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ABSTTlq CT

Since the sailpldne !.prcsents .{
hiqhly optirized aerodi,naric forl, tho
influenca o. perlorrLance of smalL effects
such as stabilizer fift is rioratL considet
ing. This paper anafyzes the induced dra!
of ahe stabilizer dnd its effect on sinking
speed. An equdtion rs derived reidting

-.rq :oq. i.-^. r .r q p66
to the stabilizer lift coefficient anC the
aircraftrs shape pardneters. TIre e.tuaLtion
for ahcraft pitching monent in steadt
flight is introduced in ordeir to obtain
the refdtion bet een fractionaL increases
in sinkin! speed and airspeed and cenler
of lravity locdtion. lata irom a
Schleicher K 8B is used to illustrate lh€
resulting fornuLa, II is concluded that
non-zero stabiLizef fift increases sinking
speed and for a K 8B the greatest effec.
is r{iL:h a torliard C.G. position and d higrr

This pdper iE an anal-rsi:r of th. ef

inq sp.cd and the effect of C.G. tositi.n
i. est.rblishinq that stebil.izcr lift rlLd
attendant perf orndnce loss,

cr3ft perforndrce llas rareL] been in/.sti-
lated. Iionson (Ref. I ) anall zed tlr. ct-
fect but ndd. sonLe errors. lro.son cor,-
ciuded that fositlve sL-abiLizer rift itr
proved periorne.nc.. In Rei. 2 J Lrr. lloer]]er
ddvised l-hat 5t!rbi:l,1zen lift .i.cled:::
periof,nance and irhat the:ffe.t is great-
cst dt h:Lgh in! l-ifl coefficlents, thai-
is, in tle cair.b, The subj.ct is ar;.]
irriefr'' me.tioncd ty Irvin:l (liei. J ), bui
lre reeclLes n.i conclusion 1r, r.gard Lo rer
forJndnee eifect: of lr'aliiLizcf l IL.

P'o:'
d.c!..s€s lri th increas:r:.!l . taliili::r lif t
but ihair t|e e;;--c- is alrlate:t ar: hLr
Lift co.fl1c:Lent s.

INIRODUCTION

Concerted eftort. by sa prdne desig.-
ers over the yedrs have resuLted in crafl
liilh highry optinized eLerody.dmic forns.
Therefore, sFralL effects \"ririch mat be ig-
nofed for other dircraf! are of int€rest
o aLpo. :n- on p o
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IFF-C1 OF STABILIZIR LIFT

t,ro us! the custorary anall,sls of
steadt gfiding flighl, assuninE the qlid.
angl-p ! to bc snalt. Fron Fig. I ,,te
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STcr,=t,':9,t ( 7)

ite assure thJt thc Frabolic dr.r!.
tJrar is sufiici€ntly accurdtc to colipare
p.rtornance and note for t|c zero 1idil
Lift cdse

(t)
ci
;arand the srnkin!] speed is (Cr) = CD (.)

D cr,=r-q

(2)

Ite compare the sinkinq speeos of g.on€tr:ic-
drry siri.tdr aircrafr- of equaL ltoiglrt
\rhich differ onli' in taiL lift. Thc
--'''Jp..

(3)

Perki.s and Hate (Ref. a) give Ior
thc do n ash dt rhe stabi.l-izer:
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sif.-. C, rcfers to t1,! total
.ifiFierd- it nusir b: the sane iox
cases, Eo Eq. I Lecomes

e lriLf discu:is this.L!5Llnplicn LJLer.
Th! sinl,ing spead r.rL-io recoJn.:
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Frofl Eq. f2, ue can eonclude that fojl
( /,), r6ve_o o

o/,.c." rr .V ,rr-,_t -o
.o', _ -.p. o -"a o" L,ri.
criterionr n6,meLy for basi cruise or
gLidc perfoxndnc€; trin for zero stabi-
Lizer lifa.
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* t" 
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t"r, t'n t', (11)

3. Ffight is in the fo!l' Ilach nunber
oP' oil-r -,,-\

are legLigibte.

4. AeroeLastic effects are

Eof 5tFdd) flirht. qj = 0 so
e\preisio. ior trin i-: "

0 = 9r^ * (lr hn ) ci,.. - vF
U

Again, using Eq. 7 to eliminate

sofvin! for CLr/CL, r'ie obtain:

ct. (h-hn ) +

9u"

-T;

ile substitute E.t. I

I
S

into Eq. L2 dnd

negr:igible.
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q,PERFoiil,ill.lcl LOS9 /rS A FUNCTIOI
OF C.G. F]S]IION

To .stab.l.ish the relnrion ictre:f -tre
C.G. l.ocaiior ind ;irelil i:.r riir co:1fi-
cie:lt, re er:rrLi-i! th,: eliration ior rircrrft
tiitcl:in! rorrert:

LiIc fr.rcLiio.al increasa
ox thrust required as a

{16)

in sinkin! speed
function oi C.c.

