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The -aeneral aercdytremic shrpe
$tucrurc is rcquired io strppon $o
dhti',d cl6ss oi loadir8, thc lk$.
lermed Eoun'l l.ads rhar are
fttuunered by anmft dtrrii8
movcfrc .trd t{trsp.n.liotr on rlr

groltrd. wnih fie so is the at
loads in,pokd on rhe nn'cture during
fi isht by enrnonmenkl condtions.

Thc wirg is th. rno* i'npotul
pan in aircni, *hicl, k responsible
tor pmducnB the lin and nFponirg
rhc ancdn in ftc iir The lmcrion of



the $irg structurc h ro taisnit and
resist $e appli.d londs. 1o providc atr
rdddynamic shape and ro prolec{ rhc
cof,ienl! of ntudure flom the
enlirotrmc r co hlons enco$rered
i,r fliBhr Thc (in8 dr I n 

's'allyniffened by longnuCifsl vringefi d"d
IE0svcs. rihs to cnable n ro rcsii
be.dnrg, axial, shear, ard hvisri!
loadin8.lll. rhe sructorc n kiowtr rs
*'nnnono.oq!ei fi gure (l)

TheNlo'!. in. nkcrualandFn is
.sctrii,l aor crlcularion rr
di+l&eme(ts a qre$es by usi',-q
numernal n,erhoLl. sluh 6 iinno
elemert nerhod si,re ft sralldcrl
apprmch coi4iis many asumptions
due b tlr .omplcxity ol rhc Dins
riuctuE. iie coDfisurrion suriaca h
,pprorifrrtcd by a El oa panels oi
*hich uDkr*n \ii8trla.ilv
sftnerhs aie dciien Boundary
condhions arc impord rl a dhscrc
ser dl Poin6i su.[ as prr] cei1.6.
there by ue dr"ting a slstn, olliner
eqtratio's rclalin8 rhc singuLa.irj-
nren$hl shich st$ld,ed $r

The *holc coifigtrratioi of siig
er(ure k cotrpos.d of r larse
a$smblrge ol vdious nrrcrunl
ele eni! su.h $ h.,nE, phres a
ehelh or a lonbination of t$m lh.ir
ovemll g.om.tt b{.hes e\tehely
!.i1pler and can ror be rcpresetrtn
by a rtrgle tuthetua(icdl eYpresion,
bur by r.prcse ri'rg .tuh nl'rh. abdre
elc.re.t wi$ rhc rs.d fiiirc clohcnr
,neihod and ,pplri'rg bouiddy
condhioDr aft6r nE {etudyminlc
loadiig s,e irllo*d r' ih. iruc(uml
$esh rlEn. rhc mrlyrn is si,nprilird
;br the solurion by using
MSCMS IRAN docnme ed
prkage b Fach ior thc rnll resulls.

Fl.
I', rhis piper. rhc Dro.ed(r. ol

anslyri wls cotrlpldcd hl scLecride

rhc be, co,nPromhe lhar tu3ers horh
$nrcrural coNidealion (lieh srengih
ro weiqhr rario and hish $iffnes to
*!ighr rari0.l spc.iicd irsh poinrof
rh. dhctorcl !v h mmi'd
peraomrnce crite a at llre *orn.ase
(R.=3,t0'. M=12. lnd d=t4.) $
$ell as th. orher sngks of adack Io.
edch desiB iid ,lnalll.ohpari'rE thc
Nighls of thcso vdriotrs designs to
tind rhc Sest dDicc. and fiis s6
&hieled b! uslng NASTMN

Atrodymmi. l.Yenis..ion
Delra uing .otrfiBunlion for llE

Da$aulr-Brequet MiEge lllJ
aierali sls chosen i, ihe prcsmt
Nork ar a c.se sludy. Thc lollowing
de$ piion refd to rhe abov. aifuaft
q ing. cafii lerq los.wing monoplan o
ol d.lra pl fomL, with coni.al
.a'nbe, Ihi.knes to rhe chod ratio
i 5-.1j 9;, no incidei.e, sweep back
on lerdinsredge 60" 14. All mel3l
1oE on box $r@toe $re$e'J lkin of
mchl.ed patre\ with intjlnl
viffcneG. [i rd 6]. rutrhei ddrk

