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INTRODUCTION

Var;able Geometry for sailplanes refers to the rlse of
some mechanical method of danging the effective wing
area to provide a better compromise between ihe require-
ments for cirling flj8ht and cruising flight. Some of the
ea rliest examples of thG conceptlwere fte Bl-3, BJ4 sedes

of ancraft built by Beatty and JoN in Soudr Africa. These
aircraJt featured a Fowler flap that alowed high wing
loading for cruising flight and high lift for circling. kt
addition to the disadvantage of complex medranisms, drc
u4 had too much d rag at high speed due to fixed slots on
the ailerons. Tcr much dmg at high spe€d proved to be a
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recuning problem widr other Variable Geomeuy sail-

]'hc British Sigmaz was perhaps $e best known Vari.
able Geometry Sailplajle. Ii was very heary with ils 21

meter, aspectralio36 wingcotstructed in aluminumalloy.
It featured a slodess Fowls flap with 35'7. extension of
chord using two wing sectionsr designed specifically for
this ancraft by Professor Wortmann. Thc L'mpty weight
was 1325 lbs. with a resdlting wing loading of about 11.75

lbs/ft'. Aldrough ille stall speed with flaps extended was
a suitably low 37 knots, ithad weak lateral conhol at low
speed. Spoilers were used to supplement aileron contlol,
but dehacted from soa:ringcapabifiry. Perfofinance atlrigh
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speed was disappointin& at least partly because oI the
poor fit of the flaps when retracted.

The flap system was rebuilt by D. J. Marsden to use a

slotted flap actuated by a single mechanical control lev€r.
Tlis ve.sion had exce ent lateral control, and reasonably
gft)C soaring capabitity. Although the bcst glide ratio
imp.oved from 42 to 4Z itstilhad highspd:d performance
much less than Lhsrretically possible.

The two place vadable teometry sailplane, Geminia,
built inCanada in 1973 had a 30% chod slofted flap tuU
span on it's 18.4 meter, aspect ratio 30 wing. This aircraft
had a wing ioading of 9.3 lbs./fe widr two pilots, and
proved to have climb capability comparable to contempc
rary akcraft such as t}le Clpen Cirus operatjng at much
lower wing loading of about 6 lbs/fe. The low speed
performance of this ancraft was very satisfactory but
again the hiSh speed performance was a disappointment,
probably because of dre p(x]r sealing of fie tuselage to
wing connections, and other imperfe.tions dra t could not
bc corr!'cted on tilis protot'"e aircraft.

The S&11 built by the University of Braun-schweig
AlGflieg5 was fic most successtul variabl€ geometry sail-
plane, in that it won the 15 meter class World Orampion
ship in 1978. Itrepresented an excellcnt effortin desiSn and
construction, using a Signa type slotless Fowler
"Wortmann flap" wifi a 25'l. extc'nsion nr chord. Carbon
fibre was used to providc sriffir$js required to maintain a
good fit on tlle movcablc flap. This aircraft acheved it's
predicted performanc€ atboth high and low specd- IIow-
ever, it was not prt into production. A likely reason that it
was not taken up is given on the first page of clesigner
Martin Flansen's 1978 OSTWpaper', "Whenthewortrnam
fiap is retsacted, the SB1 t hardly dilfers from a conven-
tional flapped gJider of the 15 meter urlirnited class."

Pcrformnce at low speed widr dre flap exiended was
indeed better than other 15 meter sailplanes, and this
contuibuted to winning t\e 1978 dnmpionship, but the
aircraftwasnot designed to take advantage of the real edge
thata Variable Geometry sailplane should have, super
performance at hith speed wjth a very lliSh winS load
i"g.

:tl]e laleral control nr cncling ltight was less powertul
dran would have been desirable. Helmut Reichmann6
mentions that nearly ful opposite aileron was needed to
control b:rLk in circling Right and he felt he could have
circled with steeper bar* if he llad had better aileron
control. The original Sigma had the sa me problem. Fljtlrt
testrWorLsT indicatc that ftrll opposite aileron was needed
with only 30 degrcls of bank.

