g u ; ’ i’ t ’~ —

‘ m I t ’ t l t d  , ‘a; ’ :m ;~~ l t m I  m v , ’l y Il; tck n i i t , ’, 10 ‘ I , , ’ n ’ , l w t s e  ‘, u , ’ ’ l ; t , i t ’ . ’  ; , i i i ’ ; ’ i t i  ‘, , I  t, ’ gm , ’,’ ’ gi’;’;l , i,,’ , ’ i i t ’ ,t ‘~~‘

resul t u r n ’  th i e  RAE WING will; ~/c ,;m ’ t i n ’ , ’ gu n ’ , , ,  in, t t  t ’ , ’;; l i t ’  — 1I’ i , f,’;’, ,~’
. 

~~‘~~ ‘ ~‘t ’ ~’, n t ; m  ‘n , l m , ’, t n , —

l ’ , , t  , ‘nu . ’ ; t , ’ , m ; ’  mjtl— ,,,’;,ui;a’,u; i t  ;p’,’,’ ;mt ’ ,m I I ; t t f , iii or,1,’,’ f, ,l’ ’I  ,u gm~t ’tI  , 1 i , , u t l t t i v , ’ ; ’, ’ .’ ,l i , ’ l i ’ n ;  ‘I ’ II;, , i ’ ’ ”  , ; ‘  ‘‘ ‘ ,

~O ‘ ‘It ’ ’r ’ .It ,’i a,’ ‘to .’ I,; , ‘ ; i , ’ t ’ t t ’ , ’ when I I , , ’ l a m ,  — 2 , ’ n , m , f  , ‘ ~‘,;l; , I;; ’’ ;m,, ’l lt , ’,I m a ,,, ‘ ‘ ‘ ,i • Pat ’  ;t ‘‘I i t ; , , ; ’’ t i n t  lt ’I I u k ’  I I, m l

‘ t m ’ N I H , 10 ‘ l ; . ’; ’ ,I , , ’ i ; ; , ’ ‘tun ’ I , ;  .m; ’ t ’  t m ; ’ t  ; ; l , ~’i ’ t t ’ i , ’n t I  I ’  ‘‘‘‘‘il; ‘ ‘ I  I l ; , ’ p e a ; ’’, ;  tm ’ ’ , l i ’, ’l . ; ’,  l v i i  i ’ ’ n t  in 1, 1 m m 1. V f ; ,  e n n u i ; —

Wi,;,’ a l , ’,’; t ’,’ t ’ , ’t ’,1’ , ’;;, ’ ; t t  m l  ,t ’ m t l — , ; ’ ’ tm ;t  ‘ a , , , ;  m , m  gi a’.’,, in , fi g,,; ’.’ II ,’ , A l’p ar , ’n ,I ly t I ;,’ t’ ,’,,’ , i f  I ; ,  t I m , ; ; , , t ‘ n ’ . ;,; I f , ,

I I ’ ; ; ;  I — ; t ,  ‘isp I.” “;‘I t i ’ ’ I , ; “ mi’ t haul u, t t i t  12 u ’ht ’r ’,lw’i inc  I to;  .1 ; tu’,’ p n’ ; .. ’ I “,i ii ~~~~~~~~~ t a  In at’ t It,’ ( t i m it 1,’ u’

I , ’ . Tb ;..’ NL R ; , , ; ,1 I , ’ ,tl;, ’w ,m i , ; ’ ; , ;  t , i 1t a l  I I , . ’ ly ~’~’ ‘ t m ’ ‘ ‘n ’ , ’ ’ , ’  m l  t ’ . ’ tm ,I v ~‘ n ’ .’,~.’i ;I i n ,  t h u . ’ (i ’O x I , ‘) t , , , t ; i i t  ‘ , n ,

I I , ,  r,utnb,’r at ’ ‘tu , ,’I: ’ i ;’ 1 ,‘,‘;‘ , ‘;mn ,’, I. I I t w i ’ n’ n t ’ , I ’,’, ’ Ut ,’ ci n’ t ’u ltt t;,’,, I i ; ’ t ; ’ m b u , t i , ’n, ( Pig .  ;ili~~, I I . . ’ mg ;  . . t i , , m ’ w i l

~~~~~~~~~~ , h o t t m m  ‘‘h u t i o n  for  h ’ ’t l; thin thmr; t  — Ot ’ ; mu l t l , ’ “ ,, lm , ’ , ’ t m ; ” v. 1 lm , ’,I u ,,l t I , .  NUt  ti, ,’t h ta , I  is seen , t o  I’, ’ ,‘..—

; ‘ ; , m , ’k u l ’ l v g a l  I ’, ’;’ ,‘t,lv 30 t ’ I u , ’t ’ ,Iw’i in’ ‘,‘um.’l.; . Fign,,’t ’ l i i  m l l m . n m s t r a t e , u  I htut , i n ;  ,i,’,t ,’n’ to  i’ t ’~’ I m  , ‘ t  I I , ’ ‘~~‘~~~ t~~ ’ i  ‘n

I .‘‘i l i ntg wi l l’. ‘m t ‘ t ’eptablo ‘n V ’ t ’ m i n m ~ ’y the NUt ut, ’Il;a ,f vita l tmcn ,u,tm ’,I with, many ,scm i’e thani 30 ;‘I t ai ’ , I w t  “‘ ‘

Resu il  t o, I’, ’n ’ I ; , ’ p/c . .;~ ‘ at t un e  are gi v . ’ n m  in f ’i gum n ’ .” ‘iO — ‘ I I  • Fn’otn figure 90 ii cam; be a,’,’,, tha t  I I ; ’ ’
‘r’ , ’nt ” uu’e ii, , ;t  n i  Dm 0 , ‘u ,  ‘ ‘ , m l  ‘ ‘ i i i  ‘ m l  t I  w i t h  t he Iluiri t — Semp le “sheets ” nmt ’t.Ii~ t’I , amid employlnug on ly 10 , ‘ h , , ’t ’ ,h~~,

p o a ’ l ; ; , .  ‘ t i l l  show . m good m ’ t ’i u ; ’ ; m ’ ’y • l” at ’  I I i i , ;  t ’ t i t t ’~~ n’ , ’,,, u l  f u n  I i ’ ,’;,, I I , . .’ N Ll~~nrne thod an’s ava i l a h ’I  , ‘ wit h imp I

Xt t ’l,,’t’tIwj t i ’  ‘t o , , ’  I , ’ • The NUt ;‘,“, , m , l I ; ;  m i ; t j t i 1 ’ ,t (ic 1”)  i’tutm ’l , I i , ’t n ’ ib , m t j o n  sh ow a d iu m t i n c t  u ; ; i t m ’ t ’ ,’n’ ‘n, , ’ ; ,  I in ,

t ’ t ’t;i p . t t ’ i t n ’ t i  wi Ot I I  t , ’ ‘ n’ ; ’ ’ t t f~t ’ ; i I j t t , ’ ((‘0 1, ’) n. , t,, 1 I ; t . For’ I I ; , , ;  t a u t ; . ’~ l I t , ’ ( t o  it 12) N L R  n’.’’..unl ta t~ t ’ , ’ \‘ . ‘ i ’ ,~’ i t t —

,‘ ‘ ‘ ‘ t , u ’ t i l  a . Tim ..’ ‘p o w ;  a, ’ ;‘, ‘ I , t , ’ i  I v ’ ‘‘rn p t ’n , i ’n i  I. t ’ t ’mn l ’ ; m n ’ i a t ’ i t  fir ~‘n’ i ’’.’ ’ti I ‘tI i n ,  l’i gunr ’e ‘‘1 , Time Humr mt —

~~~~~ I , ;” n e t’. ; ,)  l t ’ ;;,’,’ t*,’’’’tui ’ti t ,‘ l’a n’ both tl;..’ ;‘,um .’l m l m , ’  I. r u  b u n t  i ou , , n  tm,,,’,I • Oitm ‘the other’  hau l the NUt r ’ ,’m’,ui ’l I t t

,~l , t ’w  t ha t , i n m t ’n’e .’ia inig t I m , ’ n iumb t ’r ‘I ’ t ’ f u , ’n ’ , I w i  a.’ pan els up I , ’  90 It ’.’~’, m u t t  lt ’t u ,I t t ’ a ‘i  g r i t  n i  ,‘,u u t  i u m ’ ~’e’ ’n’ ’’ut ; . ’n  I

mm , tit ’ t ’ t m n ’~u’’y t I ’ I 1 ; ’  , , ) ,t u i wt  , , . ‘ v,’l,it ’i t y ‘‘ ; ‘uu u 1’ t ’ n i t ’i ; I . Ilt ’mi ,’v.’;’~ from f igu n r ’ u’ i , ’, i t ,  can, be ,;,’, t i  I l ,,u I , ‘n’ m ’ n t  I’or ,t, , , ’I ,

tow ll ; i , ’kni~’ ,;t’/t ’It ,’;’tI n ’ a l i ,m ( m . ~. .0 , ’) I I;, ’ i ’ m t ’ t ’ i i l r n t . i , mt i  it ;  ‘t h U  preuti t ’t , ’,l w i t h  good tt t ”umu ” it ’y by a1~ met h i—

