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Ai.iod\'nnmi( chirrncteristic predicti()n is oa cru(lnl im-
port;rn$ in ordrr kr be ntrli'k) estinntr nircrnft perfo.-
nlirnc$ nnd dvnrnricbch.rvior. 1n this F.rpcrcnpibilitics of
.r lC tr.rsed conrput€r coLle (nnm€d  ljl(EO) k) pr&lict
lonSihrdinal lnd l,1t('ral icr(xl\n.rnri( chnractcristiLs oi
light,rircraft.rnd s,iilplrnes is prescntcd. Semi-enrpirical
nrcth(Jds .rrc used .s nr.rin lhcsis, n)g('th.'r $ith more
sophisti..tc'd pro.cdures t()r high in8les of rttack or mor€
in gencrnl non linr.rr conditions.

Aorodvn.rmic Prcdiction is pcrformod in differL'l]t stcps.
ln a iirst prelinrinnry slep, \t ing, ! erlic.rl.rnd horizonhlt.ril
.iirfoilsnerod) nnmi.chrrn.l( rislics predicti,)n ispcrti)rnrc{
B ith n 2Dcodi'b hi.h hns tr..l].lr\ cloperi.rt DPA (Depnrt-
m€nt of Aeronnutrcnl Engifo('ring). I h(' output .rrc Cl(a),
Cm(i), Cd(a),.un es up n) st.rll nnd posl siail con(1itions.
Thes.'i:ur! es nlong nll nc.cssnr\' geonrctrical aircrnft chrr-
acterislicsare thc inputto th(' r\ERE()code. ln this.ode.u
ite.ntivc numcric.rl proc.dur.' birscd,)n the lilting line
Prandil thccirv is thcn usL'.I i(r thc prcdiction oi io,rds nnd
monr('nts for thc \1ing and horizonLrl lnil up t() sti11 anLl
post-sLrllconditrr)ns.Then('rr|L.iynamiccur!.'sconring from
thc AEItEC) codo .rr€ usecl ns inpui for thc aircr.rfl n]otion
simulltion.ode crlled DYNASlM which returns <rircraft
motbn nnd dvnnmic behn!ior for n uscr.pecjiied control
laNor foran irnposed airdisturbnnces.Thiscodesolr esthe
gener|l 6 degrccs of frecdonr rquntiolrs usinB non-lin€ar
aerodynamics and it offers the possibility to ny the air.
plane using the mouse as stick commnnd.

Simulniion of a stnll maneuver of r light single engine
aircrafi has been performed nnd numerical results are in
good ngreement with night dnta. Comparison between
predicted and flight sink polar has been shown for the
ASW-2.1 sailplane.

Introduction
DurinS thedesign phas€ of a lightaircraft it is very usetul

for the designer to have a reliabl€ and fast tool for the
prediction ofboth aerodynamics and performances of the
subject plane.

Usually semi-empirical procedures are employed to ob'
tain aerodynamic characteristics €specially in the linear
range,

The id€a behind thepresentwork is that of using fast and
accurate enough tools to predict the aircraft aerodynamics
improving theirsemiempirical nature, when it is possible,
ihrough the implementation of ad-hoc procedur€s which
can extend thc results validity to tlrc non linear range.
Standard semi-cmpirical m€thods hnvc been abundantly
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us.d in tho fnst, s€€ lteli{ence Jl,:,3,1,51, but n(nri'of th('Dr
lri( \ t() e\tcrid thc resulls nlsd k) lhe non linc.rr ringc ol
.r)gl('s oi.rlt.r.k. lnd({\1, it is in th(' nuthor's op;nion, lh,rt
ihis c\tension cnn M d('nc r!ith()ut sir.riii.il1g t()o nruch in
t(,rms of c('r)iputl.r tinl( in.l obl.rining iccurni(' cnough
r.sults lor lhe cst.ltili\hed ot'J(.cl i! os.