The design philosophy behnrd the new "Minisigma"
variable geometry sailplane is to obtain superior high
speed performance though the usc of a high wing loadnrg
while retaining the best features of Sigma and Cemini,
namely excellent low speed performance alrd handling.
High wing loading can be aclieved widrour ex.essive
weight because of ihe relalively small area of t}Ie aspect
raiio 27 wing.
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Sailplme design presents the classical aeronautical de
sign probl€m of how to compromis€ betw€en the large
wing area desirable lor low speed flight opentions, and
the small wing area needed for efficient high speed flighi.
Variable geometry provides a way to widen the operating
speed range, either by literally varying wing area, or by
increasing the effective wing area by meais of increased
camber. There are obvious practical limits on tlLe amount
the actual wing area can be danged. To be effe.tive a
vaiation of wing area of the order of 2 to 1 would be
desirable. The slotted flap can nearly double the lift of the
basic win8 seclionwhile only h.?ving to move outa modest
7%, of ihe wing chord, which is easily accomplished with
mechanical track mechmisrns.

Cruisin8 FliSht

The high speed cruis! confi$ration is very much dle
convertional sallplane dcsign problem, and should be
easy to accomplish Biven the cunent state of knowledge.
The capability to us€ l1igh wint loading is the major
advantagc of tie variable Seometry sailplane. Potential
energy stored in the mass of the sailplane (ard water
ba ast) is used to supply power to overcome flight drag.
The higlrr the ratio oI mass to surface area ahe lower d€
sinking speed for a givefi llight speed. High aspect ratio is
not importnnt at vcry hiSh speed, but it is desirable in
providing a better glide ratio at interm€diate speeds. Ior a

Eiven span, 15 mete$ h th is case, smalt wing area dictates
a hiSh asp€ct ratio. Aspect raiio is limitedby consideration
of Relmolds number effects aswell as by struchlral consid-

Heavy wing loading raises some safety concems. The
maximum flight mass of tle open class was limited to 750
kg due to concl'In-s abou t the capabjlity of tow aircrafi€ven
thou8hhgher mass was known to produce betterperfor
mance in strong weather condi tions. Ihere has been some
discussion or limitint wil1t loading to 9lbs/fein the 15
metcr class because of laruch safety considerations and
d1e temptation to overload a saiiplanebeyond safety limi ts
to obtain a competitive advantage. [vcn t]rough it is
somewhat more difficult to regulate, a stall speed limita-
tion would morc directly addrcss the sa fety problem.

The slottcd flap wing section can alow substantialy
higher wing loading for a given sta ll spe€d- In addition it
mayhave a particularly safc stall characknstic inthatfrom
dre beginning of flow separation fic lift will continue to
increase slightly for an additional increas€ of about 8
degrees of incidence, whne ail€ron control is maintained
becaus€ dre flap section js slili not stalled.

Glide Polan

Calculated gljde polars are based ona quadntic polar
using the methods of refercnce 8.
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CD=Cm+Kq': 0)

The calculated polar uses tlrc known ancraft geometry
together with wind tumel data on dre wing sectjon, ard
gives Sood rlsults becaus€ dre major contributors to per-
Iormanr-, wing span, wing loadin& wing s€.'tion charac-
teristics aJld Re)'nolds number are accounted for. Averagc
values based on area are tak€n for the less weil defned
tuselage and tailplan€ contributions to drag. Calculated
polars forknown sailplanes agtlrc with fli8ht testmeasure
ments wiftin a few percent. The advantage of using calcu
lated polars is that winS )oading can bc easily varied
including the effcct of Re]'nolds rumber.

Wing profile drag can be repres€ni€d by the folbwnrg

C,*p = c,,y/(R. )" + BCL'/G -)os

where R* = Re].noldsnumberwltenCL = 1.0based on mean
wing chord.

Cr' and B are constants denved fromwind tumet data.

The value of R* depends on wing loading and chord
alowing perfornEncc calculations to take into account
Rclnolds number eff ects.

For example, Figur e 1 shows a comparison of dre calcu-
lated and measured polaF." for $eNimbus l.