‘,I~’ . W ith; n’.’gt..r’;I ta t I a ’ ;; , ’, i i  a n i t t i  load i%i; ’ I n’i t ’,mI .i  t i n t , ,  ft t ’ ,’um ’u ;l . i ’ ,l in f i gur e  i i , I I , , . n i l  i,~it i on; i t ;  ~ u n ,  I , ’ i i  I ’f ’, ’—

ren t  • The Ilun t — d,’mpl , ’ “ ; , l , . ’, ’ I ; ; ” method is  i’apable , ,1
q 

‘n ’ ,’,I ,i t ’ I  m u g  t I m  load d i a l , ’ ;  b i t t  i ‘u, wi I ,), good tt”inn’;i ’v;

event u s ing only (30 x 1.’) l~tint t’l ii. However ’ , II , . ’ NLII r m ’ a t i l  I ; ;  :ignu n u t ; t m ’u m ’ , in,  par ’ti m’u,Iar ’ for the ( u t  ~ I ”  ‘I , Iu  u. —

I n i  h ’ ,uI i , ‘n,~ a n’;mI li t’ I’ ’’ ’’’ ,m g t ’ ’ ’ .’t ; ; ’ ’n i  I wi th ,  tb,,’ t I n t , , ; ; ;  .‘;‘l, i t i~ ’nu . F’mi r th n ’m ’ t n on ’ u.’, it t v ,  be n u , ’I ~‘I that  ,‘ vi ’i ,  I I , . ’  i i , ; , ’

• ‘1’ I I , , ’ ( ‘ k )  z 1”) pate) mh i n it r i  b u t t  aim i t ;  n , , n t  u t ,  I ’ f ’i ‘i en I I ”  if ’ I tu ,; :m, ’,’,’~’ t ,iI’i , ‘ t u t ’ ,’,,m ’;u , ’v.
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tlT RAX~~ WING Ca...
In fi gu re. ‘14 — 1(X), reii tu lt a  are pros.n t .d I’,.,’ the two N’l’RAX~~) w xna u ’aaru, i . e . I’,.n’ P/C — .2” ami .0,’ .

Por ~/c — .o” , figu r e  ‘)4 ehowu, Ut . nhuin r,twi a ,, pr essure u t i s t r i b ut to n s  1, t a t t ed at the i nbmn .t ’ut u n ’ , ’ I i ” , ,

neX t 1, . iii. ~‘rank 1 t h is  s.nti nWi is t u m i d  nter.ui t . ’  be the most ,1, fri u ’ul t sen t I ma n b ” .l ’  t h i  e par t i n ’tila , ’ , ‘a lit ’i —

~tur.t i m ’iii. The a~~resm..i t at ’ the ( ‘0 z I.”i result .’ ren~çea from gi’t~ u t (H unt — Sempi. “eh.et.” metho d) t o t ea —

,,onsb l e (NL.*.m.th omi ‘I • The gu”,i agreemen t betwe en the NUt ( ‘.0 x 1. ’ ) t ’eam ,l t ii ~niut th i s datu* .‘uil ni t I ‘in t a

,‘t1’.”tn’,t i n n  v i ew at t his r e l a tiv ely  ~‘oai’ agreemen t f u n t ’  the RAE WING m ’~~se w it h  ‘r/c’ - •0’. ( sun .’ ~~~~ ttt . )

‘I i,.’ sp~~iwis, v .loi ’t t y m ’ompm~t~~its t ’a i’ th u a case a r e  n ’nmmpmr ’eit in  fmgu re ‘I’. • I t  “a m l’s seen th a t , t t n m nugti the

pr essure ~tm a t ri but I mus s agree f.i n y  w e l l  at t i n t  a søm ’t t an , liii. V rasm,l a tl u ’ n i un t .  t h e  bun I — Snnmt il e

resul t s , th umug hn iii err or s being u ’mtiiat ut et’abIy f i t  ten’ t h n an u ( b in ’  best from tine NL.*’inn.4~i.,(. ‘II,, sec t i  uin u ai I mmmii

,hi a t ,‘i b u t t  ens uibt a,ttieit n ’ ‘ m u,  b~~t bn th u. ’ NLII wnd I I,.’ H t ui t — Seem ).’ met i nun uta  an’s I’I’ri~n’tn t n ’n i  1,, ft gum ‘i , • I t  m ’~~ n

be see,, (list a uIe.’rsmae ‘ ‘I ’ the ,nm , r , t n nn r ’  ‘I ’ pamnl~ unsent 1 t a (0 ~~ ‘a ’n t’ n ’n i t t ..n i , h n ,  I , . S iii ~~I 1 f t  m ai n t mien ’ r emus i i i  tin ,’

a.’.’u r’am ’y ,‘ m ’ th .. , ‘~~I , ‘ u n l a t e t i  I as h t i  u, t i n t , , ,  t tax, I’, . i’ t h i s  Nt.H’ —m e n t h n a m h , wl met ’ nan I tie agx’n’nmmdu n I t.,’t w.’,’u,  t h n e  h u n t  —

Ziem t’ le results m , ~, ( ~.t i x 1.’) anti ( f . t i 1 1,’ m i a m i fun is  very g,’, ’d (n •b . i, , ’ miat u,m s, ’I ,n t  i n i,  f..’, th u a ~‘mae is

av.,i lab l.’) , In figu r u. a ‘Id — 100 , ‘eanil t u n  am ’ n’ i .mrauin t n~ut t ’,’m ’  t b , ,  ext  read y t h u t t i  STRAX I’~) WIN G u ’*nn , I .s.

• l i t ,’ .‘I,. ’m ’,Iwunie pressure u t i a t t ’ t b u , t  i ii,. , n ’,,’ the mast ‘ ‘i t t  i ’ ’~~l •e,’ t t u i u ,  i • n • t i n e t un’ . ’ m  n ‘n i ,l m, ~~t I m i t n u narut

ranuk ar e gt ve,i in n I ’m gin , ’ ,. ‘tb ~ • Pie*ae n , .  Ii’ (list 1w ,, n i t  ra ire t~ ~‘I ’ resin 1 tni  luau’ ,’ t’n’n’ii t m  1 I’m ’ .hnn , ’e t t , wh ni

‘n’ .‘h ’t ai ti n ’,1 ;n , i i  n u g  I I i , ’ Ni.it p a in t  m n t h m u , j  • I t  mu , be seen , t im ~~t t a n  I i, .’ N I,m R—u,nmtium ’,i (ti m ’hi,’,’dwu inc panel S Si’.’

,t . ’m’i m m u  t ei y iniast ediumi t e t o t ’ n ’ i’,Ii  t ml,, ‘i’ n’ua ’i nn  ,‘ ,t i . ’t i ’tb i , t  n ,tn i WI t im  a um ’ t ’ ,o i  , ‘n , l  u t e t a f  I .  Pun ’ thu . ’r, i t  cam I.e t m ”—

l~’~I t h a t  am, in n , ’,’rsse ~~~~ n’u ’ I . ’ ‘*~ u ’ht ’,’,twi an p~am. ’ ln  h ian’ m t ly  u ’b u u uu g. ’n u t i m e  1. m ’ , ’ m , , t i i m ’ n ’ t m  ‘I i ’i t ’tn t  u , .n, • Ar , l l im ’t ’ oairu ’~
I,’ ’., , ‘~ n m  a t ’ t h i n ’ m , u uui tm r i ’ ‘ ap.aniwi ii.’ , t t  i ’m pun f ro m I.’ I , ’ ) f i  ( i i  •hi • I’ , ‘ t m ’ ~ ‘I i’ m p it i t ,  I i i , ’ v ‘‘ m i i i  t y . 1 ’ h i  ,n ’ .’i’e,i m li

wn ’ r ’ n ’ uune ,hI I ‘a l , ; I ’  same isl’n ’ovemennt •
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n ’ n ’ u ’m i m ’ . ’ t i I m u u g  ‘ , ‘ i n t h ’ u n I a I  u , ’n, t in, , . , ,  mit t ’ b’r , ’ t i m ~~ n i m ’ u , ’ a n m b  )y .

