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STIMMARY

A snnplernethod isgiven for detemining trim drag cNf-
ficicni, tlin dragbch8 the ircrca* in nrdu.cd draS of the
w nrg ia i\nJnc conb;ution above the non,ina I va lue calcr
l.rled from the usualapproxhitionnrrvinch ilf effcct of drc
iijlload is iEnorc.l. The mefiod has been u!€c1to deri\ e trim
drng .o{'ffirjcnis for lor!- drd t-tail locatioN for a rarye oI
p.rnmeks urhdhg C.G. position. Forthet tailitisneces
srry lo krow tlt locntion of the silrg voft:r sh{:et al the
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tailplme position, in.l a simple tule ofthlrnlb for dcicrmh-
nrg this is deriled. Conments on optinun iLirg sectidr
cambcr &ld C.(1. position are na.le.

l.INTRODUCTION

Much has been lril'en c,n the profile.lrag or rvlngs an,l
othcr componclrts, and on basic traihlg vortcx (hdu.e.])
d.agasaffe.ted byplan fortu,et . Ihnvenotbeenibletoftrd
rur,v rcfcr.nccs to the hdca* nr nlduce.l .l r.g which (curs



when thc tailplMe lift is not zero, that is, the difference
between the total induced dragofdre wing tailplane.on$i,
Mtion md the nomiml ;nd uced drag of drc wing calculated
on the ordinary assunptjon that thc whg Lift is equal to the
total weight of the glider. Thjs differen e may be temed
"irimdrag" d.ompri€s thJee parLs:

(1) Change in wing induced drag arising from the drmge
in wing lifi .effi.ienl
(2) Tailplane induced drag disirg from its own Lilij

(3) Chalges in wing ald tailplue induced din8 arising
tsom the nlierference cffects of each other's lift.

A fomuh for the total induced drag applicable to an.raft
on whi.h the tailplme is situated on the tuselage, thatjs, more
or less straight behhd the wnr& is siven by Ion6 (Reference
1) md tllis was lsed by Ining (Reference 2) as dre bsis for
.letefrining ihe loss of energy height per hou!/ .oNquent
upon trim drag, for a hpodletical simdard class Slider, as
affeted by enicr of Bravity position. &hrnaljohm (Refer,
ence 3) considered interfe.ence effects of dr wins on the
tailplme dra8 md effectiveness, but not thos€ ofthe tailplane
on the wing &a8. Kerlh (Reference 4) calculated many
cdrples,.xpressing lrimdrdg coefncient in tems of tailplme
lift cefficient. Kr@ (Refelen e 5) invsti8ated Perfodance
penalties resulting ft om tlin dJaE md the .r-sso€jated profile
drag changes with vadaiion of wing arca, tail area md lail

I1 wa-s felt that a sihple method of dedving trim drag
coeffi.ient as a function of total lift .o€fficient, that codd bc
included in the general drag estimation, in telm of the
appropriate parameters in.luding C.G. positioa would be
uetut. Such a mcthod is preented hereh; the three pads of
the trim drag do not need to be det.rnin€d individunlly, but
are covered by a single dra8 .{xfficient. -Ihe t tail cnse is
includcd by mees of m increhent in trim drag c@f6cient,
wNch depcnds on the eme parameters as well as o,1 the
vetical position ofthe tailplmc.
2.CENIRAL BASIS OF METHOD

Symbols a re .tefined as they are inh oduced, a general list
is given in Appendix l.

Glauerr (Reference 6) ard Prmdrl md Tietjens (Refe.ence

4 givc fomulas for the total drag due to the trailing vorti.es,
or indu.ed drag, of two liftinB plmes- Ihey were derived
originally in connection with bipldes, but are also applicable
b $e case ofa wing and n tailplane, or a wing and a foreplme.

If lw and tr are tlre wing md tailplde liIts Dw Md i]r the
wing and tailplane spmt 6 dr nrhrference cefficient, an.l t
is r/: yr we may writc that thc iotal inluccd drag D is
givenby

o Ls a fmction of tailplue /wirg spm ratio l,r,D," andof Bip/
mennsperatio2-Z,/(,w+ r,),whereZ? ;siheperpendicrdnr
distance between the tailplane and the vortex shet of thc
wing, orlo(xely theverticalseparntionbetweentailplaneand
$ !19

It is assrmcd tlui the effe.ts ofrolLing up of th. \-o!tex shcci
are netliEible ud ttrat the spanwise l(Dd .tj-stributiois on
both su#aces are elliptical.

