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AIIS'LRACT

Ihc aerod)rrrriic d.sign of e sailtlane is
doninat.d by its hish astcct .xtio ursNcpt
!'jng, shi!l) l,i iLser f i s inh.,rently unslable
and uncontroll$Ic in pitch and yas. A tail
assc bll ol_ ini,ruN drrg rnd weighr , ust be

trovjded (l,icli \'ill fcr il rhc pilot to re!.r'
latc th. NinS anglcs of attact md sid(]sli!
in ror'nal flight, to ovcrcome to!linc noJrcnts
durirg launch, ard to insurc recovery f.onr
st)ini. Aerodynanic constraints ul)on stalri-

J ,.ol -i1 i, I ,.J|,','
rfi..i urr coJrtrol surfr!:. si:e, rnd a si plc
nctliod, bused o. bit)lane theorL is !r.se t.d
for (-{tinfut;on of t]r. lortcx drxt penatty for
lrilpliltc triir ing Lord\. lt is (onclLrcled

that srull drrg srlinls can bc madc ith od
est reighl penalti.r by udopting lo gcr tail
nomcnt arnrs and highcr control sufface aspcct

ratio uns\iept uings 
'ihjch, 

b). thcnsclvcs, arc
not onlv u stablc, but rlso uncontrollablc in
,I 

'.,l)b.. 
, 

' 
.

s.ry to providc r tail ass.inbly aft ol the
witrr (hich wjrl provid.i.d.quatc levcls of
stabi-lltI uId controL Nith )ij.inxn! .ddilio|rl
dr!g an.l $ej ght.

'lhis prpcr.{!nincs sorne critic!l flight
siturtions to rlctcririJre iniJruln rccc|tablc
tai I surlace siz.s !nd .o.si.lers tnil geol et-

( J Ju. ,. .,.1 'p1strbi l:ity. It wil I be shotrn that latcrrl coD

trcl i. ci.clir'g llight tcnds to estabtjsh
thc vcrtical tail inon.'nt arn, rnd that thc
trin drag pcndltics for d dowrloaded horizon-
t3l tail tr'ith thc s.rmc monent arm as 1|e ver
tical taiL arc so smaLI !s to ,rLakc altcnla
tivc solulions, c.e., srdcptbact "flIidg" riings
!iith olcvons,* or Ior ard coad surfaccs,
s.eJr un.'ttractivc by {:orta.ison.

L-_ Lti L-]l,"ll-u,,! !:tr!111.rrlir,n usins Iiurk,s_

!trt!s_c LlLc_o:c]l
lct us hegjn bI attackin8

th:r1 triDning {ith an u!lorded foretlrne is
inhcre tly bcttcr, rn illtultivc idca of t|c
xri!ht brothers uhich.!,cr) they abnndoncd in
'al . r,! Jo .. : ' 'rr;t!i lplanc (or $rng forcplancJ comblnat ion to
bc a hcavity staggcrcd bitlane of very small
sap, en{l calculrte its d g Ltith the hel! of
Mrr)k's Staggc'r 'lheore , l:ig. I (Ref. 1), uhich
.trtcs thilt thc induccd drag of a multiplanc
is unafl'cctcd by tlc lonqitrdi al position of
its l ilting elenrcntr so lon! as thc clcmcnt/
ele,ic t lill r.tios ud grp/span ratios arc
p.cscrvcd- PraDdtl {Rcl. 2) sa that this
lould fcrnit t|c ininuni voJ'tei drag of a bi-
tlrnc to bc Nrittcn in thc forn

*Scc Appcndix A for an estinrte of the in-
duced dlrg coryoncnt ot^ thc trin drrg for a

"f1vin8" wing.

