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AESTRACT

Ilany flight characteristic evaluations of sailpianes vrith fixed irorizolita] tails
have shov/n that the flight hanciling in circling, especidlly in tufl)ulent thenrals,
is influenced by the horizontai taii design. Degrdoed circling flight
chardcteristics reduce the clinb perfornEnce ano dffect the cross country speeds,
especially in typical Europearr iieather ccndiiio s.

Starting l/iith the nechanjcs of circling and the aerodylramjcs of the lrorizontal
tail, the effects of the following items on circl'ing cndracte|ist'ics are evaluate(
using the AS!-]9 as an exanrple:

I , Location of center of gravity (C.G. )
2. Bank angle in circl ing
3. t,ling lift coefficient increase
4, lJi ng loading change
Finally, horizontal tail designs are presented trat reduce the disadvaiitages of

the fixed horizontal tail reEarding circl jng flight chdracterjstjcs.
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INTF.CNUCTlOI.]

After the V-tail and ihe all-moving
tail , the fixed horjzcntal stanilizer
(plus elevdtor) |its been rediscovered,
Ir"cpilp i sliqft fcrtorndr,re loss
conipared to the all-moving tail, ttie
fixed horizoIta] tdil sho\.rs dn ddvdntdge
because cf a favordble effpct {)n the
hancl ing characteristics ol d

seilplane. iloliever, this generally
accepted advantage should not cover uf,

the fact that thc operating rdnqe of the
fixed horizontal tail is rather limited
in terms of fliqht performa|ce ano
cha rdcteri sti cs. The limits of
sdtisldctory flighr ,hdrd, lerislrcs irl
circling v/ere obviously exceeced on a
modi f i cd ASIi-]9.

After a lvi ng secti on mccj fi cati cn , i t
\'ias expected that, instedd cf the
previous tlienirallirg lift coefficient of
c1 = ).2, cL = 1.4 coul ci be flown.
Ho1!ever, thc first t|ennellilg fl'jght
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shoired that froft a 30o bank on, a p'itch
oscillation occurred that \!as ertrafitelj/
difficLlt to compensate. At a 4-o Dani(
it l,vas no longer possible to even
majntain the speed corresponding to
cL = 1.4. The hoped for advantage cf
the !,/i ng modifjcation appeared
inpossible to realjse in thernalling.
0nly an aft movenent of tite C.G.
provided the required improvenent of ttre
ci rcl i ng characteristics. Thc success
of this neasLre is dstonishir,g or rirst,
,is rhi s sl oul d nontdllj d{ qrode t,rc
I ong itudj ndl stabi I i ty and thus uorsen
the flight chardcteristics. In orcier to
explain this effect of the c.c. shjft,
tdil aercdlndrrii^s dnd r liqnr r.e.hd'tics
in circling have to be investigdted more
throughly.

LIFT COEFFIC]ENT OF THE HORIZCNTAT TAIL
IN STRAIGHT FLIGHT FOR FCRWARD AND AFT
C. G. POSITI ONS

For the follovring investigation of the
tail aerodynamics ano fl jght mechanics,
the values of the ASi,]-]9 (Table I ) dre
used. Fig. I shows the tail I ift
coefficient ct. in strdight flight vs.

-h

speed for lorhard dnc alt C.C. locations
(Ref. I ), The corresponding hjng I ift
coefficients are plotted in steps of
0.2. At aft C.G. locations the tail
creates down loads at hiqh speed and
lift at low speed. Hovever, if the C.G,
location is at the wing neutral point
xCC/a = .25, rvhich corresponds to tne
forward C.G. linit of trre ASl/,l-]9, then
the tail I ift coefficient stays constant
from high speed to low speeo. The
equ ati on

si t! *lr: I
" LH - sn 4s

ANOLE OF ATTACK CHANGES FOR hORIZONTAL
TAIL AS FUN"CTICfi 0F !lIflC L0ADING, LIFT
C OEFFIC I ENT A}JD BANK

The sliqrtly chanqed r.rinq load
cistribution in circl ing fligirt hi ll r,ot
LJe dealt with here and siroulon't cause
o'ry prLuler,s tor sailpleles hitll ding
spar)s up to l5 m. The effect of
-irLling on rLrizo L"l toil .r,r'o-
dynamics, however, c6hnot be ignored,
especially for sailplanes tl',at dre olten
flol,ln at large bank argles ancl srildll
circle radii \,!llen thermall inq, ln
Fig.2 tne rireclrdnics of circlirrg lligiit
,ire depicted (ref.2). For an .rirplalre
flyilg rvitn tl,e circl ing speed Vc on a

circle llith radius r, the rotatio0al
specd is

| = v /r
c

As precise circl ing requires the banl(
angle 9, the airplane experiences d

constanr positive rotatiofi ilround jts
y-axis. This rotatjoirdl speec; anrounts to