The latterassmptionrcquiressmecoDmeni. Asregrr.ls
the o.dinary pl rJorm effect ii is enrireLy jllsiified; the nr
crcases h induced dra8 resuliing fton non{lLjpticjty of
lo.ding are ullikely to exceed 3"1,, and lor the wing.o[sid-

erably less il the shape is trapeToidal or doutrle tapered as it
oftm ;s. We are not, of couM, di{ussilg thc sccallcd
"induced d.ag factor" often used in perfomance shrdies,
which covers changes of profi 1e drag wiih incidence and tlrc
.oNquences of variation of Reynolds Number over the
spced lmgc as well as acmrirc trailiig vori.x .ffccts.

Hos'ever, wc nccd to.osider i]le influ.n.e {rf Lh. frse
lage,whi.hamont oiherthings, magnifi.s ihc vdti..1.onr'
ponent of thevelocity locdlly. I potertial no*', th-' inrs,rifi
cation factor reaches a maxijrum of2, and nr r.ilflow aboal
1.8. This and other interference effects tr,ust c.use some
disturbm.e to dre lift disributioN. For thc wh8 only a small
fraction of the span is affected, ald the effects arc normaily
comted as pdt of dre tu*lage drag. For the tailplane, iI
momted on the frelage things alc morc .onpli.itcd. Ex-
cept at low in idence, dre vcrti.al veleity .ompon nt is
upward-. rd ' lo* ro lnp tu".hsp rh" m.'sr'ili,Jriol i

suJficient to over.ome dre wirg downw.lsh .ompleiely in.l
cause local rpwash, ns ;llustrate.l in Reference 3. The rcsult
;ngdisturbance isthusquitenrien*lnd thc.ffc.ic.i tgion,
$hilestilll(al,islcssso, r.lativc to ihc span, thin in th.c.sc
of the wing. Theclisturbance is disrinctly ljfFdepcnd.ni.nd
Dr6t cau* some addition to the inil's own iftlu..-L] drig.
llowever,I would gues the nagniiu.leolthe nl..ensc to bc
nci mu, \ m.re L\.ln I,,...,,.i1 , v,/w.,'rl, ,rl ,,-t,.. i

mrtio.s nrvolved ;r the whole process no corr{1ion fo r lh,l
effect, even iJ one could be derive.t, sems io be jLEiified.
Pcssimists cotrld assme the iaildane spin to be a few
percent les than jts actual value. For i-iails tlrc flrs.l.gt
influence is al'nost ab*nt md the hierference of the taillift
on the winB is vttually d.rffe.ted by it snr.e the Lr il sP.!r is
esmllcompared to thit of th.wing.

2.l TAILPLANE ON FIJSELACE, OR LOW'I AIL

Here the verti.al*p.rarion nray be neglechrl frn ill lifi
cefficients,and f$thiscaseoisequ.ltol,r/lx.Sulrstih,ting
L\is h 1. dd puttinli 1.,, equnl n) W 1., , whe( lV is the
weight,gives

' -"t t;l
Now l4r /n 4 ! :* is dre nrduced dra8 when tlt iail Load is

?€ro; hence by subtraction the rriDr drag D, is

^ L;l

lvc ncxt dciermnlc LI . Trc conplctc cxprcssion for thc
wing drd fu*lige pil.tring moment M, aboui ihc aLyo.l)
nmi. ccntcr (L.C.), ii steady Slidiig fli8hi ;s

('here C,, is ihe z-€relift pit.fin8 nomcnt.ocffi.i.nt, S," is
the wing area, . the referen.e chord fo. pit hnlg nronrent
ceffici.nlr,'i turdl ihc iangcntial and nornal coodinitcs
oftheC-C. onc, r,r 1h.-.oordnrai. of thc wnrg in.l fusclagc
aerodlmmi. .enier on c (,! , k.rnd ,,, bcni8 c\pr.ssd is
fraciions of. ), o is the angle of inci.{en.e of ., in.L l is ihc
glidnrg an8le. W cosy and W sjrly areequrlb the liltn,

lorgid.r.{ -r'o'rd., j'eu L. ly. l..r .....1"
nerl..r"d."rdco /.1, J o.arn.') ber. l"n ' , j., ' i 

'. 
y.

wiihoui much loic of accurncy. Exccpt for rery lo$' lift
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.oefficients (see pa.agraph 3 beLowJ Wc Duy, thcreforc,
,€wih'{ in its lsualsin\t.r fornl

lvhe.e Cj ls the (totnl) lift ccfficient. Then for balancc tlr

I, L+ , .r,ii j,r .;j"i

-h r' / ..1'.lJildrmm.-,LrcJ(ron rl'. \.C.Sub.'iluliS
...1.r'dtrnn8,?" q" .'. 4 L\e,bppct ral,..yield.

tlt.l
. "dil. i l,.rrr.ir.'^.olli.r.r,l r.l,rndrowjBr.J.