Ihc \\r'rk to br don. is lh.rt o{ r.cogrizinS those aspe.ts
of ncrodyr| ic predictions that (.rn bc ersily impro\'('d
nnd that oi inlegriiirg thi'sc pnrts k) th(.sLrnd.rrd sc.nri-
('mpiricdl prr(.dures \1'rif\ ing lh('qunlit) ot thc ohtiincd

Thc tirst p.rrt thnt cnn be inrFr()\ftl con.erns airioils
noroclynanic charlrcl('risiics prc(lil:tlon.

Arrod\n.rnric $ing lrclr.r! rt)r is nninh depcn.lenl on
nirf(lil atrod\nJmi. .h.tr.rcleristifs .rncl (.sp('.Lrlly in thc
.nse of snilpl.lrcs it crn tlc said thrl lhlr "dirfoil rnakes thc
diffcrenco." l hcn.r good ('stim.rtion of nirfoil lift, drng irnd
monrent is ()l i:rur.hl inrPortan.. in order to h,r\e a Bood
prcdicti,)n (t nircririt nor( ynnmi{s.
It is sinc(' 1985 th.rt .r code tr.rsrd ,,n !iscotrs/in!is(id

intcnctiof is hcing do!rlop('cl, s('e Rek'n'nc. 16,71. Thc
n.turl \orsnni ofthis.ode, ninrcd IIIVOR,.rs ddaile.l in
thr'nc\t pnrngrnph, is.npnbl.,kr pred'ct nll vis.ous airfoil
ncrodyndnri. charJ.tcristics rlso whcn strong inierlctions
rro prcscnt on thc .rirfoils such ns Lrminnr scparation
huhhl,\.)nJ l.irB,. lu'l\rh1rr {p.rr.rtr',n dr(.r\

Then, kno$ ing tring, horizont.rl nn.i vc.tic.rl tiil ai.foil
chnr.rcicristi(s, the b ing irn.l t.rils .omplete londs c.n bc
c.rl.uhted.ln ordcrto bc.ble h prcdictwing s londs in stnll
nnd post st.rll con.litknrs an cxhrrsion n) lhe standard
I)r.rndtl Iiitin* line th('ory hns bccn.lonc following th(.
tuidelincs suggestod in l.tefercnct [81. Thc limitatbns of
such in.rFp(r.ch xrc lhirt well knorn of l)r.rndtl lifting-
linc theorv but the qunlity of the rcsulls in tlrc non lin€'ar
rnnge of.nHlc oi att.rcks is mofu thin iccept.rble.

I.useln8cs.1nd wings/body intcrscctions nre treatecl in
scmi'empiricnl mrnncr. To ihis dinr hundrrds of graphs
h.vebeen spliced out and puiasdnlabase form to be usecl
by AEREO code. The linal outp!'t in look-up tible's type
contains lonSiiudinal.nd lateral a!.odynanic coef f icicnis

-. I I Fimrim.nral lD d:h

AEREO 

-,A5ftrictldrta

wi.gllqE! v.(rc T.ik

R.m!inins.o.fi cn.lr.n'l nlbrliry

d.iivdiv6 of o6pl.G lnc6n

orvlJa! ffiiili

sldch I Flow.n orth.simuhlionconca

VOLUME XXIV, NO 2 - Aptil,2000



-

in function of the angle of a ttack a, oi side slip angle b an d
of control surlace deflections.
The output of AEREO code is then used as input to

DYNASIM code ihai p(rrforms ihe dynamic simulation of
the aircrait motion. Bcsides the aerodynnmic inpLrt,
DYNASIM needs .rircraft gcometry and nlass irnd incrtiu
data. DYNASIM c.rn bo run cither in text nr(xl.'or in

Sraphics nodi'nfd irl this llst casc, lhe user ..rn ll] thc
airplane using the mousc :rs stick commanc:1.

