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DEVELOPMENT OF AIRFOIL SECTIONS FOR
THE SWEPT-BACK TAILLESS SAILPLANESB I3

Presented at the XIX. OSTIV Congress, Rieti, Italy (1985)
by Clemens Schiirmeyer, Akademische Fliegergruppe Braunschweig, Germany
and Karl-Heinz Horstmann, DFVLR, Braunschweig, Germany

Summary

For the tailless swept wing sailplane SB
13 special airfoil properties are required.
For these requirements several airfoils
have been designed and analyzed by a
subsonic potential flow boundary layer
interaction method.

Additionally some stability calculations
of the laminar boundary layer have been
done.

The airfoils have been tested in free-
flight conditions in the flying testbed on
the sailplane “JANUS” of the DFVLR in
Braunschweig. The results of the theore-
tical calculations, of the free-flight mea-
surements and the comparison of both are
shown.

In comparison with other airfoils, the air-
foils for the tailless sailplane SB 13 have
the same lift and drag characteristics.
There is no special disadvantage of this
special pitching-moment-free airfoil sec-
tions.

Introduction

Tailless planes, sometimes also called
“FLYING WINGS?”, have always been a
challenge in airplane design. They prob-
ably offer a great potential in perfor-
mance compared with conventional de-
signs because of less surface area and
less weight. But tailless sailplanes never
showed the success one might expect
in contrast to the conventional planes,
which have achieved a very high techno-
logical level during the last 20 years,
mainly due to composite materials and
improved aerodynamics. The main de-
signers of tailless sailplanes up to 1960
were A. LIPPISCH, the HORTEN
BROTHERS and CHARLES FAUVEL.
Since that time the development has
stopped.

With conventional sailplanes further
improvements can be expected only by
small detail modifications or expensive
projects like variable wing geometry. For
this reason an unconventional design
concept like the tailless wing was
launched by “Akademische Flieger-
gruppe Braunschweig” in 1983. This pro-
ject for the 15 meter standard class called
SB 13 shows calculated performance
improvements up to 10% compared to
existing conventional sailplanes.
Additionally to the control- and stability
functions the induced drag is reduced by
using the vertical tail as winglets.

To reach the desired high performance

it is necessary to design low pitching
moment airfoils with the same low drag as
conventional laminar flow airfoils. This
seems to be possible because airfoil sec-
tions with longer laminar flow boundary
layer on the lower surface show lower
pitching moments.

Symbols

¢ airfoil section chord

cq drag coefficient

¢, local lift coefficient

c. total lift coefficient

c, pressure coefficient

N logarithm of the amplification factor
Re Reynolds number

a Angle of attack

ne (elevator) flap angle

¢ leading edge sweep angle

Airfoil requirements
The catalog for the requirements is based-
on the design study made by POTT-

HOFF (1). Figure 1 shows a 3-side view.
The wing is fitted with winglets. In regard
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Figure 1. 3-side view of the tailless sail-
plane project SB 13.

to good control and stability characteris-
tics the wing has a sweep angle of 15.6
degrees. Near the root the sweep is
reduced in order to improve the pilots
view and to reduce the flutter problem.
Elevator and aileron are integrated in the

Direction

two flaps at the outer part of the wing.
Hence, two different airfoil sections are
required for the SB 13, a fixed one for the
inner wing and a flaped one for the outer
wing. The lift distribution of the SB 13
planform is shown in Fig. 2 for total lift
coefficients of ¢;, =0.3/1.2 at high and low
speed respectivly.
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Figure 2. Calculated lift distribution of
the SB 13 wing planform (1).

For the inner wing the local lift coefficient
is nearly 10% higher than the total lift
coefficient. At a wingloading of 270 N/m?
and a main speed range from 70 km/h to
160 km/h the lift coefficient at the limits
of the laminar drag bucket are ¢;=0.3/1.3
for the inner airfoil section.

