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lntroduction
Thc U.^G92170/5F wiDg seciion was designed for thc

Minisigma va ablegeometry5ailpianeproject-Tlrc17'2,
th ickness was ch.Fen for shuctu ral reasons bcca use the
variable tco'netry sailplane will have a high aspect
ratio. A 25'2, chord slotted flap compared kr the 35'2,

chord flap used on Sigma makes the
mechanicaI f lap cxtensionsystemseasier
to build. A special feature of this s ing
section is thc l5L chord ailcron incorpo-
ratd into theflap. This can be used as a
('ombination cambcr flap and aileron.
Win.l tunnel tests wcrc carriecl out !o
detcrmine ihe b.rsic airfoil charnctcris-
tics,asrvell asoptimuDr flap ind aileron
positions and angles. Ailcrol and flnp
hin8e momerlts and dcrivatives showinS
nil€ron (ffocliveness with the flap rc-
irnctcd a nd flap extcnd('cl s'ere nlso mca-

M0dc1

The orlc mcter chord mulel wits con-
struchd usilrg 0.u rnrn thick alLrmhum
alLry skirrs gluetl t<' r rvood fr.rtnc. This
techniqucnllorvsvrry.rccurntenrrd wa!c
frcc slrrfaccs ihnt nrc eisil)r firishcd by

I'nurtin8 incl sanding smo.th. llt'ssure
tdps lacrc installed it nrid span co'xr€ct
irg tlirectly to.r scrniValvc and prcssurt:
transdrccr. Mcrsurcd surfacestrticpres
srrre corfficirrris t!.rr integrntorl l() dc-

vaLUttE xvu. No. 1

x YuprEf Yr(rer
0.00000 0,ooooo 0,00000
0. o0r9! 0.0100r - 0.0 0?r1

o.4621 0_ 0-1761 0,02160
0.c?1e? 0.06073 0.02s07
0 r0195 0.ortr60 -0.c1212
0.1r?00 0,03552 0,035s4
0.1?6:lr 0.0e 620 -0,039?o

0 - r6571 0,112s{ 0,04314
0 rr.9r 0. rr?3r -0.0{521
0- r6623 o. 12104 0_04652
0 4rer r 0.!:1e3 0,04733

o.a63aa o-4227s 4,42121
o.3940s 0_ 01rs4 0.0r 426
o e234r 0.o12so 0.o0?95

i..0000 0.000i0 d.00i r0

tcrmine forccs and moments on the model. The moclel
was mounted vcrticaUy sparxing the short dimension

ligure 1 shows the shape of thi-s wint section and the
fl ap-aileron geometry, fl ap inand flapextendcd. Airfoil
coordinates are given in Table L

Wind Tunrel and Instrumc'ntation

The 1.22by 2.44 meter retangularte$t
scctioncan provide Reynolds nrunbemp
to 2.1*10i for the 1 nleter chord modcl.
Turbulenc' intensitv is generally about
0.1'l(,but risessharply at theltighcsl tun
nel speed. In vierv of tl\is, the maximum
Rcynolds number t€stcd was kept kr 1.8

million. Ii)r conrparisonr, the free strcam
tu rbulence levcl of sonle othcr a irfoil tu1-
nclsare: NASA l.angley I-orv Turbulencc
Pressurr Tunnel, 0. 1',1,, Delft Univcrsity,
0.06')1, and theStuttgart University tun-
ncl,{).02"{,.

A Llata ncqLrjsition system op.rniedby
a smallconlputer ivas Lrsed to Lakc mea
surcments drd rcduce the dnta. Pressore
dislributi(nrs $.ere nteitsurcd rrsing a
scani!alve to8eth.rr rvith a sensil.ive dif
fcn'ntial pressurc trnr'$cluce.. Wind hllr-
nel speed was Dreasurcd using n pibt
tut e locrk{ iusl ahercl ()fthctestsecti(nl,
cnlibr:rtc.l agninst.l piLot iube locrted di
thc. rnodcl posithl nr nn emptv krsi sc.-
ti(rt. llrag rv,rs measur(t usint i pitot
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FIGURE 1. UAG92 ]70lSI Wi
FICURE2.. l-iIl llric dt .7t10,

tubc traversed throuShthewake ntaposition0.5 meters
behind the model trailnlg cdgc. The MicroSwitchserics
160PC transducers rr,hichwere used arevery stable dnd

Itcpeaiability is \'erv good, evcn at ihc !crt, lorv cly
namic pressures reqLlired for a ltcfnolds numbcr of
0.5.106.
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A simdard laborak)rv pilot stntic tube wjth a.iiam-
eter of .l mrn is uscd for tlre wnke tra\'€rse. lhis is
mounted on a long stnrgso that thc traverse mechnnjsnr
i ..., ..111,.s.,1. W.,1, .lri.Lr". ,rl 1r. n..,.',r.,,-
statio is t_vpjrally aboui 80 nir. FiSure 3 sholvs n
schenIati. of thc pressure measrrremc t syskim.