Sketch n. 1 shows thc organization ofa conlpldc calculi-

Aerodynarnics prediciion

2D Data
The two'dimensional char.cteristics of the airfoils cm-

ployed in the wing, horizontaland verticaltailcan beeither
assignad as experimental valuas obtained through airfoil
model winci iurnel tests or cnlculated via TBVOR code
(Ref.6,7).

It is evident thnt h thc design phase reliable nunrcrical
prediction is necessary to chcck the itrfluence of airfoil
aerodynamics on aircraft aerodyn.rmics, performance and
dynamic behavio..

Importance of TBVOR cocle both in having good Predic-
tion of perlormances of an cxisting aircraft or in choosinS
th€ best airfoil for a sp€cific aircraft dcsign goai is clearly

TBVOR cocle hns been dc\ cl(+ring during recent ye.rrs by
one of thc authors of this p.rpcr and by Dr. Paolo Dini.
Following hcrc is just;r short synthcsis on thc theory on
which ihe code is based on.'0 c m.nr feature of TBVOR
code is its capability to deal r! ith laminnr nrd turbulcnt
separaied flo!!. Thc turbulc'it llorr sep.rrating fron rhc
upper (downwind) surt.rc(.of nn airfoil ncar the trdilifg
edge, ai high anillcs of ait.rck, ri'nlnins ntr. the surfncc ol
ihc airfoilnnd contribuics h) i thick(.r \\1rkc th.n is present
h ittachc.d llot! conditi(n1s. Thisscpir.t(.cl tlo!v hnrbols n

net !orticiiy rkin lo th(.stnrting yortcr, snlcrc both nro .
directc(nlscqucnco olcons.'111rtion oi thc angulnr nlolncf
tunr of thc llow Unlikc lh('c.sc oi ntlr.h.d flo$ ni lo\\
nnglcs ofntt.r.k, ho\!.! ( r, ih is \ oriiciiv isnot s\! cpt Liown-
strednr but hovcrso\rr thc tr.riling(.dg(., directly nftecting
ihe circul.rtlon of thr iirfoil. We nrodcl this distributcll
voriicity with nn in !is.id point vork'\ r!hoso sircngth nnd
locltnnr (e \!i'r('rLr[ io corr.l.rte succcsshrllv k) l]o\\

parameters such.rs thc { \t( nl{'l t!rbulentseparaiion.nd
the pressurc l!'!el.rt s.p.rr.rl(rn. lhe \drtex issho\^,n sche
n'rli.,'l )r, t,l ' :.r,,!.1h,' $"1 lr.l.rmir.r.\epdrJ-

Th( nrost lnrp(,l1irllt nssunrpli(nr oi the theory on lvhich
TBV()ll c(xlo is birsrd, is nlso thrt thc flow ovcr nn airfoilin
Pori.sl.rllcondition.nnterr clellaccuratelyandreliably
t)\ an int.r.r1i\ lr bou dnr\,hyer nrethod, conrplemenied
only try oLrr inviscicl point \rrtex over ihe irailnrg edge. ln
other words, our r€slrlts scen to indicare that the basi.
boundary l.ryer assuriptions of negligible prcssure gradi
ents iormal to the airfoil surface and or small second
stre.rmwise derivativeof thc ! cbcity siillhold even within
the massivaly separated ilo\\'ovcr an airfoil in posi-stall.
Apparently, thc only low orcl.'r effeci not model.'d by a

standard boundary-laf,er mi.thod is thc voriicity of the
separaied flow, and this is lvell accounted for by ihc
h!iscid ! ortex which is discLrssed mo.e fully in Reference
7. lhu\, ro detern- Ine rl-, t' ,! -r.Jl -olLlion for Er\ er, un
diiions our metbod relies on matching the inviscid and
boundary layc r fknvs th rough n si.rn.lard inieracti!€algo-
rithm, thedetails ofwhichcaf be found.gah nl References
6,7.