The greatest problem of the outer part is
the elevator flap because it has to work in
the opposite way of a camber flap to reach
the moment balance. So a high lift coef-
ficient is necessary at negative flap angles
and a low lift coefficient at flap angles of
nearly zero. Hence, a large laminar drag

. bucket is required from ¢;=0.2 to ¢;=1.4

based on a flap angle of zero.
The main requirement for the airfoils is
the low pitching moment. It is possible to
compensate the pitching moment of the
airfoil by twisting the wing. But there is a
limit of /c,,/ < 0.01 - 0.02 for the pitching
moment based on the 1/4 chord should
the induced drag not rise by the in-
fluenced of the twist angle.
For a good airfoil the following general
requirements should be fulfilled:
® good stall characteristics —
at the maximum lift coefficient the
value of ¢, should not decrease rapidly
over a certain range of angle of attack
® the influence of bugs and rain
shouldn’t change the following values
rapidly:
- maximum lift coefficient ~
otherwise the stall speed increases
and it becomes more difficult to
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circle in thermals because the radius
is too large. Also the landing speed
will be higher.

- pitching moment —
if the pitching moment increases
larger negative flap angles are
required to reach the moment
balance. So it can be possible that
the limit, where the flaps do not
work is passed over.

- Drag coefficient ~
the drag of laminar flow airfoils
normally increases, when the
transition occurs more and more
upstream influenced by bugs or rain.
But there should not be additional
drag from turbulent separation in-
fluenced by the transition located
near the leading edge.

Results of different airfoils
Inner wing section

First the rigid airfoil HQ 26/14.82 was
designed to get some experience for this
airfoil section family. By the example of
the HQ 26/14.82 the main problems and
difficulties are demonstrated.

Theoretical calculation

The airfoils are analyzed by a subsonic
potential flow boundary layer interaction
method, which is based on the work of
EPPLER/SOMERS (2) and an extension
by the DFVLR in Braunschweig (3,4).

Figure 3 shows the theoretical pressure
distribution of the HQ 26/14.82 airfoil.

HQ-26 714.82
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Figure 3. Theoretical pressure distribu-
tion of the airfoil HQ 26/14.82.

The conspicuous difference between this
pressure distribution and one of a con-
ventional laminar flow airfoil is the nega-
tive lift at the aft 20%. This is necessary
to get the low pitching moment. The
minimum pressure is at 30% on the upper
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surface followed by a very short destabi-
lizing region. The theoretical results show
a small laminar separation bubble. If this
bubble induces additional drag, there is
the opportunity to destroy the bubble
with pneumatic turbulators. The pressure
gradient of the last 50% is calculated in
a way that the shape factor is just under-
neath the value of turbulent separation.
This leads to concave pressure distribu-
tion which allows the highest pressure rise
without turbulent separation, as describ-
ed by STRATFORD (13).

On the lower surface a long laminar
boundary layer flow is useful, first to com-
pensate the higher friction drag of the
upper surface and second to get a low
pitching moment.

Up to 90% of chord there is a negative
pressure gradient and consequently lami-
nar flow. The pressure rise starts without
any destabilizing region. Hence, there
must occur a laminar separation. There at
90% chord on the lower side it is neces-
sary to have turbulators to prevent the
additional drag of the laminar separation
bubble.

The pressure gradient of the last 10% of
the chord is low and does not cause any
turbulent separation if the transition, in-
fluenced by bugs or else, occurs at the
leading edge!

The calculated value of the pitching
moment is not very reliable, because the
method can not calculate the influence of
bubbles on the pressure distribution and
because, as in all methods, the value of
the trailing edge pressure is incorrect.
The calculated value ¢, =-0.009 is inside
of the limit of the SB 13.

The results of the calculated polar at Rey-
nolds numbers 1.0 to 2.5 X 10%, Fig. 4,
shows that the HQ 26/14.82 is compar-
able with conventional airfoil sections.

indicated at a pressure coefficient of ¢, =
0.05. Hence the curve has to be corrected
to higher drag and lower lift coefficients.
The range of the laminar drag bucket
from ¢, = 0.3 up to ¢, = 1.35 seems to be
achieved. To simulate the influence of
bugs or rain some calculations are made
with transition at 7% on both surfaces. No
turbulent separation is indicated at inter-
mediate and low lift coefficients but the
value of the drag coefficient is doubled.
At all calculations considered so far only
the laminar turbulent transition induced
by the Tollmien-Schlichting instability
was taken into account. For unswept
wings the Tollmien-Schlichting instability
is the only mode leading to transition.
With swept wings transition additionally
can be caused by crossflow. Figure 9
shows crossflow stability calculations on
the HQ 26/14.82 upper surface at differ-
ent leading edge sweep angles. The so
called N-factor is the logarithm of the
amplification factor of the disturbances.
Comparisons of calculations and measu-
rements show that at the value of N =10
the transition is caused by crossflow. The
figure shows clearly that at a sweep angle
of 16° there is no danger of crossflow
induced transition. Crossflow transition
can be expected at sweep angle of more
than 40 degrees.