Thc BetT equation tor'$'akc.lrag i! gn cn b\':,

L:- 13-3.a,,t.ft 3-P. Etp)\ N-r.. E.P.ta,,,
, r q_ t r \ q- \ ,?_ \ c_ \ ,r_

q.. = free stream .lynnmic pr.ssurc averngeci over the

g-' g, = iotal head pressure ouisi.le ihc ilake rvake

g- P, = iotal ircad pressure olisi.]e the rvakc - wake

8, P: = wake k)tal fressure wnke static prcssure
Total head pressureoutsiclethcr|akcis taken iobe ihe

average of values of g, mcasurcd just at the top and
b.'ll.n, poce.o' rhF h.,1. d., rir';.' lr.r\, ,.e

The mo.lel.hord io height rntio is c/h = 0,1 (.ni\,r-
tional hrcar correcticrlsr for block:rge and flrw curva
ture have been programDrcd inio the data rcductnrl

Rcsults and Dis.ussion
Dr.g Measuremenis lrlap rc'iractcd

I ilt d r,rs resLrlts are shoffii nl fisurcs 2(a),(b).(c). for
It$rolds numbers 1.8-106, 1.0.106, nnd 0.7*106 rcs
p.:.iivcly, for i rarge oisettints of il,c.a,nbcr flap. The
flap up 10 degrees appea,s to bc thc bcst scttxrt over
mostofihe speed rnnEc. rigurc3 shows an envelop.'of
dr.rg.ur! cs for threc Itrt nol(ls fumbers, drrived f, om
FiSure 2.

lrlight I1)lnrs

While it is corve ierlt io nrcasurc LlraS ch,lrncteristi.s
nta corsiantl{.ynolds number jn thew l(l hunlel, }oran

FIGURE 2b. Lift-Dras at Reynol.ls Number I 0'10'.

FIGURE 2A. Lift-

TECHNICAL SOARING



FIGURE 3. Inveloo! draccu.!r's.

'.uAo92'.17Q

rIGURI 4.Fli8ht poldrs C"!sC,raircraftin flightboth lilt coefficicntan.l Rcynolds num-
bcr wilt depend on 1'light spccll. Repressrtalioll ol thc
draS results in terms of flight polars $'ill tivc a betier
apFreciation of the airfoi I cha racteristics ns th€! !\.illbc
seen jr .i practical rpplicalnnr. RevnolLls nLrmber will
also depcnd orr wilg chord ,rLr.] r'nr8 loilcling. If we
intrcduft a chnricteristi( ltoyrlolds number, lt -
Reynoldsnumber whcn thc lift ca-fficicnt is 1.0,

It'= -' (2 p W/S)

R'
R- -- _

,C.

c = wingcl'ord
!V/S = rving loading
t( = !iscosily ol.lir
p - air densiiv

It cnn bc short'nr that R' for tvpic.l conrpctitior sail-
planeslics in thL'rnn8c trom ] 7'106 k)0.7{l{)6reprcscnl
nrg ftx)t cho with maxi um waicr ballisi, anLl tip
chord wiLh no wnter ballast respe.ti\ cl). A goocl aver-
a8e \':rh'cbascrl (rl nenn ch('rd nnd ro wntcrballnst is
R'= ] I'106.

flighi polars for thc UAC]92 170/SIr airloil, obtantcl
b) intcrrpolltn)nof lhe.l.rtnirr Irigure3,areplotte(tasCrl
ag.inst CLr xr Iligure'l llr(' clai.r fornl R(xnl sirnitht
lnrcs, lrhich alk'w nn nrrnllli.nl e\pressi(nr for r+irlll
sc.tion drng thli r!illbe Lisclul jn an'l] sis of sa'l nrrc'

Di.1g c.tr bc rcprescnted is:
CD = {).(X)5,/ \R:+().00I Crr

Usnrga valucofR basi:d ot1,reanr! nrgchor.l nr.rkcs
ih.' irrrPlicit assLrmptnJll thil drag.lu.rclcristi.s rrc
lrr,rr r,rtIr Ir'rr,'I., ,,,,,,1 ,r 1., ",,r, 1,,f'.,\',,u
Iigur!'J co ii.nls thnt this isn rris(niuer.srmttk)n irl
lhr ltllr!ndsnLrnrL)err.rrtge fr,)trr tl ;' io 1 s rrillion L'se

voLUME XVI NO. 1

of R'based on mea n chord shouldbeag(x)cl approxirna-
tion in cnlculating snilplanc purformancc.