Itis\^orth mentioning h€reth.rtihcnrain ne$ cnlculation
feature related ti) the in!lscld flon (the calculation of
which is based on pnncl nrclhod) is the.uion]atic nd!litiorr
and redistribution of the Foinis defining thl: pancls, in
order to improve the resoLtion of thc bubble ilo$, field.
Becauseof thc large Srndicnis I rescnt ln the bubble region,
thc progr.m could not con\.crlt. wiiho!tn.l.pti\ c ! ariable
pineling. Afier apprc\inlntrl\ .10 iicrntions thc poinis aro
iukrmaticnll), rcdistribItrd brsr.d on the curreft bLrbble
seprrntion and re.rtircbrncnt lo..rtions irs cnl.uhied by the
boun.lir)-laycr method ind lhe cnlc|l.rtions nrc st.rrt.Ll
over .rnrl brought io con\ r.r'grnf..

I otttitLtt Prtt rl ltt)|t lir)t I .rltr r t S4,rmtb ltt1l,l)ll

Thc l.rnrin.rr tro!|.lnrr l.rv.r is rolvcd if the dir.'ct modc
(tr\ spccilving thr invis.irl \ eLority ns .r fuf.tion ol arc
lrngth) tol rttr.h(.!l llo\\ conditro s xnd in in\('rsr nlode
(tr) sp(.cifring displn..nrenl thi.kn$s ns.r iunctiof oii c
lcngth) \'hrrr l.rnrin.rrseprritjLD tJ..u]:s.nd thc'ri bubbks
dc!('lot. ln bolh cns('s tho go\ { mif :tfttLr.rtions.rreconple-
nlcni(,d b) closLrrr corrcl:rti(n\ i(r irictiorr cociii.irnt,', f(n
dissip.tion co0iiiclrrrt D nnrl nn shnpr. f.rchrr ill, .rll
crpressrllns rnctions()ithc{.ondshnpclicn)rrr32=t /
,. $ h.rc !1. is thr.rnrrg! lhi.ln$s .rnd d. is thc nronrr'ri,
tLrnl ihickness. As dehiLed in ltclcr('nc(. .1, thrsc.orrrlr
tiolls rr..leri\ ('d in pnrt using thc Fnlknrr Skrr i.rnriiv oi
!' .. il! I r,'r,1.-. llr r '.'-r lr .'lr.r I il.,nL. -r'.,r.,,i
rry.livi'r ck)surcrolrtiorls.rrr{)LrLrinnblc in n i.rirlvstrnight
iiNi.rnl r\'av is th.rt ih(' F.rlLn('r Sknn ntr.rched Frofi[.s
drTr.rrLl onl\ on onr p.rr.rnrctrr, \! htch cnn b! etinriniicd
tronr the erpressions ftrr thr\c lhl('e \..rrinlrl(.s.

For s.f,rrnto(l iio\r', il\o th( in!ors.'boundrr) l.rr(r
equrtiofs rqtllre ck,sure (orrol.rti,rrrr Thc nrost pop!l.rr
choicc h.rs bcrr kr usc' th. r(\ rrscd F.rLknr'FSk,rn proiik's

j

,1,,"

Sketch 2. Schemalic ofan airlbil in s(all sho$ing
!hc vodex and lhe laminar separation bubbles.
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.1!. l{n lnsi.rn.e, \\ns (l(!r' in It('irrcrcc' ltl. lhr l.scr-
ll,)n1lcr nncnionr.trr (l D \) nie.lsurenr.nts ifsidr lhe
I'ubl.[, hosc\.r, in.]i.ih th.rt th. rrvrl\cJ I.rlkfrr Sk.rn
proiile5.rrr nol n goo(l ref,rcs(rrlriil)f oi thr st'p.rrnh{l
shcnr li\.r ln thr' lnnrinnr prrt ,,i the bubt, c. Itnther,
Fitz8cLrl.t nfd \lurl |r suggr'st !sirrg tht tNo p.rr,rnr!tcr,
r.!orscLl (l.er\r Proiilrs, th.rt \\c'r'r origirlnll\ d.\ cl{)p.J h,
mod('l thc hl Lrulc,ft \\ .r ke do\! rlstrcnIn or n blunt triilins
edgr. This tlct is not sLrrprising on.e \r, rc.rljz. thit th.
scpnr.rlc(l flos in th. linrin.lrprrioi.r shortbubbleis n('.rr-
st.rgfnnt nnci, th.r.lorc,.auscs \er\' snr.rll nogiti!(. skin
frictiof. Th.se iindings \\.r..onlirnr.d trv r linik'clilfcr-
ercc (dlculiiion pcrti,rnlci trv Drcli, $ ho lound profil.\
\orysi il.rr kJ th.' a;(r'n. l-roni tllcseproiilrt Drcln !\r\
.rblc to dorir€ .r c osLrrc corrrl.rtl(rr tor the skin iri.tiorl
.ocfficierrt. r!hich hns ber.n usell nlro in TllV()li.

