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The computational procedure and numerical results are presented for a new method to
solve Kiissner’s integral ‘equation in the case of subsonic compresmﬁleéﬂéw abou;i
harmonically oscillating planar surfaces with controls. Since Kiissner’s  equation is a
linear transfermation:from’pressure to normalwash, the unknown pressure is éxpanded
in terms of prescribed ‘basis* functions; the unknown basis function coefficients ‘are
determined. in: the usual manner by satisfying the given normalwash distribution, either"
collocatignally. or in the:complex least squares sense.  The present method ‘of ‘solution® *
. differs from previous oneswins that: the basis functions are defined in a continuous® 4
. fashion ever a relatively small portion of the:aerodynamic surface and are “zero™

elsewhere. ;-This method, termed the local basis:function method,: combines the ®

smoothness and accuracy of distribution methods with the.simplicity.and versatility of

panel methods. Predictions by the local basis function method.for unsteady:flow.are &
shown herein to be in excellent agreement with. other methods. Also, potential 5
improvements to the present method and extensions to more general classes of solutions ﬁ
are dlscussed

... ,ub:,; B .0 o s L MO 0 S S M i it BSOS S

b @

Aeroelasglc analysis of ﬂlght structures involves the coupled dynan:uc response #’,
structural and aerodynamical me ia. Within the confines of, linear aeroelasticify,the |
couphqi is determmed by th ?x of energy that is transmitted across the body- ﬂu\g
mterface In the form of mechamc work done as the body deforms in one mode ga‘mﬁ
the pressure ‘due to another m e. This matrix, called the gene%'alézed gerodygmmm f

oefffcwnt'matnx, depends for 1fs calculatlon upon‘l&nowied e of the unsteag,y pressur.
”dfgtrfmﬁmm , e §

ﬁtf-.gwe‘w ' T EESRE y: %vg%%:atﬁ"'
¥ WHe prefsute Wistribution may be calculated by various methods. For a compre%enslve

b diséussioh of theSe ‘methods, the interested reader is referred to articles by Ashiey .
Rodden (ref?1); Dandahl dnd'Stark (fef. 2); Ashley, Widnall, énd'Landahl (ref. 3)! and to =

thefmoretreéenit work of Mo#ind (fef.'4). The particular method of the ‘présent stdd »
cambinations of two#previous methods: (1) the “classical pressure-nofmalwash thethda *
F,o;wad&ug with Kiissner (ref. 5) and‘developed furthér by Watkins, Runyan, Woélston,
. Cunninghamy Hsuy Rowe, and othersi(refs:6,'7,'8,%9,%and 10); afid ¥2)the splined ldcal
basisifunctions recently developed by Mercer, Webe#, andfothers (vefs. ¥1 and 12) for $h&
case of gteady flows Fhis formulation wusing: laeak basis funétions#tofsolvesthie Ensteddy”
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T applied to the solution, of subsoni¢, compressible flow problems about oscillating/planar ¥
. surfaces with controls although thegmathematical, methods employed.apply tg aslarger
.. clasg of sqlugiops guch gs pultiplepogplangr gugfagesgelges » + & = « s 4» & 5 4

Let S denote an aerodynamical lifting surface contained in, say, the xy-plane and:
immersed in an ideal fluid of density P and sonic speed a. A rectangular cartesian -
coordinate system (oxyz) is fixed with respect to the referential surface configuration. 8
is assumed to translate with respect to the fluid at uniform subsonic velocity V in the
negative x-direction and to perform simple harmonic oscillations in the direction normal.
to S and at a circular frequency of w radians per second. Then, under the usual .
assumptions, the method of acceleratlon potential (ref. 13) may be used in conjunction .
with Green’s identities to obtain the well-known Kiissner integral equation, which
states that the normal components of velocity of the ﬂuld and of the body are equal at
the surface. Mathematically, Kiissner’s equatlon ,

e . e T I . . . . s, s . O SO

wix,y) = - E?%V i%f K(x = £,y - n) p(&,n) dA (1)
(Ean)eS

is a linear transformation f}otﬁ"préssu;:p;; normalwash wwwmr(ﬁhe indicated surface
| integration is in the sense of Hadamard (ref. 14). The kemel of .the transformatlon
. (ref. 6) is given by . -

K(x,y)

"
3
|
o
x
o
1
.J
<|e
»
v
P
14
<
=
—~
£
S

'
"
®
x
o
7~
[N
E
~
N
-~
Q.
-~

iw(x - Mr,.)
X B
- Fg e 4 [ B2V ]] (2)
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The solution to equation (1) proceeds by expanding the unknown pressure in terms of a |
prescribed set {pn }of basis functions

p(E,n) = %V2 L b p (E,n) (3)

S — |

ar;d det':ermmmg the u-—i;xown {bn} by satxsfymg equatmn (1), elther collocatlonally or |

in the complex least squares sense, on a set {(xm,ym)} of normalwash control points:

IR W R R W R R G ALY S S
w(xm,y ) 1
e T P A
(Eyn)esS
N, * 1 ' NWXNP, NW;Np NPXI

,,,,, - - NG T - -
where N and NP denote the number of normalwash points and pressure basis |
functions, respectively. r
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Symibols tséd arelisted below. Toithe right of the symbols are listed their de

p?essure basis funetion,'equation (A- - » “
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’ r‘% LI B ““..'«ldﬁtw.‘-\

' cﬂ(ﬂ),cgﬂ(ﬁ) " spanwise 'Sectional litdwu‘log for primary and

i
|
i

*
& a . panel chord len as a functlon of sp}nwme coo!dii
(PR W - S ,-fw% & 3)‘ - ‘;-;‘_—x:; ‘w

- - - = 1
¥ ['cm,." T T GRHciEnt latrix relating o g ot m g

ﬁmt)ol‘e gr
the section, equation, or reference/in which theyare defined oy first appear., s a® s
: £ #F 8 8T 38 8N g = = "
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Care has'been taken tonot use the same symbol for d;fferent meanings. There are a few :
exceptions, but it should be clear from the context what is meant.

» 2 3

. PP
Any dimensionally consistent choice ofbunits ip pezjmissible—dimensionaf or
nendimensional, . ; ' -

% & * ¥ & =% renes *
AA;@ .« 38 & grgag of Prlmgry and secondary surfaces, respéctivély’! *
*feaw aﬁe‘ithpée ,,-‘,,,‘y.‘,"'.?"‘.
AIC!Zm AICo ,AIC;'m aerodynamic influence coefficient matrices of chordwise

pitching moment, spanw1se rolling moment, and vertical lifting ’
force, respectlvely, on panel £ due to normalwash at pointm,
equations (A-23) through (A-25) %
Arg generalized aerodynamic force coefficient matrix,
equation (A-26)
,, | creewus wpawe 59l

AR*;**""“aﬁpe’ct‘raﬁo L S EXErTSs """ F’IT

T = 5§ & % % & 3 SR B

%,b ,b.l ' * * spanwise intervals of integration, equations (7) and,(34) . _ _
> E T %S 4 LS % '.:z,ilg‘,*‘;«“, . BB

bp * » =2 & +© @ spressure basis functlen coefficients, equation (3) , PO, ‘:
tttentsen N B F Y SR mB P RS

CL.CL,, * ® % « » :lift coefficient fo: Nagygnﬂ secondary surfaces, §spectlvgly‘ .
kr;";". requahonsLA-IZ)and@gQ,‘q‘ s oh GB

- * % 95 9

CL dCLES ian gieglvgtwes of lift coefficient w;tl} refpgct to fnile ol aaaa: %ld‘ ;
2 Bip | ._ anglepf‘:otrol deﬂectlon, respectlvgl ’ e P9