"lttr I t..l
Note tl!t, in the aboye, CI is dr iotal of "ordinary" lift

cefficient equal to W/tsw r it is not ne.essary to detcmine
the irue wnlg liftccfficient C,"= L, /q S" or drc tailpldreLift
co.ff icicnt IrlriS/ drou8hof .ou*,theirvaluesareihplicit.
I he resull can also be obtained by taking boments about the
C.G. insicad of lheA.C.; ln that ca* Cr" is reqdred (though
ilnednolnppe.uinthedlswer)andtheal8ebraisso ewhat

2.2 V.TAIL
V tailscan betrearcd h thesatuewayas lolviailsbyusing

.n equ ivaleni flat iiilspan. liesl,lts ofan annlysisby Daiwyler
0reference 8) as quoted by Hcme. (Reference 9) indicate
tlut ihe cffective or equivalent span Day be takm as fie
.r.iual spm (ihc .tisi.xr.c bctwccn dr tips) mdtiplied by (sc
I )'i' $'hcrc l'is thcdihcdJalmglc.
2.3TAILPLANE ON TOP OFFIN, OR T"TAIL

Tlrcsinrplicltyof thelow tailmethodlsnoiapplicnblehere
as6isnotequalio6r/r,!.Forthct-tail.ase,weirtroducea
fnctor f su.h ihat o - f. l,J /r," . we niay.all F ihe inicrf.rcn..
.Gf f icient f acto.. Substituting thisnr l. !ndputtingL,r equal
to M.. rs hefore Bives

'" :. I "l
for glidcrs,I is ur ikcly to bc lcss thar 0.8, md lor this

vr llre thc ficlor nr squarc rrrackcis, for a t_vpical ,w/rr of 5, is
qL,nI to 2.1.4, onlyveryslightlymo.cthnn itsvalLrcfor thclow
i.iloi24.0.lhcdifferen c is nEigni6cani and nray be ilinored.
Wec.n,thcrcforc,cxpr.ssDr 6thevaluc approprintetothe
low t.il plus an hcrcmcnt AD r a.jsnrg ho nr placint the iail
nr tl,e hi8h or I position.Thcrl

i!. = r'1 i !r:

,,, 1 :;r". ' -.,r, r,.'r.,r,i
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Note thnt 4C,,, takes ihe opposite sign to CM,,.F C, (ll -,, ) and
drerefore io the taiLplane lifi, and hence ispositi\,e rvlrd the
latter is negntive. In this ca€, the ni.l.l le tem nr 1 . is negnti!e,
md the re.tuction in o causes an nErease in .1.r9. N ot(: a lso
that AC,r, is dircctly propotjon.l to C-j an.l is onll apprc'
ciable tn highlift conditiorls.

Values of 6 arc Sivcn h Rcfcicnccs 6 and 7 for span r.ruos
do]mto0.6ody-appropriatc for drc hrowjngsof biplancs.
'Ihe tailplme/wing span relationship for Blidcrs is rath€r
d;Ifermce ( b,/b" ) = 0.2 nuxirnum) dd interyolation of $e
data for these values shows that I is given app.oxlnately by

r-\-ntst2z-/tb"'r.)