L

'lhc dc.ien of a sailplan. is doninatcd
by thc rcrodlnanic charscteristics of its

r..r'._. .1r"- h "r1;,
givcr by llLl]li's r'cll-krorn fondul. for ellil
ti. st:in I oad iDg,

rr l
I)_---.

n lrt'' l Lsp,nlz
(l)

but tlr. resr ol thc drag is duo to lounda.I
laycr lriction rd disturbrnc. of thc pot.n
tidl llo\' !ressLlre fattcD about the airfra'nc

I by grolLth of tlre boundar)' taycr disflaccment
th i ctness in th. dotr!1str..n di rccl ion. l.li r i -
nizrtion of the totrl :r;rframe drag requircs

' airfoil sections and fus.Lagc shapes that
!ll1 tcnd to promotc Ia inar boundarl iayers
and that Nill ini ize thc sli alca in co -
trct Nith the cxternal flo$, at thc saire tinc
.voiding se!araLion- lhese requireJrl(rnts hnve
1!-'d ro the dev€Lopnent of vel. high rspe(t
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tne,tu r.htu4t',or4r! r' k. cr.hn/clft,,t t?.t,q
t'.t ?r/tfa t.h6 an qairr!.

tc. / l/uks 5rr66t:t Ir:oitg
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Llhrrc Ll rlnd bl !r. Lhc lilt llnd sporr ol'clo-
nn',r (l), L' ,Id br irr rhc lilr Jod spJn ul'
r...c,r /: 1.)l ' t" t-. t-, t,2 

'.trotxrlt ionrl to thc soll induccd clrag D1 cli)-
!.nt []), aDd:i(Lllbt) (1."1/bz) is thc cross
lrdLLC.! dru! ol !ticroiri (l) due !o rhc lto'l
rlli)Lrl L'le 

'carl 
l.l) l)lrrs thc \.ross itrduccd dr B

ol clcrcnt {ll tluc' t() th.: l'los Jl'out ctcncnl
{11. irfrnJll sot I,ohllrrus(:r tljo trsk o1_.tt-
i,lrl ing tho interfcr.o[c. coelfi!jcor, 1!, 1or
thc.rsc ul_ an Ltnstrgtc.cd lripl,rnc uirh rrbit-
r,'rv \t,r1r f!tins rrrl grp to rvc) !te it)r!r ra,
tios. assur,ring thrl bDlh cllrrcDls rrc ctlipri
.al l! loaJcd, rlld thrt th. dos|r.,xsh at onc
.1.)r,'t j$ r||rofrirlo to ollitljc lording on
thf othcr. |or nD lllstJqg( rcd biflrnc thc
cross induccd drngs ol- thc ttro clc ents rrc
.qu l, hcr)(. lho frftor : in thc lornlrlr; bur
hr l srJ$crrcJ bit'lrI( rhu i J r/ , .oss ir'
d'rcocl dr.ril is unLh.rngod, thxr of th{r ton\,rrd
cl! r(.rh hC.ing rod!.rd by (ho upwnsh cad ol'
lhc i,i_t olc'ncnl., rnd thal of tho alt olc cllt
h.in!l 

'ncrcrscd 
an cqual ir![olnt liy thc Jo!n-

qrslr r.h )d thc fo.Nlrd cl()rcnt.
l'ohlhruscnrs !rlLrcs ol iJ rrc prcscntcd

io l:iit. 2. lt sIould bc rotcd th t o ho!:oocs
.,.i.1 . b,/-., iJ' l', o,
ptoir(:hes zcro, concsponding to thc aft wina
l).ii)g closc to tle s'rko o1 th. foniard Ning,
rs night l)e thc casr to. x liri)ra-l iI, or a
fo.cl)1atre-winS combirrtion. l;ig. 3 prcseDrs
r coDtiarison of th,) nrininLlll vortcx drag of
tso r,iing-triD rirg pl.rnc (:o bin!tions,

A. ;r do ]rloudcd tri irg surfrcc 1br

fta 2 /nanoz-Paus,q.acv&qrc hta€t to.6 fortauul

a4-a
L , L, 

'.,..lf ,: +] 
.,'

l::;

Fn;[,r€,1']

fi;.3 /,tttut u,le* Etaarrot f,<ta wrt Dow,top ot l/zzo.to

l-l = l- (l 1.) ,

B. an utilordcd t r'i

rt . L (l - {),

r- ,. -.1, o = b:/bt

nmif! surf$cc for

t,,.+Lir,o-b:/hl

Sul,stitutiorr into !q. : yiclds thc idcnticxl

D.l = ri1,,;i',,i,i,, r,, " r" 1l

,.-1,, 1: ,,,1 ,,,,'nqbr-l br- J

I
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!:ho\iin!t that thc ftnrll\, lor crrrlin! a l)o.
ti.r) rl th. toirl lift or1 ,':iurfa.c of rcdu!:cd

it,ur ii i.d.f.ndcnt ol' thc sign o{ the rdd;'
tionrl loi(] for. "bitl.no of:.ro 8rP, a

r.!ul1 rclatcrL to lll.ur'rL's harro. iL: an!lYsis
ol lhr liftins li|r |robl.ri in thich thc to
trl lilt ili cntirclv dlc to the l-irri hr.
rii ic. l)uL rll harn.dics contribute to thc