ti .’,;i t’ .Iui ig II,. ’ ‘p~um wi in ’ n’,nI,’,’n t y . ‘ ‘mi p ’ i m n ’ i u l t ;  h i n t i i i  t u at i an ,  is  v i n y  um i nt u m lan,  
~
‘ 4

i i i  I ’ , gin’s i l l  ,‘ ,‘ , , m m l  I , ’  ‘I ’ I I , , ’ , ,vi ; t , , ’ t V h ’ n ’ are m’i’n,, tmni t . ’u t  I , ~n t u e  S’I ’R AX III ’ W i N G , ‘ ; % , ; n ’ , i  ‘it h it ’ ii nm m ’t  t , n iu ,f t m u m l  V

n u t ’ , ’,, n h  ‘n ’ t i m e  .‘ , ‘anu i s  • m I , , , ,  ‘mi I I  t h i n ’  ,‘,iitm, ’ , ‘ , nn n , ’ I m i n i ,  minis a m ’m ’ lv ‘mit l m ,’in’ ,’ al t’easly t’n ’n ’nu ,ti’awiu (‘at’ ibm, ’ H&)~ W I N ti , 
V

t i ’ . ’ ’ ;  • i i i  .i, l , I i  t t ,nt i 1 i t  , ‘ uin i t ’n’ m m  . 1  t’roimm t h u ,  N i l t  i’,,~mil In  t i m , , t  tin , m n , , ’ , ’ ,’,i , t . ’ ,‘ m ’ t h u , ’ ,,, ,, ,,t ’, ’ m ’  ‘n ’ s pamw ise  ‘ I r i  
~“u ’
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( w i t h  the n mmmb et ’ af m’hord wtse  paielj, kept fixet i ) gi Veit a e igiu i  f i . .’anit i y b st t em p m ’ n ’d i , ‘t  i ,‘mu “I ’ t h e  uepa iw i s c

vr1m ~t ’t ty m’ cimpoiieni t thai a s’hordwi ii,. increase wi tii t in t ’  spanmwt ice mu st ri bt n t l ott ft  xoui

The C —er ro r  norm ,‘~ s m n I t ø  from the N UI—method for thin RAP WING cases are p lo t t ed  as fun im ’ ti on i  m ’t ’ I I , ’
‘ I ii

thi cknieee/s’hor,% rat )  a iii figure ii. ’ . Th is I’, gum u,) nOws the rapid im m t ’i ’ n ’ ,I n .n ’ of the  n ’rI ’oi ’, wh n m on ly (CI n 1, ’

pwele ‘n’ used , for’ de~’n’em8ing thuickneas/ ci ior~t i’at t  a • Alco i t  m’mun be seen, clear ly  th mni t when 60 x I , ’ pauui ’Iu ’

are uee..t, gom ’d r eitul t s can , be obt ain ied employnng s uj ~ m~ro5 model ( aim ;m umemi in the NLR—niethu’nd ’I l a n  rn ’lmtt i v u ’ l y

t hi m ’k wiiigne, m ., • w m t im th, u t in t  m’.iureemi/u ’hord rat t o  nn o t  below .0” .

P tn s l ly, i t  is  wor thwh i i I n ’  tnr ’in iging a t t en t i on ,  to the  fau ’t that  i’,’t i u  th is  NLh ’  mim i t h e  Ii r in ,t  — ~emp1,’ ; ‘ m’ ’ —
graunni art ’ n’ s’ m’y genie n’nil t n t  to nine a I’ app Ii  cat i ,vi m m m , ’ ap u ’ aid ;u m n ’  i x  I rem,’ ly “its en ’ a ,‘i en t ed” in  t e erni e a t ’ in , ;‘~u I /

V , mvui t p u i t  t’ri..’i l i t  i s ’s ,‘t u ’ • .  lI n’t ’, imn t ’ u ’ ,‘I ’ f u el r’ genunn ’al i Iv at ’ ~‘ ‘‘~‘;‘n ’ mmii h n ’ m t x gmi for ‘‘vi,., ’ ,‘t ’ ; u , t . ’ ~ , ; u u , ’l, p n ’ ’gt’ ;u ;;,; t ire

always l in i t n l r  I , ’ be less ,‘I ’ I’u ‘i n n m i t  t’,’n’ usry ;.mi m’t i u ’un l ar ’  nn i mp le ‘‘t in un ’~ t imiun u ;‘n’,’gr’ uu : mmt l ; , i n ’ n n ; g  tu tumialier ;‘n’ut t ’t i —

u ’S) ,‘il i r ~’muiu , i u n t i l i  t y v’alu,nn .

t’0N (’U ISli1~S

A m’..’mpni rni t iv’ s in tuid,y htmin been nnam.te at’ tine “;y,’mit ’; i t ;  em ’ an;;1 ,‘t ’t’n m’ i ~.t mm ”m’ at ’ ,‘, ‘V n ’ n ’ ,il , ‘“ ‘ ,i ’t 1 . 1  “p in tn ’l ;; . I f , ’

ami un ” , wi tii r’ eep nn s’t l~ ’ th i n , ; ‘n’ ,’ l i  ‘I i o n  ,‘I ’ ,i, ’n’ ,’,i,~,’n ,;it: , i , ‘ i ; n i mu mt  I t i e m i  n,u, m’bu i t’  pm ’ eu ei n u nn ’ ’ i n t ’ l  ‘n I ’ ; ; f  i ‘ , t a , n’,’I .‘ i l

,i i , i t n i h u n t  i , ’,,, , 
,‘, m’ cm n l t i t m~~’ni , mitt iu i t s g r st t ’ ui . m m ~. u m I  i t t ,”  s m im ’ii vi , ’ ,’ ,’ ‘ 1 u , ’n m ; i l  l a t h .  ‘11;, ’ r . : , ’t l ; .’. l , ’ ‘ t i  ‘ t . n . t  f y a; “i—

r o t  ~~~~~ 
‘I Rm’hert mi ’ 5;’linu, ’—N n’umnnneniiu I’m’agi’annt, ,I. ’;’ . ’l , .;’’’,I it  PA , ’ ( W t ’y i ’ n ’ m I..~n ’) , i i ) f ’ ’ ’ m ; ’ , l  Ia! ,‘,‘,m 1; gI,. ’:’ m ’n’ .l, ’t’

Me th od , , I , ’;’ ,. I , ’;. ,’,t t’y h’t i t’t ’n ’r ’t n ’f , mi I . ~ i t i  ‘I It ,, ’ Ih um n it — 5,’;’,t;’l .‘ “ t ’ b , . ’ , ’I  , ‘ “ ,; ,~~ I;, ’.I tinm,l i ;‘‘I l i e ’ ‘ ( I I I t ’ ;u ; sl

I I ’ ,’ ‘~m n u l ’n g’nmn’ ,u t  m , ’n u u n  m ’,’n ’ w i u i , ’bu ‘‘, i ) t ’, t l i t i , .n , , ’  hi,it’ ,’ I ’ , , ’ , ,  ‘ ‘ t m t ’ l ’ i  t’mi .‘t , I i t ’ , ’’, i l  ;t ‘ . 1  ‘ ‘1 ’ t ; u m t’ l , ‘ t m , ’ . ’ , ’ I  ~‘m , , g , ’

RAIl WI NG ‘vi umn ’,t I , n i 1 ti set m it ’ w imi gu ’ wi t b i  , n t  t’,~~ ,’ (2TRAXI~ WIN ,’, ‘‘ti, .’’, ‘I u , , i i i i )  ,i a t  ‘ I ’ r ’ m ’ ’ ,— — ’. i ’  g’, ’ , ’ n ’  n —
“~ ‘l  f , ’ ;  t N A t ’I ’ t . l , ’, ‘ i t t . ’’.,\ .

t h i gh, ; u . ’ , ’ ; m i ’ ,u. ’ v ( . t ; i t ; u t t , l ‘ ‘ h u t ,  ‘ n m , ’  i,’ ’, ’ , ; ‘ t’ . ’ ; m  . t . .l I’s l I e ’ :” , ’ f l , ’ , f , ”  am ’ hi, ’t ’, ’;’ t ,‘ i n ’  I RuI’t ’,’r ’t

Iiu ’gvit’th nnu g thin ’ winug t n ’~~l ~
V t I t ’ . ~ , m , t h i n ’ I ’.’l  l m ’w ’in i g l ; ,u , ’  I’ . . ;  . ‘b ’ , t , ’ ;‘n ’ . ’.l

u ‘I I t  ‘u; ’p5 ’t u n’ ’’ I t : . i I  gn ’t :n ’r ’. i l l y  t I m , ’ , mgn’ n ’ . ’ ’;:. ’n t l  l. , ’In , ’ , ’ ,’,, I l , , ’  ,I;ih :u:’; ,;, ‘ I m i t  u ,‘n t , ’  I ’m ’,’;;; 11.1’ . n h ’ ’ “hl ,u ;‘,i— ,’n ’,I,’n’ ’’ 2;’) i t ; . ’—