To deteFine Zr and hcn.c f, a si.te-vicw drawnrg is n.cded
onwhicharemarked theposihonof thewnlg en.ho,.land
the silplme.lhe zero lift mgle nnd tift cune slope hust be
known; the ordinary wing (untrlnded) values ma y be usd,
the effect of taitplane 1ift (trillmnd beng ignore.{ as for ihis
purpo* its cfist is ofk.ond order. Fiom th.se the Bl€of
ir. ideFce !.n"sp.{ dint lo ra} pJrri,Lld ' , . ! ' .LFlpd
dd lhF 6e-ir.m rlli8hlr dir"chor drrwn lnrough fic
wing-root iralling edge in the dorm strem dire.tion. t hen
at thc lonSitudinal position of ihe iailplme, ihe 

'vhg 
voriex

sheet may be taken to be displaced belolv that line by:

Genednying (Cr =0.s)
Cunbing ( cJ = r,0 )

lr/so
/,/30

using dre rulc of thun$ dcriv.d h Appcndix IL if llesircd,
more ac.uraie calculrtioN can be made as nlso d.scribcd
thcle, butwill iarary be fteded. Lad€r:t, sn.eAC!, isonly
Jpprc. iJbl. Jl l gl' C. il will L' r.-r.J-a, 'l\ L,e \!.-t 

'r-iiing ir hro rcc;u't lor rhe climb.

3. RESULTS AND DISCUSSION
C l,sbepndpie"fupd f.ra". vrl,.e5.t 0.05. 0.1.,r,d

{ l(, rpptc*nhlrt. of wijrs... iion, hJ\ sq lnr n,"d.,,,r
md hiSh .eb.r rcspectivci)', for C.G. posiaions ,L l" of 0,
0.05,0.l,0.l5and0.2overtheCr .ange0to1.2 Theresulisarc
given in Figure 1. Figure 2 shows m aliernativc prcscnLr lion
They apply to whg aspc.i ratio 20, lr,/ rr. of5, and /j /. ol4.
They nay be scaled for ofier values where applicabl., o.
simply be used u versally for a rough npproxination.

Ii wil be --cn drat CD is of ihe foim neilher of a .ordnnt
il.iemeni to profile drag .oefficieni (except rrhen th-" C.C.
coiicides with the aerodynamic center) no. of a sjnlple
addition to induced dEg factor. It just has io be tFaicd as n

^CD, 
hns txen detednined fff a (constant) tail height 22,/

/,*./ ), fU L,,8,r'a! / 1,.".,,d.5cinr\J'.,"--fol.,'
pJrdnn l- , '. b.fur. ftp rF-ulr . r,. ti\.r J I ibLr' ' L -
oihcr valLrcs of F , jCJ,, is proportionil io 1 F . ligurc 1 I i!.s
totdl tim .lrng ccfficie t Cj), + ACJ,. fcr this case, in Lroth
prcadtitn,N. fora^, = .0 r onh.

ft"uo.c. r, f l
rjnint irim drag and togivee\arpleswhich couLd serve as
data shccts. Howcvcr. sorrc obscNatiolrs on th. nunl.ri.al
resuits n1ay be usefl .

Trim rag ce be signilicant in some cir.umstn.ces. lhe
lollowin8 tablc gives an idca of trnr drag cocfficicnts as
percentag.sof mjnirrLmdragcef fi cieni, taken herc as 0.01 0
(it can be appreciably loreer), for the lolv-iail cas. h th.

' - ' ,i"i "l;:

19



followingconditiot$:

Cruise, heanilg likely htcr themul sp€€.1 or a littlc
more,c,=03

( IiDrb. m..!rn 6Ih.rnrlinE.'r v)-lsJcg'nsb.n,\ ' ,

0.9 io l.l Llependjnson ni.foil sclh! cambcr.
C.G. fotra..t, t kenas, -/r,=0 to0.05.
C.G. mid, taken astt ,'. = 0.1

C.G. aft, taken asrr,r" =0.15 to02.

lor the cruise, l()w can$cr gives lowest him drag, C.C.
position ismimport.mt. Forclimb, typic.l (mcd n)cambcr
is aboul right; mid C.G. position is iLxNt thcoptimum

For.r fixed wnlgscction(nofl ,rps), highcamberis gcncrally
baLl; for thecnrisc, the C.G. ne'ccls to be wcil aft and cvcn ihen
thctrt dragisappreciabh.forthiscasc,inkinginionccount
that all fliBhts will !r.lude both crui<e.nd climb, and bcdinS
in tun1d other considcrations such.rs nraximln lift c@ffi-
cicnt nnd good handling .haracte stjcs, the oplilnam is
probnbly t)"ical medilmcamberwidrC.G. midora littleaft ;
Ihis accords wilh the conclusion of Referene 2.

lvhcn canber-changing flaps are us(d, resulting in low
(NLmerical) CM,, for the cruis/: nnd a hitlrcr one for theclimb
(values of '0.05 and {.15 rcspectively may be consi.tered
rcpres.ntative) the optimum C.C- aAa in scems tobc mid or a
litlleaft. ltis intclesfng to notethat,ex.cptinthe.litnb lvith
CG.fo ard, thc flaps alhost climina ie trim drag - a part
of th€ir benefit whi.ir miy Doi have ben fuly re.lizcd
hithe.lo.

