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ABSTRACT
nr- p-pFr rnlroJu.., ,r I rt. l, t. -flr tl,., r ! forelli

cic,,r L,o* . oul.',v -oJr,, ;. A .,t, ,i. . .upforr, a ni.
simple measxrcnrents, dcnionstraies that whitc pitcli
to fly.is a direct function of !,ariomeicr readin; and
wrnq lo..din6. rr r. e--ertr. ll\ IJFf, de,,t ut.,,ript.,r,rJ D Ll tl-cr morc.,.,n,tur;r.rmLitJlion,d,.mor-tr.rt..
lh ,r c\ en urdpr, . nd ilro.F ot r,rp,a l\ \ Jryirrr trrr prr. t,-
l,-ll\ .r:, .,,rr,. r, ld.ti. \reld,.r,,..."Llntr} .i...t.
whi.h,,r, wrthin l;r ot id-Jl rJr,.r llrx.Jti/.,.1;,.'p,, d.
to'flyresults. Thus, pitcIlto fly requiresonlvven, simple
r'..lr.rmcIt.,tior, i ,J.) tJ\lutfropFrl) ,LrF iit-
fl.,rre i,.r'.,.!l,lfonv,Id lo -ppl\ ir, flrtt,t r d yr"td .

nenr-optim.rlcross coLrntryspeeds.

ln . p, fer pr,*, nt. "n c, tLr' ^r'ur t1,,....r*i. -t.,rt.
1..'\ ll,eo,! .ee loi .., .flc lll. lhp d,,.,1 -.rt,.,c\tcr,.ron rr l. rn.ll. tl , .fFF.l r.- \ ll,F.'r) ,., {pr t..
Jppl\ ir'fr.r. l.r,.l p,rri.rl,.rt.rJrr irr trorcmer ,.
.r,irF"Irnerr. tiJn .Jl.b-.,r ur, .,r,J n:Atrra,,tr...

\rh.re,r.ll ,.tc,d ro nIlt",. 1 .o-...i,, r",,r
. .,lt, r.p,..1, r'd ll-^\, r1r.., \F.:, itvoitl,c,- rf,rn.l
rnt air, this forntulation is bascd on air.ralr pitch nttj-
ludp Jnd | | ., nn nFn ,.1, ,1 \.rr...rr,.r, I rF.rdir; f,, o$
.nt ll,p r' r, r"olotsy , f tl,e .1'.r ,l- ,, ttr rtr.,rl, u e. -rl! ,,flrn L,n, pi,.l,,. rt,rJ. t,,I.., .r,,n) titJtr.,lli
rud, r. me-.r', d l,\,,,rnt.., r olt,p.,. tt rL Jp. t..rE.
t^ll,cl,'. i/un.,r'dt\, f. ..,mt,rr.rtrJi.,r.,,reter...
-1.'r,JJrd .r,lrur,, rr ir n,o,t ,rlt l,Ip- nIr..,, l,r.rr, r,-- r' tl-r . rl'e^-v .r 'drF, tl\ 1,,-.rrr_h., u il;
simple jnstrrtmentatioir

Themoresurf risingresultcoInesin thccaIibr.rtionfor
pitch-to-lly. CorEidci that an ucrcase in drag, $,hetber
due toaircrnftdcsignorb gstrike, noto, y riduces the
speed{o-flr, but.rlso redrrces tlre airspeed for i giver
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pitch attitude by incrcasing rlle snrk rate. The calcula-
lior. lr,-.ItpJ h.rc rnJ..rt. drJr ror., civen pit,tr
, 'rirud-. llr i, rLdur t.uI in Jrripepd r".rlnro.r idcntr, Jt lo
lhe redu, lL r, ,,, -f.1d rn fl\ llru. dlrl ,rr5h I n.,
d.rr.rrLrr.r.' .t..rl rJr...IJw:rBto.,Jind.prl.tr lo
' \ i- e. , r,r .rll) indutender r ,,r ., rtpt.,r! i D Ttrr
,rnplr. ror ru..rlrbr,Uori.rlrJrur e."l.Ul.,tronornitLtr.
ro ll) i. ., Iv,i, rrng I,rd,ng,,nb..,n,t,pd r;"n)
rrrcrrlt wrdr th-rt wmf ,,-rdrna