(,Jy = a stn f

Tne circling speed fol loks fron ref. .j

and the circl iri,o radius frurir

t.iD I

'.= l-Fa

2

indicates this very clearly. As the
thermall inq is done mostly at the
njghrst possible iift coelfir i at:, Lhe
following investigdtions d.c LUne fo. d

wing I ift coefficient of c1 - 1 .4 uno

The equation for ti:e circl ing speed
shovrs clear'ly thdt, .rt,i constdIt bank
dna circl ing speed, the viilrg lod(irg /S
dnd cL are I inear'ly irlter-dependeit,
i.e. , a 20% increase in cL corresponds
to a 20% decrease in Ning lodding, This
relatioiship should be lept jn aind ior
tlre fol I owj rg eval uati ons.

lie rotatjoral speec ltiy around the
C.G. also influences tlre angle-of-dttack
ot tne L^riri r,tdl rcil. As ilor,n i'r
l'q. r, i.re [ci] cnglc-LI-.LlJ!l j,
increased by ,').HC, the tail

. .rral
IL.,,

the geonetric datd given in Fig. l



1n nost cases this
smaller tnan l0o ilno
radi u s is sufficient:

1, - 
o,- ''o,

tic Va

angle lc16 is
a cdl cul atior in

angl e-0f-d ttack increnfnt due tocircling. This a,rgle ,'..HC is
c, lpr.. ^r,L on +i a tai I dr4 / h, tne
rotdtron,il spFcd y rnd thF Li'r ljng
speed vc

oi, './r - rr,lit -;-

TIlE IFFECT OF TAIL AIIGLE*OF-A]TACK
CBAIJGI C]N FLiGHT HA}]DIIIiG AND

l-ERF0ttrrAflcE tlF h SAILPLANE lJLit l0
CIRLLING

Figur€s r, 'i, ard ! incicdte ho|{ tne
tail angle-of-attacI increment cue to
circlirg jncreases wit| larger bdnk
angles. 0n the otirer 

'raId, 
t e tail

lift coefficierit clL requjre0 for

ste(rCy-state circl ing is iridepen0ent ot
tlie irdrk al'gle y . An j|crease in tajl'ljft coefficielrt due to circljnq nds to
be prcvented by ircreasj g uptrard
elevator deflectiol. The arooult of the
elevator oell€ction cdn be establisited
from the section lift curves witir the
ulp!oLur dngle ,s pdralrt t{:' rP, l. 4).
Fig. 5 also shov/s the sectloli polar c0
vs. cd which indicates the substantiai
drdg inLrpasc \iho, ledvjng tlte idnin"r
bucket. For the folloving investigatiolr
tlre L/lenl rt rrrr lanindr bULl\et is
indicated by a oasled line in the (t
vs.rx curves. F;9. 7 shows, sonte\r at
enlarqec, the area of furttrer interest
fror,t F ig. li.

To fac i 1 j tate iile analysi s of i i s
ciagram, t|e lift curves aI vs. .x for
tire required nagative elevdtor arrgles
are plotted too. The lift coeffiaients
of the horizortal tdil for ihe wing lift
coelljcjeriL cl - 'l.4 dre td^Fn Irun

Fig. I and amclurit. to cLtr = .35 for the

fori{ar0 C.c. location an0 cL,r = - .zA

for the fcrlrard C.G. location.
The t,ril dngle-of-attack for strdight

flignt at J, = 0 degrees. can De
cal cu I atec as

+lro+aH-ro

oct-/cu ueflot esofr, ti,e t,l i I
,r"

effectiveness or the aownr,/asil effect 0frhe wing on tlre tail dngle-of-dttdck,
cxo tire zero-lift arigle of tite l,ing, E Hthe horizont,tl tajl incjqelce did eo

I n F i9. 4 the i ncremental tai l
angle-of-attack 1ir-l.lc is plotteci for a
ting I r'ft ccelficient cl r = I .4 dnd for

a wj ng I oadi ng

ll/ S = 32 kg/n2

against the cjrcl ing radius r.
Additionally, the circling spceo Vc
ano -l.F co, re<fo'rcin! i.r.k "ngl e y
qivPn. l-or L lL^ ar qle) ol y = -q"
o0o. tne rrsLlts rti a ri'rg -u.cingand

tl/S = 28 kg/nz

are also shown. To ccmplimert this, the
Same calculations are repeated for a
lift coefficient ct = 1-2 in Fi9. 5.