(2)

1 -2w.
'= sc, '- o tps t

g= 322ft/ se3

(3)

Frcm equations (2) and (3) it appears that increas€d tift
coefficient wi]l produce lower sink rate and smaller cn-
cling radius, all eise being €qual.

If flight test results are avaiJablc, the optirnum value of
CL aj1d CD can be selected at tl1e 1ow€st spe€d drat can be
flown before the sink rate starLs to increase on tl1e "back
side" of the polar cuve. Thus sinking spe€d as a function
of tum radius is easily calculated from equariois (2) and
(3).

From the practical point of view, some speed greater
than stalling speed mustbe maintained to avoid increased
sink near sLall and to retain control in routh air conditions.

Ttu specd that canbe used
in circling flight wi]l de-
pend on whether the lift is
smc,oth or rough, narrow
orwide, anditwilldepend
or1 thr aileron control
power of the sailplane. An
arbitrary rule of 1 .1 times
stall speed can be chosen
for ninimum .irclint
speed for the purpose of
dris siudy. In the casc of
the Nimbus 3 for example
Ch" = 1.35 (from night
tests) and thercf orecncLing
C, - 1.11 with a corre-
sponding vaiue of CD =
0.020, also derived from
flight test results. For com-
padsor! th€ slotted flap
version of Sigma has a

maxirnum C, = 2.5 and cir-
clin8C, =2.07givingCo=
0.063, also derived from
flight test data. A compai-
son of circling polars at a
wing loading of 9 lbs/fF
for both aircraft is shown
inli$re 2.
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y = ---J-- 121117o5y,' (C, cos O)''

Climbing Flight

Sinlc rate in circling flighfo is gi\€n by ihe follownrg;

where: w/S is wing loading,
p is air density;
O is bank angle.

Turn radius is Siven by:

v( knots)
70 a0

-]
t-
c
S5!
=
lJl -400

-60

FIGURE 1. Nimbus 3

MEASURED AARSDEN (I 885)
CALCULATED POUR

NIMBUSIMBUS 3 POLARS
tr/s = 6.6 tbs/I(
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Note that for a 30 de-
geebar ( ansletheNim-
bus 3 has nearly twice
Lhe circling radius with
about the same rate of
s ( This comparison
shows the effectiveness
of high lift .oefficient
even though the drag
coef fi cientwai more than
dr€e times ashigh at this
high CL. Ftight exped
ence widrSigma showed
that it could easily be
flown in therrnals at a lift
co€fficient oI 2 due to its
very effective aileron

No attempt will be
made to estimate cross
country speed bas€d on
rate of dimb in assuned
models of t]€rmals be
cause such models ar€
considered to be unrel;
able. \44ile thermal up-
draft speed does gener-
a]ly increase toward tlrc
centre of the themal, the implied assumption that the
increased rate of dimb due to flyjng closer to the centrewi]l
be manlhined during a complete climb is probably not

La any case, the correct slrateSy for variabie 8€ometry
sailplanes is to use very high wing loading to Sain an
advantaSe in cruising fli8ht. WinS loading can be in-
creased until the circiing pe onnance is just equal to that
of the competition. Since wing loading wil be achieved
with water ballast, dre vadable geometry sailplane would
hav€ exceptionat operational fleibility. For example, if
therrnalsprove tobe veryr'arow on a particular day, wing
loading carbe adjusted to take advantage ofthe capability
for flying very narrow circles.

FIGURE 3a. Measured Sisma Polars.

3

POLARS

RADIUS (feet)

l-2
.F

;

CIRCLING POLARS

-500 ffi t 
I",{}u * W ==';io'lhilt

FIGURE 2. Comparison of Sigma and Nimbus 3 Circling Polars.

SB .11 POLARS

cdb!.ekd - Effi.n (tr?8)

FIGURE 3t). SB11 Polars.

FIGURE 3c. Measured Cemini Polars.
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FLIGHT TEST RESULTS

Tlue have only been a felv variable Seometry sail-
planes buitt over the past 20 years and very few night test
results have been published. In fact, only results for the
mod ified Sigmall and estimated performance for thc SB-

11 are available5, together with rmpublished resulrs for
Gemini, shown in F-igures 3(a),(b),(c) respertrvely. How-
ever, these are enough to provide some cornpadsons with
conventional sailplanes to illustrate the advantages of
variable geometry.