\ studl of f(Ls la and il shows tlrat to
rc(.ivc tl,. full f,lxorrbtc elfect of thc neg'-

tir,. .ross indrri! dreg ol' an upload.d !'ing
dornrlo3drd tail conl,j.irtiod, it i! .cccssrD'
i.' tIc cl l.cLi\J. rtrf to rt)t)ror.h zcroi on

th. otlcr harrl. thr ulrl!!..r1'l.r .1f.ct of thc

LrosiLift, .rosj irdrrrcd dr!!l ol xn unl.rd.d
LLi,,g uptoade.l io.cflrn. (.r trilflrnel .on
l,j.i,tioD (an b. rcdu!.d rt idcrcrsir'jt th. gJp

1o .!.n11. itajr .,1io. L\!o recr:ft digittrl
.orit)utcr bas.d tinilc (,lcncrrt nodcl:: of,tir_
cr.lt r.roLlynr itr li,tv. confirnrd thcs. idcd:
(l{rLdhr ncr flt.l'. :lJ hxs indirc.tlI vcrjfied
Irohlhrurcn'5 vallcs ol J b) .xlcul!1 ing tltc

.n rn L!)\t!!g.rcd Lrit)llnc hr!ing i{lcnticrl
!rins:r ol cliit)tic I,-lrnl_orii. rnd luli.ius (Rcl_.

:l) hr,i crlculato(l rh. r.du.tio in trin drug
1'or r.an.rd airl'ri. du. Io incr.irsin! thc
lor,il)1rnc iparr a.d th.' !c.t lcrl staci g l).
1r'..n the forcfl&c dd n'ing surll.es.*

Li(l. I firD br rcuritr.. i. J forr qrritJ)l(i
lor crl(Llirriris tl,c i.iiiun irt.luc.,l drrl ol r

LL i. !: tailtlrri. conbiDrl i0d

.,,1u

r { bN-/sl!J

tt',ut"',,

blrlt,/st','
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n'h.r. thc rtuintiti.s in 1|c squiLrc
re.f 1o .rorrL.il)ord to tril drag co.lficicntr
b..i.d un trii rr.r. Lo th..rt.rt thxt o

cLturls l,lrlbf, th. tr!or!bl. c.oss lndu.cd drag
of r Jornlorklcd trilt)lrnr is urJll.c1.n lry in
.rcr.irr! 1hc tril jfJn, hu1 1h. :i.r1l intluc.d
d.i! ol lhc lrLlt)lid. is r.ducc,l, ltrdidg to
l. , '. t ,. r r, ',.'lii!. ,l srrl rrri2.s thc r.sults ol crl.u
L11 irrr:: iird. to cor\)!r. thc r.il lfr!t .[l
slr)iiitt ol i, lIt)j.!l l5 D ::t.n iailpllri.
NiiLh rijgbl .rllc r!1 i!.1) l). Iittcd rith t.il
l,lirnf,: h.!ingaspe.l r,rtio. oi 5, rj, .r)d 9, thc
tril irrcr l)ci.lt corslrnl , it is s.dr thrl th.

1l
o 'l

-f;1.';:j "'i

lL I tlt 'nf 
rt/.4an.,4st .' 84,a.\.''/4,rD h! t\ha

d;pc.L rittro 3 horizontrLl tril hitr Nn cxcc:i_

sir. rdditio xl inducrd drrg l,.nilty, farli
crlarl) !t loN rirc.rl_t lir_t fu!lfici(ints
{h(ir. rttr.ciltblo 1rlil lorl dlJt b. crr.icd
'''', \ r, !