For further jnvestigations the values
are restricted to a lririg I ift
coefficient cL, = 1.4 and Dank angies

of 3 = 0, 45 and a0 cogrees. The effect
of tne tail ooon, wnicn hds d odrpinS
effect just as the n.:rrizonta I tail , ana
which can increase ti,e incre ental tail
angle-of-attack 1Lx iC, according to
Ref. 2, t,y 5 to l0%, is not tdken ilto
account-

""=r"r;u; L ' *]

In tiri s equation
the I ift slope, 1 -
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the hin-o incidence. For the ASI^|-1, the
fol I olri nE values are !sed:

).,/,1, = t.l3

: ;- =

a = - l.ao

i:H=r

z = 5.250

Apart from the incidence angles c 
H

and eJ these values are djfficul t to
deternine. Addition of errors in ore
direction can reach Io. The increncntdl
tail angle-of-attack lctia due to
circl ing is determined according to
Fi q. 4 , amounti Ig to

j[iportaIt tlr,it, at forwar.d [,G.
l"ritjons JnC lank angles of thore t,ri.n
45: tnc clevdtor dcflecLions duc to tail
,rngl e-of'Jtt.tck changes bccome
i ncrcasi lrgl Ji non-l inear.

lrr t€,.iiis of flyinq uris nleans tirat the
pjlot hag to pull nore elevator than nt
lor.'er rqank arqles to coliperrsate for d

Jivcn tJil dngle-ol-attdck chinge. This
lerCs to "r.oLr or over-cortrolling iJ
the pilut in relatively turbulent
thermdls, deperding vliel|er he is
starting lrom a larger elevator angle to
a snaller or vice versd. Even though
the wing flow is still ful ly dttdched,
the airplane bcaills to oscil late ih
pitch. The speed varies by 5 to 10 i(m/lr
dccordi nglJ. llo!{ ever, the pi I ot jlns to
"feel " ilis vray in the thernEl drd tnis
requires constant speed !,rhjclr lie can
orrly regairr at u V]ing I ift coefficierrt
clea|ly lo}ier than c| . = 1.4,
{eronrple: at cg = lif. ).

This in turr requjres a lligher circling
speed and a larger circling rddjus dt d

givefi bank dngl e. Tnc bctter Li inu
pertornrance toliards the center of the
tirermal s cannot De real izc0, because the
dirDldne cannot Ue llow'r dt ci = 1.4.

Fiq.8 explains tiljs situotiorr for tne
for\.lard dnd aft C.G. positions. Trcse
curves are derived from cross-tiotting
cig, 1 (ot,., .-. urcLQ = ..',.
At the for\,/arc C.G. ol xCG/d = .25,
pitch control oi ffi cul ties ,ts ie5criU€c
,Lo!i LJrr LLL.r^lror..dnl J':tlc: r )0
,,pq. .rn. Al +r" ,"rrx cnqle ljre r:o\i.r'L,t.r
clevator (iefleclion is rrucfec. Fror
iirjs bank digle on it is no lcngc,r
l:(issicle tc 5tdll re airplarie ifi strncy
fl i ght.

Fjg,9 slic!/s lhe 5ame curves,igdlrL
referenced to tne saoe zero pcint- This
ttrcic"tps cle"rly lnd cir fercr cc r
el evd tcr effectiveness betlyeen car)er
clraiges jn ,e cirectjor of lifl o.
ngajnst it. Fur canr!er clrdnEes cLr€ to
uplrdrd Cefiectjons !'ith tajl 60r/rr loaos,
the lec14nse iI elevator effec[i!eness
occufs d t Somewlidt t j giier el e!a tor
1.]'ellectiofs tnan for tail lift.

Lrire ther tlre at,ove."xplatneo fligirt
hdralin_q 6egrddatjon js caused solely uy
ilevdto. ceflectiol,s of ov€r t l2" is

As the C.G, position has only lirtle
effect, it is iqnorei llere,

The actual tail angle-of-attdck as a

function of bank angle at constdft w'inq
'l ift coefficient is then

r =d r ,\rlltc H [c

The resulting values ci ! anc tiic

yield the points in Fig. 7 for the
forward and aft C.G. positions. !,tirile
the horizontdl tajl benefits in straight
flight (y= 0o) almost over the ertire
C.G. range from the iow drag ir lhe
laminar bucket, it operdtes from banii
angles of 45" on the outsice of the
laminar bucket. This drag increds.
alcne does not decrease the cl i rib
perfornance appreciably. It is rlore



not certain. Additionally, the fast
forlrard rr0verirent of thc transitiot poifit
" 

rr. u Lr,(.jrJ .^qror of Ur/ ld,t.rd-
)ucket coirld havr a ri,ticeairle inflL(]r'ce
on the elevator effectiveness. To llir.tt
extent c,1r orly be deteririrec fronl
furthe r aerodyfliimic inve!tigatjo s. To
exclude any negative effects oi t;ie
hori:ontal tail c'n tilc flight irandling,
:h! cprrdti ng ranqe of tne horizontal
tdil should lie ritlrin the lamindr
lucket.

