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This paper prescnls a general ovcn jelv of iypicalaero
dynamic dcsignprojeci work rn the Dc?arbnent oIAero-
space Engineerjnt/ Univcrsiry of Glrsgow. Microcom-
puter software for compuicr-aided prelininary aero.tv,
namic design of finite i{ing devcloped and use.l ar rhe
Ltpartment, is introduced.
l.Introduction

rhe final year projeci work fdlows cluonol.,sical\'a
corirse nr aeronautjcal engnrrrjng. Flonorc studcnts are
expected to spend bet$rccn 200 and 300 hrs. on the projecrs.
In dre casc ofaerodynnmic clesignprqect nr 1987 it i{as
decidcd topreseni thcsiudentsr{'itha icchnicalspecifica-
tion asking them b clesign an aircraft capable ofrcali?ing
dr nission instead of being pedanrjcally taught ho kl

A moior Uiidcr is perhaps bctter described as a self
launchnrg sailplanc. Ii has, despite thc avajlability ofcn,
gine porver, sufficiently Inth lift b d ra I ratb to enable j t io
J r-r!ur fli8lrl wrtilr rn. o,1.'tL ! urrp, rt- or I i. iId, rr
 s nraterials and engine iec.lrllology luve advanccd in

rccent years, ho$,ever/ the ch.rracteristic mentionc.l above
hasbecome almost the orrl)' featureof perfofl nancc Llisiin
guishnlg a nrotor glidcr from light aircra ft in general. Ilns
h.1s meant tll;]t the powcred fl ight l,erformance ofnrost of
t.,day's motor glidcrs has become as important ns rhe
por{'cr-off cluracteristics as they aresold lirgelv as altcr-
rratjvcs to contnruoLrsly powered litht aircrafi.

Wiihtfis in nind, the projectdcscrjbed jn this paperhas
c(rncentratcd olr obiamnrg s.iisf actorv chiractcrisrics for
allph;rses oIfligl,i.

Lr &e tnne a liowed Ior thc projcct, only some rspcc Ls of
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dredcsign process wcre covered.It was decided thit rhe
mosi economjcal approach wouldbe b spcnd a midmal
proportion of fie time dcciding on a b.rsic dcsign layout
and dren proccccl to perform an aerodynamic arlysis
which rvoLrld provide sufficient clata for flmdarn.rliat
pcrfonnanceparamcters to be detemnled. References 1,
10 wcrc rccomrlende.l for dre project. The rypical trme
history Lliagam for thc chosen projectis shorvn nr Fiture
1.

2. Specifi.ation
Alter a shortsurvcy of the performance panmeters of

curentlv produced motor tliders a set of specificniioN
were establishcd. These lvere asfolb$,s:Vs (clean)= 18-
20 m/s, V (cruise) = asm/s, L/D max = 25 30. It was
decided that the fuselngc Llcsign should acconunodntc
hvo occupnnts seated side-by-side and provision for a

small amount ofbaggage rn:,dc.
3. trlitial Design

Approxinrate medrods givcn in Reference 3 were used
f,! , L' . I IrF rlln F rir ,,',, ui e-o.- h, idl, wind Jr, ,

drag and rated powcr. The results are shorm nr fiBxres s,
6, Z lJ,9 and 10.

Sincc the detailed dt]sigr of tusela ge structure, internal
layout,conlrol and fuel svstcms lvasnotbeintcarriedout
h the project, rn accu ra te esiima te of th$vcight and cur tcr
of nass could not be obtained.Ii s,asdcsirable, ho('cvcr,
to llave at lrast an app()ximate estimnie ol the center ol
mass Position fo. ihepurposc of locatnrg the rving oll thc
tuselageand forassessrngshticsLrbili!y-. To thiscnd,d.rta

Eovcrning the proPortion oft'oss rLeithi corresponding
k) nrdividual aircraft components and systems was oh-
tajned tur glidcrs in general ftom ltcfcftrrcc 3. This was
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used toconsinrcl thebalance table ofFigure 10.