I l,{ /pro p^irtl ior ll,e pr', h .L .le , J b. obt.rircd rn
18l,lb] rl) I 

'S.rr 
th, r. llimum,i-l.rrnpeed w,rererlre

Jrgle,,f.rtL.,, i ,,rd . ,I r.,rn,,'..e;-or.ttr 
" ett trow,.

iron. tund.,nFnl"l c,,rF der-tr^r). I u, m.rtc, rt oo.
,iblclobypi*tl,e.peeJ-r,, n) tl,e^,y., \plhirdei.u,f
dence on thc s;nplJne polar

I ir.,l \.pit.lFl,, flr.mpli, .rsrrrrgl-rru r,Jrd.oJr.n4
tu.li. . rJnpl\ ,lw.'\ - lo.,.lopt the rndh,u, J pit. , to-
flt. This dodnoi rcsultin exa'ct conformancc tl speert
r.: fl\ ,\vl i.n ,- ,,np,,,.,r'1. u. de' m,,.r ,or,o:ri,rr1:
'.\., \,I L,, don,.'i . ' l,.tur,.iId r,letlurirJoL\

resultinefficientcrosscoLlntrv fligllt,!'iththeachicvcd
coursc speed rcnanrint rviihh 101, of ideal spccd-ro
fl yresults,cven undcrcandiiions of rapidlyvaryinslifr.

Basic Computations

lrt,rr, lJ,uh.rlr'8,. r,. r. rplJ.i,,r.l l'..,r ob!.1
' l,r '^n .r.,,1 ,,r tl,r- h,,rI rlr. frt.lr.,tr rd, I. i..'rnr'ut"Jd. rlr dI Fr"r", b,rr,.erirrr.nrrat,.,,r,rri.L
.--,'d tlrL rlrde.l,,l , rr.;.e I Ir..lrJlr.{;t tt,ettrde
,1. f.,r8l, i...ppro. Ir..'1.r J, tt,c r;ri,,,,t rl (,rit|,t,.I(
'.rl rJl toll,., ,,..,lFdJ.r f ,,, \o.etl,rt tnr-r,,1
',lp r ,'J r tl .,1 rcl.'ti!, to rl,c ..rrr, rr .lir s,rrr. lh,
FJI' ' I . 'l . .r n 'u\, n,, I'l r- trF.,tcJ iI Lo, r.,tr.n! L' ,J 5.

L.'r,Bl,,'t. tr.,."r,, I. ul,'ted rrorj. rl,c l , 1r."tror,i ,- .tr.' g'i,r .,r,.t .e\. t ,r,,1 eqJ.,ri,i, ). l .. ecj.r.rrio.r

' 'fli, ilL\'- ..urn. .lh.,r t) r lilr, n, in. r r'r r-proportru.,l

101
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IICURE 1. Bi5ic ca!rrtiors.

to the angle of attack, as is usually the casc ur cross-
country flight. I have esiimLrted the c'ffcct of thc 2'
washout h'hich is t''pical .lcsign practicc, and lound
llrJl ir,.ff..l , r rlr'..,.-,InpLor, . negl,g.h.e 1l,r
froporl,ol..rli$ ,on,r.)nr I i.:,1, Jll) , tu, rJr$..^ .'
th airfoils, rvhile some textbooks i2l recommend a
rule of lhLrnrb r,.lrre oto 0 Ih..snrl h,,.dun ,,.,n9.,
I \,'luc,'fo.,," d, ,iv, d i,on p' pe nenL,lJdrd []l Il,r
plle, lollrrilci.pe, I r.,r'o, n llrrvJlu, ol ls J,rEn.", d.
Through rearrangcmcn t of cqu a tion 2, equa tion 3 gives
the angle of attack explicitly.

Equations ,t and 5 are a restaiement of the classic
speed io fly iheory relltnrg the optirnun ai.spccd io
thel'erti.alvelocityof the iir l1l. Thc optimum airspeccl
is thai wlrich satisfies equniion 5, given equation4 ns a
,on.lr.,.rl \^rF llr.rl ll,, r,ri,,rn l, r r,.,dir,;. r .1 r-
with respect to thc clinrb rate erpected jn ihe next
thcrmal (sometimes called the "specd rinB scttnlg").
ll! .p,. d lrE -, trI'F \v.. r'.r..'rn, d /.pli. : .y ir rl,e
.'r , \.r.. Irl \v,. I-/.1 ir tl F.:1,u1..t,.I,. i ,,., I I