As discussLll in lullir Rcf! r.n, e I l, thr C;rccn proiiles are
drtcrnlircd b! t\ o pnlnnr('t('rs nncl .rs it n1.r) bc expc'ctc'd,
tho gront('r llr\ibilit\ .rft,rr.lrd b! the ts'o pd'.rlnetrrs .lso
t rings.rLldcd.onrple\it\ i11 deternrlnif gn!1.'qu.rtt closLrrr.
.orr.l.rtions Nos .n. ol thc' .losur.'corr('l.rtiolrs is . rr(\!
.rfd inrpori.rnt rLldili(nr to tllr o!c lL Inodel,:rnd nlotc
det.rils ol th. deri\.rir!r .nn t e lound i11 I(r.frrrn.c 7

Trinsiiion is rr()Ll.l..t L'\' nr,:nns oF thc lincnr stalrilitv, or
e",nr( thoLl.l.s.riLtLi in ltcfcr.n.c 1: Thi!nlethod r.li.son
r d.rtibrs!' oi st.rtrilit\ .h.rr.rctc'r i5iir5 ot thc F.rlkncr-Sk.rn
profilcs for nthchrd tkr\' . d oi the (;reen proiiles ior
seprr.rtrd tlo$, irrd thcrrtorr providos.r trl|sition prrdic
tlon nrcthod tLrll\'.oinprtitrlc ind consist('ni !vith th.'bouncl
art iiyrr nrcthod rn.l with thr.bLrLrbh modcl. Unlcss
r)ther$,ise not('(1, in thc rcs!lts Lr(.lo$ thi' !.rlu('i)l iho
amplification f.rck)r uscd ai irinsition is n = I L
 n cxnmplc ofTBV()R cnp.lbilit). ln c.rlcuhting 2D acro-

.lynnniic charircieristics is shoh n in l-igurc I nnd in F-igu.e
2 r{her€ nunerjcil resuits, shos ing Cl ;rnd Cm cun es in
functiof of the angle of aitack, are compnrecl to experi-
nrcnts pcrfornrcd ai Dclft Uni!crsity on 5809 rvinLl turbnle
rirfoil at Re=2.0 million.

Curles ai different lteynolds can be inpLrt nr AEItOcode.

lD I iftin/ 5,,rf.r.,\: NI WIN( , \,,h, d,,t,n,

As already saicl, in order to be able to predict th€ aerody
n.mic coetficients in the non-linear range of angle of at-
ta.k, an extension of the Prandil's lifting line theory has
been periornred. In fict ih€ Prandtl s theory can bc usc.l in
an iteraii!e nlanner. lt was sint€d thni nLrmerical regres'
sion and interpolation have to be used io a!oid incorrect
results and to smooth out th(] singlrlaritv preseft ai !ving
iips. A deep numeric.rl investigation of this tvpc of prob-
lems and on the convergence of the iterati!e procedurcs

Finally a study on the relation between the relaxation
factorand number ofpointsneeded to obtain a converged
solution has also b€€n pcrformecl and then the code auto-
mati€ally chooses the correct relaxation factor depending
on the number of th€ points input by ihe user.