Mix.Levelspcad tt.ch ? 2
A/C wc'ghr enllI] 1000[E -Mnr Winr lol lrlm'



rlrc low ordg. prnel ndh.d 6
baseil oD dr suifaP dhtibtrlior of
si,igulrriry elenH6 rh.. ih. surfaco
n subdivided !ft. I large ou'nber of
ps.h *oh ol *hich conEi$ in
@rudymhlc singularny disrriburion.
A rystem oa li or eq ariotrs rclatlng
rhe sten8ths of r sineukrirics ro the
n.grirudo ol the mm{l veleiries
induced ol*..ht conrot Poins ro bc
made Tl,e sir8uh.irv sereh lhar
s nfi.s Ihc bomdary coMnioi da E
iangenliaL flDq n lne conrol poior
lora giveo Mich nmbera ag,vcn
sngl. of atuok !rc dersmircd hy
solviig thh sr,sen.rcqtrftidns,ahi:
dpproeh sems 10 hc frore
ccodomical n' $. oftpuhtional dmi
rhe onrcr nunEiical rechiiques
enployed suoh as finile diLerenre

The ha.ic fonntrlition lvill 6e
basd oD rcrereNe, [?] corsidcr
Fis.e), the reloci! por.mial,,4r" n

The conlliuiry equrion mun
:alni dE Lap lacc's eqndloi

vro =0 ..(r)
Thc general solfiion b, ccens

idetrtit, k rhe sufi olsource .d' lrd
doubler "lr ' disribDlions. ptaced on

i: Nomal vecior dircded towards
c now fiel,l, nortual to lhe body.

{,, =u,r+/,r +'t: Frcc skan
torciriar .. (3)

Siitre a lar8c numberofsource rnd
doublei disrriburions will sdisfy a

siven ser of houndary conditions.
drcrefore. ai arhnBrychoice has lo he
made in ordcr ro serect rlE desnable
combinarion of such siigtrl.riry
element. To unlqu.ly deinc fic
solurion ol this prcblem, iw.
problcnrs mus b€ intodrced Firn.a
arbirBry decisiotr has to be mrd. in
icgaid 10 lhe riCha combi.ation of
sou(e and doublet dhlributions.
Srondly- physhal
consideniioE need io bc idrcduccd
ii odsr to fix rhe smounr ol
c j.ularioi amutu $e surf.ce S,.
These considerations h.!e led ro rhe
inrodtrctioi of a sake model and
ixalion or irs orienialiotr md
g@melry. It h likely lial rie s€ke
will be morleled by rhin doubler or
vonex shcds Fis (1). rhus. equdion

o-G,r,1= l !i.r:Ps
I t "11 .^.o (11

Tb€ aoundary Condftions

The bouMary condidons ol aro
tloR nomal Io rhe sudae nus be
applied.Itcitr be specified as foLlow:

A. Neuo.hn arudrrX Conditio,

li thn.6e uv '" r speufiea

n(o*o )., =o ....6)
Hrre O is rhe penurh.(ion porential

and O.n N ftce rrd vel@ity
potential. Thc seond bouMary
.ondnion rcqrircs 6ar lhe now

. G,"r #,{"(i)
,, 

"i:)],l, 
... p)



dGirrbaDrc a! disrancc hr fmn rhc
hoJr slDult 1{ dininish.{.

,zno-o ... (5)

I'

t"

.n =0 ...(8)
Tlis c,ltrdioi i5 Il,e bah for man!
nu'nerical soluioN a shonld be
hokl ior 3Ys'r polnr or rhe lx)uMa|-1

.sl

D. Diri!hlet Bornd.ry Cotrdkion
In rLis .Ne. dr p.nlrbdion

por. i O has to bc ,ec1fied
eve,-where on the bound,'r S!. By

In ordcr Io be sure aboir the
tuli.bilir]- ol lhe Dmgmm
psfomame, a compaison sudY \es
n.dc lor rhc slep deki Nlng of a

60'Lr borl, chord*i.. and spansne
direc for rh. upper $rfacc
nLbjecred to prcsurc load qith thc
mgle ol amck l0o d M-2.2 rirh
alrilrde H=l2k0r, The .esuhs oi the
pre$trrc distihuri.i 

^re 
slicNn in

fi3urcs:l a. aod b \hlch a8rcc lanly
Lvell compared \ith rhe result

Finn€ EkmentMethod

ElmcfiSeleorio!
Ihs .ommon rylss ol ele,nenc

employed for drc aaric s.alysn ol
rins $tuuure N sho$i in fi3ure (4)
rhar h lnrplemeqted in thc linir.

TIE *inB shell. ribs. aDd spar web
m modehd by usirglhequadrilarcrul
3 ndde sheli .lemerr, while th. spar
iange is modeled as a bcas eleDeni.