C’CF%"% g ‘g ‘) " cho;dJe‘gth flap cho ﬁg re 27\ » N
' f ® :

*

cm

rmalwash at point m due fo nth

o8 = . ’s&i;lca Fespectively, m(&&}agdm Pe - 6 2%
'Q‘. vertical force on panel £ with dynamic pressure factored out
equation (A-20)
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e 5L 5 i 7w A
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N intersect the panel with index n, equation (A-6)
A ﬁfn) the set of indices of pa'nlel's” contained in "fh;'snppon: of the nth'
ibasis function, equation (A-5) : -
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A major difficulty with the kernel functlon methods has been in the selection of efficient
and general pressure basis functions. Early solutions were as suggested by Kiissner, in
which the basis functions were products, p, = XY, of chordwise functions X, selected
according to two-dimensional theory and spanwise functions Yp selected according to
lifting line theory. However, as analysis planforms became more realistic, especially
with the incorporation of controls, the need for a more rational approach to the selection

of basis functions became increasingly apparent. A major improvement was provided by
Landahl (ref. 16), using the method of asymptotic expansions to exhibit the precise form 1
of singularities in pressure that must be present along planform and control boundaries i
for the necessary jump discontinuities in boundary conditions there to be satisfied. An
extension to Landahl’s mathematical analysis in the case of swept hinge lines has been
pointed out very recently by Rowe (ref. 10) and has resulted in improved accuracy and
improved agreement with experiment.

g AT

The pressure basis functions of Kiissner (ref. 5); Watkins, Runyan, Woolston, and
Cunningham (refs. 6 and 7); Hsu (ref. 8); Rowe (refs.9 and 10); and others may be
termed global in the sense that the basis functions are defined over the entire planform.

B O g Y

An inherent difficulty with the use of global basis functions is that the presence of local 3
planform features such as controls, etc., affect the formulation of each basis function z
everywhere on the planform. An improvement may be offered by the use of local basis

functions, which are defined over relatively small subsets of the planform and are zero ‘
elsewhere. sl

o—————— e T &Y "'; 5 """'}’"W' W ——"
Consider the éu.r {g sho 1 in figure 1. S is represented. by asset Gf panel? {w,‘p}
arranged into N¢ rows and Ns columns. It is convenient o index the panels by" double
subgcripts as well as smgle subscrlpts p . - ¥ s

? W 4
FESR S - - ... P PP e a—— W

. \
@12 \

\ "o
w21 T
\

-\—

[A)
B 4
e

— | “NcNs
Figure 1.—Panel Grid
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( The transformatxon from single'to dohfe subscnpts is gl)bn hy: T E R R
i e A . > . it A

n=v+(u-1)NS;1<u<NC,l<u<NS (s)

BT SRR AT

LatkoRageilegriusts ¢ LL:LL:;M‘&“&u. TE LI

P,(Esn) = xu(‘i)Yv(n); 1< u<Ngs 1<V < Ng (6)

¥ [ chordwisencoprdinate; em&eta!h tipuouy
Qil%i% gthgl %n the Lp(::d chordwise coordinate, ‘and v’h!re each ,, :sua c qe':;?;
differentia e, pkecewxpe quadratic gspline in thefspanwise odrdihate Slnc is.
ﬁufctfbn! aﬁ l;ave the same,index set, thé number of basis An&ihs eqt

e RN i'i”"mﬂ“ﬂ““

e T Y )
o W
tﬁeﬂ;ﬁ&ﬂmwst*t'-r Qf*?ﬂvnz‘
LR EE B A E B . Ll O L Olﬂ;nz
" Por*a given*value (ﬁy’tzhe‘suppdrt‘“foﬁ Xy is (1) row Lofipanelsdfu=1, ‘ rows;t

“ u-¥ and'u ‘of panels if u = 1. The chordwise functionssare depsctadgnﬁm 2. Xj is o
# defimeds oversthe first rowsof panels and hasunit value,at.the panel.leadingedge and _°
. ¥ zerowalue at the panel trailingedge«For u > 1 each Xp is defined over two,panel rows,
i +has zere value at both the. leadmg\t?dg&of.tlv front panel and the trailing edge of the
| vaft pangl, and has amit value at the.intersection of the front,and rear panels., ., :

. W -,

‘ ;:§alpport~(‘a‘nf:1?l;ls tbe cloaéu'%oﬁ _ se‘on wh?ch tl;'e ,_ \L ’ sl ? -
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e ww Rl .0 4 IR R ;g aatlle e e
" 412'SPANWISE FUNCTIONST ~~~ ~© ¥®T T TR
. w0 »
b " 5 § ; ]
. The support of Y, is columns 1 and 2 of panels if , = 1; columns W~ 1,8 and v+ 1%f* #
! 1< v< Ng; and columns Ng- 1 and Ng if » =N, 'Hle!spanwme fanctiéns*are\depicted in # 1
’ﬁgures - W - 4 “‘“% - R EE N "
k. . B . 0 A s OO .00 5900 O P MMMM T —— . y o |
YI(SYMMETRIC) Y, Y
' S
COL 1 COL 2 CoL NS
F/gure 3 —Span wise Funct/ons
- rv v

{ Ea& ” has'unit amphtude and is cGnﬁnuously“dﬂTe‘i‘eﬂtmble across panel'&boun’cﬁﬁes a

1< v< Ng, Y, has zero value and atthe left'and right extremities‘of its supporti If

" »=Ng, Y, has zerd‘ value and slopé on the‘left and'zero value on' the rightslfw =1 Q\ f
has zero value and slope on the right and zero slope on ithe left«ifi that edge. is
‘symmet¥ically reflective, but zero value instead if «that sedge. is antwmmetmcdl*

F reflective or free: (This case'istnot illustrated in figure 8.j» =« » - . . & EER T
= 5 % $ R ¥ 2% 2 BB B 2 4B VB E & — }
4.1.3 OBSERVATIONS ON LOCAL BASIS FUNCTIONS . . . . 4 4 ‘

w
»
,,%w%*;g%ﬁdi/ “ % B % % & W
The above completely defines the pressure, basus fgngglqusgdgn@the preseng
. typicalspressune basis function.is shown in figu,;e 4 aewr&l @Wtwna 5

fn i ipepo this spt gf Grgtigne. LAAELEF

Figure 4.—Local Basis Function

10
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# Pinite "suims, used 1;1 pragtige,; provide pbly\goﬂal a@:ryxyngthm.chodwdaidﬁ :
: aqualrmc‘appr&lmaquns spanwise. « # « ¥
"R B B - R B ¥ 3

# Burther addifions” sucth as ingomporation Of's}&p%‘ag‘to‘sé

# @ Landahl-Rowe !in%u a tlg @r'bgn'do 1'ait:1%xeo rward inwr. .

«n 088w NEEATIGN DR DIROE SINGUERRS]

’U%;.g'ﬂibt
"TEE DD

™ e W WP w——

T ’I’i?a%agspegatwe:tlsﬁndaﬁy& %3 ! B e polfie g - Q??‘ :
“'z‘ « a w9 ,.ah*"‘"‘”
2" Iflgc(?*mp.letﬁ in theJlmlt.as@the maximum panel d;mgng}m approachés zers. ¥ * vl
‘..‘5 %cx”"“ta‘ .&*.lﬂ.“'.‘
3. » It may'be xtended t:gpplogmallytononlﬂahar surfsces g b G aE PP .w
«psass v’ R TT LR EE D a TR
4