Fro'n the equatbns nr ligr:re I, ihc cquatiols n1
irigure2areuscd toLl.:riv( a.lir(ctrclationshipbet$'een
ll,p \ "ricrn.l Irdr.,lr,'n sr.r 'r.tl.F.pllr'.llnprt.i,
, rl[u.le. E T].F.F Ftu.,':. r....rFl J.F.1,,n., r,.,1,,,t rlI
sailplane polar u,hich ignores changcs in dr:rg coclfi
cient due to changes nr Reynol.ls nunber or anglc of
attack. As s'ill be shorvrl rn the next t$'o sections. this
sinr pl ification cn Lrses ver)' li t tl. loss of accu rncy b.:cr usc
ihe optimum pitch antle islnsensiti!eio iheexactvLrlue

of the drag coefficicnt.
l:quation6 is derived from eqLration2, and states the

assumption that maximun L/D will occur at.lift
coeftcient of about.67.

An assumption suchasih js is necessarytojllcludethe
angle ofattack ir the model. The value.67was chosen is
;rn average over a $'icle variety of sailpltrnes. Better
resuiis could be obtained by usint the lifi .oefficient
.,pprofn.rte f"r.rn .rJi\idu,,l J.r.r,rft. \inrl.Il\. rl r(
re.omrnenJed Ul"l ore Lrse lre llft cuellr-rerLt for tlLe
hdividual aircraft at ndnimum snrk :irspccd w)rcn
calibrating thepitch attitude in fliglrt.

Thc sailplanc polar assuned is givcn in cquatiotl 7,
('ith ihe coefficien is of ind uced a nd parasitic drat given
in e.tuations 8 and 9, respectively. Fquations 8 and 9
w, rF d.ri\ ed in ,u, h d w.r) rhrr rhcy rl..,,lr in rlt ,,dl I

mr\irnuml /D rt trrerrl,t.rir-necd Bollr.o.ttiienlr
arc chosen b be nL'Bative so as to kecp tlrc scnse of the
snilplanc sink ratc, i\'J consistent.

Equalions l0 through 12 are used to.letermine ille
optimum pitch attil de for a given variomehr hdica-
tion. This is dore ina reverse mi njler by first findh8 the
,:r,peed dr J givcn pir.l, d rlirudF. dIJ rlFn findIU llr'
.., r,'n,, r( r r,.,dirE s hr, h \ ",rld Ld .-1"''l.El,l..r ll'p
cor rect speecl io fi y. Since ea ch of ihese equaihns has a
unique sohrtion, the rclatnxNhips canbe rcvcrscd using
a conputcr se.rrcli algorithm. Ne$,bn's mcthod was
used direcily for the work reportedhere. Equations 1,3,
arrd 7('erecombjnedio deriveequaiion 10. Ecluatbn 1t)
issolved usint the cluadratic thcoren byicldcquation
11. Finally, the airspeed given 

'n 
equation I I carthenbe

used hequaiion 12, whichis derived from cquntuns 5
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FIG URE 2. Model eoa.rtrons.
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attihrde is esseniiallv i eni of sailplane L/D.

titth {dqtets)

l,/!=20 - t!.il - I"/n.{o -
FIGURE 3.l'itcir-To-Ily vcrsus L/D fora maxnnum 1./Dspeed
of50 knots. Variometer readirg as a functbn of optimunpjich

be taken. tsachpiich attitlrdewas hcld until the
,rir.pcrd .JrnL 

'o 
cqI rlibnum, .,nd thcn lhe r

speed was recorded
ThFd.rtr mc.r,urcd ^n tlr BlJr.iL,re5hown]n

Fiture4 alon8with two calculaiccl cuNes. The
upper curve is that prcdicted by the general
nodel givcn in Figure 1. The lower curve was
calculaied by using the polar data publishcd n1

ihe sailplane owner's manual to estimate ihe
glide slope angle, B. The zeropoint of drpjtch
indicator was adjusted to give a good match to
ihe calculated curves at low airspccds. Thecon
clusions to be drawn from tlis F-i8ure are that
the prediciions from the published data follow
the measured data quite closeiy, wlrile the pre
dictions o f the general !n odel dj ffer significantly
at the higher airspccds. However, ihe limiti
tions of the general modei notwithstanding, therc
do rol ,.ppedr ro be dr) fundrmcnr,,lcr','r- i',
ihe mathcmatical analysis presented above.