Drng Measuremcnts - Flap ltrxkxr.lcd

DraS results with the fiap ext()rded at a dcflectior ot
20 degrrcswith tM aihron zero and up l0clegrees are
shown in Figure 5. Lift and drng coefficients arc based
on flnp retracted chord. Thenile(nrin thisciseisalsothe
cdn$cr flap. Wh{ln the flap is retracied ihe aileron -

camberflapoperatcs in thesarncmanneras it would on
.rwingse.li.n wilh nosl,'lr, d flif Whih thcrrrrer\r'rn
lift nppenfs modcrate comparcd to flap rctracted, tlnr
stall characteristics of the slotted flap nirfoil allorvs thc
sailplnnc to be flowD at a lift cocffici€nt of 1.8 r'ithout
any danger of stalling or loss of aileron control Stall
o.curs rs a separrtn,n on the trdilnrt edge of the manr
r\ ing sccthn, with ttre lap con{itunrg b have attnchcd
flow rnanrtajnxr8 rilcron corrtrol poirer.

FIC;UllE s. I l.!j e\lrrLl.Ll nr,ru Lur\ es
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FIGURE 6. I itt clrves tl.p reirn.i.d
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Lift
Flap retractcd lift

curves are shown in
ligure 6, for Rcynolds
number 1.0*10i. Thes€
curves show the very
mild stall charncieris
tic of this a;rfoil result-
ing from the trailing
edSe iype siall.

The flap extended lift
curves are shown in
ligure 7 for i$'o
Reynolds numbers.
There is a small reduc-
iion oflift at thc lowcr
Reynolds nllmber of
{1.5*106, but oihetu'ise
ihi' cLlrves are similar.
The mild stall clurac-
tcrisiics are again cvi-
dcnt. Thc draB results
suggest optimum opertrtion at a lilt coefficient oI 1.8
which is 1vell below ihe maximum liIi. even ('ith the
aileron/camber flap in th€ 10 degree up posiiion.

MomentCoefficients
Pitchnrg mornent iboutthequarierchord is sho*'n ul

Figures 8 and 9 for a range of flap deflections. They do
noi chanSe appreciably wjth Reynolds number.

Aileron Effectiveness

A cross plo! of lift cocfficjcnt agahst aileron anglc
shows values of dCL / d6" = 0.0375 per degree for the
flap retracted,and dCL
/ d3, = 0.0a3 per de'
gree $'ith the flap ex-
icndcLl. Aileroncorltrol
effectiveness is some-
lvhat bettcr with the
flap extended. Aileron
effectiveness with the
flap extended is a ma-
jor advantate of the
slottcd fiap wnlg sec-
tion foruse on variable

Seo,netry sailplancs.

Pressure distribuinrtrs

Measured pressure
distribLrtio!1s provide
addiiional inf ormation
that is not obiained
rvhen lift forces are
mcasured dircctlY. lor
cxamPlc, comParison
of prcsslrre djstribu-
tions measured ai
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Itcynolds nurnbcr
1.8*10. drld {).7'106 flrr
the samc angl.r of rt-
iackin Irigur. 10sl(\vs
laminarbubble sep.u.r
tions on both thc top
ancl bottonat thclowcr
Itcynolds nurnbcr. Thr:
serics of pressurc clis-
tributiol\shorvnhFig
ure l1 for RN = 0.7'106
show the upper s!rfnce
laminar separa t ion
bubbletraduallr'disap
pearing r{lile the lower
surf aceblrbble r.'mains.
This sitlration appears
kr bc .ln id€al applica
iion for some knld of
boundary laycr lrip io
rcduc{r thc effrci of the
laninar bubblc,s. Zig-

zag tapebounddry Lrver tripswere used to try to €limi
nate the hnnrarbubbles, an,:l this did decredse drag in
somc cascs rtthclor\'erlteynoldsrl!rmbel-s, buttormost
cases the bounda.)' laver trips resulied iD in.r'as&l
drag.

Presslrre clisiributiuls $,ith Lhc camber flap uf 15

degrccs shoivc.t attachcd floiv b thc hailnlg cdgc as

'vouldalsoberndicatedby 
thelowvalues of prof ilcclrag

coefficient. Camberflap L1p tends ioeliminnte ihe lnmi
narseparationonthelo!'ersurf.rce,makinga bound.ry
lnyer irip uDnecessnry.