NLWINC is used to evaluate lift and draS of wing,
horizontal and vertical tail for ihe whole range ofangles of

Sem j-empirical procedures

The remaining longitudinal and laieral coefficients as
well as some static and dynamic stability derivativ€s are
obtained using calculations and interpolations of graphs
(References 1,2). The interpolations havebeen done using
bi- and ihree cubic spline interpolations. Hundreds of

Sraphs have been enter€d to form a database n€eded io
obtain the static and dynamic d€rivatives.

tnn nrhoi*iri Lollk

I

Figut? 1. CampatisLltl tl t dlsltral antl tljLrlrttd lft cutl,ts

for thc 5309 nt,fail nt RE2.0I)0.000

t(r.r n{h.'l *irl'dr hnbhk

,,,:::g',
0

FiSurc 2. Coryarisn ol t,l|ostLrcd n d V&licltd nnttnt
curwsfor the 5809 nitkil at Rt=2.0n.0A0
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DYNASIM Code

Dvnnrn, lRefercncc l3l isan interactive graphiccodethat
allows the user k, /?v th€ selectod airplane usinS the mous.'
as stick command. Thc airplnnc motion can b€ obtained
running th€ code in b.rtch modo. The solutn)n is obtain('d
solving 12 ordiniry non lincnr diff€rentirl ('quations in
which the nonlin('dr forces arc input in multidimensnnril
matrix form and nrc interpol;rtcd at €ach time instant.

The translaiional ('quntions of motion arc written in thc
f-light path axis system and the rotationnl equations of
motionare writtcn in n fixed body axissyslem.Theequilih
rium values ofthe variables corresponding to the trimmcd
inputcondition nru first found and then the integration of
thedifferential ecluntionsstarts. The code cnn interactivr'ly
read mouse and ko),board inputs as well as files \^,ith
command laws assiSned in function of time. There is lhe
possibility torecord the in te racti\'€ session perform€d and
then to repeat thc maneuver.

In order to ha\ c useful infomration aboutaircraft mancu-
verit is verl importnnt to hnv.'dchiled information abr)!'l
the massand in.'rlin moment th.rtarea crucinlinput f()r thr

In fact, in cas.'of lhr ASW-21sailplane, w! hod toestinlotc
all thc Slider ini'rtLi momcnts.rnd th.'results in tcrms of
stall orturningmnnculertrercnotperfecll)' inaccord tlith
realflight sailpLrn('Lrehavior. At the momcntof wriiing this
papcr, Dynasim h.rs baen tr.rnslated and coded in JAVA
and VI{ML lingu.rgc (JDYNASIM) then bccoming t()l.rlly
plntform indepen(t('nt and roquiring justn normal intenlct
brot\ser, such ns Nrtscape Nn!igntor or lntemet E\ploror,
to be used. It will b('soon :r\ rilnble on thc intemet.

Results

A complL'te studl, \!ith ncftxlynamic p(rtiction, perl(r-
mrnccs Ind dvnnmic simLrLrlion was per{ormed on I'e2l
light single prop('llcr iircrnfl nnd ASW 2{ s.rilplane.

P92l liglrt aircr. tt

I)92J aircraft gconrciry is sho$ n in FiAurr 3. Thc nircrdlt
is a bric.'d high \r ing light nir.rnft rt itlr n 80 hp cnginc
mounl('Li in lh('ir()nt Thc nirl()ilcnrplo]('d in thc r!irg is
n modified Clottingn irirfoil.
Thc cilcul.rt('d lilt. and rr(nnrnt cocilici.'nt cun'('s in

functi('n oi th('nngl('of alLrck .rnd ol lhc stnbilnior di'tl('c-
lion .rngl.'nre rcportcLl in tiELrr('s +,r l(n lhc l'92J