Compirisonof Figure4withFiguresI. d2showstlutth€
t tail locntion his a negliSible effect ir thc crui*. In lhe climb
it i-s sligh tly adverse fo. C.C. foryard and slightly fAvonble
for C.C. a fi, but the chanacs are insufficicnt to havc a nolie-

ableeffcclon ihe c,ptimun C.C. positturl.

4. ADDTTIONAI, REI\4ARK5

Two other pints n(\l kr Lt menii(rt'd. I irst, nr thc
,,un,pri.rlr^,,,,dj!.r1tr L =t'\..1 tr ld\.ta i, .l.j.j
l.,,hl$e,lr-vr,;llF.., \,-t'.., . l)tl \ '...,. L
bccauseaikNliftcefli.ients,bcidr0.(11 r' io, th!sin,tnili(l
momentcquati()n 5, and con*\tucnll! *lurti(),\ l), t.nd 9
rise, arc no lon8er valid, ns tiu nssumpr ons r.g tl;ng sr, r
nnd cosT becoDlr' ir.rcasirrglv nr.cctri,le. Cr = 0 iis.lt
(odesponds to n v.rtical divr, $ thntsinl .qunls rrnitt anJ
matter cos g is kro, ;trtead of the ot,ler wty (r!rd. th.
mrni rc.uld bc(r\1JJ by r(pli. mEC rl t,'l'v-.1 ',{fo lrlF^inr.h,,!tl'.i.-.rrl-lh It'noL''. ', 1. , Cc. 'the.ondihon js not domrlly a pr.rcti.dlorc

Sccondl, it l s L.en sint chc$ltre (l{tlckn.. i) ih.rt
minimum induccd.l q(thil iszcrotrirr Jr.s) occursrvhrn
ihe trilplanc lifl is ze;o. l'hjs is tr r tu' th. .,rsr l\'l.g
.olr.siJ€r.rt drc(r-- low tail positnr, -.nd lurrLr l{t f.t
abelutel),truclortl!:t t.il(.sL'-Shirlrr\ed rcr.h!.\ iU!'f
tlutin lrigurc4c--,,,+ 1C,,, is justne8nti!cC0.(IIIrl j l()rlhr
r.,*C. u.l./ 0ol r'r"ihla .11 ,...
L€.rJs( ill" rpt ru'irn 'rion 11 i6 ' , rti d," J, l n1 . . '
tween 2f- l md unit) in cqadtn'r 3 hns So.c w(n18 for this
.Lse; it is quite h ordel $'hal lus ltapF-ncLl is tlIl thc t'L]il
isjustnudging th.: genuinc rcd uction in hduce.l.lrrgofthc
biplare conpared withthc nlonodant

Ttlis rcsdt is given for ilterestonly; thc nu eri(il\tl!rs
nresosmal rat it is of no sig,nifican(c. Kdh (ltca. rrmcI)
shows a simihr r(suli fo! aircraft of siniilir Jri)Jrrti.!rr.
II.iddninliy,hcrls()fin.lssLrLrsiintLrlly l,rrtcrncgilir.ir)til
,., \.11J...1',.1.{llvlo,.',rrrullt, 1.rri{ ., lt. . .

lbr all pra.ti.i I puryos.s/ lvr on Lrke tlx, rer o.l.) ilp l.n tr'
lifrcondiiion fo. lnnimurtt inducett rlrug as bcifg universrL
for glidcrs. A sinplc pllysi.a I .xplaniinxr, whi.h I lr!e,d
sn stated befo.c, is tlEt rll theh'eight is thor.rrriri bl th.

l
b,s)-ttttrl=

l

li,

FTCURE T . TRI]\' DI{AC CO}jI.IJICIENT TOR I ,OW TAIL
Aspe.t Raiio = 22, / c =,1 I'slrJ.= 5
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FIGURE2. TRIM DRAG COEFFICIENTFOR LOWTAIT-
AlternaiivePrescntation
Conditions as onFi8urc I

FICURE3. TRII\l DRAG COEFFICIENT INCREMENT FOR T TAIL 22, /( 1,," + i,, )= 0 12, othe' c,r,(lltlons is.f
ligurc 1.
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5.CONCI-USIONS

I he n ie I hod .les.ribeLl e,l.bles trimdrag cNffi.icni tobc
drtcmrnr&l ns r sinrple fun.iion oflift rftifficieni and C.(1.