lrc|"e <,. rnp,rp- for "r Ac\^ ll. lhe.r,r-
-p,1 d. .ut;p.lpd b) prlLl ' to fly (lJbe'eJ "l runr
frlLlr", s rll' Ll,o.p dp-i\ eJ rrorr lhe oubl:Jr d
..rilrl.,rc p,,l., l"l ,l,,b, l,J I un,r.lJr )orJ
spccd to-fl y director (labeled "From Pitch"). To
ass ure iha t ihe comparison is mnde for identica I

conditions, these speeds are plo tted nsa function of thc
vertical velociiv of thc air, w.. Notc, for rcfercnce, that
thc'rvo.tt V1p should bc zcro.

For plich to fly, ihe pitch nitihrrlc for cach airspccd
!va s calculn ted u sing the p LLblished da ia on the sailpLlnl]
polar at ihat wing loading. The general model given
abo!e !vas then used to c.rlculate the variometerindica'
Lion for which the gjven pitch attitude was optimu r.
Fillall,v, the sailplane polrr daia were use.l k) calculaie
theajrverticall elocitySiventhevariometerindication.
Thus, thisc.rlculitn predicts thc rcsulis obtaincd by a

The above equati ons predict, .ts expcci(]d, tha t for ihe
samc pitch atiitlkle, n greaier L/D rvill resrdt in a sub
stantially faster airspeed. lhe surprising rcstrlt, hor-
ever, is shown in Figure 3, \ 'hcre the v arioncbr nrdica-
ri^c I''r',.I',I.p,rd-1.- Ly r.fl." cd.,, Lr.tr.,,, r

pitchattitudefor L/D'sranging fron 20 io,10,and iVr D
of 50 knots. Note that the optimum pjich atijhrde is
almost uniquelya functbn ofv.rrbmctcr rcad-
ing, and esscntialli' trrdepen.lent of sallplane
L/D. It is this hsorsitivity to sailplanc polnr
lvhich makes pitch to fly eas)' io calibrate for

Wlile Iigure3 is a nLrmcrlcai re$li for $4rich
I . ,rn ,,ff' r ' ,, rIr tl e' dr.p.t m.,tlrern.,lr, .rl ju.
iification, perhnps a f urthcr cluc can bc ganrcd
by considering thervork ofDanewid l4l,who
dcnonstrahd thai for a ivide range of sai)
planes, wbr, is a verv sinlple fLrnctjor of sail
p.,-, !.l,, i,y. ni,,.mLr . .rrl p,,d..n.lrir
speed at a sink rate of two knots.

Conparison with Snilplnne Datr

Th. purposc of this sectiolr is to .ompnre
resulis nnplied b)' the ro.lc'l Llbove with nrea
sured results. lhe first such comparis{ will
be rrith airspeecl vs. pitch nttitu.le .]at.r iakerl
on a Blanik I- 13. A pit.h in.lic.rtor '$'as m.r.le
b)'mouninrt r inclin(rncter parrllcl to thc
L I6ilLJ n, .r.i , tLlre ,'r. r'r., d r, u. lirt
a mirror nr such a sny thnt tlre inclnometer
coulLl bc rcad in llight. Thc inclinonrcter lvas
htted with a scalc with rnorc ctivisiorls so thnt
a grcatcrnurnbcr ofprc.isc dnir points could
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IICUR[4. B]anikpjich attitrL.lcdata. Mensrrred airspced rs. pjich
ntiitudc for a Bl.rnik L-13 is c('npnrcd k) thni pre.licied from the
gencral aialyti. rrodci .tnd ih.ri predicted from ihc Fubljshcd
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FIGURE 5. ASW-24. The sailplane polar was takcn from
published cal.ulations ofthe designer. Notc ihc prominent
siijon fron laminar to turbu lent flow an.l its cffect on sPeed to ny.

lach hasa diffcrcnteff€cionpitch attiiude, an.1
they must thcrcfore be trented sePar.rtely.

ligure 6 shows the geometric rclatunships
.rLct.ourLioru rllti.| JL:.r.t'c ll,c u.( ur flJr ..

Tlr, r.tJJlion- .,,{r.e lrLl .p.,r' ll.'l i h, w.
e\er. rh. n.'d.fi.Jri,'rrf. r. un\ e,,lrolLl flJp. r.
.rr,.thl,, 'hJrd "r J vi' lJ. r " dJJrrio I

.rrhl. I 1,, .fi, ' t.,f fl-p JFtle. tror'. .. rn cqu,rl u.,
13 was derived by Milne-Tho tpson [7] using
thc thin airfoil ih{]orr,.