,Ll)o,,1 tlrc s0i. drrg rt hi!1, ri.1'rrnc ljft.o
(jrfi.icnt\ rh.rc th. tril Lord is sn'r1lcr,
l)rt rh. r.du(.,1 irduc.d d..g oi the hi!1, ri
,i..1 r,itlo rails tcnls to t). ofl'ict Ll th. Lrn

'''
It.)r.lds rrrn ).r (hich rcts to ifc..,c. th(i

lt c{{tstrnt 1ai I !olLme tlrc high 1ri1
l'Ir

., r'rl ru fr "
tl,. lois ol p,,",.'ptlttt" r.rodyraric c.ittr.L
rorf( 5 !i1h narroN clord t!i ll)lrncJ. llr. rs

.iil+

'h'l
*Al_tc. thir t)ater wrs givcn dt NASI La.glcL
Icr.!uf.nl j n l\ASA l.chnictrl Notc D-839t, \jav

1977) rr.lc x comfrchers i!. studl ol trin
drNg for c:rnard rnd (ionv|)lrtjon:r1 airfrarncs
by thc d.rthod disclrssL'd h.'rc \ihich shotd{:d

thc suter ior i1I o1' Lhc

si rh various Pr! ct i ca1

sh. cd good rgreen'cnt
hr)r:11. vorle! I att lce

dowrl oadod rlt tail
const raints anil also

Nith TuLtinds' cla-
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fcct ratjo 9 txilplanc, r_or .ixairplc, would
l,avc a chord ol only 3ll mn for r sprn of 3
m, rdrd rnisht w.l1 b. construct.d lii(c l scc
tion of hcli.o|tcr rotor bliidc, tivotcd atroLrl:
Its qurrtcr chord ind rss bJlunccd ihrou{h
ort its lcngth. Such . t.ilplrnc Nould u|-
doubt.dil rc(luir., . ccnlcring spring nhich
mi!1rt l)c birscd lor tongitudii.l forc. trinr
l.gc1he. $ith . control linlirg. bobNcig|t to
i ju r. "g" lccl.

'lo sum ut) this study of tait dr.rg jnclud
in8 thc cff.cts o1_ trirn drrg, it !outd rppenr
that the :rdditional drJ! of d.ri loadcd aft
tailplrn.j ol noixrl si1. is r,rth.r sndL l,
! orurting to sou.rhing tike 20 i0% of th. t)ro
li1. drag of thc Ning- lh.rc is no rc.l rd
vri 1rlc ln trinring with an uftood. Son.
5 rLL gainr are a\,rilrblc a1 high slrceds ud
lo,! li lt ro.,1-ficientr 1'or doNnlo,rdcd trrit-
plar'.s Dl hjsh rs|cct rrLtio rrDult..t 1otr, so !s
to b.. closc 1o th. {jng !rli. 3t Lotr rnd oodc

te r.glcs of irttack. i.e. , . hjgh kjng, t@
tril corili !ur.t lo..

:J. !..ti.aI Trll lords in lurn l{e!crsals
'r. 'l .L I : r ,,'. -"' 

^o1 a sailt)ta.c is s.t bv tatcr:rt st.trjr itv

NIich is sinpLc to c.1.ulet., is th. !'.rtic.t
1ri1 loatl nccd..d to rcvcrsc u coordiDatcd
Lu.r, Ii!. 5 (R.ts. 5 and 6l . Sjncc thc air

lcvct at const:mt angular vclocity, the lift
lcctors arc rotated fbh-ard on the down going
!'ins and aft or th.: upltoing nin! through thc
Iocal hclix anelc, qivin! risc to an advcrsc
yaui.! onent due to rol ling (vhich is indis
r 16.: hii. , l,,or d_'o,. \ ',, _:

that thc sunr of the adversc y.i\dine noncnts
duc to rolling rid ai-lcron drag js givel by
rcsolving a distortcd elliptic lift dlstribu
tion onto thc XY ll.ne, it 1_ollo\rs thirt tI.
t.iI lord xequircd fo. turn rcv.rsrl ls giv.n
by

"{
(sl

!hcr. tr/lVl td4,/dt) !s tlr. hcLix rn!1c tlcs

crib.d ly thc rolling 'ii.s tit in spacc, rnd
k. is the )"adius of glra[ioo about ], 7.riL
- Aitcnativclv lq. 5 caD bc .r ritlen in

tc.rris o1 thc aircraft Lilt coeffiri.nl {lL.nd
thc vcrti.al teil lift coclfir:ic.t CLv to
!ivo a convdrie t cxprcssion for thc
qrir.d !crti.al tail voluJI. cocl'1ici.nt