®

-

y ¥

YTyt yws T vYyTTTy

The coefficient matrix of equation (4) is evaluated using Gaussian quadrature as in %
reference 17. In this operation the kernel function, equation (2), is separated into
nonsingular and singular terms—equation (9) of reference 17. There are three singular
terms identified as dipole, square root, and logarithmic singularity terms. The i
nonsingular terms as well as the square root and logarithmic singularity terms are i
readily evaluated. The dipole smgulanty term, however, requires special attention. |

- f _..(_x..a.X.z.'I? dn .—.f Gy (x,y,n)dn
(y = n)
a

1
+ G(x,y,y) ( y - a il v )

G (x5y5y) Log | F2—1, (7)

lﬂwﬁe‘eﬁh! Ren !5 otess prtia® i
‘ integrdl of the Wi cl3Il)e snigsli:lg times the¥présfrs, i;

y = n

G*(x’y’n) = = } - [G(X,y,)’) = G(X:_Y)") _ G,n(X,y,y)]

(8)

w&d'fo' évalua ing (ref 8),.descuibed #n Section 5.1
' 'resuy:s‘n!the pfesent comeutgr gode thaé have aﬁn‘xﬁlﬂn%rgr of lesg tha‘ 040%.~
cnadnst 88 L L Lanaali --....‘“‘

11
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rT'he coefficiént matrix in Eq"}; on l? ﬁ'ie 1QW F E@Wbsa ﬁnﬁnwi‘ L 2
# index and the normalwash control point index. Howeyer, when local basis functions axe & »
* employed! it i§ preferable fo Index" the ca1} g

ther, than, by basis & » |
. functiohs”to' avoid unhedessary repetitions in c)glr::?llwl s e

ating the valyes, of the kernel 4 &
' & funétion. It is consequeéntly necessary to ﬁetermme exgctly whlcl; basis f}mgtmnga@ g

« supported by each given panel. The required transformatlons bet een indices may he , !
: obtained in a straightforward fashion

m equa'txon (5). Also, it ha
. ceefficient matrix inversions using local'basis functions ﬁave been w |
S——

o . A sl Bl M U B, . B Ml e

12
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B R R ” G > R P ® #

=¢Q14wan&&ta&ammao:a'lltn*

'.""'l’t"..".l.“..ﬁ‘ 3% s

sCemputerresults arepresénted forsik ProBieths® §s) a‘v&y’éil?lpfe s‘te.dy:séte‘p‘o m .
sing which sthe intermediate *m#thHentatical Hcclirdey™ i® Valuated 32) 1& ess tw)la
i

*

: i
stgady-statesproblem, @also in®which %he térllediate . e e gcc'uri(;

E®es vRERS
EEERE R B R

sevaluated;«(3¥amonsteady preblen®infwhich &nvergehicd ig"stidied®ard the resu Sé
& .compared with sanothers codey (4) a noristeady ontrdl Surfacé Problém “in" w?xi&x ilie
regulfs are,compared with anether eode; 5% Series*offasynimétric plaffofms csns’isﬁng o
of skewed , pgrallelogramsy ands (6) the sfreq@eney#reésponse f 'a Tarfge® subforic e .
transport to gusf loading, Rroblems(1)and (2)taré basie chedkoutprobléms il whith the® %
;m,;ne;icgl results werg chegked by separatewalculations, Wwherdasprébléms () fo 6) Eré® -
problems designed to, validate theyprogeam by wcomparisor® with' the #resuls offotHe® *
ém:f‘h?d;& The computer code used forythe present studywis®a numerical Yedea¥clF c8d
re S ) ; 'EE 2 R -
EESESE s nr e sasnerI I NIN0DNS
5.1 CHECKOUT PROBLEM ONE

“ WP e Seage gy B¢ T IE S I———
fz%‘h;ri:i%sc%tbem checkouts problem, €P1, s %o Provide ¥n'acturatd &
risgn forgthe simplest possiblesproblems Thetplanforth a%lzb il

v

(0,0) (o,L) (0,2)
n
g€
DWCP 1 DWCP 2
+ +
Panel #1 Panel #2
(1,0) (1,1) (1,2)

Simplest Possible Case
k = 0 2 panels, run as an asymmetrical problem
M=0

mid panel downwash points

uniform angle of attack

Figure 5.—Planform for Checkout Problem One
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r h{s Sfep, g 'o'ectt ixgng

v_ﬁ = (9)

Ciy = Cp,

ST L e o iy
b, = b, = = - C—"E{"EC'- (m
f - wmwwv e ”A‘ —y wa~7 T ' M
E Thie surbétsko®hdck'afe &} M 3 Théy mﬂ nby,

PR —— . — T, e | 1

& C, = C,, (10)

G_(x_,y_,n)
c. - -} o i ok LA (12)

(yp, - m?
E wher%i
i, M . 1
G (x_,y ,n) =Y (n)f(l - E)[l + n ¢ ]dE (13)
n m*Ym n A W+ B (y,~-n)?

and
il

3n - In? nes

Y (n) =
F(2-m)? nes, = (1,2) (14)
/\

Y,(n) = Y (2-n) (15)

14
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-~ - - e o~ R v~ o . W g
The first point of companson between CP1 and RRX is G(xp,ypM). It may be shovfn‘
that > . ®

. . s . A el e s i N~ i . A ..

G(x,y,n) = Y(n)[i + (- 2o Yx2 o+ B2(y-m)? - 2(1-x) 1P +8 (y-n)?

L By-m? o VA-0? ¢ Biy-m? - (1ox) ]
2 x + v*l Y B (y n)l (‘6)

- ey w — —— e g v*1'~‘q-r‘r1rﬂvﬂv”* " '"}
where, for simplicity, ﬁleﬁs@senpts have been omitted. 'It is necessary to define G(x,y,y)
as a limit; then ] 4 . .
G(x,y,y) = lim G(x,y,n) = (2x-x?) Y(n) Can
n-=*y

F The sranh of G B e 2y " E""

y e graph of G based on equations«16) md‘(l?‘) is shown in ﬁg;ro.s ﬁA*snfall ad hoc

| digital computer program called ECP1 wassused ‘o éalculae Wmﬁﬁu& for all

¥ the closed-form resxﬂts'présentedp this, section “These va s Jvege the-.cmﬁred with

| the numerical values%b&med‘by RRX, The Mb’tamex RRX for. Gewerefound to
be accurate to about seven and one- ha},f deciml places with . an,_averagewdeviation in

“ about the eighth place. All spanwise integration staﬂoxﬁ for ﬁiwere comparod«-A?bnef
exce t is m table 3, T g

Table 1.—G(x,y,n) for x = 0.5, y = 0.5 Basis Function No. 1

n G(x,y,n) exact G(x,y,n) RRX trror‘,.u\

.0267 0455 5463 .5008 8328 9740 (-1) | .5008 8328 8670 (-1) | -.21

.4919 8863 3361 .6982 5165 5022 .6982 5169 2610 +3.95
.5080 1136 6639 .7072 6110 0380 .7072 6113 3184 [+4.64
.9732 9544 4537 .5030 2766 2341 .5030 2766 1266 -.21

1.976 8560 5193 .2227 9916 0683 (-3) | .2227 9916 0793 (-3) | +.05

* Com w% 1035 File, Runs CP1. 6 and CP1.