Fquatjor 14 is an assurnption nroli!aLcd by
,,n.,nJl)-i, lpubli.l'ede.prr.,nerl, dJl.,.lor
c.amp[.I rELrrc7 r.., rL-pl. r, tllr.F\pFnnrerl
Lrl dnt.r oI lhe I Au h8_t4 \ )n Jirf,,il lql t,,r d

l<Fyr)olJ- number, 'f Ln' lrr I(,rll-Fr rh.rn plor
rind lill ' oelli( rcnt -elJ'"lel\ "' J fLn. rion ' f
ansle or.rll( l.'nd drrx (defl:. iFI l, drrE . oet
ficient is ploited directly as a functiolr ofangle
of a ttack for several na p de flections. In Figurc T,
the optimum angle ofattack is inclependent of
nJpopfl e.lr.n de.p.lL llr. fJ' I lh.,l llrF rJntsF.f
I ri.oettr. rer ts r' rnuch nrrr.s!r ior thc 10"
flap settnrg than for the other tuo scttinSs.

lurther evidence is provided by the nea
su.ed characieristics of ihe DG 600 sailplane
with lT meter wingtips [at. for thcse teasure'
rn, nl' rlre fl-p -ctllrt s.,. .,dJu.l,d r" mini-

Civen ihai the elevator willbe nlanipulatcd h such a
say ihnt ihe a^gle of attack is constant, thc optimum
nnpdefl ection can bccalculatcd nsa fun.tionof variom
eier indication. An artificial pitch attitude, g, is used in
e.:|rJlior .I IrllJ eulgtoobl., rih,..tlin,,n t,'i.-
eterreading,and then thesamevalueis usedinequation

pilot who uses the general moLlel b setup the scale on
tMpitch-to fl]'nrdicator,blrt thcn hstalls and fliesiiin
a real sailplane. The speed to fly director rvas sct up
Lrsing a least mean squarc approxinntion.

With its very notjceablc transiiiotl from laninar to
iurbulcr.l fluw. rl,. AcW 2l rFfre-p t. -r Lrc'. .1I d
-tId) Lthe,rppli'rriurur ll"Fp.rrlr lo ni tl Fory ft"
,amp pl,enornpr or) r. tl, r l) L\ d' nl in "lher. "f ll,p
n,o.tmoder.-1.,rd.,'J l,r.... 1p1.,n,,,u.h.r.ll-' Ic I

LS-7, and Discus. Iigure 5 js probably not quitc rcpre'
sentativeofthc wav thedirecbrwouldbe set up in that,
instead, it woutd likely be set up to give accu
rate results up to 80 knots, with the und erstand-
i,rg that the pilot would just "go like heck" if
ai rspeeds greater ihan 80 krois were re.luirecl.
The pitch to ny indicator, or thc otlrcr h:rnd,
gives useful indications in both regimes prc-
ajsely because pi tch-to-flv is insensi tive to L / D.

Sinilar computatbns were nade for the
Blanik L 13 usjng d a ta from lhc o$arer's manual
., ,d rhe DL, u00 u.,,,d mc,.,,'Ld d,'r., [h]. F 'r
theDG-600, good agreementrvas obtained be-
i('eenspeed to flyascomputcdfromneasured
dJtc .rrd prt. h lo fl\ ,,,. , 'rdrn{ r' ' lL, B.rcrJl
mcdel ,rt', vF. I .r rhe Bldn I rl,p ,,r-feeJ .L,E

gp-led bi rl-p gFner..l prt. h t. y r.u r, i .' .

muchas eight knots fasier tllan ihrtcompuied
from daia in the owner's manlral. Bcttcr agrcc-
mentmight havebeen attained by assuming a
lift coefficieni.t miximum I-lD which was
.loser to thrr of the a.hral ain'raft.

Flapped Sailplanes

Tobe applicable to sailplanes with iaps, thc
pil h-tu fl) theor) mu,ib.u' rurJ' J lor'. oLrnl
r^r flJp dc'lL. ti,rr,r,welld. .le\....,ropflp( tror.

menrs, r]re I'ap serung was aojusr
mize the profilc drag indicatedby a drag probe. Using
the flap setiingchoscn, thewnrgloading, scale drat'ing

". p.rbli.lred.,,rrJ e.rrrrlr,'n r ' I f 'urd llL'l ll,P.Jl u
Jleo Jr ;1, .' . rl.'.L I m-inFd i,,.' \er\ r'.,Ion ,-,,tH

over theintirc polar.