\,i'= l;;[.t:4 ' ,,]l:: ( s.l

I .,[,
r.,2

( -rl ' ;li+

"'il. l ',1 
.,o\ I rl, r,

ibl. v.rtical t!il volu c is associrtcd \rith
trr. rc!..sals at high 1i1t coclfjcj.nt.. l,or
crxitlo. il lull .il.ron dcfl.ction !il I rin-
tliD r hclix anglc of 0.1 radirn, kz - b/4,
,nd (, /(,, 1.1/1 ,

(,i,

t7

t" .t ].Ltntu :L l1b-. ,1r!D,. : b^ ;h.u

crrlt Z rxis coi{ron.nt of thc rrtc oI turn is
troportional to the sinc of thc roLl anglc,
it follous tlat during r turn reversal a yas-
ing rcceleration nust be inpartcd to the
!ircraft Ntrich is protoftional to the froduct
of the cosinc of the roll angte and thc roll

.,i,. r. i "oll. l,ou;1, \.r,

ly
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duc.:s the lcneth of th. load frttj. A toDrt rutho, has cstiDatc.l thc circtjn!.trag of 3
vcIti.ul txil arm alJo lrvors spin r..olerv, trypoth.iicat srilItxlc ls a furclion oj,sjde-
and pronot.s r.isjstrnc. to stin cn1ry. i'ty st jl, r.stc for onc rotl angtc in ttcf. 5. il,.
tcrchc., Profcssor Xotpcn, alwrys nrintri'rcd ,tn1r cortrit)utioDs rrc ftottLrd as a Iunction
that a vcrtjcal tajl am .rLual to th. trrr! I .l trf Lr it. rr Ii!. :i.
scnistrn wrs .ssen1 irt for rrLisfr.ror! ti,t
.r.I ' 'rr'. o ,'' , - l' , , 1.,.
Nl. $hich no clrrrcnl rriif)lrlo n.cts. --,- zG, 'ffitt")',." 

" 
_- -")

11- u.r,1sr,,.!j.rr-r.rms..r! ,r\t ) ,'i7=='i'1":2t:;:!7:::".':1.
o,., 

- - o'r= i 
''*-''"'r ''!:* ''

lrrr ,m li.r in tlrc inh.rcrt lcird.n.I to \ - =3ca? sa- lihz b-/eL

1-rirrrrt. r,iL,. r,. r,i, .,t.,,r ,u."-, u,-i,,"" .. \._....,1,rr: ,1rr,'

fr. 6 frrtcr or /rv,tro Stttst/p lrr/tF C/r.!f"

trirrrily controll.d by 11l. r,)tt ,n!Lc, {.
ln thc abirncc o1 rudd.r d.flecrion rh. ,ir
..rfl 1.rds to !:jsun. I n lfrard .ideslrp
r.Ilr. {yr{ jtrina bto$n .urtrllrdl so thlt rh.
!.rl icrl rri1, rrrhcr thtrI thc fo.irard tusc-
lrg., i. rlltircd trirh rh. ILighr tath" The
r.sulri ! inrNrd 5l.l.slrtr !n!lc of thc wing
ofcr.t{,. o. trin! dihod.rl rnglc to oflsct th.
o\'.rhurliils rnorni:n1 dtr. to rho rar. of tLrrn,
!nd thc(bv rcduccs thc ril.roD dcflcction
thrt Nst b. hctd r!rtnst thc tum. At thc
s!Jrc tiDr. t|c sid..lil) of the riinS L,ody conF
rr.ation t.|ds to 0rod,rce outurrd sid.forcc
rnJ r ccrt!i11 amou.t ot vortc\ drag. t!r
rr,,.rJ sai lplan., th!:&r ir .n oftinun sid.ilil
rir:1. tl,rt oughL to l). li.ld during rirct ing
Iligirt Nhlrlr is rr hnction of roll argt., di
h.dr,Li .lgl., .nd drljt pcnrltjcs for aileron
d.flcction, ruddc.r d.fl.ction. ard !'ortcx
drr! drtrr to sid.for... Drag duc to ruddor
d.llcction lnd s;d.sIiI js rcduccd L)I i
crca:iing the dcJrth of thc lusclare. Thc

, 9 d . aa"1

(.tiddB) t:rft t)

F- 7 t .ar.:' 5,pa5 ';tt,,, t, 1k,..

s, _ 1,,i1, l)$i!l] l',). I.li.i ,n Dras and Oth..