c0l,rcLUst0u

The degrddatjon of hdndl ing
chdrdcte ri sti cs cxplained abov€ ds
originating froo the horizontal tail
. rr' ol l,e 'qnor(!.. Tnpv -lr drl)
jnfl lence the cl jnb perfonmnce of
sdi I pl rincs. Clintb aid penetration
perfornrarces have, especidlly for l5 rl

sailpldnes dnc fol reatner sittations
typical for lurope, about the sd[]e
inpor tarce. Tnis sLigEests evaluations
on how to increase the operatirg range
of tire horizont,rl tail !/itlroLrt
performance I osses.

After !.ej gnl ng ,rl l dovantages and
dj sddaitdges of different tail
confjgurdtjofs, tiie all-moviIg tdil lritir
ledred tab and the vdriable- jrrcileDce
tajI wjtI elevatoI appe,lr rrcst
q r iT,il- Ie. Ie ldrLer LUr'tigurdti"ns
cofiirines the advdrtages of tiie
ell-noving tdjl and of the elevator on a
fixed rdil, By cfr6rging the tnil
jncicence, the tail angle-of-attack can
)e ddjusted to the optinnln nt all
operdtjng corditions. For Fig. 7 tnis
rirrul C nlcn tl'r r a cr'rnqc irr tai I

ir' iap., F ry -ro r1, lro-g" cuir iL r, ri ,u'
)otn C.C. positions. The lerger
ccnStruction effort is oi sa ovaI ta !e0usliut rvoulC be justifjed l)y the
oerforrdrlce gains jn tirerntal ling. The5e
cons i (lerd ti ors are especjdl ly appl i cd!l e
if eitlrer the !iing lift coefficj€nt js
consj.jerdbly increasec oa the l{ing
lodding significar)tlj, reduce(.

S III{JqARY

After the V-tail rld the all-novtfq
tdil, the fixed tdil is iricreasinglJ
used ,tgain. It appears to represent the
best coDprofij se reqdrdirr.t' fl i qht

B

performance and hdicling ctraracter-
istjcs. Urifor'-LuIate]y, tire l.tr;jnaa
operatr-rg rdnge js rather small.
F-s!eci,illy in circljn! tljgtrt tre limtts
of Llle oFtiourli op(:rdtirq r'anqe dre
reacrre( n|d sofiet i ne5 exceedec.

in.jrcliig flight the airplahe
e,{pcriences a steady positive rotdtjon
around the y dxis !.rhiCh increases the
angl e-cf-attac( of tie iiori zoirtal ta i l .
Thi s incremental tail dngle-of-dttack
ias to be coirpensated uy d upllard
elevator deflection to kcep a constant
tail lift coefficicnt. As long as the
requi reC elevator deflecti0n irrcreases
linearly with the incremental tail angle
and |rat hds to !e conperrsated, flight
handling js hot affected. llovever, this
ljnr'or r'rl.tior, n, tcr.c\ urrl) ro 'tjoLtl2u .lero'"r urEle. F,..rr id.9( r el,.vdLo.
angles the clevator ctrarge per
i ncrementa l tail arglc-of-dttack
ircreases so rapidly tltat stc,idy
cjrcl ing becories inpossible, DeLause of
tlris ovc r-con trol I i ng ten.rerc),
disturbances causec by turDulelce or by
tne pilot create,r pitch oscillation.
ln tujs circling ccncition it is no
longer !ossiule to keep tne speed even
approxi nla tely correspo 0ing to the
ndxim{rn I ift coefficient.

Tlre effect descr ibed aLove wds
denronstrateq orr a morlified ASlir-l: (uIicl
can reach a lra)limulu l i ft coe l'li cient of
1.4J) ,it d lift c0efficieni of I .4.
IcgaJdea r.dnr'l ing cnoraclerr)r', s jn
circlinE fligftt reouce the cljmb
perfornance; t:ti s ,rffects the
crcss -cour trj, spcec con5icct^.i5Ij/,
especially for the useaDle r/eather
aon ci ti otis jr [Jrope,

,4rrcr (01! .e.inq .ll aaValtdSe5 (J,o
ais,ldvdntdjes ri vdi ious t.rt I

con fi !! rd ti ons, the al I -nroviIg
stab,ilizer witi geared tatr drid the
!d ri ab l e- j ric i.e ce tai l 

',lj 
tr, el evd tor

apperf !est suj tec t-o irirpfoi/e iiaIcl ing
chdracteri s ti cs dnd tIr.ts tligltt
p€rformdnce.

KfFEIIEIiCES
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