P()sitj.nforanv glider,nrtemBotknoNn clesign parrmeters,
n ,r b.l h lor! and i iail positbns. Exdrpl..alcul. tions sholv

'l ,'I r, J-', ...'. L,r ),,Ja ri poi,nr'
6.ACKNOwLtiD(;liMIiN l s

\Iy t|.nksn, e Llue nJ(l.jhird!\iib.l for pro'idll9 nllor
,,,.rh(!, (nr sonr i irilgljd.F, an.:l ft)r !lr vin:l my nttortidr
k) the trvi) u,,tJul)lish&1 Ccrrlun p.pcrs, an.:l to ltuNrc
$hnulj(nurur and Adnni Quasl tor pro!'i.ling nrc rlith
.opics olthoRtnt).rs.
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FIGLIRE 4. TR]M DRAG COEFFICIENT FOR T.TAIL
22, / lb*+6,)=0.r2 Cl\A=-0.10
Other conditiors as on Fisure 1.
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APPENDIX I
LIST OF SYMBOLS

|r vi.s span

lr !!i1F1ane sFdn

chord for ptt.hi.q nonent coefficients

Aa,- lh.lebEnt of !r:! diaq coefficient

.!. rirt ccefficient of rinq (!,/qsr)

c.. lift.defft.irnt of tailllane {trlqsr)

rr induced dras

tr trir draq

Arir

F interference coefficten! factor
-5 lansertial coo.dirate of c.c, an . ) fraclions

)

.N ling lift
ir tairPlane liit
lr tail ah beasured fro' the aerodlmalic centre
M Fitcninq ronent

v airspeed
reiqbt o: qlide!

:r distance bet{een lailplane and,inq wortex sheet

a dinedJal a.qle
, air de.sity
, irter{ere.ce coer:icient
- rean

i !i.9 rift

17 warre of t ai the railplane positian
:r vinq =eni spd
./ halr-disrance trairins wortices

induced werocity
belo{ trailihg edse

tail!1ane position
rerntiwe to tailplane in turning

4 aieie .f bad{
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APPENDIX II

LOCATION OIT WING VOR'I'EX SHEET

Vort-pr sheeilocationisnotgivendir€.tlybyairfoil rheory; it
hastobeobtain dbyintegrationof do$rrwash.Ifaimypoint
I is dredistdrce.io]^Ntrcmof the boruld vortex (whichwc
lJlFrob. ll,equarrc . horJ p...t)'aJ z i.th JFfr.1. cr,1
nill,.v.de. -hrtb.low theN arr.i irs,JAp.t,cJu* rwst,
anglc € is Biven by

"=; *-* -="".

'nd,Ja .,ll,.r.r'l!l-. doflln srng.: :r,r\Fr.gionL,Hl, rd
u'c wins r@i(sNSLckh A) js

('?

-.i r:T I r:'t/:i t
!1. - a t:a a -1.)

7

lr
'nn

";)

asr':.r pctta
t'

,-lO Tr i:, PFll. -Tol

I ? 1 + 41. t 6

:

,., t a, ,1 1I

FICURES A,DAND C

an.l fctr elliptic lrd ing i: ,i

vaRtEX
t,tiEa ,

Substitutnrg B. nr ,\., di\idinr lroth sil.s l,v.,,,,,1 rrlirg
s into dt diffdrniirl vn lds

lh.ilrovc.lsru,nes th.t qua.l.r r hi), (l poii,ts !)f rhr nr..u
.hord.nd rooi chord ar.longih,.li,nllv coin._idlri1. ll,i\ i:,
not always thc..rse, but nfr- rl ffocn...rn rrn,n,,ll! 1,.
ylor"d..-p-- . , pJ I, ,

Onlyonc irtrg.ation ism.JrJ b.or c.ilL.ins llilf.,{rn
aspcci ritios can Lre ic.orlNdii.d \i., tl,e ,cL.rionship
brtrv.cn. and I ,.nll dili.reirt inp.. fiti.s \ i.,11,,,1 l[rweei]
. anrl (--, Thcintcgriir.ih.,s l,er. c.rird orLl i,' C I 1l

f. 'r,, l r..r1 ,',.rr . l. . 
'in ihe followingt.rble.nd !r l:iRrr. A.