,\ bricf crrni.at Lon ol trt L dng l,cfrl1l.s his :;ho!n thrt lncrcisi !t trj I rurta{:.
a:it(irt h1 io iJ dcsirrL)tc t)..rur. of r!tuccd
tri drrg p.Jrrlti.!. hottr in l)ir.h rnd lrL!. rv..1icrl tril voluirr r.q|irL.nc 1 is iDrc rlt
to l,L. (riticat th.n rr horizontai trit !otum.
r.quirclrcnr b..ausc of r !int)tc n.cd to ovcr

.1..-..
, . l, , .h ,.. , ,

sinLi lrr r.q!irc crlt for tit.|ine
l.rt)t)rofrlrtoil 1o.rt.t toN hoot s n[y v.rI
iicll dct.nri .r th. horizorrlrl trit !olunic r(_.

quircN.nt, but Lhj. sjrurtion cln al$rys b(j
nnp.d!cd itr fri.ci!le l)j locrtjoL ot th. hook
so Lh,rt the.rte.dcd toNtjD. !\js prjscjj
through thc .cntcr o1_ !rrvit),.I

So'neslat longer tail ams rflicJ. to D.
desirable, particularly from the stan.lpoint
of latcrat control Jnd drag du.ing circljng
flight. l.onger tail moment anrs have redu.e.l
torsional rigjdity for a given bcnding
strength and raise the possibllity of fhrttcr,
particularty for I tail configurations. V

tail configurations arc pcrhaps no.e rccet-
table from thc flutter standpoiJrr, but they

*At)li.rdi-\ ll Jcscrib.i the dy.anics oj r tIl)j
cal windi I aunch rnd provjdcs somc tyt)icrl
vrlt'cs 1or tout ino lords.

/r-,',\. i.',\ '\ t:r
-\l rI1,"|- / l'.r

F'o(\ tv
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lrobrbly slould bc constructcd with dihedral
rrl I 'r'''t.

surlaces to ioprove thc yawing noDcDt cipa
bility. lloth T taits and V trils (rut not
invcfied V tailsl lead lo lurgcr iDdrrccd drag

fenrlti.s in high speed flight lor the tyfi
cal case oI tailplrne dosnload for trim. The

!rincipal justification for L tails and V

tails (ould appear to be ninini2ation of tail
surflce danage in off airport Iandings.

Irig. 8, finally, shohs r trir of rail
xsscnnrlics ,pprotriate to ls N sailplancs. lr
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Tulirius, J.R. and iqargason, rt..l.: "Air-
cralt Dcsi!n ard frralLration rletiods". II\A
IraDer 7a,-I5, .lanuary M6.

.4.8 /5, sua,u!. a;@rc^r/ot.' 'rB lok !\Ao T.1L / taL.!ca

'1.,. o,,'l .ilfl.' I

It1 noving sr,rfrce constr,rcted tike ! heli
coptcr roto. hledc and pivoLed oD thc quarter
c|ord linc !ith a hingc fittiDg extemiil
to thc surra.e. Corlrol fc.l and lorc-' triin is
trovi.lcd by springs. lhe horizontnL tail
should bc cam|.:red to fxvo. downio.ds.

Lhc vcrtjcal tail has a synnetri cal scc-
tion with e ,15% chor.l rudd.r. lt ould bc

dcsirable tc, ccDt.r its arcil oD the torsional
axis ol lhc eft ai rfran'e structure) rn arrange
Dcnt (hicli lc,ad5 to 11,. pod and boo configu
ratior sho n. lrL the pod and boon conligura
tio , thc boon is rttached !iil) strrrcturel
bolts to thc rectangular center section of a

tl,.cc pjece wing, nnd the pod is separately
bolted to the 

'r'ing 
tail boom ass.rrbll. Ihc

pod pylon is nainly design.il to takc l!ndilg
gerr sidcloads, end night bc bolted ro thc
Ning tail Lroom asscnbly Nith l)olts of linitcd
later'al strengtll lhc pylor liountidg pernits
the deveLopmert of unbroken lcrdiDg.dec suc

tior at high lift coefficicnts, thcreby I'n

proving thc naximun lift coeificicnr 'r,l r.
ducing !irf.anc drag ,t tl,c lilt coellicicnts
for mj n inum sinking sfccdi.