% Oneg }'ro; egu als One gart 108

15
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G(x,y,n) = %Y(n) [1 + (2-x) Yx2+82(y-n)? - (l-x)}r(l-x)’ﬂs’(y-n)2

+ B2(y-n)? ]ogﬂ'x)z“ﬁz(y-n)z = {1-x) ]

Yx2+82(y-n)% + x

¥y n

6(x,y,n)

Panel#) Panel#2 —-i

n
0.0 0.4 0.8 1.2 1.6 2.0

Figure 6.—Chordwise Integral-Downwash Point One (CP1)

B b gt TW

, ’mnw 8 thé* sPariwile Integral ‘is ‘depictedin*figure -,., it suggests elearly that
“theintégral doés Aotfexist*astaf ordinafy intégral®Farther; in order to wiew theseffect
‘of¥ie G, transforthabion, the graph of ﬁésﬁgb“rmudl\ncmn is presen
figure 84 It maj Be Bhowi that mmmmu differs, fgom its . limit, z ;
derivative G,(y.9) by the order of ['y-njlogly = ywand mﬁmte slope
willsbe exhibi 8 atrthe poxth b@f@r c“

fanetien G, vﬂlopé‘psaaa- adoga-t in

integmable, is &“1 g
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(y-n)?

(y-n)? a (y-n)?

60

50

20

10

B g
Note j dn does not
a (y-n)?

exist, and it 1s necessary
to use the finite part of

the infinite integral, as

indicated byf.

0.4 0.8 1.2 1.6 2.0

Figure 7.—Integrand of the Infinite Spanwise Integral (CP1)
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1.4

1.2 o

ts0 y = n (point of infinite slope)

Figure 8.—Singly Differenced Spanwise Integrand (CP1)

18
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G*(X..Y.n) = [G X = 6ix - G.n(X-Y».Y)]y_Ln

C
mn

G, (x,y,n)

y-n

b
- 1 1
*—"’[ G*(Xo.Ytn)dﬂ + Gon(vaiY)“)gl%:%l + G(x’y’y) [FY. + yTa']

y=n

Note The singularity displayed
at the downwash chord is
Cauchy integrable and of the
form G, =0(log |y-n|)

~— Panelfl ——=—f=— Panelrz —

.0 .4 .8 1.2 1.6 2.0

n

Figure 9.—Doubly Differenced Spanwise Integrand (CP1)

19
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Gu(X,ysn) = G, (x,y,n) + B2Y(n)log|y-n|

Figure 10.—Readily Integrable Spanwise Integrand (CP1)

20
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;Wec

ané"[’ytlc @tegra?d

c‘a-f E%_n_léﬁld
1@ﬁr?~£?r;3hgﬂh

Golp ™ ™

i
- O

A - 2

- ™

124
al ‘combl

"' ¢3(x dn
on %, na—

m‘h?stanclpow ﬁmeru:al anulysm, one may use different
xnumbers, say NG of Gaussian quadrqtuxe pomts‘ar,ﬂ different n!gm)aerv— say

' submterva]a. These resnechle‘!chon? are thdé'pendqnt ~and" com
were madg for NG= 2‘4,8.16¢an? S=

~ table 2‘The.16§omt smgeuum q?
wNS=1" W&mm&nﬂmﬁcﬁe tiis clear that_co
t gpx‘rﬁ‘id c'wﬂéﬁe mg be obtamb

AT B
> -

_

o

rgsults Fre
oq.comépon&a
wrgen& is
g N

- T

part m%lvmg_ﬁha !

Table 2.—Legendre-Gaussian Quadrature of .rG(X' v, )/ly-n)2 dn
1

NG

NS = 1

NS = 2

NS = &

.2837 7825 5836
.3220 8596 6664
.3225 5420 3769
.3225 5423 024y

.3166 9439 1475
.3225 4332 6213
.3225 5423 0226
.3225 5423 0244

.3219 9429 0433
.3225 5811 7521
.3225 5423 0243
.3225 5423 024w

.3228 1334 6362
.3225 5422 9580
.3225 5823 0243
+3225 5423 02uM

1
G(x )
-f —(7_‘*#9“’"
o

(]

! * Computations File,,l}EE.!gi

21

Gan(st9y)1°g I¥§ ’

= I Ga(x,y,n) dn + G(x,y,y) (1%},' + %) *

(19)

afive c¥culations
sentebb!lovét i
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- vw'mw
R — F--'W—““" m

is for purpesesvof ing Gy for ne [0 1] Tlus is
conveniently *done i’ﬁ-t% Parts: . If%one’ simply uses standard _
. Legendre-Gaussian quadrature, the nwnmeal results may be expected to be poor
becausegof theslo c éﬁgj ity remaining .ix G + thatuis displayed tn figure 9.
' Thi 1&tb‘¢w{x 16'3. “However, ifuir he,analysis precedily fumidrical
ntegratlon,.,.,the anthmxd‘sfﬂglﬁamy ~Repara ted as it is in figure 10, then
Legendre-Gaussian quadratue may be used om G \and logarithmic-Gaussian quadrature
may be used gn thedlogarithmitally singular part. This issalse shewm instable 8 Ihmay
be seen that the eight-point Legendre-logarithmic form of Gaussian quadrature
" converged to almost 12 decimal places **
.

L e

clmnanane '3*" u%’i‘ﬁx
Pl SR O ¥ . J

\

i 1

Table 3.—Gaussian Quadrature of f G« (x,y,m) dn
(o)

NG Legendre Only Legendre-logarithmic
2 2.512 6234 7443 2.770 2077 8297
Y 2.582 1430 0Ou49Yy 2.770 0346 6808
8 2.603 6269 2847 2.770 0355 4307
16 2.609 6812 3399 2.770 0355 4308

The cumulative convergence of the numerical integration procedures for Cmn is shown
in table 4. It is seen that the convergence.is quite strong. The level of convergence is
between 11 and 12 decimal places. . - s .
i o O S e il ™ o el T -
Table 4.—Convergence of Coefficient Matrix for CP1
NG (ELI c 12
2 5.266 0133 9149 -.3841 4421 5347
4 5.'259 9913 4187 -.3842 0916 7113
8 5.259 9813 1284 -.3842 0735 7155
16 5.259 9813 1284 -.3842 0735 7138
b ** RRX Computatlonal Flle Runs CP].,ll and, CP1.13

22
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-

|

By comparlson, ‘the results of RRX are shown in table 5 “to elght decimal p places It is
. seen that the maximum error'is*0.10% in the smaller, off:diagonal f term a%d 0.04% in
. the larger and dominant diagonal terms. Because the integration procedures in RRX are ’
i rather extensively modified versions of those used in the RHO- III code, and'the latter is Y
f optimized numerically” for: glebalubasis functions rather than local' basis"functions, the® 4

| agreement’shown'in table 5%s Snfficlent for our pyr "w G w -
e — S e

Table 5.—Comparison of C,,, From RRX With Values
From Table 4, Which are Essentially Exact

Source C.; = €, C,2 = Cy,
Exact 5.259 9813 -.3842 0736
RRX 5.259 6758 -.384%2 6833

r,_“m”’www T
Although a two-panel selution is extremely crude, it has Deen’ most interesting to ’
| compare these results with those of other codes. On the basi¥ of“the above resultsgit is &
' easy to determine-the, basis .coefficients and then to compute (3# (which is a gross.,

—

measure of the ability tg predict pressure accurately). This was e, and calculations -

were also performed (1) with the RHO-III code using 48 comparable terms (actually 24 . |
' terms per semispan), and (2) with the steady-state method of F+T. Johnson (ref. w)ﬂ'hg
| comparisons are shown in tqble,6 ghe agreement i§ rémarkaBle. « = W LR .