N ,’mimiui,, ; ‘n ’ ,’g, ’ ,i ;t ; ;ini,l In’iil ’t’ ,’t’ l ‘ ,n “,t ; . ’;u I.’ ‘ ‘,‘.‘ .‘um, f— ,’r’,l, ’n ’ ” :‘;. ‘ f  I t , ’, f i i  ;‘n ’ n ’v ~‘. ‘. ‘ ‘f . l ’ ’m• ’ . ’,’ . ’ ’. ’~ ‘It i f ; . ’  m r ; i ’ , ’, it ’ ,i p i t t  o f ’

I l ; , ’ 2’t’R~~Pa’m WIN,’ , ‘ i t ’ . ’ , will: t l i i . ’ k t m , ’ , ;,t ~, ‘ b , , ’t ’ , l ,‘, i t  n , ’ .0’ ’ , , ‘., ‘:tt . ’ h i  ‘ : . ‘ ; ‘ . ‘ ‘, ‘ ‘u ; ’ , n ’ , ’ ‘ ‘ i n ;  I’ , ’ t t , ’ l ‘ I  t n t  ; ‘v i t ’ t  t . .’ in lar ’  t’oi’ V

I Ii , ’ ~.;‘ t u i w m ~~m~~’ v ,  I . ’~’ i I v  u ’,sm pm~i in .n n t • I f ,, fan’I mtui ,t t “ l v  i t  ,‘mumnual t’n’ ,l i ~, u  ,I, ’,t whu i  ,‘ t m  ‘1’ I I , , ’ ,‘ ,‘ I m m l i  , ‘n ai ~ i f  mu iy ,  i , It , , .
vi 

““,‘,‘,‘n” I ,un, ’” . V

i i  I ~ t ~~p,~~r’n I t t , t h  I ’i t , ’ I ,~ ‘ni , ’ t ’ ;it i n t ,  panu ,’I :: ; , ‘ t  f t , ’, I m m  ,um p).’yin,g Ii n u, ’ r’ u ’t i : 1  ;‘, ‘;‘ I i v  t ; f t . ’ . ’ h , ;  ( 1  , k , ’ I I t , ’ N I ~h’ ;nm m , ’l