All the calculated results shows a positive
view of this airfoil section.
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Figure 4. Calculated drag polar of the air-
foil HQ 26/14.82.

The minimum drag at Re =2.5 X 10®is ¢,
< 0.005. The broken line in the higher
region of the polar indicates turbulent
separation on the rear part of the upper
surface. According to experience the
maximum lift coefficient will be reached,
if the calculated turbulent separation is

r

025 =30 04 x/c 06

Figure 9. Crossflow stability calculation
on the HQ 26/14.82 upper surface at dif-
ferent leading edge sweep angle ¢. A

Free flight-measurements

The measurements at Reynolds numbers

from 1.0 up to 2.0 X 10® have been made
in free-flight condition in the flying
testbed on the sailplane “JANUS” of the
DFVLR Braunschweig. The chord of the
modell is 650, the span is 2000 mm so that
the geometry aspect ratio is = 3.1. Addi-
tionally both sides of the modell are fitted
with endplates.

For some tests pneumatic turbulators are
used. In order to prevent laminar separa-
tion bubbles, the air jets should operate
in the vicinity of the separation line as
shown in references (5) and (6). The jets
of air are produced by small tubes with
an internal diameter of 0.6 (mm) which
are spaced in spanwise direction with
intervals of 1.6 - 3.2% of the wing chord.
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The air for the jets is supplied by an inter-
nal duct with total pressure which if
necessary can be reduced by suitable
devices, thereby reducing the volume of
air emerging from the jet orifices. Pneu-
matic turbulators offer the further advan-
tage that they are still active in the region
behind the laminar separation (9).

Measured pressure distributions are
shown in figure 5. The continous line
shows the result with clean surface, the
broken one with turbulators. On both
surfaces laminar separation bubbles are
indicated. On the lower surface without
turbulators there is a characteristic pres-
sure increase in front of the laminar sepa-
ration and a pressure flattering behind as
described in (7). The characteristic steep
pressure rise at the rear part of the bubble
is missed because the flow is separated up
to the trailing edge. The laminar separa-
tion bubble on the upper surface seems
not to be destroyed by the turbulators.
The turbulator position seems to be to far
behind the laminar separation line.

furbulator position
HQ-26 /14.82 ~—

-2,0

B

-10 /
o N

| - clean
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Re = 1,0x108 | C o (4 Cmn
4,7° 0,0081 -0,025
52° 0,0076 -0,012

—— clean surface
—-— with turbulat.
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Figure 5. Free-flight measured pressure
distribution of the airfoil HQ 26/14.82
with and without pneumatic turbulators.

The influence of the turbulators on the
drag is given in Figure 6. For the Rey-
nolds number of 1.0 X 10° the drag is con-
siderably reduced by the turbulators,
located at x/c = 0.895 on the lower sur-
face. The drag reduction decreases with
increasing lift coefficient. A remarkable
drag reduction due to the turbulators on

- the upper surface at x/c=0.44 can be seen
. at intermediate lift coefficients.

If the lift coefficient increases the differ-
ence in drag will disappear, as a result of
destabilization of the flow in front of the
separation by a leading edge pressure
peak. If transition occurs upstream of the
turbulator position and hence the turbu-
lators disturb the turbulent boundary
layer, it is remarkable that pneumatic tur-
bulators do not cause any additional drag.

15 T
HQ 26 /1482 = \
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pneu. turbulator |
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0 0,005 0,010 N 0,015
Figure 6. Results of free-flight measure-
ments on HQ 26/14.82 with and without

pneumatic turbulators.

The lower limit of the laminar drag
bucket correspond to the requirements.
The upper limit is higher than expected.
Up to the lift coefficient of ¢,=1.4 there is
no turbulent separation indicated in the
measured pressure distribution of the
upper surface. But when the angle in-
creases the separation suddenly moves
upstream to 40-50% of chord on the
upper side (Fig. 7). One reason for this
effect is the concave shape with the so
called STRATFORD-pressure distribu-
tion as described above.
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Figure 7. Free-flight measured pressure
distribution of HQ 26/14.82 with pneu-
matic turbulators at high lift coefficients.