\. -"''-- -.-- ,r- r -l'
t) ). '_' 8..?: -:--=- l" i"

, ; :, . 
, 

,;- :.r, qi ; _

rL. r
,\-"

FICURE 6. lho eouitiolr5.
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IrICURE 7. Draij coefticient as a functiul of angle of attack for
several flap dcflcctions ofihe UAG 8u 143/20 an foil. nle opti
mun angle ofattack is the same for ali flap dcflectiolls.

, crr'r' r'nl sJ.'un,en,rli'rr''l.r.erEv. \. -r
lenrpl. l,' rn.,L, ll,F.tr.rl -pecJ r,,-i,) l,.rr.
more realistic werc Lulsuccessf ul.

Forthepitch to lly tactic, thcpitch aititudeof
tl,c s.rilpl.r H w,." 'et.,l en.lr I i1,q \.,mflF r. tlrr
opl.murrr nrFJ., lcd b\ l"c p'r,l' lo fly th!.1
ror lhe J:r v, rli(.rl \Llo. i\ errountercd. The
acrodynanrics of the sailptane nrcluded the ex-
cess induced an.l profile drag associated with
either climbing or divhg, alihough the effects
of varying l{eynolds numberrverenotincluded.
The sailplane was not allos'ed to siall, or k)
Senera te negativ c lift. For the pitch to-fiy lvith
anticipation tactic, the pjtch attiiude was ad
justed to the pitch-to fly for the air 30 mcters
ahead of the sailplane, about a one second an

frsLrre 8 provrde,.r c^rnp.,ri.,,n of the dir.
-peed- rrt-rned In il,. .pc, d-t,'f) Jnd pit.lr-
lu il) lr,lh. lJr JrA5l^ 24. A...rn l--,.r,'.
there is n substartirl differcnce bctween the
iq/o, l\'ith dn especia lly long lag when accelera t-
rng "' r lrr;l , 

.f..,i. n'r, prrFrom^rr{, wJ-
,n.'r.,,lpr..r.\,,l,rll pirjh-l^ l) \er,.,rio...rnd
.r l ..r t.,,r rr.,.l lorl,e rJp.,l -perJ r,, rl), tr.ri.

nr ,1.'f- o tir ,.-lurrl,c,rur.. .,rd.ub,e
Lluent ihcrmaIarcIiven jn Table I for all tlrreeaircraft !1
thc study and all three soarjng tactics. for all tluee of
these rvidcly cliffcrhg aircraft, ihe atiainable flight tnnc
L. rJl f.i, ' '1. r) , or ps wrll,in l,I ", lllr llrBlrrt.melor
rde,r..,pF'J l,, rl\. Jn, ll.. I \. l,'$ e. boL,rrd tor-.1 p,-
siblc tactjcs. Theresultsforanticipaiion modcshowthat
somc improvcmurt is possible, and ihat th€ optimum
tactic has not yei been identjfied.

16 to calculaie the associatc'.lflap dcflcctirD.

SoarinBTa.ti.s

' 
)-, ,'f rllL quc.ir.r- t,, rn8 e1 e..Jll) tL, r',,p.r.

enced cross countrypilot is cracily how fast to adjusi k)
changing cond itions. Making thc mancuvers too ibrupt
will result in ex.essive drag, while reactjnt too slowly
will result in nrissed opportunities.

1n this seciion, three soaring tactics arc conr
pared using tinle domain sjmulations of flight
along a f-lighi pathwith fixcd thcrnal locations.
Thcrnrals wjth a taussianlift distribution and a
one sigma diamehr of70 Dreiers $'ere randomlv
distriblltedwith an averagespacingol2l0meters
in an air mass tlutwasassumed k,bcdcscend
ing at a rnte of 2 knots. Thermal strength $/as
adjusted so that the alerage air mass move-
n,,iri. ir\ludlrg lrrennrl, h., zcr, llrr. -.,
nJri.w,r..i,,'" r,iu. r Lr .,1, ,. r,t':d ) \.,ryir'B
conditions as canbe expccicd in pncti(.e.