. ‘ ‘ e %
rw»vm-mu&m;-u ‘.“n—sﬁ.ﬁ._—_“ 2 ’,-3-

%

Table 6.—Comparison of C Ly From Different Codes

Method of Ref. 18 100 terms® 22.46
RHO-III 48 terms? 2.474
RRX 2 term * 2877

P v

- For nsmeency,*ﬁew the, e ‘ m ey ST

otherwme-&gseqmlds 5(% E 24 terms andﬁrm“ e o

23
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S e : T —— T T —— 3
, T e e WSS ECHECKOUT PROBLEM W' — -
“ A - ™. ™ - W - - - ¢ ;

s e . N ‘ %%

} The purpese oféthe"second ch&ekout problgm, CP2;ds. towproVide Th accuza:e, gloseg:form,
gomwisgn_ba"’fmwept (AL‘=$ taperedy( Aq=0.5)witig Hﬂ#l&u@w

and pa ‘..:‘.(: figure ™ . *

E ‘numper (M =0.80THeplanfor )

Pitch Axis (needed

lv only for k # 0)
/
/
A rd
/l
7
s T 4 2
AR SPL P 1 N
A4 o0 e
PR L ¢ N 5
(¥ v + L7 +
|, % -7
7
¥ ',
l*}’
| =™
Vv
M= .80 6 panels (3%,2%)

k = 0,1 symmetrical

Figure 11.—Planform for Ch;ckout Problem Two

"Basis Functions: Let the functions defining the leading edge, midchord, Vaiiﬂ"fr”a'ﬂfﬁ
ledge, respectively, be.€ &, andk, Thus, s i i i

£, = Inl, &) =1+ gln] &,(n) = 2+ F[n]|. (20)

24
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T

F

L’ihetocf:i“f?‘com‘i-a &g:thigweuy‘ . ‘..*.... - .-.‘
(vE: €, 5 € < §,)(F = ;5—'—1-{-!\-'[) )
u) | (21)
E-1- n
(VE: E, < E S ED(E = 3
1l - gln‘
I! W £ e T .—,.,»“,, - — - v«—m1
' and the funetions X, are given by o : - - "
(X, = 1-) & (g, sE<E, =X, = B) & (§,s€<E,~X, = 1-D). (22)
— W"’ AT T "

L
b The streamwise functions,Xu, are deplcted geneng!ly in figure 2. For ‘this 3 particul

problem, the spanwsi functions, Z{are deplcted by figure 12.

(O<nsl-—-Y =1-354sng2==Y = 32-n)2) (23)

(0Snsl—=Y, =gt (1<ns2—Y,=g(-10+420n-7n%))

(250 g2k =y, = E(s-20t)  (20)

: 1-[1-,}(5-271)‘])
(25)

(1sns2-=Y,=8(n-1)1) 8 (25 n 25—,

downwash mmmv& f!‘“l omitte
fFoin ¥ cSateréaghaigs agante, %. i?f

T g 5 N o

- —

G(x,y,n) = Y(n) I X(t) U(X“E$Y'n)d€’
{g:p(g,n)#0}
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B Do o g SO . |
‘&“ Ap—— & i w*u,-wy - +
u(x_g’y..n) =1 + —-——-—)(.—.:_._E____—_ 27
Ux-£)2 + B2(y-n)? ek
Y,(n)
Y,(n) Y,(n)
1.0
.8
.6
.4
o2
n
0 2 8 1.2 1.6 2.0 2.4

Figure 12.—Spanwise Spline Functions (CP2)
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- T T, W T Ty ‘va-‘

-Since X($) is linear in X-- E Gls ex‘presmblg in t.erms of theundeﬁmte mggra 3

¢(x-E,y-n) = j u(x-g,y-n)dg (28)

v(x-E,y-n) = s (x-§)u(x-£,y-n)dE, (29)
an&oge'?;;’,"
E PN l

¢(x-£,y-n) = - (x-£) - Ux-£)2 + B2(y-m)? , (30)

VOx-E,y-n) = - %(x-£)? - %(x-E) Wx-£)2 + BZ(y-n)?
+ %82(y-n)2log [V(x-e)2 +82(y-n)? + (x-E)] (31)

U T e
i Indetermxnacles i ¢ ans #must be handled as hm"t’.s +In a&dltlon, 1t is e!se&twﬁ to
recognize that along n =y, the behav;or of certam smgulantles* depentb onLyu&on the

signof x - ¢. One finds = | ¢ ) 5 o % J
- » .

cCxoysm = H0 (e ()= xI0o(x-£, (1) ,y-n)= 6(x-E, (n),y-n))

(Vn:1<ng<3) + [y(x-g,(n),y-n) —w(x-El(n),y-n)]} » (32)
G(x,y,n) = ) [[5,(n)—x]N(x-E,(n),y-n) -¢(x-€,(n),y-n)]
(Vn:45n<6) + W(x-E,(n),y-n)-W(x—Ez(n),y—n)]

+ [x-€, () 10e(x-E,(n),y-n) -¢(x-E (n) ,y-n)]
- W(x-—Ez(n)sY-n) - Y(x-g (n),y-n)]} » (33)

|3 i,g;){ew (o tae panel boundan IH enter vﬂ:ﬂxe sxgns' of x - E ;@l) x- t (ﬂ), and
o Mm e
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b

[ 3

« *Values of C‘ang aiong N= )"must be*worked out an&yt{@lly‘from the a'&)ve"xprﬁmdns

S
o g

:,,-:-=- 0 Mm:msmns, thm,y,n),‘ G(x,y,y); @

‘compute

)

01 n‘at,ums me-dmash at'ﬂa!ﬁ"of'

Con = 3 [[ Q%de]'rf Gu(x,y,n) dn
a

(a<y<b)

1
+ G(x,y,y)[b*__y + y-a*] + G,n(x,y,y) log g_a‘ (34)
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where the* summatxoniﬁs performed over r the spanwme coordmate projection of those
panels in which. theisdownwash pomt is not contained, and the last three terms
correspond to the one in which it is. The analytlc 1n@gra‘nds on the intervals mtegrated -
by ordinary Legendre-Gaussian quadrature and the logarithmically singular integrands
on | ayb, | are integrated by logarithmic-Gaussian quadrature. On the basis of these
vcalculathns A& the 6 ‘c:)efﬁcwnt trix *for CP2uis showq_ t‘.m‘decealglaces
't “.Values fromﬁ&‘a shown ‘m‘?@g&t s'below thesexact \ﬂ}lek s - Yy

- -

due Eg 1ndeterm1nac1es .‘Lu?lt -calenlatienswon the @p@r usmg 7‘ECPZ were fatallymill
condltlone?‘ - - - ow
**RRX Calculations File, Runs CP2.3 through CP2.9. - - -

***RRX Calculations.File, Rups CP2. 10 through CP2.T%. The résultS.cofiverged m41 declmal
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2.41 405
(2.41 419)

-1.23 159
(-1.23 161)

-.465 187
(-.465 187)

2.23 192
(2.23 192)

-1.13 757
(-1.13 757)

-.483 378
L(-.483 378)

(€] =

19.68 476
L (9.68 387)

.729 411 -.034 795
(.729 438) (-.034 795)

3.58 102 1.12 170
(3.58 089) (1.12 167)

-1.86 858 3.41 598
(-1.86 860) (3.41 585)

-.679 055 -.119 257
(-.679 013) (-.119 219)

3.40 261 -.108 931

(3.40 261) (-.108 930)

-1.75 293  4.63 633
(~1.75 293) (4.63 633)

8.25 933  14.8471
(8.25 935) (14.8476)

-1.76 993
(-1.76 961)

-2.26 456
(-2.26 454)

-.822 622
(-.822 621)

4.69 607
(4.69 620)

-2.27 143
(-2.27 145)

-.924 643
(-.924 643)

2:25 404
(2.25 420

--.044 384
(.066 607 . (-.044 384)

-1.58 112 .186 115
(-1.58 098) (.186 145)

-2.80 607 -1.63 181
(-2.80 606) (-1.63 169)