Pressu rc disiribu-
iiolls lvith the flap cx-
ienclcd ai 20 dc8rccs
with the cnmber flap at
zcro,shorvcd ihat thcrc
is nlmost no clrnnge in
pressure distribution
on the flnp until somc
separntion takes place
on ihc mnin scctidr at
thc highcst .rngle
shown. In ihis cxanrflc
the nraximunr lift coef
licicntis2.2aiEdcBrees
aIgle of attack, and.l.'
crcasinE at hither
angles,nsshown inlig
ure 7 The oftim um
operntion.l ringe
rvould be at 2 io '1 dc'

trccs inglc of attack
shce thedrng hcrcascs
sharply for anglcs
greak r thdt'l degrees.

TECHNICAL SOARING

fIGURE 7. ]ilt cunes fl.

u1G92 17O/Sr"
FLAP 20 Deg.

004C0 A/v = o5'r0:
ctne rN : 0.5.14: Ailrrm up to
..t! Rt = 1-o.!0' A .rn. zan..,^^nfl = t-O,t,t A ar.n up tO
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FICURE S- Piiching moncnts il.P retracied

Performancc ortheUAG92 170/Srsloiicd flapped
rvnrt sccin)n arc comparect topublishcd rcsults5 for
the FX 67 VC 17{)/36 and wiih results for the slottcd
fl.)pped versbn of this rving section wlich $arrc
mensured ilr ih€ U ofA ivind tunnel. Fjgure l2shows
a comparjson of the results for thc IX 76 VC 170136
s ing seciion measure in thc U ofA win.i tunnel \^ ith
thc orjginal Stuttgar t mL'asurcnlcnts. The results are
in rensonable a8rel]mcni. The Liirferences nrc prob-
ably.luc to differences in the N,clc]. Thc moc:lel use.l
n this case { as the slotied flap v(Jsioll of FX67 VC
I 70 used on Sigma with ihc flap rctracie.t, lvhi.h h.s

some rougluess at the flap jonris not present in
the origrnal FX model.

i'igure l3 sho$-s a comparison of flap cxtended
results measued in the U of  wind iunnel r{ith
ihc origural FX 67VC 170/36 results measured n1

the Stuttgart wind tunnel5. The flap extcnLled
results fronr Reference 5 have been translatcLl to
reflect lift and clrag cocfficients (and Revnolds
number) based on flap rctracted chord. Flap ex,
tended resuits for the slottcd flapped version of
thc FX 67 VC 170 airfoil, m€asured in thc U of A
wind iunnel are also shown for comparson.
Cl€arly, thc unsldted nap has the best perfor-
mnnce as shown on ihis graph. IIowever, [i8ht
test €xperience with ihc Sigrna experimental s il-
plane showed that thc inlproved aileroncontrol
possiblewith the slotted f Iap $,as more imporiant
than the difference in profilc dragwhich is small
relative to overall aircmft drag. Flap exiend€d

results for the UA(192 wing sectjon lie bet$ccr1
the sloitecl rnd unsloitcd Worim.rn airf oiI rcsults,
and should proLlucc pcrfoflnan.e similar to the
slottcd lX $/nrg seciim rcsulis in a practicnlap,
pli.ntjor.

Wnrd ttrnnel iests ha|e b.al carried oLrt h)
dct('lnine the chrr.rchristics of the UAaiq2170/
Sl slotted flap winS seciion for usc on variable
t.onrctry sailliLtnes. This wjng section .ti:p.nd s

on n canrber flrp to obianr a !vi.le rnn6e of opcr.
tional lift coeificicrrt, and rvould be nlost\' op.p
ntcd rvith thc camber fl.rp Llcflecte(l up.

flip e\tende.l lift .lrag charncterlstics of iliis
'wing section rrc conpnmblc to sloiicd flappert
versiorr of thc FX 67 \'C 170/36 rving scction us€.]
on ihe Sigm.r lari.tblc gcornetry snil .Irc. llrag
coclln:i(rrt tor ihis wing sectiort lics b( hvcrn that

PRISSU]lE DISTRII]IITION S
uac92 /7o/s1'

/]!dfu-o'|,0. MLr- ' bii

!ICUR[ 10. Pressure.lisrrib!1i.n(
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IIGURE 11. Ilessuie disirlbuiio.s

geometry sailplane usiig .r slotted napp..t $,ing scc'
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Thesewnrd tumel tests show thnt the UAC]92170/SF
wnlg section would bc a good choice for a variable
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