Sigrna was desi8red and built in the late 1960's when
composite construction was just starting to be used Be-

cause ofifs large span and hiSh asp€ct ratjo, tlrc designers

felt it was necessary io usc metal struc-
tur€ for siiffness. lt's empty weight of
iust over 1300 lbs resulted h a wing
Ioading of nearly 12 lbs/ff. This was
not toohighforcompetitionbutgound
handling arrd operatioml fleibility
would have been improved if this
heavy weight could have been
achieved using water ballast.

Sigma's high speed perfon'nance
was not as good as it should have been
because of construction details that
could be improved on a new aircraft
butnoton t}Ie oriSinal Protoq'Pe. There
were air leaks, the wing s€ction was
not accurate, the flaps did not fii as

wel as they might have. The re$it
was that the zero lift drag cocfficient
was about 0.010 compared to 0.0078

for the colnpanble size Nimbus 2. For
purposes of conpariso& it will be as-

sumed that an aircrafi Like Sitma could
b€ built ir1 modem composite materi
als with about the same weight as

contcmporary sailplanes so winS loadnlg carLbe treated as

a variable n1 comparing aerodlmmic Performance.
Figure 4 shows a companson of dre cncEng Perfor-

mnce of Sigma wi$ the Nimbus 2 and the Sts-11, all at the
samewing lcn.ling of 9.2\bl ft2. Sigma is able io fly a much
smaler radius cnch than the Nimbus 2 dLLe to i1s higher
lift coefficient, and is somewhat bettcr than the S&11 also.

Comparisonof the SB11 widr the ASW 20 on iie basis

of usrngwaicl balastto makc the clirnb performance equal
is shown in Figure 5(a) and 5(b). Unforturately, fic SB-11

does not have water ballast capacity to achieve lhis wing
Ioading.

RADIUS (feet)

CIRCLING POLAR
aalteo sIcMA r/s
oobb. s, /t t/s
E+-+! NIMIIUS 2 V/S = s.2 r6lJt -= 9.2 t6/Jt'

rison of Circling Polars with Loading.

R/tDIUS (JeeI)

CIRCLING POLARS

-f,
':
s5
v
€I

FICURE 5a FTCI]RE 5b.

CALCULATND POLARS

FIGURE 5. Comparison Based on Equal Climb CaPability
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FIGURE 6. Thrce View of Minisi

MTNISIGMA

Mixsigma is a 15 meter variable Seometry sailplane
based on lessons lcamed {rom Si8ma and Gemirn. A ttuee
view is shoul in Figure 6. The 15 meter class was chosen
because it is the most competitivc class, a small span
sailplane is easier to d€alwidr, and high wing load gcan
be achieved without excessive total wejght. A modcraic
aspect ratio of 27i1 was choserl, partly to avoid probleri.!
wi& low Reynolds number associated wifi vcry sma
wing chord.

The Minisigma has a duee piece wing like the onginal
Sigma. This c'nables p€rmanent seals betwe€n the wing
aj1d fuselage to be jnstalled on the part of the centre section
that mates with $c tuselage. The duee pie.e wing is also
Ughter for easier ground handling. Winglcts will be fitted
as these hnve proven eft€.tive on a number oa other

The ody odrcr major featurc of Minisigma is it's large
watcrballastcapaciiy. High winS loading is ne.essary to
take advaniaSe of variable Beomeiry, but large empb,
weightis notvery desirable. The water ballast capability
gives great operatioral flenbitiiy, and dre very low stall
speed wiih drc balast gone is a usetul safery advantage.
Projected empty weight is 500 lbs, and waterballast capac-

iiy wil be 500 lbs, providing a wing loading range from
7.45 to 13lbs/fC with a 180 pound pilot.