ln Figrr('.1 thrlrlllrinrnr('d(u'\('isislosho\n lnliiH!rr'
6 th(' ,rircralt prr(lirt('d pol.rrs lor diff( r!nt shbil;rl{)r clr
flecti(ms togethrr $ ilh lh('irinrmod drd8 ( Lrr\ c is rcp,n1!d.
Someofth€ rc'n.rining lnlcr.rlstendv nnd unstcad\ shbil'

it! d('rirntives nr( rrpi)rti{ in thL' l-igur! 7. It hns k) b!
ncned ihat thetu is thc dr,pr\rdrnc. of such !lcri!.rti!!,s on
the IirpLrnc rnglc ()l Ittick ,rnd lh us on its lift coeflici('nl.
Computer tinr! nf('decl kr (\.rlu.t( n conrpleio sot of

acrodlnamic force cocificients is irbo!'t i nrinul('s on .r

Penlium 133 PC.
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Figure 3. P92J l,ight Aircrafi

l'igure d. P92J iill cur!c\ al different stabilator
dellections
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P92lStirll N,l. neo !,c'f

Thc dccurrc! oi thL' ncl)(l\ nnnric rlcri\ ativcs p rL,cl iction
.rfd dyn:rnric nrotnnr sinrulniion \vns tcsred con]pnring
numeri.rl obt.rirlcd ]('su ts $irh n llight r0cordcd st.r

ThL, n].rn('tr! rr is conrposcd Lry rhroc conscc!ti\. po\ er-
o11 si.rlls which hnve brL'| us|d k) conrpxrc simulxred dai:r
b,ith ilight ofcs.

Using as input h) Dvn.sinr thi,(,\nct sr.bitntor dcfl(.dion
tinic'histor\, thc' rcsultinS simrlatc.l nirptnnc sp€d in
functn)n of tinre is reportc'd in iig. U nnd it is compnrcd n)
flight dat..

It appc'.rrs thnt therc is a gcnc..lgood agr.,.,n]cnt, espe-
cinlly for thc second stall mnneuvcr.'l he sraltsp.,.d is v(.ri,
well fredicied for ill manc!vers.
Lonlpnrison ol nre.rsu.ecl and Preclictrd I accclcration

\ nloes sholvs ihat.rlso irl this c.se thc I Lrrcdk tore.rch sinlt
is correctly predicted.

Figure 6. P92J drag polars at different stabilator
deflections

P92J Light Aircrait
Lateral,Directional

Aerodynarnic Characleristc prediclion

D

)

P92J Lohr A6afi PoMr On sran M.nouf.

Tim (..)

Fig re 8. P92l stall nnnouuct

ASW-24 s:ilolane

ASW-24 sailplan€ is a 15-meter sailptane of which par-
tially data were available. The geometry of this gtid;. is
reported in Figure 9. The main problem was in pariicutar
that of moment ofineriia prediction. Due to th€ big wing
span, the x and z inertia momenrs prediciion can be par,
ticulariy critical.

Wing airfoil aerodynamics was predicted with TBVOR
code and with some available experimenral wind tunnet
drag coeffici€nt valu€s.
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Thr*Vlew Orawlno-Asw-24
Sailplane lift curves for diffc'rcni eleYator d€flections

together with tll€ trimn]cd one are
shown in frigurc 10. In thesame figure thccontribuiion to

the total lift of different sailplane pnrts is shown. In Figure
11 the noment coefficient curves .rre represented. It is
impori.rnt to notice thai €\,en poslstall values are shown
and used bevaluateaircraftaerodynamiclnoment in post-
stall conditions. DraS polars at .liffrrcnt elevator deflec-
tions and trimmed polarareshown in Figure 12.

It is worth k) notice thai the predicted glider polar is far
from a parabolic expression (1ike real flight polars)at very
Iow lift coefficientsj in those condiiions a drag increase
comes from airf()il behavior (theSliderdragisalmositoially
friction drag, which comes principally irom the wing).