In using

l. Drag

lhi5 expression, ,e arc

forces pro.juce no silnif:;
nomert .rbout the C.c-

O'rI,CULA TID PEltFOtu.niICE I,1]SS
FOiiIKtBSI]LPLANE

The Schleicher K 8x sailDtan. !a:

.b
.. .L-io

pEftoriinc! afdL s1! ol 1t.
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Ddta fronL Ret . 6 gave:
Lb/ft'; Sf/S = 0.133; and

The quantity

DISCUSSION

The result of thc flrst part of the
analysis, Eq. L2j is pLotted in Fig. 2,
The fractionaf Loss ir s:inking speed is
sirnpr\ a parabola syrLnetric aboul- the

0" o po
ont\' for positiva vaLues of the arguent.
Tt is obvious then that only the nagnitude
of the stabilizer Lift coefficient matter5.
Upivdrd lift degrades performance just as

Of particular interest to sailplare
perfornance is thdt Fi!I. 2 has bee.
po 6a or

LT EE LD
pe

the rift coefficicn! corresponds to
(L/D)na)(. The other drgLnnents are puxeLy

arbitrary and do nol- necessdriLy r€flect
tlpical vdllles for a 5aiLpLare.

The nosr in,portant.rssuiLptiori in thc
derivation oi L.l. 12 is Eil. L0. The use
of Eq. l0 irnpLics 5evcrJl thlngs:

TlLe iLonr ficld around dnd berrind
Lhe lrin.J is ade..J.lteLl ?redictecl
bl' inviscid flolr .heof!.

The stabilizer is Lccated at lhe
eenterline arid dir.:ctll in th'r

The do'rrasl, angl,c is the san':
.Lcross th. s tabifizer span.

Tre iusc1a! c doe-'noli 5i.gniti
cantl! alter thc tlo, f:ieLd .lLiout
the stabifizer.

rl/3 = 4.47
Vu = o':sg'

", 
At

',as esti-mated froin tlvo sources. Fron
Ref. 6" ttinq loadanq and perforrance
aata nere tilen to estirdte CD and e'

pe

A technique outLin.d by Hoerner in
Ref. 2 !.ras used to conpute et. The

. A.noC *' : '

TtLe alrthor did not have anv data on

t o -,-"8.oro ''a'ia

a.irfoits uscd 5o c,,, = t:r.10 as assLmed
0t'i

and h = 0.2s lras .LLso assLmed.

Denartures of the above itcns frotr
the esiiJrated vaiues tilL not ctLanga the

o oi

Fi{rrc!r rrcftsE r

c-*" *6^* R P.l -^

l
FIGURE 3

L.
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3.

Considerir,g th. assunptions in lurn:
I. !l,e vi.cous eif!cts on dotrr',rash

.udt: j usti.Ii.r r-j.or, ircn'riid
tunnel iloli i.asurln en.5.

..-
arouiis cf veriicrL disql c.rncnl-
Dr tho 5r.biLizer abovc (ojr irer.rii)
the uirLJ rahc con.ist5 iL 5)ial1
deDafture5 of:0.1 del P.r unit
I iit ..cr;i.cie;t or L:5s. Sin.e
tle doNn ash angLe its:lf i3 or
.hc .ir{i€r oi I deg Per Lnlt c.

the ef".cl ca. l,e nolrrecte.1. Lit
is posslbre thdr Positive stabiri



z.r lift aollri trodric-c a sLiqht
pe|Iorrance lain in a T t.it.lo-
si!. Irhere Llre .io,rrn ash rL 11,c
slahiLizer is 1.es rhan rl,at Pf-.
dr:cted b), E!. .ltt.

J. Since L:lr. stahiLizer Fplri is smJLL
con?ared to tne rring sfdnJ the dif-
Iercnc. berNeen .rentertin: dorrL-
,aE| vdlues anC ihc.verag-. a.fo;s,
the 5laLriLizer sta. cen l:i: cor
Eid,-red nolllr:giirre. Tlr€ grapn: oi
R.I. ri , ,hich r]orc .al.rJLrLjed usi.E
a :tabr:1iz-cr spdrL of ore L_tLif.l the
!ln,j, .io noi dopaxt inore tha. 4
p(if .cr! f ron c--r'.erLirrc vaLue:j
ter.l:ing to confifi.|c a5-qLxti ion.

4, llolrcvcr, a.srrnrtiorL ( l ) c:n be
.:uit. lrfor.ecu:. T|c fr:clalJ. hd.
a 1dt!t. eti-act Dr .'or'I'rra::l: !rlu.r:.

lerms of Llri sour,cc:. Cne i5 L:hf
interierence n'itlr lhe 5prrrise Lift
diELirinutioi .l e to tl e 1ur.l.ale
lirL.t root co:1: i!ur; I i.rr a11..rir!
the dc!']I[sir --.t-.]f. rri tl . re.or.l
i5 lhe intefi,rr!n.. LtiLh ili r!
:iultan L- patt.!r bt.l...;r.s..c'r ot
ilre tus:la!lc at tlre slaL-riliz.r.