WingSection

A modem low draB wing sectionis required forcfficient
higlr specd flight, combined with a slottcd flap forhigh lift.
A nerv seclion UAG91169/SF t'as dcsigred rvifi a 25%

clrord slotted flap. fts sLction is being tested in thcwind
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tumel, with particular emphasis on development of the
slotted flap. Wind tunnel iesis provide Lift and d-ra8 data at
the con€ct flight Relrolds number as we[ as such us€tul
items as aileron effectiveness a],ld hinge moment co€ffi'
. renl5. t'clrminJD r'" uli. indi.are $ul $e new win8
section can be flown in the low drat regime up to a lift
co€fficieni of1.9 withprofile drag coefficients less than0.02
at a Reynolds number of 0.5 nillion. Comparable mea
surements for dre slotted flap s€ction us€d on SiSrna

showed section drag .oefficient of 0.023 at Rq'nolds nu m'

A cross section ofthe wing is shorvn in FiSure Tshowing
the slotted flap and aileron. A tul spanai]eron is part of the
flap such that when the flap is rctracted lhe wing section
becomes a nomal flappcd camber changingwin8 section.
The IuI span aileron simplifies the con rrol mechanisms in
that it is simply driven from the fuselage. When the flap is

FIGURE 7. UAG 167l25SF Wing Section Widr
Slotted
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AIRFOIL DATA
uAc st 189/2ssF

oofDo iroht nanal.b No. V/S =4aeo rt;p E.,;nd,4 
^rr,mold! 

.ryo.
12,6 Lht,/te

FIGURE 8. Preliminary Wing Seclion Data.

extended, $e aileron moves wiih ii alld stil operates as a]l
aileron. For dris winS seciion i]le nap ody moves out Z/"
chord, and is carried on tracks that arc tully contained
withil1 the wing. Some pr!'liminary wind tunnel results for
dre new wing s€€tion are sho]m in Fjgure 8.

Performan.eFrfimates

Calculated pelfomance cuwes shola'n in Figure 9(a)

arebased onthe geonretn of
Mnlisigma, togethcr $,ith
measured lvnrg scction data,
forrwo valucs ofw g loa.l-
ing representing full ballast
and emp ty. Tlt corespond-
in8 circling performance,
based on wird tunnel mea-
sured wing s€.tion drat widr
dr flap extended, is shown
jn FjSure 9(b). nre signifi-
cance of $ese results is best
illustrated by comparison
withsomecurcntsailplancs.
Acompanson withiheNim-
bus3is shown inFiSure 10(a)
and 10(b). These figures slrcl\,
thatpe#olrrutecomp:]ablc
to *lc current best open class
sailplaj]€ is possible in dns 15

meter varjable geometrv sail
plane.

CONCLUSIONS

1. The slottcd flap is thc best solution foi variable

Bc.'mLrry. lr pru\ idus rc.,rly rwo l,' orr.in. r.. '{ h
effcstivc wing area, whilc maintaining effective ail€-
ron control power at low speeds. It has higher drag
dran tne unslotted Fowler flap, but it's hiSher oper
ating lift coefficient more than makes up for the
difference.

2. Variable Clmmetry offers substantial performance

Baib for r l r. mel'r, lr.,.rir.raf l wilh"ul'.. e.sivF

RADIUS (feet)

3
\5

p

rl_*€ o@
e"^d/' __,*--"--" -' 

"
,r" '4 *

CALCULATED POLARS
MINISICMA

"@" qs = tt.o $,/Jt

FIGURE 9 a

FIGURE 9. Estimated Polars lor Minisigma.

CIRCLING POLARS
MINISIGMA

"!JL" t{/S = ?.45 II.,/J|:
a4e9r ll/S = t3.o lb/lt'

FICURE 9 b.
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IUDIUS (feet)

CIRCLINC POLARS

lf/s = r t.o t6/#ir/s = s.z tbilrt'

NCLJRE IO J. I nCURf 10 b.

FIGURE 10. Comparison with the Nimbus 3 Based on Equal Climb.

CALCULATE D

"s" I,ttt SIC a f/s.4 NIMBAS 3 v/S

weight.
3. Safeiy does not have to bc compromised for heavy

winS loadin& and in fact the slott€d flap provides
impressive gains in safe handling even in the case of
tuI water ballast.

4.VariableGeom.trycanprovideperform cecompa
rable to open class wit}r the advantages of light
weight and convenient handlinS tpical of 15 meter
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