:l
""1.l
-l

::]

nn3l. ora'nd (ftr xr.d9 (4a)

bdcofAdl&Ix+dv)ld4)
Figure 10. ASW24 lift curves

; 
'.1l,6

. I' " -trl
.e lirnry-i-, 'rTT- r'-.' rrrrr t-i, !lT.l

Figurc I l. ASW24 moment coefficient curves

Fieurc 12. ASW24 drag polars curves ar differenr
equilibrator defl ections

ASW2,] S.itPle

w'3r6K3

t'.

- r'rr-irr I r-1--irr'

'":
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Fisurc 13. ASW24 flisht polar
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(.ri.ul.rtrd nfd n)e.rsurcd ilight pol.lls .rrr rrportcd in
FlgLrft, ll nnd it (lf b('secn th.rt the rijrcenr( nt ls , 

".ist'1-
il.l('. ll should bi. l.rk('n in nc..Lrlll lh.rl sonr dnlr was

cLre\s.d or iniclrd tronr g phs. ln l.r.t, due i(J tht \rri
high si g nspect rrtio (22.5), sonre r.ntrlrr1.rmi. derl\ n

ti\cs $r11. o!dluiirLl lro jintphs b\ .\trrpolntion ()i

c\istingcur!!'s LrsUnl \ us.d lor liShi nir.riit $ ith scnsrblv
snr.rllcr nspcct rntx)s.
r\n .\.rnrplc oi l.rt('f.rl .rorod) ninri. rl.ri\ ntivcs esti .r-

tiof is rcpres.'rrtell in l-igur( l.l
Thcs.lilplnre rrotior sinlulntion perfomrd \ itlr Dt nnsinr

h.rs us&l hr understnnd gli(l('r b('h.rvior i. tlrnLng nrnn.u.
lers .rnd simuintifg n spin re.ovrrv. A s.r(\'n Vier! ol
siilpl.rne flight sinrulJlion i5 sho\\ n i. liiglrrc 15

Conclusions
r\EIthO.rnd DYN?\SINI .odcs rcprusrrll n \,rlid and a fist

l{xn to frellirt icrodyfnmic ,rnd dvninri. bch.r!ior of sub-
sonjc,rircr.ll Using .rn r\lrnsion ol lh. I'ranLitl lifiing linc
ihoorl toihrr(rr linonrrn'rgo,,ilhrnngicsoidihck,AEREO
is..rpable t(, prcrlirt.rll tl)c icrodvrnmic corificicnts nlld
st.rbilit\' dr.l\.rtl\ c\ |eedrrl nr prrtr)n ihc sinrulntion of thc
nircrnft nroti()n. llrc Cl'U tinrr no&lod t(, obtiin a co'nplete
sct olcoriii.irrlts is lt)(trrt l0 nrifutcs or n l'r.ntiuIn I'C 133
\4H, .'r .l rli r. t, , rL. . .i, ,- 'l i r". ,l,.rqrr lr.rf. ,-
Thcoutputotthr'AliltE()is thrn usrd as input foTDYNASIM
code thnt is rbl(, h) prcdict the nircr.rit boh.r\ ior following
an assigrlcd .on h'ol lnr. DYNASIM codc c.rr nlsobe rur in
interncilvc nr.n .'r nnd thi' uscr c.rn ilf thr .rlrplane using
thc nrouso.s slick conrlnnnd. Conrpnrisons b('tween nu-
nri'rlc;rlobtninocl cjnL.r nn!l flighl dnLr lrn!'ebecn presented
for P92J aircralt ;rnd ASIV-2 1 snilplnnr.
Futuro!le!elopmcntswill rcgard thc inclusionof atn1o-

spheric turblrlcncc and thcrmnl air !clocitics distribution
(gl er motion simul.rtion). More tests need to be per
tffmed.rnd c,)mpared to fljght dnta in order to validaie the
code also for Lrt$nldircctional bchnvior.
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FieurG 14, ASW24 lalerai aerodynamic derivatrves
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Figur. 15. ASW24 flight simulation