t ;tn ’ t t t .~t , I t : , ’ K~I( ;an ’ t t ; . ’d , I t , . ’ ~~ ,‘ing 
~~~~~~ 

•
,;

~~ ;‘t ’ ,’1’;’.u” u; ’f  t t t , ’ ihi ~ it  — 2, ,:;;.) ; ‘u ’ ~’gn’ ;v’; : i t ’ i u m g  I I ; ,’ “1 i n ; , ’ ”  ‘~PI
V are ,i , h , ’,p u ,u t u ’ m’,’n ;‘t’ u ’,I i  ,‘ h  m u g  ti , ’t’,’,~vnu;u ;;um ’ ,~m a u,h , I n , ’,’ l i ’  t’ , ’ l t , t  m v . ’ I v ’  t t ; m ’ ’~ w ini ~~n ( i  •a~~ m l , ,  ,‘k r t , ’,m t ’/ . ’ f : , ’t ’ , f em i t , , ’

nu,’t t’n’i,’w ,~~ ‘. ‘I ,

n m u  1 ri,,. b h,im i t — ~,.m;’l •‘ p t ’ , ’gn’ .iV ;  ; ,,,  m u m ,’ II,.’ “, ‘Im , ’,’ I t ” , ‘ ‘  f t .‘l ‘I n , ’, ’ ,’ i tt  i t~~’ t ’ . ’’,’ .’.t ‘ it ’ ,i l’ ii I~ I~’ ’  “ I f ’ , , .  m , u ’ ~~ ’”

sppli ~ ’ t i t  m, ’iu , t~ iii l ml , ,‘ u I , ’ , ’ n’ e i s t  m n’,’) tm , ; ’ n ’ , ’ , ’t ’ t ’ u , ‘ n , ’ i u t  I’.’n’ ‘‘ . i I ’ ’ ; , l , i t m n i g  “ t i u i , ’k wn a 1’; ”

u m l  , ,‘,;,, , tn ’ t ’m m ig a l i t ,  vi’ m, ’m’ i t u ’ in t in ermn in ,‘I ’ ,i, ’ , ’ m n t ’ ;i . ’ v \‘n ’t’ t m t n m m  t i , ; , ’ ’ ,  i t  ‘ i ‘ ‘m ; ; ’ t ; t . u h  i,’t; I: “;a~ w i I l ’ , , t i  r

numb er s at’ pa,el,u in n’mnug iu, , n ul f an ’  n ’,i, ’I ; a l t . l , u ’t  n ’ , ’n t g f y ;‘; ug. .’ ; ;I  , m I h , , i t  I I t . ’ ltm ,’,’mn ; 1’ I n ; I  ‘ t i n e  f m  gI;t ’;’ u ’n’,t, ’n ’ 1 , 1 ’  ‘.1

i s  th e most n ’ m ’t’i u ’ n , ’t u t  • lt,’,s’ ,’vn ’r’ , m l  m ’ It , ’m u ),t 1’,’ n ; , ’I , ’ ,t th at ma nn ;, ’ ‘1 t I  i . ’ ’’ ;. t h a t ,; t t ,in ’ .’ . ’ v I n t  ,‘,‘,u,, i ,i , ’n’ ,iI’f; ,’ t t :,’ ,’

th . ’  ,‘, i r , ’ent lv  u ’ ,’nmipmti ’emt n’ n ’m t u m l I,’ w,’m’e ;i , ’ l m u , i i  l~ , ‘t t l , ’, u I , i l c ’ i  ( i  .‘‘. i mu

W i t h  , ‘egar. i I .‘ t b u • ’ nu u u m ’n ’ f i n ’ t ,‘tu t ‘ ‘, i m ’ n ’mt thi n’ I ’,’ I I  m’wi rug I, ,  mu ’  ~i t ’ , n ‘‘h

I I’m , ’ . ’ n’ n ”,’t ij t ’ i  n u n  . in i t’ n ’ n; ,’f ~‘,I t ’,’t w, ’.’ nm II,,~ m ha t uim ,‘ , ‘I u , t  I ,‘tum ’ far ’  t i l t  t I t , ’ n m , u , ’,’ I l n ’ . ‘,i,;,’n ‘ ‘ ‘n ’ ‘i I n .  .t ~ t n ;  ‘it’ ! , u ’ii

l n ~~’ on t in ,’ it’ ,,;,’ ;,‘ t I n ’ .

i t 1 (in, I t , .  u n , , , u ’n’ , , , , I , ’ ‘1 ’ 11,, ’ ,n ln ’muu i , ’n ’ N A m ’FI.t,t ” ‘ ‘ i t ’ .’ ( ‘f : . ’t ’ tI  ‘c v i  I , i u , i v t i ’ l . ’t’ i i  , , , .~~ t t ’l
~ t I ; , ’n’ n ’ i s  t ’ , ’ , ’ m ’  ,,, ‘‘‘.‘ ,‘“,, ‘ , , l

with t l u , ’ htm l u , :  ,‘ , ‘ I ; t t i , n , ,  I ’,’,’ both, ~~~ n’ un l — ,’r’ ui , ’u’ ” mn ’t iu o u in c ( n  ..‘ • N I H  ,u ;,I l tmimut  — St.mp )n ’ “,d,, ’ . I ,;“ :;;, ‘t  f t  ‘ 1  • item ” V

u ’n’ .’t ’ , i t  nn,n~,y h’,’ m r m t ’u ’ n ’ t ’ ,’,t I I , , i I  t i i , ’uc , ’  ,lu tn~’n’.’;.;um~’u n’un Si•,, n u , ’t ,‘ ,‘ m : , m u , ’Iu l u , , ’ I ’  “1 u ; , . ’ ” ;‘.‘n’..;u,’ “ ‘I ’ .’ . ’ I , ; “ ‘,,.,hn l 1 i t , ,’

,ii I ’ l’,’nu ’r m ” n ’ t ’., bni t r t ilhmn ’n ’ t ,’ II,,’ ,‘iuu ’m u, ’nu u’in,’n\iwtuc o ,n i u t i ; ’, ’u ’ am ’ , I , ’ m, lil,, ’ , I v  n’ t m n ’ u , i I  u ‘n m , ‘n m t ine  n,, ’am u ; ; : ;;t , i , a ;,,~ , ‘,l m m ;

‘ ‘mm j m m n u ’ I  u ‘ru w i th  , ‘ , ‘ n m . ’ b ; i m u b m l  m’ ..nug t h u  , m , ’ ;m , ’ , ’ ,’ p a m n e l u t  ,~~~, t I , , ~ gu .,n n nn ’I n i , ’ m u ; n n ’ l ’t i , ’,’.
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I .  f . m f . ’ ’ ‘‘ n’ . , ‘ .1’ , I . . ’ ’  , W ~~~~~~~
‘ ‘ . a ’
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TABLE IA

Chorviwise det’tnttjon at’ f’mxemln paniel distr i bu t i on ,  (t .O p~ n ie1s )

NACA P’V(JR— DIOIP SER1P~f MAC A PCIJR—DIcIIT SERIF~ MA C A FOU R—DI GIT I3ERI~~
T/C - 0.020000 T/C - 0,050000 P/C - 0,150000

x/C z/C x/C z/c , x/C z/C
0 0.0 0,0 0 0.0 0.0 0 0.0 0.0

1 0 .002084 0.001 12’) 1 0 ,002084 0 .003322 1 0 ,002084 O.00’I’ila’7

0 .X 10lI’i  0.002601 2 0.00831’) 0.006502 .1 0.00831’) 0.0l )r’0~t

o.oi86’~t. o.c~h t 0 oO 3 0.018656 0.0O u~t,20 3 o .0i8t”~~ o,o.’0’,~i
‘I 0.011014 0.004~$1 4 0.031014 0.012353 4 0 ,033014 0.037060

“ 0.0”l,’Oi 0.005~ 8~ ~‘ 0.051281 0,014’171 5 O . i ’m
~ 1281 0.044’)14

1’ 0,011111 0.u,X’u ;” ) i7  ~ 0.073311 0.017141 6 0.073311 0,O’i,’OCf’u

1 0. 000011 0.007774 ‘7 0.0’)8.’)33 0.Ol’i ,f lt. ‘7 0,000’i”. 0, 0,0 100

0 0 .) 27 ’)43 0.00848° 0 0.I,”1’),~$ 0.02122 1 0 0.12’7’)44 0 ,0;’ lI ’f’O

o 0.160117 0 .00’07 1 ‘i 0.160117 0.0,’2(”t’) ‘4 0.l& ’m 2 117 0.068. 036
10 0,1’u”, 1 ‘4m) ) ,;\1’)’.~~” 10 0.1 ‘451 ‘)‘) 0.023787 10 0.1’)’, 10’) 0.011 Il ’ .’

11 o.,’n :o I t  0.0000I~ 11 0.2320 13 ‘~ ,0.’.2”4(~ 11 0 ,,’3,!’) i~ 0.0’1~~’20

1.’ 0..’ 7.”k’3 1’i .1’tct.i~i’7’~ Li CI. .’ i2’~tvl 0.024’i ’lh 12 0.,’I, i;’it~’l 0.07480’4
11 0. il” .03~ 0.00’)’)’) ,I 13 0.315035 0.0. ’.l ’Oh 1~ 0, 11503” 0,01.2 ’)” T
14 CI.  n ’~87’) ’i 0 .00000,i 14 0. ~‘~S 7 0 7  0 ,0.i4 ’7hY 14 0 .3’.O 1 ’4i 0.07411’; V

I a 0. , l0l ’k’~” 0 ,0’,!’i;, ,~ ,‘ 1” 0 .403’)O” 0.0.’.) 110 1” 0 .20 300” 0.07 ,~

I t ’  0.4SiXXI4 0.00°301 I;’ 0..N’100.2 0.0,’ l ,”, l  
~~ 0.450004 0.0 ”)7”’t

I ,’ 0 ,. ‘m n ’ ,‘ 0 .o ’uO’,O 17 0 .$0(,7 11 0 .022 1.24 17 0 . 2 k ’  1 (1 .0c’t’4 Li ‘

18 0. ” . T.’.1 0 ,Ot’hf i i  tO 10 0.’ .1 7 2 .2 0 .0200,fi~ 18 0.” .171 2.2 0 .0(’.’ f  7( ’

1’) 0 .” )0~ 0;’ 0.00 ,’ 1’) 0, ’i ‘k’u~ 0;~ 0.0 1’) 3 1’) 0 .‘ ‘k 001’ 0.0” ‘1010

,‘O 0.n i  0l~
’ 0.00 000 20 0 ..‘ 7101.2 2.0 1.1101. ,‘CI CI .n~~ fOl .1 m,1 •my, “10’

‘1 0 ,~ O ,” ,‘~ 0 ,00;, Ifi ’, ,il O.c’$,”’(;’ 0.01’.’m; ’ .I 21 0,~.0,” 71’ 0.0.2 ‘On
0 , h’” .ll 0 .00a;~;~l .‘ .‘ 0 .726~i$1 0.01 .21” 2.’ 0 .7,!C”~4l 0.0.I.’.It ’O

“3  0 • 7 n’~ 7 ‘~ 0,00.1 ~20 .‘‘u  0 • 7, .’) 7 ’~ ,’ 0 .01,’ 100 “3 0 • 7;. ’) ,”~ ,’ 0 .03(”kX’u
V S’.) ;1~~ ftm loc O 7 CII ,;‘u~’t 4j  ( 1  24 o.0 10;.0 7 0 ,010.1 n . 24 0.0101.0 1 0.0 1 300

2’. 0 • 0.l ’i ,ll 1 0 ,;\‘I tm .~ 
‘a 0.0,2 .1,211 0 •000”Oi 2 ’. 0.0)0411 0.0 ’” . 1 1

‘c’ 0.00” t ’ .’, ’ 0.00,’ 70” ,‘c’ Ct .O0’,C, ,’,’ 0.00;’,’ 7 , ’ ,‘;. 0 .O0”m ’ 2, ’ 0.02011,’

7 0, .t ~ ‘CI nO 0 .00.’Oi 27 0, ’) 100 nO 0.00” O 11 27 0.01~)088 0.01.100

,‘f’u ~ • ‘i ,~ ’~ 1’i .~ 0 ~;10j tm ’ . f tm ,‘~‘u 0. ’h’~ n ’) ,~ 0.007 1.1,2 .‘O ~‘ ,‘u .f~’u ~~~ 0 .01010.’

‘0 0 ,’) 1’. ) ’ , 0.0001” ‘0 0 ~) R’ .l” 0.00) 002 2’) 0. ’) it ’ ’l’ ’.’ 0 .00’’t’ .I ;’

tO 1 ,0i,\\~00 0.000 ’ 10 .10 1 •;‘iOfI()Q7 0.000” .” 30 1 .00Ch(XX1 0 .O0I ’~
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TAB LE lB
(‘It,’t’,bwi ;‘n ’ de f i n i  t m an ,  of I i  x~~;b panel I t  m t  n m  but i ontm, (30 ‘t im ; “I

RAC k F~~:R — P l r iIT CERI~~ M ACA FOUR—DIGIT SERI}~ NACA FOUR—DIGIT SERIFI3

TIC o.o.’ooo, t p/c - o.osoooo p/c - 0.150000
x/c z/c x/c z/c x/c z/c

0 0.0 0 .;’ 0 0 .0 0.0 0 0.0 0.0

I 0.OCIna ‘.1 0.0O~’.