.028 633 -.139 504
(.028 760) (-.139 504)

6.95 942 .964 842
(6.95 929) (.964 812)

-3.49 212 8.13 560
(-3.49 214) (8.13 547)

.066 543

2.36 621 -1.74 502 ,
(2.36 619)(-1.74 532)

31

= 3.74 249
LG
ep ° +252220
op T 432977

) code
within 1% of RRX

0
"

O
n

3.7u42

3.784

29

(3.7 2u1),

( .252224),

( .432 980).
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(RH@-III using 24 terms)

(RAMROD-X using 6 terms)
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quite crude. "Sif?éegh“ef‘éyare only 4w6 7'%

distribution consists of exactly two straight lines. Th

figure 13. Although no comparison of pressure was made with the RHO-III code, the
sectional lift and center of pressure were compared and the results are shown in figure
14. The agreement for sectional distributions is quite good, but not as good as that of
the lift coefficient. In general, integrated coefficients agree most closely and are the
least severe comparison, sectional distributions tend to agree less closely and are a more

severe comparisonyand pressuge’compaiisens ate theimostisevereudfl ally

CLo = 3.742(3.784 ROWE)
Xcp = 0.2522 (0.2628 ROWE)

Figure 13.—Pressure Distribution From a Small Number of Basis Functions
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Figure 14.—Sectional Distributions From a Small Number of Basis Functions
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RH@-I11
6C x 4S
7 M= .80
k=1.0
6
. RRX
- 2C x 3§ PANELIZATION
s
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-
o
>
p=J
o
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Fe)
o
o
-
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Eg 2 (a) 2C x 3S
bes
'
2
Cf Steady State:
1 RH@-III 6C x 4S
RRX 2C x 3S —\
g 0 1 2 4
3 (b) 4C x 35

Lift Coefficient, In Phase

Figure 15.—Nonsteady Lift Convergence—\Validation Problem One (CP2 Series)
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Figure 16.—Comparison of Nonsteady Sectional Distributions for Six Panels—VP1 (CP2 Series)
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\# Four péneligations aresemployed 2C.x 2sr‘>dqs‘4p 228, And*& S, Bhvin@ no

# prioti paneligatiop criteria for the BRX 80&3,,we begin by “using” irn¢ thiseséries the#

so-wllebMalthcwp egulangular' parutxon,, (ref. 19) in ‘which the t’ordﬁse !hb :
# Spanw . daries & nined ”",' " - '

0<B <™ (35)

=]
"

cos¢ 0< ¢ < w/2 (36)

panel geﬁlty in ’El(fns oﬁargét pr!’ssmf gmdients ie., along th ?@3&
trailing edges ( (were the p résstire gradientt is #finite) and along she tip w‘r
Falso‘mﬁn‘te)' ’plese :aﬁehzafionsﬁre lgustrﬁteO in figure 17. PR .
TaAaT a0 v by
# By ang lzﬁ the reultsareal expected. The 2C ¥#2S ren produged ap e:rg m
21.2%. D \%\é& thé®numbBer of'spanwise panels pseduced an errgr of 21.5%b
more accur ‘pRasé angle, as*may®be seen, by referring tgfigug 18., On t,h 3 ‘
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appareht that in®the Presefit méthedy iteis preferaple to have a largfr &?
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[} S samgmagp !;
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liobleﬁs su¢h as*flutter, and ig an gffectythat the co aex error maﬁm crﬂeno’
may nét“acgurately reflect. #In_any gvent, hovvver it'is clear tgat “tHis Seried d;e'

disﬁagu‘slhve c!werncyhatgcw é L ' i ‘ " “‘
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Figure 17.—Equiangular Panelization—VP1 (A Series)
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RRX 2C x 4S

RRX 2C x 2§

Lift Coefficient, Out of Phise

M= .80
k=1.0

o

1 2 3 4

Lift Coefficient, In Phase

Figure 18.—Nonsteady Lift Convergence for Equiangular Panelization—\VP1 (A Series)
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8
RHP-III 6C x 4S
7
RRX 4C x 2S
6 RRX 4C x 4S
RRX 2C x 4S

§ RRX 2C x 2S
£ 5
o
[
o
Eg Note 4 x 4 anomaly (see text).
“ 4
ey
&
O
e
§ 3
hat
-l

2 M = .80

k=1.0
1
0

0 1 2 3 4

Lift Coefficient, In Phase

Figure 20.—Nonsteady Lift Convergence for Equidistant Panelization—VP1 (B Series)
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Lift Coefficient, Out of Phase

RHP-III 6C x 4S

RRX 8C x 8S—__

RRX

"-‘m
k=1.0

0 1 2 3 4

Lift Coefficient, In Phase

PANELIZATION

Figure 21.—Nonsteady Lift Convergence for 4, 16, and 64 Panels—V/P1 (C Series)
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Figure 22.—Nonsteady Section Loads Convergence Using 4, 16, and 64 Panels—VP1 (C Series)
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M= .80 R Real
k=1.0 I Imaginary

28 I
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20 n = 50% span

Complex Pressure Coefficient ACp

Chordwise Location x/c

Figure 23.—Comparison of Nonsteady Pressure Using Two Chordwise Panels—VP1 (C Series)
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Figure 24.—Comparison of Nonsteady Pressure Using Four Chordwise Panels—\V/P1 (C Series)
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Figure 25.—Comparison of Nonsteady Pressure Using Eight Chordwise Panels—V/P1 (C Series)
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5.4 VALIDATION PROBLEM TWO

AML&( s :
. -',l Ag 1) ce with a con ] l The mform

SIIOWT
3

“‘Wﬁ

’u.--_: om the J ‘) ng edge nd &%

:.--_a ar s msacrossesm.lspan agreemént “with Rowe*is¥seen to be
m_mieres? is the cTosmssur near the: leading

- ————

ige and hinge even though no special shape func Lions were used s

& dna o Dty 3

-

Weo T T S

Ce ™ .4c R=2 50 panels k =0,.51.0

Figure 26.—Wing Control Surface—Validation Problem Two
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|
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Figure 27.—Lift Coefficient vs Frequency Due to Control Motion—\VP2
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METHOD
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Figure 28.—Chordwise Pressure Distribution Due to Control Motion—VP2
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; The*purpose of‘VP3‘is~vto demons MMtncal plaﬁﬁo
# Symmetry conditions ‘em, ;{ﬁ%}n »:"‘ M tt planform bo darg‘ !
fto bee-symmetnc"é'utls an m'e‘ﬁ"lc analysis_ .
, are shown in figures 29 and or Wf skew allelogram planforms it
~ sweepsangles ranging from 0° . The Mach numbexsis 0.80 and the normalwash
' mode_issthat of uniform angle o ttac&]?xgyp2 owrall celﬁr’ﬁ# re! /
| Asigamwecpegglorend w jﬁ
|V G4 A

.245 =
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Rep 240 ]
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235 >
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Figure 29.—Qverall Center of Pressure for Skewed Wings—VP3
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Figure 30.—Sectional Center of Pressure for Skewed Wings—VP3
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5.6 VALIDATION PROBLEM FOUR'
TIoIt e SBRET . -~ gEEmT_—EY
o far Havé Been for gigid normalwash distributigng, The.
0{1“ & RRX for flexi le“mddés. Th d.mw re

, ogstgate

: i lgrge, & %h;!esqu 1di!;g§mbydae¢wm

P Yrﬁm an‘czﬁ:ﬂlz%d’g using goth £ predent meth. gn t at of Ro :
.’1@& 81,824 and 33 comparéthe results of L%%re?eﬂt method 6 of Rowe for "