The conbincd mem6'u m fl*umL
elemenr has fiv. degEes of lEedom
rr each ods as Ah'ied. I'ons ard
zilikl.wicz elenent I9l, thtee
trrsl.riotrr in rhe nod.l x. Y and z
dfucrion! snd r\o tootions ! boutihc
nod3l x and ] ak' The mate.irk io
be u*d ser. thc Gonopic Al-AlloYs
wllch ooftribub in aemsPace

$'ucture due b rhen hieh $re.gih ro
ncigl,r and hieh slLllnes to weiSht
rrtios. The proFties of marcials
dsed .re ddu in hb e 1 I ).

.,'El)l'
;J"'(iJ.,

i*iiI-
,,'i..]

" (:l

i:1".".,;[i),,
l,11,.-,,- =-,.,

.. (9)
Equdlon (9) is lhc barn lor meihods
trrilizing ths indned boundary
condnions Il rhis .Ltu iotr is solred
ror o; = 0 . (hen rhc resulting

silr$'larit! distiburion *ii1 iidode.

h rhis sd* fiv. finlre eleme t
m.dds arc crcat.d 6.$e pulpo* of
$ldyinB the effect ol rhe $ru.turt ol
sing potid.s .n i6 respdnse undcr
the acrion olrhe desiun lo.di'u ft



occ!ftd during cirhal fli8ht
(ondiriois The coninLcrio stps ol

i. Th. geom.lric domrin ot Ihe
\Yin!a. dymmic slrpe hconsidered
as slin surfa.sjoi,s rhs sor and lip
airfoils, in addilioi & nnerio. surf.cer

'ep.eseni 
ihe seomd'ic domsin of

spais aid ribs sriflcneB Th.
tourdary lutres of $cli of ihe root
ind tip aidoil. sprr, md ,ib surfa.es
are defircd throtrEh uighr locatod
p.i'ts. Th. stti'r surth.e is crcaLed 3s !
ruled surilcc bot*rd dE r@tondtip
anloil cufles. whil. ach ofrhe sprs
and bs su ;.es are .reded as .dgs
$Lrface qithin rhe brmdaies oI$cir

ii. The skin surfalc n discNtiad
inro higli.order nr.ll elcmetru of
quadrihteral shape. such 1,\ r
m4h deni, is discdiud inr.
r*eniy one scsmeN alodg airfoiL
r4rlonr. aM fitectr segmen6 alors
sP8n direcrloi as shoLrn ih mesh
generation Fi!.(5) 6ach ordre spars
sufaces .rc disc,eriTed inro fiieen
high-ord rh.ll elemeDls of
quadrilalenl shape. *hi1e erch oa1h.
ib sufice. h dilcfttized l o
rinerem high-oddr sltcll elenetrc ol
qu .ihterl slt,pe md anoiher No
she I :lemenb oltirnsula. shap!.
Th. sructn descriprictr or 116r

nrodel will be slNwn ir dcbih in
fistrre (6) and,nrallornrse DodeL:.
thc Lhicknes values for rhc selecred
wila E[mEnts ar illus tod in rabLe

12).

vtlidity of Usi.g NASTR-{N/

I. order ro dc'nonrture thc a.clmcy
.t the NASIRAN] Vd.:.z pbemn
presnted itr this \o'k, a comparison
study $d catried out for r pinched
cylinder ptulrlen \hich \vis .iallzcd

l'he patuneicB subjectd io rhe

cllindd .rc rhe load P-450N. dius
ol cyliider ll.58on, lcnS(h ol ihe
cllirder 26.239cn. E=12.4GP.,
v-0.121. aid lhe skir of cylindsr is

0.233.r aN otrlyonehilfollhe shell
Eed to be anrlyzed due b rhe

syrnmeiry Tne obtained maxlmum
defomarion sho*ed a eood

rhe srddu.al coiridenrons and
weigia for all ihe rive cEaled models
drc dDM ln lables (land,1) wirh
chmgingolrhea{odlnimi.load o
= (10 l4') sucL nrt thc fi^t desis,
n,ows hisl Mrcry aador (1.17),

sreneih h weisbr mrio (l.lq)MPx
/kg, .id rilfne$ to qtieht niio
(o3rrro r) ll(g.n lnh . mirioum
ina+ ol llTks evei *i$ hish
a.rodynamlc loin ii o = 14" Tabl.s
(!3) illustrac fie eficct ol ski')
dricknes and matrirl iype vmialion
oD dr xiLrs n.rglh with tlE inas
caLcularidi lor c.dr desigr case ( skin
rhickne$ 0.00lnr gives mari'num
ircs nrio of 735% rnd ma$ ol
2l9lke lor Al'Alloy 7075-T6 ),
uhik for alAllo] 2024-Tl at the
qnrc ihickne$ of 0001m,!he nres
ra , n Ll0% i.. ofi oifailur snh a