’t.: 1 0.001;. ’ Li 0.005661 1 0,006234 0,016 ~~~

2 0 .0~” ‘I;
’ 0.00. ‘ 2 (‘ .02’ ‘17 0.010 u’. ( 2 0 .t4~”, 317 0.032872

0.0” 3 m ‘I C ,00t ‘01 3 L m ,0’.’7’) ’u 1 0 •01’~ 766 “ ~~Q5 7 ) 1 1  0 .047297
0 . 10, 1,  ‘ 0.001’ )l lt .1 0.105167 0. 01 m0h~’’ 4 0.105167 0 ~~f’.’) ’ ‘6

5 0 . 1 ’  ‘“ i u 0 . 00 l~~’ ‘. (3. 11’ ~1’u6 7 0.022 m f V 2 5 0 .16’lOf’ ’u 0 .06000 7

6 0. . ’!”  ‘ 17  m m .mX’u , ’uP m 6 0.,’.160 17 0.0.’ .l ”;” . ’, ’ 6 0 .2, 16) 17 0 .074165
7 0. “ f . :  ‘~ 0 ~~~~~~~~ 7 0 . ‘4 , 2”  0.0, 10.11 7 0. f f 2 7 00 0.074541

O 0.’ !”) “u! 0.00 ‘‘0 . :  9 0 ..~”)  6.I 0. 0,’H ’ l l  9 ~~~~~~~~~~ O .06 m 6 33

0. ’ ‘
~~ ‘ 10 0 .00 3 ‘‘ .1 ; m .“ t O ‘10 0.01 106 0 0.’. 70 7 10 0 .0” m i’

10 (1 , . k~~) ’  ‘ 0. m tt t m I , ’ l~ 1 10 0 .n , ~)O.3 7 O ,01a600 10 0.1,’ 100.”7 0.047003
11 0 . ;’ u )‘. ‘.f 0 .004 ~‘H~ 11 0 • T ’ V ’~~,1 0,010 “1 11 0 ,7~’u ’.lm ’t ‘u ,~ 0,0  ~ ,‘~~~“ ‘  ‘

V

1. ’ 0. ’ ”  k I 4  m ’.m~ tm , ’ n 3 m  I.’ 0 .’ tm ’~ k) 1.f 0.0(11”’’ 17 0.00 7014 O . O 1 . ) ’ l ’m h  V

1 0. 0’’ ,! m 1 .0O1 1~ 1 I~ 0 , ma(3a 3l .f o .oo’~ ,’ t  13 0. u ” ,O’~O .I o .oo ’’u f’n:
I : 0 .  m” . h)’ , f 0. 0170” . ‘ m 

~~. C , mO ,~o’,4 (1 .00 1 .1.11’ 14 0, ‘O.lY’ ,! 0.00.1 ’’!’:
1 .C” uI \ \ \ ’  ‘,;XX).’Im ’ 1’. 1.000000 0.00~~ 25 15 1.000000 0.001575

At ;’l ’ ’t I  . “ ‘ ‘, ‘n ’. ’, , “,‘a:::, ’ t ; ’ , V ’ i l  NACA FOUR-DIGIT AI RFOIL

:1/il - !.‘ “ o(x ,/ ’~ — .1, ’I~~O(~~~c) — • t ” V 1 t .O ( X / C ) 2 
+ .,‘0.1~o( x/c ) ” — . ioi ” o(x/ c) ’ 1 1
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TABLE 3
Pre’Jen ’I t a t io n  of datumnx’esult s

— A) (!‘3t ,~~.’n; i,,

I : ROBER’rf , RAE WI!;; , T/C .15 , ALFA = .0 (ep— , VELOCI TY—DATA )
2 : , “ “ , T/C — .15 , ALFA = 5.0 (Cr ’— , DRAGLO OP—DATA )
3 : “ “ , P/C .0’. ALFA — 5.0 (Cr ’— , VELOCI’l’f—, DRAGLOOP— , G AMMA—DATA)

.1 : , “ “ , ‘p/c .0 , ALFA = 5.0 (ce— , VE LOCITY— , DRAG LOOP— , GAMMA—DATA )

5 “ , :‘PFIAKI1L’ WING , ‘r/c .05 , Ai,~’A = 5.0 (Cr ’— , VELOCITY— , GAMMA—DATA)

6 : , “ “ , p/c .02 , ALFA 5.0 (Cr ’— , VELOCI TY— , GAMMA—DATA)

7 : , NACELm.,E , C/DE 1.0 ALFA = .0 (CP—DATA)

C/D~ 3.333 , ALFA — .0 (CP DATA) 
. V

: RUBBERI , RAE W I I N  , T/C .05 , ALFA 5.0 (Cr ’— , VELOCITY—, DRAGL OCP—, G AMMA— , LOAD—DATA)

10: ‘ 
, “ “ , T/C .02 , ALFA = 5.0 (Cr ’— , VELOCITY—, DRAGLOOP— , GAMMA— , LOAD—DATA)

11: “ , STRAX IU) WING , p/c = .02 , ALFA 5.0 (VELOCI TY— , (IF— , GAMMA— , LOAD—DATA )
V 

12: “ , NACELLE , C/Dy = 1.0 , ALFA = .0 (CF—DATA)
V tm 

13: “ , ‘ , C/D~ = 1.0 , ALFA = 5.0 (cP ’-DATA)

14: IfRU N , “ , d D
E = 1.0 , ALFA = .0 (CF—DATA)

15: “ , “ , C/D~ = 3, ’ 3 t  , ALFA = .0 (CF-DATA)

B) Data key

Th~ ‘iat’~~ ;‘;“c’,;iLi are gi ven in part C of th i s  table. The results pertaining to some test cane are su~~
di vided in’, ‘tn utm or more of the following data—blocks.

— Case—ider .t i f ica t ion  block

I~JBBE1?1! 
V

DATIJM

RAE WING

.3)0 ~/c (or  C/DE 
for NACELLE cases)

5.0 ALFA

— Pressure data block

CF—DATA V

3 n~ number of spanwise stations for which data are given

.10 m ; “ “ chordwise “ “ “ “ “ “
.079 .549 .924 ml . i = l (l ) n

.7937 .04855 .05068 .05394 X/C ; CP(r~. )  i = l (l)n

.9670 .00065 .00291 .01226
V 

.3207 — .02209 — .01908 — .00421• ‘ I $
— Velocit’,’r’data blo’ck ‘

VELOCITY—DATA

1 n~ n umber of span wise stations for which data are given

40 — m~ “ chordwise ~‘ ‘~ “ “
V .549 Tl i

. t)3 7 .92)7 9 .00269 — .09288 , V

•)~7 7 O  .98301 — .01936 — .05578 ic/C v (p . ) ,  V~(n~ ), V ( p . )  I = l( l ) n

.9207 .99988 — .02663 — .05373
I a 

I
— Dragloc~p”data b1~ck •

DRAG LOOP—DATA
I n, number of’ spanwise stations for  which data are given 

V

40 m , “ “ chordwi se “ “ “ “ “
•549 11. i = 1( 1)n 

V

.0006 .12688

.0024 .03020 z/c CP(r,, ) i i (l) n

,(tm O , f ” — .00336
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TABLE 3 (continued)

Presentati on of datunnre~u1ts

‘ 1  
— Gasnnsa—data block

GAMMA—DATA

12 n~ number of spanwise statia’m s for which data are gi vexm

.0245 .14528

.078 .14528 ,
~ 

r
.1j6 .14645

— Load—da~a bl ock
LOAD—DATA

12 n ; number of span wise statiora for ,tiuich data are given.0245 .14359
.078 .14463 1 C LLC/2
.146 .145529

I 
—• $

‘I
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TABLE 3

PRESENTATION OF DATUM RESULTS (CONTINUED)

‘~ C) DATUM RESULTS

$000800 .0740 0 .1 .060 0 1

06000 1 .0453 0 .1 .03401

960 0040 
.0 2209 ‘ 0 . 1 5 9 93

0.55 .03055 -.91772

0. 0 
.00404 .,6549j

CP.0016 .00110 —.094 00
.00010 .01403

0? 
0. 00071 .57305

V 0~ 079 0. 549 0.320 .99600 .27602
5.00,71 0.93608 0.56566 0.37310 .90072 .21096

0 ,99630 0 .00986 0. 21130 0 .27720 .93926 .16664

0 ,30072 0.16263 0.13131 0.20123 .90000 .09201
0 .03321 0 . 0 2 9 0 0  0 ,0.,,. 0,05295 .62202 .03585

0 ,90000 0 ,02797 0. 05019 0.01512 .70033 -.01010
0 .82242 .0 .05216 .O. 02 o29 .0,00721 .63067 ..040 75

A 
0 .73033 .0.10093 — 0 .033 70 .0.07011 .02772 ..06263

.1 0. 13067 .0.00170 -0 .15106 .0.13814 .42665 —.10955

0 .027 72 .0,2113? ‘0 .22000 .0.20660 .33220 .12200

V 0, 02665 .0 .23020 —0 .209 02 .0.27750 .00007 . .1 i407

V 0 ,33220 ‘0. 33569 -0 . 352 93  .0.33076 .17653 . ,07451
0 ,2 5 0 0 7  .0.36009 .0, 40406 .0. 40000 .01663 .006 09
0,17635 ‘0 ,07302 0,33533 .0.03030 .07400 .1 0686
0 .51005 .0 .56023 -0 . 53603 .0 ,03 037 .003 13 .29529
0. 07500 .0. 30900 -0 ,39567 .0.33309 .02269 .47792

V 0 . 0 43 53  .0. 20903 .0.29430 .0 .30022 .01050 .60599

0. 02209 -0 .00033 ‘0 .11509 .0 .12252 .004 04 .59916

0.01053 0.1896 0 0,03039 0 ,02507  .000 12 .05793

0 , 00.00 0.4105 7 0, 37$93 0 .37353 .000 5 0 .23306

0 00112 0, 56933 0 ,54316 0.33637 5866L000.OOT*
0, 00010 0, 6 3 3 0 1 0 .60236 0.60562 1
1.00576 0 .39646 0. 36566 0.37360 42
0 , 99631 0.25046 0 ,26634 0.27720 0.549
0, 96072 0 .5026 3 0.19651 0 .20020 0 ,00056 0. 36593

0, 95926 0 ,12300 0 ,13054 0,15295 0, 00222 0 .24438

0 ,90000 0 .02737 0 .050 19 0.06512 0, 00492 0,10003
0.02232 .0 .05216 ‘ l .00429 ‘0 .00121 0 ,00835 0 .10534

0. 73093 .0,12003 -0 .09070 .0,072*0 0 ,000 00 0,0202 1

0.63067 .0,10170 .0 ,15~ o6 .0.13614 0 .02963 .0,07206

0 .5277 2 ‘0 .23037 ‘ 0 . 0 2 3 i 9  —0, 50 660 0 .0959 6 .0.16210

0. 02665 -0 .29020 —0.0098 2 .0.21750 0,05377 .0.2 3570

0.33220 .0 .33309 -0 .35259 .0 .34476 0. 06389 .0 .35746
0 .24007 .0 ,36539 ‘0.95416 .0,40006 0. 07111 .0.46976

0.07655 .0 .37332 —0 .43 55 3 .0 ,43090 0 .074 74 —0.391 2 1
n . o 1 0 0 5  .0.36020 .0. 03633 — 0.33097  n .07420 ‘0.71065

0. 07000 .0.3 0900 -0.3990 7 .0 .39909 0 , 06976 .0,64696

0. 0 5 5 53  .0 .20 90 3  ‘0.29430 . n . 3 n 02 2  0. 06215 .0,97210