AP ILII LTI X A

lrsti,,trtio, o,f tlr. 1f1l],.D-r.:r! !ll: -,1. -sL.l|{]lrr-ilr
!:!rIJtq[i41 4 i ]:€-'ltllc

l!,c sNcttb!(l "fiIii,g" \i.! ri.1-rrr( is
. t.:..Inrir1 b'c.Ll in rh. gardcl o1_ rl)f1i.d
rcrodlrrrnics (.-f., LL. \orthrop's \B ;:, :Iid
\li:l8t also !rrioLtr cri)cri ..lrl srilllrrl,s
ard resc,rrch airplrnc:; bI thc llorto,r br.thcrs
in G.rnrdy). Ih. !)scnrr o1'rI v.rtic!1 t!il
cirp!|lc of l)rovj.Linrl jtroD! yiluring fotuirrlr on

th. r'crgc oI stall is llr. 
')rin.iprl 

sl,.rt
coniDg ol thc tyto. lt rlso has J tIirr drNS

|cnrlly riith !n .asj1) rrl.tL1irt.d irnrr'r'rl

Lhc rldiLionrl lifl du. to.Ij ind.xic
iir anltlc of rttack nLirl b. r:;:ruii.rd to Lrc rl)

llolimntcll (|lli|tic rtid to h. c.dt(:rcd lon!i
tudiral 1I or illci to.! L qLLartcr choril I in.s;
thc ccrt.r o{ gra!ity locltion nust r.
sl illitl) bchlfd r linc ioiDln! th. cfrrroid5
ol tlr{, h.tl cllittic lift disrrihutiols on

thc J,orl rnd st Lroatd rirg ha1!.5 i)i lr r'r
'i

No\! ns5unc a coii)inrtior !f uing 1r'ist rtd/
or.l.rro! d.fLcctiorr gi!in! ris. to thc third
ha.llxtric of a llaucrt fou.icr seri{ili Lift
disIdbLltiod as sl]own in the figure, \'hicll

tl



(an be us.d to t.in \'ing section pil ching
moh.nts ,r.d llf_t rt high rngl.s of attrcli.
Thc third harrionic lil t distribution l)roduc.s
rn aerodynlni. noDcnt on er(h Ni.g hJll pcr-
fcndicul!r to the q,,rrtcr chord 1in!. !hi.h
can be rcsolved inlo coD't,onerLs taralrci (illr)
and tJcrpcndicular lrly) to the.lirc{:tior o1

flight- ln this n.I . r.lation i. folnd b.l
ltrc.. the tjt.hi'rU r!)ncrt rnd Lhc sir. ol thc
third h$non ir:

\2 )'t'''''

'lhis !iurs rise 1o rD jir(rcas. in indu.cd

lL l,:xlir -('+l{q)(\:)'

r'h.rc lL is th. s\'..1) rn!1. ol thc ,turrtc.

lor d ttii!.il ..rc.l rcrrj = 'l.l r.
quir.d or r (in! ol ripcct rrrliii l)-/s = l0
,r)d n qurrler'.lo.d sric.f rngl. ol I .10u,

th. third hrrnodic cocfli(i.if1 A.r ir crl(ula
r' . r.r0 '. ;r'
of ird,,ccd dr!! o1 ,1,(llr . {r.lr00{r:8. llLis is
to Ie contiarcd !ill, 1i,c LII)icrl irduc.d Llfur:l

incfonbntr 1or a dotrnlor(lrd liril ol:.irout
0.000a sho!n in lrj!t. /l lor tl,r saD. I)itchjng
Dorkrrrt fo.ffic iont.