4. Finite Wing Aerodynamics
In ordcr to assess the suit.rbiliry orwinS desitN for the

ajrc.a ft, a method wns requ ircd for predictirU thc rclevan t
a(lodynanricpropertiesof a givcn tlTee dimelrsionnl wnrg

gcomctry. Lr particular, the varia&n of lilt and Yortcx
drag \a'ith anglc of atinck Lud to be deiemincd. A shorr
pcriod of timc durnrg the desi8n projectl\'as spcn n\es-
tilFLing sever.rl aPproxjrn at io[s Nhi.h cxist for this pur
posc. Thc mcthocls discovcr(al ( ere genrrally in ihe f{, m
of eithcrastand aloneequaiior givinglificoclficientsasa
iLtttbn of aspect ratnr, or uscd graplxcal paranrtcrs,
ririoLlsly de.ned from Prnndils lifthij ]nrc ihcon' or
rLoir i .,ll\. l o,rre\.np1..,r., l.,i iFn .'. h. j t r)pi,, I

1rf ihc methods curreniiy avail;rb1e for prelinrin.ry desiSn
calculrtn)n.

Lowry and Polhams nethod gives ihe $ ing lift cune
slopc.

Rrskam provides a sorrcc ol scmi empirical cxpres
sions supplcmented with gr:tphical.elaiions for calcula
tion of a range of ne ro.lynamic dc.ivatives, includnrg litt
.urveslopeand variain)n ofdrag coefficicnt s'i$ angleof

Scltrnk's atproxim.rton gn cs ihe cl istribuii(nofaddi
tnnral lilt coefficicni ovcr the semi span.

Ir.a nd tl's Classical I -i ftulg Ljne Theorv develops lift an l
drag .haracteristics from a prrrelv theorctical fluid d!,,
namic nrodel oI dre finiic wnrg.

Ii was decided to assess tbe $ing characicrisiics from
firsi principles ushg Prandtl"s tifting ]nrc model for the
ldldvnrg reasorsr l) T11. tlleor) provides .r conprehen
silc source of \^'ln8 aerodl4rarnic daia pertnicni ro the
aircraft Llesign pro.ess with colnparableaccuJacy toDrost
senn empirical meihods av.rilablc.2) lhis method would
provide ihe author l\,idr a more detailed jntroduciion to
the stud] olwing nerodvnanics dran hacl previously been
encountered. Also, it ('ould serve ds a L\eorciical back
grcuncl to theoriShof manyof theapproximatemed](rds

A majordis:rdvintageof usintlifting]nle ncthod isthe
LuBeamouniof numericalcomputation irrvolvedinarriv

l) Inpur wing geomet jcal andl ii
secdon properties.

_2t

f,) Use-r 2 ) to sol u?rorffiiffil
rouner coeffi cimts describi ng

circutation dist ibution,

4)

Cat c u I a te spa,,GTJdi =6iiGii
l(xai llfi. basrc lifr and addirionat tifr

coefficienLs

FIGURE2. Blo.k di im otlUINC Pro6r.m.

D.renn,ne sFeo trcEiFEliJ
sp3rwise locarions.
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FIcURE 4. Semi sp.nwise distributiol of basic .nd addition.l lift coefficient.

ing at results for a snrglc wing planfomr geonleiry. Fur
thermore, several conliturations wol,ld have io be ana
lyzed before an appropriaie design was found- It !vas,
iherefore, decided th.rt the tnne spent perforning dre
calculation by hand justified tl1e development of a com
p ter implementation of the theory. Alfioutb lniually
dlis$rcu]d involvcasubsianiial amountof tinc,orlcomple-
lion it rvas possible to makc rapid, deiailed assessnrents of
varbus proposcd desi8rs. Thc lifting hre method lvas
implcmcntcLl h a FOliTltAN 77 p.ogram, "FW]NC",
from the theory as presented in Relerence E.

ProSram Evaluation
Itclevant acrodtnamic paramcters were calcLrlaied us

nlg thc foUoiving methods, and compared withthe output

frorn l-i!'ING: l) N{eihod ol I-olrry and Polnms for CL,. 2)
Sduenk'sapproxnnatjon forspan$'ise.:listributionolc,,
(additn'lal lif L cocf f icicnt).

Tk rcsults scciiN and fi8xre 'l respectivclt shdv thc

Computational Imptcm.ntat;on of L;ftin8 Line'rheory
Tk ljlting line tlreory was implemented nr FORTRAN

and aSchemaiicd jagramof jtsoperaijon isgjveninFigure
2. Most fiput pronpts are scll cxplanatory, howcvc.,
sonre b.ief notes on selecied itenrs follow.