0.02209 .0 , 000 55  ‘0. 01519 .0 ,12250 0, 05207  ‘1. 0 0 5 0 1  
V

m7 0,0 1053 0, 30900 0 .13059 0 . 02317 0. 03106 — 1 . 1 3 0 0 1

0. 00303 0 ,3003 7 0.37093 0 .3733 3 0. 0513 9  -1.13903
0 ,00 01 2  0.56953 0.5431 6 0 .53637 0.02 104 .0 .9777 2

0. 00010 n.63311 0,01236 0,60562 0, 01371 ‘0.6 309 1
0ri,,OCITY ’ 0606 0. 00733 .0 .29000

1 
0.00227 0. 01403

02 
.0 .00056 0,37003 

V

0.349 
.0 ,00222 0. 27802 

V

2.00376 0. 70303 0.07047 .0 ,13201 .0.00490 0 .25096

0 .99631 0 .64277 0.0 5332  .0 , 13330 .0.00829 0.16064

0 .90072 0, 00000 0 .05663 .0 ,10673 .0,01800 0.09211

0, 95926 0, 91349 0.0230’ , .0 .05102 .0 .0291” 0.03505

0 .90008 0.96300 0 .00263 .0 ,10972 .0.04196 .0 .0 1016

0, 622.2 0 .005 7 6 ‘0 .01460 .0 ,13320 .0. 055 77 — 0 , 0 007 5

0. 73093 1.07307 ‘ 0 .0302 2 .0 .13303 
.0.06309 .0 .06205

0.63007 1.060 00 ‘0 ,04737 .0,11620 .0. 07107 .0 .10935

0.32772 0.09901 —0 .0646 3 .0 .09654 
.0,07474 — 0. 02 20 0

0. 42665 1.5309 0 .0 ,06202 .0 .06045 
‘0 .07400 — 0 . 0 1 4 0 7

0. 33220 1. 15011 — 0.09013 .0 ,01646 ‘0 .06376 .0.07031

0 .23007 0 .0 7906  ‘0 .10980 0 ,04306 .0.06215 0.00639

0 ,17633 1.10641 ‘0 ,11262 0 .12339 .0 ,05047 0,02006
b.l106S 1,17309 — 0 .10193 0 .20916 — 0 ,00586 0.09529

0. 07300 0.13266 — 0 ,07005 0 .32026 .0 ,05 129 0 .47792

0. 00333 1. 00900 ‘0 ,00660 0 ,00006 .0. 00100 0.00599
0,02209 0.90999 0.09445 0 .32751 .0. 01316 0.59906

0 .01055 0. 72336 0.23269 0 ,50037 .0, 00733 0.45795

0 ,004 04 0 .5400 3 0 ,36782 0 .33950 .0 .00227 0 .23300

0. 00112 0, 02175 0.45514 0,26*00 
00906.00,6

1, 0 ,00010 0.57340 0 ,49075 0 ,06090 
10

1.00576 0. 70004 0 .07047 .0 .03241 .0 ~~~~~~~

3 0. 99651 0. 64277 0.05330 .0.19330 .00737 .15595

0 .98070 0.60310 0 ,03663 .0 ,19073 .05010 .10653

0, 95921 0. 90449 0 .02344 .0. 15102 .07078 .15603

0 .90008 0. 96 500 0 .00263 .0, 14973 .1305 1 .10721
0.02242 0 . 0 05 7 6  ‘0,01400 .0.14320 .00342 .05643

0 .75090 1.03507 .0 .03122 .0, 13303 .51655 .15331

0 ,63067 1, 06000 —0.09757 .0.01620 .43700 .14678
0.32770 0. 09~01 .0 ,0*063 .0, 09650 .56002 .10607

0. 00669 1.13090 .0,06002 .0. 06405 .69937 .32227
0 ,30224 3, 05071 ‘0.09013 .0.01006 ,01~ 59 .10092 

V

0.29007 1.17906 .0 .10900 o, o oso6 .91075 .07955
0.37633 1.10001 ‘0.11202 0, 12539 .47851 .04560
0 .11060 0.17363 —0.16030 0.20910 1.00000 0 .0000 0
0,07008 0.13266 — 0 .07061 0. 32051
0,30033 1.04900 —0 ,00061 0, 40056
0. 00209 0.90994 0 .09405 0.52751
0 .01030 0. 70336 0,33069 0. 00037
0,004 04 0. 04003 0 .06762 0. 40996
0,00112 0,40371 0 .03314 0,2600 0
0 .000 10 0.07390 0 ,49070 0, 06095

0 0 8007%
oao uo 3
901 0006

0.05
5.0

c P. 0 0 70

0001071 
02

IlIUM 
0,079 0.349 0,904

•01 •,~~ 
1 ,00565 0 ,03067 0,13317 0.15680

. 2 0  
0 ,99601 0 ,00303 0 , 08036 ,.03380
0, 98002 0 ,04 7 0 7  0 ,05019 0 .0605 7

cP•0 $70 
0 .95007 0 ,0 1766 0 .02550 0 .0 060 2

1 
0 , 09792 ‘0 .0 5 0 2 1  .0 ,02300 .0,00317

32 
7 ,0 1005  .0 .07990 -0.06910 .0 .03069

049 
0 , 72470 .0,11501 .0.10643 .0 .07 137

1.00010 .36090 
0 .62207 .0 ,14067 -0 15132 .0, 013 30

.99605 .06406 
0.31006 .0.18732 .0. 19922 .0 .16050

.90072 .50603 
0 ,05974 .0. 22570 .0.25204 .0.21036

.93920 .02534 
0 .92039 — 0 . 2 6 7 0 0  — 0 . 31560 .0 .20637

.90006 .00020 
0 ,2262 6 .5 .50 979 .0 .38963 .0.26850

.02242 ‘.072 96 
0 .06927 .0 .55053 .0, 37900 .0, 97069

.13090 ., 5 6 2 5 0  
0.n n osn .4 .4 2 0 9 0  .0 .60022 .0 .60924

.60087 — .20910 
0 .56601 .0 .51060 ‘0.76599 .0 ,79041

.52772 ‘ .35746 
0. 93649 .0 .64570 .1.00907 .1. 07105

.00669 ‘ .56976 
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TV~BLE 4 

V

Coo i~ters used and the i r  relative speeda (estimated)

CoMpu’rER SCALE FACTOR USED V

USED TO OBTAI N CDC 6600 TIME

RUBBEFF CDC (‘oO() 1.0 
V

ROBEWI’S lOt 1q065 ,

— S~~ PLE 1814 310/158 1.5

LNLR COO Cyber 721$ 3 .0 
‘ 

V

( e .g. NLR 1 hr COO (~600 - 3 .0 hrs Cybeo’ 7, ’14)

CASE : RAE WIN G TABLE 5k

T/C — .~~~.‘ Comparison of cal ’ulation t imes

— 
I
’

V CF~7 — MI NU’FE~3

PANE1~ DiSPRI1~~TION (FIou R~~ i~i~~~ BRACKWI’S ARE CDC — 6600

~~ ru® ON HALF WING TIM~~ ACCORDING TO TABLE 4)

NUMB • OF TOYF • NU MBER OF AF.EODTN • SOL. OF tIN NUMBER OF

___________  
CHORD SPAN WAX F: TIP ~‘!3D~~ SINGIJL&RITI1B INFL. COEFF. S~f ST • 0? !S~S ITER ATIC1~’ TOYFA L

ROBER’&)DATUM 3- 13 1 630 11.10(39.74) 8.’ (14.80 ) 3’~.6 (117.33)

“7 -~ ‘) 330 4.~)5(16.’3 ) l.35( 2.30) is.~’ ( $~ 1 , 3~~’)

_ _ _ _ _ _ _ _ _  
1” ~~~~~6 176 

_ _ _ _ _ _ _ _ _  

2.60( 8.70) .3( . 5)  
_ _ _ _ _ _  

8.~~~( 2 8 .oo)

MJBBE~ r(Ok’1~114) .10 12 12 40 684 6.36( 6,36) 2 .‘ (  2 ,‘~3) 11 ,~ ( i~ .~~)
8 8 2~ ~~6 1..37( 1.31) .32( .‘~2) 2 .4(~( .~.4u)

12 12 12 1.. ‘64 1.00( 1.00) .24( .2. 1 ) i .9o( 1.’k”)

RUNT — S~~ItPLE 60 1.’ 12 732 31.,’ (20.80) 8.0 ( 5.33~ ‘~4 40.0 ( 26.67)

(s~~~~~) 30 1.’ 12 372 S .47( 5.~ 5)  ,‘ ,i i( 1.45~ ‘3o’ 10.~ ( 7 . 2 ? )

N LR 90 12 12 l0’~.’ 4S .~ 4(16.31) 4.60( 1 ,ç~~) 12 60.0 ( 20.0) V

~‘O 12 12 132 21.66( 7 .22) 2.44( .81) 1$ 28.38( ‘~.46)

30 12 12 372 t’ .02( 2 .00) •?2 (  .24 ’) 15 0 ,06( 3.02)

1) Ro berts took advan tage of the non— I’amb e red nature o f the wi n gs, and the tui symmetry ‘t ’ the narelle.

Tht ,o i s  ~ ccoimted for in th~ figures presented b** t w<’en 1I1:0, ’k, ’ t I I  • The ‘ t h , ’ o ’  pao”ti ’ipantn (‘Tflp l , ’yo ’li only

~I~~’ XZ”plans’ ‘III p lane of symmetry .
For the RAT ~~NC w i th  T/r - 0 these times are lees than one half t h  for  T/C o 

)



V ~~~V 

_ _

—2 9—

_________________ 
TABLE 5B

AS!: STR*ED WIN0~ Com pan ion of calculation t imea.

T/C - .02

a - 5.0

CPU —

PANEL DISTRI3JTI(V (PI~~JR~B B~ 1~I~~~1 BRACK~ IS ARE CDC — 6600 TI~~~~
(V HALF WING ACCORDING TO TABLE 4)

MB1’HOD
NUMB .0? TOTAL NUMB .0) AEROIIYN SOL.OF tIN. IJI4B • OF

CHORD SPAN W AKE TIP MODE SINGUUBI TflB INPL.COUF. TSP .0? FY~S. VTERATION S TOTAL

R0BER1~ 39 18 
— 

966 24.8 (82 .67 31.02(5 1.73) 81.3 (219.33)

RUBBEW~ 38 12 12 38 734 6.91( 6.91 3.17( 3.17) 12.55( 12.55)

(D ATUX ) 22 8 8 22 371 1.96( 1.96 .55( .55 ) 3.43( 3.43)
12 12 12 12 298 l.20( 1.20 .33( .33) 2 .l9( 2.19)

HUNT — S~YPLE 60 12 12 732 31.30( 20.87 8.80( 5.87)~ 40.8 ( 27,20 )

( sREgrs ) 30 12 12 372 8.83( 5 .89 2.32( 1.55)~ 6d’~ l1.39( 7.59)
IWO 90 12 12 1092 49.20(16.40 4.15( 1.38) 11 59.83( 19.94)

60 18 18 1046 42 .94(14,31 7.51( 2.54) 55.69( 18.56)

60 12 12 732 22 .17( 7.39 2 .44( .81) 14 28.93( 9.64) 
V

___________ 

30 12 12 
— ______  

372 6.13( 2.04 .67( .22) 14 9.17( 3.06)

1) 90° solution not ful ly converged.

2) Not fully converged.

3) For P/C — .05 these t imes are less than one half those for T/C = .02.

TABLE 5C

CASE: NACELLE Comparison of calculation times

I 