Thetlrr€esoarinB tacticscvaluaied lLere: ideal
spced to fly, pitch to fly, a,rd pitclr-io-fly with
arrticipation. ThetimedomainshruLrtionsr\'( rc
rLnr lvitha s.lmple interv.rl of .2 scconLls. A spced
ri g"rrngui'l ol.h.r.,.1^t r-r r'.r11..,",.
.'nd rlrr iliri.rl ,.'n.lir . r'. \v.r, -.t ro. nfr..\i
maicly thecorrectspeed to flv. Atihrcncl of thc
run, lt rLas nssumc.l tlrit thc s.ilpl.rne \^'oLrld
check into a steadv 2 knot therrnal to brint it
hack io the initi.l-.ondili.n. df iltih,.lr ;n.l

lr"idc,rl t'r'd l.' fl) tl'..,. nl.r,r\\,-1, r.,,1
rn Inllorv tl( ir,1i,.r,., -f.pd lo fl! hrrr' .^
constrnints plnccd on thc anrount of rvjng lift
necessary b makc thai happcn. 1t rrns further
assumed lhattherervoLrldbenoexcessdrrgdue
b such mancuvcrs, nnd tht the onl) further
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TIGURE 8. Piich to ny .rirspeed vs. specd-hrfly lor ASIV-2.I.
The airspecd obiaincd using piich to fll'is conirastcd wiih the
ide;rl speed to fli', espechllv dLlrnrg Periods ofacceleration.



'l Jble l: I lit.)l I nre-rn-.o d.,lorn.llererrAlir,rlt
.,cd soJrirrrr L.th .. Ihe fl Fhl lrn,e u.r t prl, l, ru n\
comes lviihin 101/o of the ideal spccd+o-fly rcsult.

Allattempls,mcchanicalorelcctrical,topLrithepiiot's
head inside the cockpit have so lar failed. The only
rrplFmenr,liorr wl (1, l,is pr,'\Fd pil-' li!e i, t'r rlr
pil^t lo -rElrr lhr, ', rth., lrJr .lu, er r .. .,le t^ the I'Jn,,un
DependinS on thecockpit layoLlt, the scale.an cjihcrbc
a plexiglass scale mounted on the instrumcntpancl, or,
adhesivc-backed vnryl numcrais aflixcd to the canopy.
Eitherway, it nust bc n$tallcd such that the zero ponrt
is on the horizon when the sailplanc is flown at mjni

Ii turns out thai, h'ith the exceptbn of ihe offsc t for ihe
zero point, thc scale is about the same for all wing
loadjngs. This scale, minus zero poinL is shown in
!'igure 9. The point marked 2 (two hots) usuailv cone
sponds closcly to ihe airspcc.l for Dlax im um I-l D. Tirere
fore, d]e zero point (minimurr snrk) shoLrld be placed
below the tlvo knot mark by an amount equal to the
differen.e in pitch attitude $tween themaxiinumL/D
airspeed and the minimrm sink airspeed.

Forllappcd sailplanes, a copyof ihescaleisneedcd for
eachof ihe fl appositions usedincruisingfl ight (usuall)
three). Each copy is offsetfrom L\c othersby nn arnorLnt

Tactic Blanik ASW-24 DG-600
lJ, .,1\p' F.l to f-) J.] 2 '4 ) 'tlir.l r;-l l\ 1r) '8E :r0u
I'itch to Fly with^nticiPainD 428 287 303

e.Iual to the pit.h offsct prcdictccl by cqui'
tr,rn I l-rbr,\ p for thersso.r rted flnF posrhorl.
lf fliJ{lrt ihr prl('t rscs tlre s.-rle thrt soes
with the present position of the naps. An
cxanpl. of a scale for . flippecl siilplane is
also shown jn FiBLrre.l.

SruDnary

This paperhas introducecl a pitch to flytheorybascd
on the observaft)n that thL'optinun piich attitude is
essentially independcnt of the sailplanc L/D. The re
sultnrg soaring tactic is siraightforward to instrumcnt,
calibrate, and apply. Tnnc domanr simL,laiions show
that this ta.tic yiclds rcsults $hich are withjn 10'X' of
optimum, even under conditjons ofrapidly varynrg Lfi.
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FICURE 9. Irnplemenintbn ofpitch-to-fl\'scalc. The pilot sjthts throuth
this scale to thc horizon to compare pitch atiihrde to ihe pitch to fly.
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