I )Wint angle ofaitrck is assurned to be ihe (absohLte)
anglc ofattackof ihe lvnrg rootchori line. Tlvo valuesnre
requj red for tbe cnlcu lation o f a ctd ition.ll ljlt coe fficient Ch
nnd basic lift coefficient Cr,. 2) S€ction zero lilt a and
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s(ction l ificrNesk)Pe onlyoncviluc;sroquir('d since
dr: program does not cah.r for acrodynnnl;c ba,isi. 3)
(i ometicTwisiisnssurned posiii! o ft)r nrc reasnrg a n thc
di(rtion of root to tip.

An APple Mi.trtosh Plus wns used i\.ilh thc\4icrosoft
l.()ltTRAN cor)rp'ler.
5. Results and Dis.uss;on

Thcvnlucs for thc liftcun e slope, obtain€d usnrg F{IN( l
ind thc method ofI owrl and 1'olhams, l\'(Ie found tobc
rvithin I'7, of cach otlrer.'this i'lipl icd dut tho !ahros for lilt
c(x:ffici('D t and hd u..cd d rng factor s obtunlcd frnn IrWIN(;
wcrc.lso acccptable. ConParison of th{r out}mt fi)nl
FWINC tor lifl clistritrution showed gcnerJl agrct.nrerrt

r{ilh SLhrent's method ntall ponlls along thc seori-spai
(trigure4).The valuesforadditional liftc(x ff icicntC. were'
generally i^.ithirt 2'r,.rnd nowhere rore than '1'.{, of.'ach
other. Sincc the loca I lift copffn'ient C/ bnsic liftcocfticient
C:$ an.l 1itt c.,€fficicnt CL .ll rcfreserrtcd prer('quisitedaLr
for thc..llcula I iolr of lhe (l!" d istribu ti1)'r, the i)rmer rcsults
woreassunrd to bc i.clurally valid.

With rcgard kl thc nLrtrrberof sparrvisepoints for t!Hch
output dnta is presdrte.l, ;l m.r) be proposeLl ih.ri lhes(
should belimile(i to3 sirtceonlv 3 pointsh.ld bcen L$ed k)
deL-rmine the circulati()n distributiur- It $'ns, howcler,
clecided k)alkrrv formrv specified nunrber for ihe f(tlon-
i g rcison. Tlre d1co4 arrjles at esiiDrites for li{i coetfi-
.iu1t C, .rlld inilucerl clrag coefficie|t C,t brscd on the
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approximation to the circulation distribution, rvhich is a

conLinuou" fun, lron rn tlre iorm uf.r frnrte fouri,' -, n,-.
Increasint thenumbcrof pohts foroutputcan, drrefore,
e\.r In dre lnxr. orl) prudrh c d.,lJ lu lhr .Jnk .,ptr,'.i-
nation as thevalLres alreadv calculatcd forCLandC,,,. All
output data is therefore coherent in terms of impljed

Dffing the course ol the $'ork it was discovered thal a

similarFOIiTRAN implementationof dre lif iint lhe dleoq'
cxistcd in thc latest edition of Referen.€ 8. Tlns implemen
tation is some$ hat nore comprehensive Lr thLli it c.lters for
srveepback ard aerod)nanic iwist. Also, up to 20 ponlis
may be specified for the purpose of deternining dle
circulation disiribution. Modif ication of IrWl).IG to mlrcta

sinilar specification could be canied outby incorporating
a rouiinc for invcrtjng the m.ltrix contanring coefficients of
vari.rbles tobe solved in one of the program subrouin1es.
6.Conclusion

htheproje.titwaspredicted th.rtthe design, ntdrestage
reached,lrad su fficient aer odynamic +uli tics to satisfy the
nritial requircmmts lvith rcsprct b pcrformance. It lvns
concluclccl drat drcnodrod ofS.hredr Lowryand Polhams
and the Prandtl liftint ljne theory wjth thre€ orclnrates
were equally satisfactory for estimation lift cuNe slope
and lift distribution at drc prelimnrary design stage.
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