~~~~~~~~~~~~ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
_________ _________________________ _____________________________ V

CPU — MINUI~~
V 

PANEL DISTRIBUTI ON (FI GURED BED’WEED BRACEm’S ARE CDC — 6600 TI)~Z

ME’THOD ON HALF NACELLE ACCORDING TO TABLE 4)

NUMB .OF TOTAL NUMB .01 AERODYN SOL.OF SYST • IIUMBER TOTAL

CHORD CIRCTJMF . WAKE MODED SINGULARITIED INFL.COEFF. OF UN.)~~ OF ITER . TIME

V 
~V ’ 

ROBERTS(DATUM) 55 10 58 1.10(14. 67) .o33( .053) 2 .90(39.0 )
RUBBERI’(DATIJM) 40 10 10 516 3 .74( 3.74) i.ri (1.17 ) 6.52( 6,52)

HUNT — S~2.~ LE 60 10 , 10 610 21 .50(14.33) 2.60 (1.93 ) 25 24.6 (16.4

() 
V

NLR 60 10 10 610 l4.96( 4.99) 1.59 ( .53 ) 15 19.35( 6.63) 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V VV ~~~~~~~~~~~~~~ 
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Fig. 4 Schematic view of selected system of singulari ty V
distri butions for the NLR pan.l method V
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Fig. 2 Chordwi*. parabolic shape of internal vortei strength I ‘
V vaf iation usid in the NLR panel method 
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Sc normal vo ’lOl ’l tv i nf l u e n ce  l’Oo’fl’I ci e~it matrix of

on nurface l’c l le’at  Iofl

:: :::: ~:coflIol ’~t t 1 I on po in t s  

vI o l ’ t l I ’co, omi N u t t a

— ~~~~~~~~~~~~~~~~~~~~~~~ I’Io lOl tC
KUTT A POINT U unknown ooiIrl’o’ n ingu la r i  t i es

B C  = ,000 t • A B r — unknown vort,’io or doubl et  ot  t ’ ’r~~t iI
BC’ r ,~~Ot • A ’WV Re — boundary condition at Illorface c 0 1 1  o ,V .lt 1 001
K C K (V X SURFACE POINTS

~~~~ g-— points
= — 0 CAMBER PoINrs

1K B • Rk — boundary ~‘coid i t ion at K’ iat ta points V

V 
Fig. 3 Definition of kut lo .point location o n Is. NLR panel

V method (P4.B, th. trailing .dg. is open ) Fig. 5 Structure of normal veloci ty influence co. f fi ci. nt matrix ,
unknown singu larity vector and rsght.hand sod. vec t or in
the NLR pan.l method
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_______ Fig. 9 Basic bicubic sp line used in Roberts ’ Spline.Neumann V

method
Fi g. 6 Influence of optimising on source and s o rt es densi t y in

the Hunt-Samp l e panel m.thod IREF. 7)
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“
~ — sta t is * 9 V i

INj ~ * X CONTROL POINTr;~ . .  • V  

~~~AN~ L 

DOUBLET- 

-
, 

~
.
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: :
f Fig. 10 Definition of control point and doublet parameter point

Fig. 7 ComparIson of tangen t ial ve loc i t y  induced by sort ,. Iine~ location in a network tot Rubbert s method
and sorte, s heets ( REF. fl

:~~~~
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~
i uu i+u

IuF
Fig. 8 Choidwose doublet shape in the Hunt. Samp le V

She,t s
V

method REF . ?I

V 
V IV AO~ VI i I0 V 1 IO~ C ( V V AR ~ A I I It

Pt, A~A i  RA A 0 III N V R V  1 1 0 0 5  II I

AR • 0 1’ 0 5 I V~ A’ 1A’ I ( l  I/i “ (seep ~.i [P • ,~r I V V 0 ’.l V,- i l  • V M I V  * V  lil \ V IA O O I V I V 
i l l ?  V 051 0 1 <  ( 4 1  1 ’ ( O f = 1 ¼  OR V i~ V i Vii -

F ig. 11 Definition of test configur ations I symmetrical Naca - four , digit a irfoi l  used for all configurations) V
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