Mgmﬁe‘o resf'oxhehmpld:ud ith fixed controls for wing roo shear force
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Figure 31.—Wing Root Shear Frequency Response—VP4
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Figure 32.—Wing Root Bending Moment Frequency Response—VP4
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Figure 33.—Wingtip Acceleration Frequency Response—VP4
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b . gh;f. ‘bx i } locz:l &sm amcti%nﬂ' fd&' caleulating Mdy qup#hagbm
u Sucee f?&lly emo ‘The numerical reSults show#a idegree of wmgoghness. and, o ]
w @ccur %cy a proa‘hﬁ ﬁ t of the global basis funetien smetheds while #etaining the, -
‘elﬁatlh‘yans:ml Pp&e'uﬁtﬁo&‘*l#’&!(&s?nitaﬂpgt

i..-cls&VCv’%Q!-cc \!
For ivén ‘plandr “aefodynamfic¥surface; Mach snumber, reduced :fr;;:ex:cy: %d: .

norma'lw sh dist¥ibltion, the ‘computer code developed during the ,prqsept,stgdx will

¥ Dredict PreSsure? séctional Mift, sectional center wofypressure, overall pﬂ: agxd.ow‘erelll
- center’ of‘pressure. ¥f a controliisipresent, values grgcglcgl%fq; tbe urf
“ &nd for "thé Secéndary (controlsurface. In addition, force and
: gla’ﬁ'laes'caﬁ Be ealeulated if desired. Symmetrical, ‘ngsw

robléms'canBerumt + © % 5w v & »
’""“"""%ﬂaugiifﬁt’:."....t
* Potential improvements wouldsbefound by exten :
% surfaces fioporating the Landshl;Rowe singulari
providing ganely optignization, and wtqmehge.eg

Wligkp e » - ' AR e w

el Q*' e .
6.2 CONCLUSION S AND RECOMMENDATIONS

At the outset it was recognized that local basis functions similar to the ones noted above
but formulated in terms of velocity potential doublets, rather than in terms of
acceleration potential doublets, might provide a more direct growth capability to
general nonplanar, three-dimensional applications. A parallel steady flow research
effort by Johnson (ref. 18) utilizing the velocity potential formulation has recently
demonstrated a superiority over the earlier steady acceleration potential (or vortex
spline) formulation by Mercer (refs. 11 and 12). However, for unsteady flow, the
technology for integrating the acceleration potential kernel was readily available,
whereas the difficulties associated with integration of the velocity potential.doublet
were unknown. Hence, a decision was made at the outset to utilize acceleration
potential doublets, taking a more conservative approach that would suffice to gyaluate

the salient’ behavior of local basis functions in unsteady aerodynamlcs 7 s
- " 7 RN p— 7Y
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etermmed

o’tﬂe cmf Q‘ ‘h i imate the flow*w

ap a & e sti W
Vo n the altull codegnd,
The bulk of the computing lies in calculating the coefficient matrix, denoted by [C i o

"
part III of figure A-1. From the initial development and numerical analysis viewpoints, ‘
part Il is the most critical part of the code. Less critical are the input and output
interfacers, shown as parts II and V. Solution of the linear algebraic equations is shown
in part IV. The solutions may be required in terms of the basis function coefficients or
in terms of the inverse of the coefficient matrix, and may be either a determinate
collocated solution or an overdetermined complex least squares solution.

Ny x 1 Nyx Np  Npxl (A-1)

" — et AP wﬂ"” pe—
_ Equatfon X-l is salved d%é@mately if, and only if, the number Ny of dos:'nwhq;olﬂs
equals the numl;gr Np of pressure basis functans The" solutlgn may be ove etqpuﬁd

in the s&lse“éf,@mlex least square érror by using more downwsbpo'ﬁts t basis™ "
funeﬁ.o_m_l-x?tw we,ﬂi > Np and ('A-l) is reghcednb“ "“L_‘ ‘ . - !

w(xm,ym)]‘=

(2, 37tw | - ‘3-}; (1791 o1 [b,)

NpxNj, NoxNy  Nyx1 NpxNy NNy NgxNp Npx1 a9y
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II. INPUT INTERFACER

* Data Reading Section
» Data Testing Section
« Control Data Section

cycling
output
downwash

panelization

II1. [C] MATRIX CALCULATOR

* Spline Functions
* Kernel Function
* Numerical Integration

IV. EQUATION SOLVER

-1
«bor [C]
« Determinate or Least Squares

|

V. AERODYNAMIC LOADING QUANTITIES

* Surface Coefficients

* Sectional Coefficients

* Pressure Coefficient

* Force and Moment Coefficient Matrices

*Generalized Aerodynamic Force Matri

* Final Computer Output 7
printing
plotting

punched cards
tape storage

Figure A-1.—Program Organization—Preliminary Layout (Schedule Development Phase)
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} The actual calculation of the coefficient matrix is performed as described in'section 4.

! However, when the left planform boundary intersects a“vertical reflection plane (i.e.,
| symmetric or antisymmetric, but not asymmetric), the integration«for Cpqmp is extendedy
| from the support Ry of P to its reflection R}, about the left boundary and the wvalue of
| Pp or R}, is equal to, or equal to the negative of, the value of P, on Ry, depending u

| whether the reflection is symmetric or antisymmetric.. Thusy, for nonasymmetri

| conditions, - 4 W W ow

B i

Con “ xn (5 P (D) l<p(3fm - ) aa, (A-3)
ZeRnU

R

xndf) = 1+1 % R; symmetric { (A-4)

-1 z € R; antisymmetric

i A

t Equatlons (A 3) and (A-4) reguce Ke numﬁer of‘unknowns‘by"a factorsof two when the
: apply. The depgndence of Cmn on both downwash Tocation*(x p, Ym) andsthe locatign

the fugpﬁ {tn of thi basis functich P, is depicted®inffiguré As2% + » » » N

(Reflective Left Boundary Depicted)

Figure A-2.—Downwash Point and Pressure Support for Typical Planform
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("".“l.l.li ' »‘...Q."
W15 order #oPatoid expmnEve. «www.www :

functioh, the Mne.e‘ U‘mf.lbw w epfopmed
‘ckf&n.n. : *. xl 40- . nh ,
‘d‘em“‘ L L ': 110N Sup 17 inte tersec
s L imn ! g by a8 i
>4 oL N G,J_t_v '. - e " W . . L w"!.!. K B
The pangls are arranzed' m'ﬁo "N¢ réws and*Ng celumns and aleﬂlk distinct, from ope _
another. The supports' howeéveér, overlap fin%an essential fashion butyare grranged, a]po . -
into N¢ rows and’ N3 cBlumds. The nunber of sapports equalg the pumber of panels, and -
in both cases we numﬂer ‘thémPfrom*l to Np = NcNs startingsinthe first row, proceeding pe
left to right, thence to the second row and so on. This numbering system causes the
index to be given in terms of the row and column numbers by equation (5) for both the

i panels and the basis functions. :
. 8 Fe« 08B e L @ &
Thus, assdciated with' eachsbasis fumtlop index p is sez E(tg of ixgdiges'ofi)aﬁe at ®
. constitute'the suppoxt of thatsbasis f denGld oo a X228 28]

N(n) = {(u-1) No + v: (u,v) e A} (A-5)

’I'ﬂeﬁe&rﬂ M)Gf‘ﬁmm@m%
f is EMM $ol#ti®n o Qﬁ.m

(vn) (N N() = {n: n € N(n)} (A-6)

wwcehﬁdeaae index

. i

w.hev b | :5-‘7 &% .m o
BT o..mk,,x“t,, LI LR
ha'am‘wedban de gep tape o¥ers Of the fur

A4 PANEL[NG QONSIDERA ONS

t’ LA R -
= 9 =
! ® A generic panelization of an gergdynamlc surf%ce w1th a"control fis *depicted’ in frgure‘

' # A-3. Greater panel density pay dg needed in regmns %f Tapidchfinges¥in*pressure. Thus, «
~# along -the leading-gdge, J.l& and tralfing-eage M ‘bl #afrow panels arew
4 suggested., In the pcase s own ‘where ‘the left* wigk a reflectiven
‘s boundary, greater ‘lenslp' ‘s Tot needed”therd. Hoﬂekx' if¥ aWcomtrol #is spresentythen. . .
‘s increased panel densme z:.;]m’ed'onﬁ)dhﬁl&sﬁflhc contkoMleadingredgesand side -

b edges, With gnl; a few ad intérniediateé panél Boun, swthe mumber of panels, ‘}

P b M iaesta gkt Tdils

4
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| — T—

Once the planform (l')oundary and Enelizétion ‘have been specified, the type of splined
pressure functions to be employed are determined in accordance with the edge system
indicated in figure A-4.

