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Some years ago Helnut Reichmann won the
lJor]d chanpionships for the third tirne.
His qlider, the SB-11 of the Akaflieg
Brauschweig, was of great interest
because of the variable geonetry of its
wings. But nowadays it seens as if this
interest is qone, as it seerns to be hard
to prove the increase of flight
perfornance of gliders with variable
wi ng geometry by use.

llhat are the reasons for this? Is it
worth contructinq another qlider v{ith
vari abl e wing geonetry?

FI IGHT PERFORI'IANCE

First, let us look at flight

performance. The adjustnent of a
glider's wing with variable geometry to
the different requirercnts of turning
and high speed flight can be done in two
di fferent uays.

First, by changing the wing span. In
this case neither the airfoil nor the
maxinun I ift-coefficient changes, but
the aspect ratio becomes larger. The
disadvantage of changing the wing span
is the large amount of energy necessary
to do it. For example, it takes too
rnuch time to ad.iust the winq of the
FS-29 r,ra4e hy Akaflicq Stuttgart,

The other possibility is to change the
wing chord. This can be done either
alonq the vhole wing span, as with the
SB-l l, or by a triancular flap as vrith
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If the wing area is nade larger bY

changing the wing chord, the aspect
ratio hecorcs smller. So, the induced
draq coefficient (at constant lift
coeificient) will increase. At the same

tine, the wing loading and the mininum
speed are reduced.

Fio- 2 shows the H0RNET-C Polar
curvdl J nc reasi ng the induced
drag-coeffi c i ent by reducing the wing
loading at the same tine.

To evaluate the differences at low
specd flight, nodels of rising warm air
flov are useful . Horstnannz proposes
to nake a difference between narrovJ (A)
and wide (B), poor (l) and strong {2)
thernals. The velocity 

'lA 
is given by

Horstnann depending on the radius R to:
A 1 llq=3-25 - 2.25 x R {m,/s)
A 2 UA=5.40 - 3.20 X R {m/s)
I I IA=2.00 - 0.42 X R (n/s)
I 2 llA=3.66 - 0.55 X R (m/s)
Fig. 3 sho\rs tie sinking ipeed

depending on the radius of turn of the
polar curves given in Figure 2. If
curves of constant clilTb speed are drawn
on the diagran, the optimum clinb speed
xill result as the tangent curve's point
of contact-
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As expected, the figure shows that in
the case of the narrow thermal , an
enlarger.Ent of the wing area is very
useful . In the case of the wide thernral
a l0% increase of wing area shons no
disadvantages and even a 209 increase
rnakes only a small difference.

In order to avoid disadvantages under
speci fic neteorological conditions, an
increase of xing area should not be too
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to 20% appears to be the optir,rum
depending on the a'jrfoil used.

Besides this, chanqing wing chord is
useful because of the good adiustnent of
the airfoil to the different
reouirenent-s of themal flight and high
spced fl iqht.

It is obvious that advantages 0f
perfornance can be realized only if the
uing construction is of high quality.
Leaks or waviness, as wel l as warping of
the leadinq edqe, reduce perfomrance
consi derab ly. It is absolutelY
flecessary to spend tine solving these
problens.-fhere are also problems with handling
qualities, especial ly concerning the
efficiency of control surfaces, In the
range of fully extended flaps the
airflov|is affected so much that a

deftection of the ailerons is nearly
ineffective. For exanple, the polar
curves of the airfoil FX-67-VG-]70/l .36
shoh thi s clear'ly3 (Fiq.4).

fl ight handling qualities
performance, it woul d be
i nteresti ng to construat
!:tl i der !.lith variable wing

THE n-40 t1lllc

and hi gh
very
and test a
geometrY.

Looking at the perfomance of the D-40,
the large aerodynanic trlist of 120
v,,i th flaps extended configuration
attracts attention. The resulting lift
distribution is shovin in Fiq.5, curve
l. A notable characteristic is the
quite low lift coefficient of the whole
Iiing (cl=l.25) with a high induced
draq.