Th: naglitu.le of b.rrn.if,..i: C.p:riils
orL the relatir- Eiz. ci Ltt. LD.rt ius.Ld.e

parativ.Ll srall iu:.Ia!re .iiar,.i:r,sr ?:
exp.ci rhe .tie.a to te lLinj.niiz:d. Al:o.
in i T taiL conii?LuatiorL t.e srabiri:n;1
f .r5.Ldg 

-a i:Ltarfefen.. etf.ct.houLo v:r|i:t.
FinaLt,,., rt:,- iuthor has ! rc..:jsfrtLy

prcii. t.d st:iiLizef irci.t-an.,r j:et Lir'r. :j
tor ! ide tlir ir, rro .r'iteilrion ltti;cr9 ( r. -

ti,ieL_! :rnaLl Ir:e1.1!. .tianet.rs ..xF|:d
!o L:lr. ,int .hrd.

H:n.e, i r!.:;orLiL,tE f urfir.iir_E
;1r..JFent cd. be )ia.i. :| fdvo!, of acc.pt
irLg the rd.l.idr'L\ ol lit. Ltr Iof tLi.|-
lerloxrancc :.1ilpLdlcs.

Tre rrporianr concl :Ji.!L iror :!. l2
is that tlLerc r:s ar c:r::nl!n rrir condr-
tior o,' zer. :iialiLr:.. Litr.

Tre:,iI:ct of C.C. l,o:i itio rL

-.{. lL .nrLput.il icr
inr,d! lo!i t,r. cer'.ifi-
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cated C.G. ranqc of tle X 8B srilpLdre.
!everaL .1lcct:i dre rot-a,rrolthr.

l. Incr:a;r:19 alr,spee.l (re.iLrcin.J ti,:
lift coeff:i.ient ) jncnea5es the
los:i ior rrost oi th. C.G. rarL!e.
Thi5 eifec-. is corlnrrlr Lo llc.fl.r
s.dienenL Llra- th-- :tabiLr:ei, li:t

o.-LLd lc nio Et aorer5-a in a .Lrib
(lLi!h .l.1It co.ffici:nt). l.ij.
centLt! tlr' ,( 8lr: D€.etrfri.n ;
d.iv.fs.li,afl!.Lr.rd l,t !tabr:l i z-pr
Llit.

2. Tirc c.-ti.mun C,C. po:iiii-rri rtp:ar:i

reLL dlt.

i. Tl e --f l e.Lr is mod.:rst. the L|olst
cas. cal.Lilated i: c.G. dt il,.
24 !.rce.t iosilior: rrd l4 Jni:,il
iir5)ee.l. 3.,rL.,ic1rer liierarur!
qir.:. L/D = l-a.7 at 14 )rplL. T r.
irnircv.rrclt to be eapectei ll,
.lriliir'9 lncn tlLe i,: p.rc.|t

po
tion i5 F 0.57 ir tho l,/'D. lr

tr.r U. !4.

A cLo.e looli dt E.l. lil r,ereal: that
o "r . . ( ) n

D.
c1t.ct al hiqh ritt co.:iicie.t5. TlLu5,

ance .ai.l.tl.ane5 to Le nlcrc ac.sitr:..'e to
ltatilizcf .Lj.ft ard C.G. po.itio. di,
tJ..ir r L,ll )

coltcLusrolt

Tl:.: :if--.i Di :L.rrili:.r, .lift cr .air-
t.LaiE per;orr:rdn.: i5 to i.cnea:. rle 5ir'rl.-
irl.r speed. T|c oif.cl is dep-.rdenL- olr
the C.C. posrtior r.rhi.tL Ce..rnine. t,r.
sLrliliz.r -:i.i, c.-a'ticierLl. On Lrl.
S.lr -eich.r ]/ 68 s,riL!-nn., Ioxrr,rrd Liiit
C.C. po:iti.n: rn.i liig4er :rirEp..il:, are
thr rc5l d-.lr'irL.ltal .o]diiio.:,

Flitu. i :lruli
ii.verr.l ai r-.peed:

t5

For RcIeren..s, see p. 3.t.
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rtri:c el]uiLir,!iin. :u.lL p!o! ir.i al.:
nor,itor..rL r,, a!t:,r,nirr:r. lio.lr ,i!iilt r arrn

:ie!!rin,lo. L rrr r!trrJrri.r,ti lr..1i|:i f r tr

lijnc.r'tr:r,..i r.irrit j)i.:: :!B D!:::rr:.ri,,. Lr)
Leq, coileeJ or .driori.t..] r,r!rraqer .L;
irDiJ i.ta-,,ej dnLl ljjr:liin! il-Ilijl.L i:
L r aL.j r:able. !h! ;r4.h .or si.il.r]] tr.r.,r
,,ia. er irL-'j rr!ll i
!eLt,.lrdLiln. I :re:-h |ar:uf .!.er.1.n.,,.

. a:lclir:qs.

I rxi.ri.tior,s. l]roi.j.r ri.:r. t):,-ak
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a rapr.l inr.ak. of 3.r,ilrir:che: rir.l Irur:L- eL
fii.air). .;ir:irng .li.nf.f oi qLl,.eJrid rr,rrard
evciinr. Ir, fLilt1rt ':ati|! f.1r,jr.. lrorr
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r!!l jj'. a: !. a5 :lre i'ilirLir atLiru.l. .or
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