I L Ja tdP,:-d^..,,- t 4., )

"" u. "' = ,,r.t..J=ttf
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the glider ti1ot, $ho can tcgulrtc tlie siil-
!lan.'inglc ol attack anl lifl coellicicDt br'

'rcus 
ol clcvator dcflcction, an.l tlic Nirch

o|.rator, !ho crn contTol thc clbl.r tension ljy
rcgulatins the Ni ch sp..d. llio cabl. tcnsjon
js liniicd br a lcngth of r.du.c!L t.nsilc
strcnlth cable .crr th. sJilt)1.lc, ald by thc
toircr slJ..d chrractcrisricr oi'ti. 

'iin(hoisi.. trrrr:;nissio! .onbi.rrion. Tlr.s. .cla
tions.r..unnariz.d in liig. l

J.;I-.),,
or';! r. ,a'ar-,.)
| -r" tr.r)

r. !" r, j 4 t,". l.;..
. a, - t-tr'-: !rb)

1

I

'r - 1..i ! t-,\aq/i) .ai-,,_,,)

0) ,tlt,otzt7t,t: ,l/cczr r; tu. //,\.e lau,,/a ;kDt.a

Vlado l,cro.h, in his l.l.l.l. iq,!sl..s
'Ll,csis, ,rrr tt.tr.itr'!r\i.t. :it,ti I t)i i!, tt!t,|t..1)
iai Iri.,rt iIrti':t.r. :Ir:.;rrJ .r.rr,rr::,r:,,r/, (Sftt,
l - r ' , r,r t,..
cal int.igi!lion oD N srull {l !irrt .oJiliutor
!nd ob1!ii'.d n!n) r'.fr.s.irrtrt j!c 5olutio.s,
on. of rltich lr gilcn ir l,ig- 2.
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'Io line loads in Ninch i,.urchcs
|, 

"i,., ..1 i ,i i.t ,. f. J
into the alr by x ctLb1. rccted onto ir drtr r.
Thc launch froc.ss is u d.r mrtuat conrrot of
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ln this launch thc fitot is assuncd to
hold thc s.rilplane t.imned at naximun tifr
coefficicnt. The sailplane rccelerates ra-
tidly and pulrs up at a steep anglc. After
t.17 scconds thc flight path is alnosr per
tcndicular to the cable, and the uinch opera-
tor nust slow the Ninch aptr.c:iab1y to linit
the winB lift load to 2.! tines thc sailfLanc
Ncight. lheroafter modesl wi.ch specds keep
thc sailplane rjsirg like r kite Nith arurcci
able linc tension. t,ron 40 to E0 seco ds into
thc launch the calrlc te|sion rtfroachcs tts
limit value ol 600 de\ (approxinarety rj00 (s

'I .rrj .r ,. ruIJ.,\^. rra
sajltlanc ls allorcd to dcccloratc to jts
strlljne stced in levcl ftight and fi altv
,h'IIL'lL.!.rn li,.i.'.u , nu,
|ractical ly oyer thc Ninch.

'lhe rario ol c!btc tension to dynanic
lressurc tines wins rr.aJ I/qs has trrge
valucs both at 1hc bcginning of the laun(h
s1d al the end. lhe trimning lj ft coeffici
ent that has to be sur)plied by the taiL is
troportional to T/qS and thc ratio ol thc tow
hook arn about the centcr of gravity to the

nort .,i'r.. \ulu , t-i "r orl .I.
''is (o prace the hook on thc landing eear suD

|of1 structure wherc ir is reer thc center oj
,tmvitl longitudinal ly but not lertical iy.
lhjs nay lead to uncontrotlablc stattjng no
i!i:rts at lift off Nith a caretess winch opera
ror, and it shouid bc a conccrn of rhc sait
pime dcsigler io givc thc sailfLane pilot
cnough nose down pitching no ent lut|ority to
limit th. sailplanc ljft cocfficient to rca
son.rble values tlt 1it't off. lhc probtel
di sappcars thc' s.rittlanc becomes
nornal to the winch cablc, soon aftcr Lift
ofl. This tine-history represcnts an extreDe

s., \ r h "llr r, !rt'.q:. ^ngaining altitude quickly. lhe trajectory in
tlris cxanple is obviously not reconnended for
routine flying because safct). considerations,
eg, altitude and airspeed argins in thc cvcnt
of cabte brcak, wcrc not takcn into account.
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