A4

— - »

Note. 9 chordwise by
11 spanwise = 99 panels

Figure A-3.—Possible Panelization for Primary Surface With Control

Veo -Leading Edge
y *Interior Line
*Control Hinge Line
X

X
* Free Edge
* Reflective (S or A/S) :Eree Edge
« Interior Line Lef nterior Line
« Control Side Edge eft * Control Side Edge

Right

Aft

\

* Trailing Edge
« Interior Line
* Control Hinge Line

Figure A-4.—Generalized Panel Edge System Used in RRX
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A-5.; ' . is.a hﬁpeﬂld
_figure M M‘oﬂlsdeﬁqd bg
ength. wcww M l%l'l“dl&&
m 7 -

LH semispan

present 1ff Subsurfaces I-VI

S or A/S ’," constitute an
,r aerodynamical surface
Fd
// I ll
I
PR
/ | ’/’
¢ 11 -+
' a’r’r | v
:’ l' | v’ J”‘
I.—’J

Separated surfaces
not implemented in
prototype code

Figure A-5.—Aerodynamical Surface as a Union of Subsurfaces
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Intermediate
chord stations
(3 shown)

Main Chords (3 shown)

Column 1 Column 2

(XL.yL,C)l (xLoyL.C)z (XL..YL.C),

N

\_21\\

x22 \\
~

[ [ LS

x23

|
[

N
™\
[y
.

/4

x|

)

s
e
~

/

yu YIZ 71! YZI 722

Intermediate Span Stations (5 shown)

Figure A-6.—Possible Subsurface Scheme for Prototype Code
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L]

- —— e —————— - “ a

‘If a discontinuity exists'in the spanwise slope of the ﬂanﬁ?m kkouqdary?as.:fepi&ed in

 figure A-7, an inadmissible. singularity in downwash, results. It is inadmissible in the |
following sense: the limit of the Kiissner operator for smooth edges as the radius of

' curvature approaches zero does not equal the Kiissper operator 'gf the limit function (it |

b is a discontinuous fanctional). Since the physical flow A8 smoothed across thé"boundary ’

i layer by the phenomenon of viscosity, it is clear that planform‘bre‘aks"éoum‘ be faired.

- One such fairing scheme is depicted in figure A-7 in which the fairing width is some
tfraction,BF ,of the wi(lth@ tkb(unda_x_:y tsapgzoi@i‘ - ';-.« e !

A ol o e

GF(y l-yo)

Figure A-7.—Fairing Scheme at Planform Breaks
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EA(n)

Figure A-8.—Primary and Secondary Surface Nomenclature

——— . » m“‘
4 A.6.1 PRESSURE COEFFICIENT ‘j

- o il

"NP

ACP(E,m) = 25 b p_ (E,n)
4 (A-7)
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T — —":*
A.6.2 SECTION LIFT COEFFICIENT
—th B
EA(n)
1
c,(n) = = AC_(E,n) dE
. Ep(n) - £,(n) p >’ (A-38)
EF(n)
EA(n)
) = 4 f AC_(E,n) dE
Eanj - EAlni p ! (A-9)
EF(n)
{ AL L EE TR 5 Sordadainine o adui h & &
A.6:3'SECTIONAL CENTER OF PRESSURE .
| T YRR T SR Y
EA(n)
1 £ - EF(n) ¢ o
ch(n) = c_"—(ﬁ)'f EA1n) = EF(n) Acp £,n £
H -
Ep(n) (A-10)
EA(n)
X o (n) f & = £l AC_(E,n)
= =" = C ’ d
cPy " z ) £, (m - Eo(n) ptéen) dt
E (n) ) (A-11)

- - - - - -y

¢ A.64 SURFACE LIFT COEFFICIENT

® .
“‘ ‘--...h—.w———-—-wa—»u

ff AC (E,n) dA ; A = II dA (A-12)
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e 28 L

(o = Jt[ AC (E,n) dA ; A = !I dA (A-13)

" :
R

i GG P —— . vaww*‘w’”“"
; A.6.5 STREAMWISE CENTER OF PRESSURE

Il s

- 1
EcP = EI.—K II EACP(E,H) dA R
H R
-~ . 1 .
= A dA
R

L AR e oo B Sl Wmmmmwm

/,,-&Q‘ . ,"w,'“
. s ¢ % &

¢ AGGSPANWISE*CENTFfR OF PRESSURE * * ' s
W -

= L ’
ncP = C—LI [f nACp(EaTl) dA (A-ls)

N
n
. I
b\
%
3
>
(9]
~
wm
3
A d

cP (A-17)
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4
n
13
F
[} P P
n
My
ME £ =2 1,2,...,NL

- -1
{b } = -8n [ 17" (T}

-1

= w
ac,(Esm) = -8l (E,m)] [Cp 17 (F)

z .
F} = Ij AC_(£,n) dA
Py

ME = H (n=ng) AC,(E,n) dA

Py
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f 2. Programmed.gquatlons—me&oe;ﬁaeat matmes oz W

to downw”sh - - iy J
- -, . o
B s
L - - [ C . - N _‘
arcy ] = -8n [ P_(£,n) dA] [cm]
P

NPxNW NLxNP NPxNW

(A-23)

o) - oo ]y e ) (o7
P

L
P XNP
NPxNW NLxN NPxNW (A-24)

[azc) ] = -ex [ff (Eg-€) P_(&,n) da ] [cnm].l
P

NPxNW NLxNP NPXW ' (A-25)

SR = % B X 3 ERT Al il

k |
iy ¥
Note: If tl;s least, squargs igplufion, isyused (Nw > Np), the Qen‘é'afized inverse from j

—— "

(A 2) Iguskbq‘subst@ted for the indicated inyense.# o

“»“mm‘h&'&m"'ﬁ

R
A68 GENERALIZE_p QEQOQYNAMI%IJQRGE& PSSR
*wguw“"’m*”“‘@

The generahzed aerodynamlcal forqe coeﬁicu;nt . matrix, defined earlier ¢hass not been °
programmed ‘into the RRX code For future refergnce, hgweyer, the equation' to program
this important’ qﬁan‘ﬁty 1s dlsplayed helq_w it ghaouldgbe, natedy, that ‘theessential
practical *difficulty Ties“in “the pro er mterpglat&on‘of‘ghe‘stg)ct‘lra modes since, in 4

practlci "tie’ar‘ co:t?!g?g d;sfnbutloni are sgldq &o&n&. m& &%»t% ‘:«;t.

| . o~

i (z) -
Apg * -s:” o (&:m) LP (€,m) ) aA [c 17" (§)
. , mode s (A-26)
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