The roll and yaw factor increases with
'lift- coefficient squared. This 0lakes a

laroer rudder necessary because of the
lar!e naxinum li ft coefficient of the
airfoi l .

Extendinq the flaps moves the
aerodynanic center backward 

' 
so larger

el evator defl ecti on angl es are
necessary. These consi derati ons liere
oroven bv the measurenents of tnc tlying
qualitiei by Idaflieg. For cxamfle. it
takes the sB-11 4.1 to 5 seconds to
chanoe fron a 450 left turn to a 45o
riqhi turn at 1.4 tines stall speed.

lf there is a way to attdin 'lood

If there could be a distribution of
the an4le of attack Lhosen throullr a

huilt-in tv/ist of the wints, so that dn

"it ioti. titt distribution would 'esult,
rrnfavorabl e lift distribution for
iiauiiity !,rould be produced bv clear
confiquration {fiq.5, Curve 2). T\e
nr-Fsl ion is hol,,l -ruch an ell iptic lif'
iirt.ibution is desirable in 1ow speed

fliqht. as. of course, then tne induLed
a""i ii a maxinun, but the efficicncy of
the control surfaces is not perfect when

flvinq circles. This nakes it neccssdry
to'ch6ose d speed which is cledrlv
hioher than stall spccd. so, hor'/ nuch
,ai vou deviatP tror nlliPtic lift
dist;ibution in order to redch a narinun
rate of clinb turning in thefiial s?

Fio. 6 shows how rnuch the rate of
clim6 decreasp". either if C, is reduced
or the induced drag becomes ldrgcr. As

a result, You can shov the factor k
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relatively low CL values are neces-
sary. Thts airfoil promises low drdg
to the smallest CL values so canber
flaps are not necessary.

depending on the ratio of speed to stall
speed under the condition of constant
rate of clinb (Fig. 7). To reach an
acceptable efficiency of the ailerons, k
should not be larger than 0.88. This
neans a loss of the rate of clinb of 4
to 5 cm/s in the case of a v/ide and poor
thenial Bl; a loss of about I0 cm/s in
case of the strong and narrow Al thermal.

If the flap handling qualities are
considered, the !/ing of the D-40
pronises very good efficjency ot the
ailerons because of the larq; aero-
dynanic twi st. Calculations suqgest
tlrat the time nee4pd io chdnqo Fron a
45o left turn Lo a 45o riqht turn dtl 4 tines stall speed is iess than 3

seconds so that the D-40, sinilar to the
D-3B,seems to become one of the nost
naneuverabl e gl i ders of i ts cl ass.

For these reasons, tre tried to obtdin
a I ift distribution for D-40, wnich is
nearly elliptic up to the beginning of
the aileron, but offers clear reserves
in the area of the aileron. This vas
obtained first by means of a
superpositjon of the ailerons rvith the
fl aps,

0n the other hand, r/e tound it is
possible to build in sone tlrist so that
the angle of attack is increased toward
the wing tips. In this way, the wanted
lift distrjbution (Fig. 8) can be
obtained. The f ift distribution by
clean configuration can be accepted as
good, because of the aeroelastic dnil l.
Furthernore, it can be seen that the
airfoi'l of l.lortrnann FX-67-VG-]70, which
was used for the inner wing area, can be
used up to the end of the flap too where

a9e 4,96 a,94 A.92 A,9t A,89 t'-

Furthernore, the D-40 does not fitake such
high denands as the SB-ll concerning the
size of the elevator and rudder; becausc
of tho snaller flaps, the ch.rqe of thF
pi tchinq noncnf . d1 !r'e I ' ds the ro l1
dnd ydw 'a(tor. is d lot (nalr"r.

The aerodynanic concept of the D-40
the Akaflieg Dan",tstadt is constructing,
is a new test to improve the advantaqes
of g'liders with variable wing geonetry,
Ue hope that inprovenent of perfornance
and handling qualities can be reached by
use of a simpie tniangular flap
requiring only a mininum of additional
nechani ca l parts.
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