nEs of 233Ie. Ta6l. (9) sho$s th.r
liE AlAlloy ?075 T6 d,.r6irllor rhis
dorign h rhc bcn o.c FiSures(12-l5l
shou rhe prcssure di$.builon along
uhord\vhc aid s0atrwn. of *ins so



rhal the pE$rre dhnibutiotr \hl.h
i|dicde . clerr prdern cl increasi,rs
peak t.c$uto .eficienr r.lue *itL
inor.asiir8 ai3l. ol anacl. lor inna&
rmm (-0189 ro osr ar n = l0o 10 (

finaU!, FiBs. { !6-2.1) shc\y the von'
Visis. h shsar and 

'mr
t)' iLrcipll srr.ses !lDng chord*ise ond

an*ne olNine foroll$. ddrerli
itdcls ai !anous aerLlynami.
loldiig a.s ingro the angieol
anack.,^lso. thesc ngud. erliibil rh.
detlection valucs alorS spanri$ ol

Frcm tho disousionr ol rlr
obtaifrd r.sulti lor a.odyMmic rtr'l
nn'crtrral sudies, rhe lolb*i€ poirrs

I TIrr pre$urc dinrib ion shoN\ a
clcar pancrn o in*ariig pert
pressun Nirh ,i3Le of aoack, ir
agreem.n! Rir[ dD iNredinC
stengih olihe leadingedee \.nex
2 Tlr conprisn bcnveei $. ,tsullr
obtliEd lbr all rhe designcd nodeLs
or wiig $run!re drR.d tMl E
pammere,s of ri.n destn \.re betEr
rhan othe6 in spte ol rng hilh
erodyminic loadrS (g.vc niiimu n
$E$ .itio ol 7l% wirh hieher
srren8th ind stifine$ to seisn 6ti.s
of l l9MP kqad9rriro r r,/k.m
rcsDeciilely llr rhE tro*1 .a\e of

3 Thc obhnDd enrl( sirh die
rer.dynai,ic lo.d d ogle ol an!.k
equaLs to l0! wcLe mo'c nabk thar
rhe orheu esPtcirll, i', regard ro (he

dcflscrior vrlues lor *ch oi ths
designod confiAumrio s. becameof!i
high lneles ot in.ck sEh as c=L('or
more, the wine siruaiion app!@clEs

.1. UsinE &e alumna'm.lLoy 707tT6,
lor borh stif.ne6 ind slin and the
10,6 connCurori.n $ith slin
1l,i!kres equrl b 000?nn SiYcs
bcner safe! facror cnimalsd
rccordi,ig Von-Mnscs rheo4, higher
srErsrh ro Nei8hr ralio *ilh
eq8ivaletri *.igh! .l *int $n'ciurc
rr,er th.n usingrhe duralufrii 20:.1-
1l s fi! sam. specifioalions (rhe

707tT6 krulEd in 55..1/o(ie.
s F=I.3), l.:t7vPa(q ad l36ka,
\riile rhe 2014 T3 .c\uhed m

3159"1ie. SF=1.:). 03l5MP&7ke
and l3litg for rlE nros rdtio, stretrglh
ro voiSht Eiio and lotal frN
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E.u&TaidD.vdx.Nc3,,05slMshfuJFkofdl.*itr!
nkrrtddi'..ililigr'jc

-rabE(i)(nmparnr Crn.rii {iirms the D.sign.d CoifisuE ions

lc*l i" tl.i lI,. ro

14'

NI

rl)
9.31

12'
\1,

051
0.86

r.l9
1.21

1l:

l0'
o,lr
0.:12 lll

L]?

2:.0
t0._1

I.blr r.l) Vss for rh. {in.dcsisned mod.k

'l.blc (5): llE ?llcd orski'r drich.$ (D.siBn I - o=14r). Mderial,  l-Alloy
(707t16). Densiry '2800 KMni, Co'nsumrioh: - l0 x 6



Irble (6J C 'lc!lrion orM'Ns

F-.",:]fffilEfr-
l1

'aable(7) Tlrrlteclof'nac.ialqpclDcsigi l'o-14'),Mlrcri.l:-al'Alloy
(-'02a-Tl). D.nsny:. 2770 (drl. confi suriliotr: - l0 x 6

-l

ldble (3)crltul.[io olMr*ei

:r

:,r



Table {9) Cohpeiso. oa Mde,i.rs,
Connlanno.: - l0 r 6. Skh rhiclnBi - 0.0025 (h)

rie ( I ) stuiural Amngen'e lora$'ins[4]

Body

FisuE (2) PorcdiaL[iNv over a Closd Sody
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