SKEI CIt A & B

For gl .rs,thetnilplartspi^isonh.,o!n.l0 2of th. * nrg
sttrr,,sone..r takcc.nier linevalucs toapplybihelvl,ole
tailplanc wilh sufficient a.curacy. ll\. ellecr of thc kf,nl

',,L h -, iu,.du p.ruB-t,., ' ,r",, m,r'pll..-..,1..
ilrn {€.1 f.r ihc PrlarLi Puq,, ^e

Notr', if L is the lifi, s jsihcwlrgsemi spinands/th{,l,rll
distan.. beh!een the rolled-up iraihrg vo.tices, then f.om r.f
6 thc downw. rL1 tr,.1uced v€locity ni i I ihe.e, rter lnrc is gn'.n
by

-l

TECHNICAL SOARlNG



In pra.iic., r /. r.laiiv. io lh. rooi'r . l] for ary ponrt is th.
Ll iff€re.ce belr!een the vnlue for thp potrrt retntive to j^ 

= 0.05
afd the!alue lcr the.ootT.F. relativeto 1r = 0.05 (see S ketch
D.

The f.(Less has been perfodred ft,r straight idpered wnrgs
ofaspect rntio 15,20 an.l30 an.{ taper rrtio 2 and 3 to 1- Ihe
r..sulis arc slroi{n hFigures BandC Fo. clant/ the vertical
sc.lc is 6 ve tinres the hod zontal scale. For other a-r vall,es, :
/. is Cr tirnes the values on thecurves.

Now lct the vaiues of I and z at the tailplane position be
/'dLi";/ is th.r drc ordinnr' tajl arm, as lgd nr th. body
of the pape., but measl,red lronr the wnrg qudrter .hor.l
nNtead of from the ae.odynami. center. The Intter, ta king the
fu*lage inkr nccount, is usually at0.20 to 0.22 ofthe nienn
chord ln ihe p.esent contert the differencecan be igno.ed.
For gl ers, / / r is usually in the re8ion of 4 to 5.5, drd for
ih.scvalucs thc curcs.anbc repre*nted toa good app.on-
llaiion by straight Lhes hrough the origin. The slopcs of
these lines lhus measurez/// for CI = 1.0, and the values are

I ;:::: r :: l

l pfriri.c, :/.m be foLud simply by multiplying the
sirn.lrrd lail arm by thc valu.ofzi /1/flom thc iable, andby
CJ. Hos ever, f u.the.situplif icaiion ispossible. Thevariation
of / / / wifi aspect ratio md taper ralio is comparatjvely
snall, and a sinsle hean value, say 0.0a3 g probably pro-
vidcsall tltaccuracy thatisreally justifi ed. Wenowconsider
the two .o..liiioG .rd* and climb as in dle body of thc

l.r. n i.esel iu(i U r..lirpo'd nBtoinlerrhpmrl
.t. "o,, n Lrlc m,-.. i l-r I ve.. /- n.nl 1. loco\prrrd,8c
of spee,ls an average C. ot *r,v, 0.5, givinS I // = 0.020, is

For .limb we kx)k C = 1.0 turd the metur vahe of 0.043
applic.s. I lorevcr, thcrc is dr additional effect to tE consid
e.ed. In tuminB flight the raic of iurn has a component iI dre
pii.hnrg pianc, drd this caurs the vodex sheet to bove
uplva&ls relative to the tail. If 0 is the mgle of baile thc
rclahve rir dz isBiven by:

i, !l...!.r''"ird

For C = 1.0, a bmk anrle of30'typicnl values ofA z//for
;i lh iuJ ei near s.a lcvcl arc given in t]I fotlowing iabte:

Agrh, for pia.iical ur a mean value of 0.010 cm be
i,l ofted. Combning tlis 1Lifi dt nean value for q = 1 .0 and
straight ilight gives a .orrdtcd valuc of 0.033 in tums.

FioDr tlr nbove, we cotue iinally to a simde rule of d1umb
for thc displacement ofthe wing vortex shccibclow ihe wnrg
root trailinB erlge at the tailpldc position:

Crui+
Climb

| /sa
1t /30

irhcrc "belo!v" memsnomal to the resPectivc flightpaths