Figure 8 shows the lift coefficient against
the angle of attack, one can see that the
high lift coefficient is only reached in a
peak. In the measurements with synthetic
bugs on the surface located at x/c = 0.05
the peak disappears. The level of the lift
coefficient at high angles of attack is equal
to the measurements without synthetic
bugs.

The pitching moment at zero lift coeffi-
cient is ¢, = -0.01. This is below the limit
of/c,/< 0.02. The gradient of pitching
moment against angle of attack shows the
center of pressure at x/c=0.26. With syn-
thetic bugs the pitching moment beha-
viour is nearly the same, but the absolute

T
1 HQ 26 /14,82

15

Re =1,0x106
with pneumatic turbulators

i

on both surfaces

f r with syn. bugs

tm
05

0 %Lfﬁ

-0 L1 g/ ek gl Iy

-01

oL 20
Figure 8. Characteristics of the HQ 26/
14.82 airfoil section.

values are higher. This is at the required
limit and induces more negative flap
angles at the elevator.

Comparison and further development

In the following figures the theoretical
results are compared with the free flight
measurements. Figure 10 shows the com-
parison of pressure distributions at a lift
coefficient at ¢; =0.77. The measurement
has been done with pneumatic turbula-
tors on both surfaces. A remarkable dif-
ference can be seen at the aft 10%. The
calculated trailing edge pressure is higher
than the measured one. This is a well-
known mistake of all potential flow boun-
dary layer interaction methods.

-2,0 -6
l G
measured =g
iulvh turbulatory
Cp
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=10
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Re=15x10¢
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0 0,2 0.4 0,6 08 x/c 1,0

Figure 10. Comparison between mea-
sured and calculated pressure distribu-
tion of HQ 26/14.82.

The comparison of both polars shows a
good agreement up to the lift coefficient
of ¢, = 1.1 (Fig. 11). At higher lift coeffi-
cients the calculated drag is normally
lower than the measured one. But in this
case it is contrary. This could be a result of
the pressure drag. At the rear 15% of the
upper surface of the airfoil HQ 26/14.82 is
nearly parallel to incident flow so that the
pressure has no component in the direc-
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Figure 11. Comparison between measured ai
Re = 1.0 X 10° with and without bugs.

tion of drag. The calculated pressure drag
is a function of the displacement thick-
ness.

With the exception of high lift coeffi-
cients there is a good correlation between
calculation and measurement. The indi-
cated turbulent separation must not be
one with dead flow. It could also be a
sign of larger change in the displacement
thickness development.

The result of the HQ 26/14.82 indicates C;
that it is possible to design further airfoils ~

for the requirements of the SB 13. A
further development of this airfoil is the
HQ 34/14.83 where the concave shape of
the upper surface has been reduced.
The measured pressure distribution in
Fig. 12 does not show such a strong
concave shape and pressure gradient.
This change causes a higher pitching
moment. Therefore the lower surface
must also be changed to compensate the
pitching moment.

HQ-34 /14.83

-2,0
C
P I R €, =0.7%
ey k] s Cp=-0,016
=10 = 3
0 u"‘g =
gnte? bei3§g§5 %
10 L
0 SHAY/C #R10

Figure 12. Free-flight measured pressure
distribution of HQ 34/14.83 at Re =1.0 X
10° with pneumatic turbulators located at
90% on the lower surface.

34

nd calculated drag polar of HQ 26/14.82 at

In Figure 13 it can be seen that this modi-
fication was correct. There is not only one
peak at the maximum lift coefficient,
it is a plateau over more than 3 degrees
before the lift coefficient decreases. The
turbulent separation does not move up-
stream as fast as the HQ 26/14.82.

15 T

! HQ 34 /14,83
Re =10 x106
d
’ with syn. bugs
Cm
05 -01 /
5 | A
w0 -5/ 0 5 0 20

xre]
Figure 13. Characteristics of the HQ 34/
14.83 airfoil section.

At a lift coefficient of zero and without
bugs the pitching moment is ¢, = -0.01
and with them it grows to ¢, = -0.02. In
both cases the pitching moment is inside
the limit. The change of the pitching
moment by bugs is lower than measured
at the HQ 26/14.82.

The polar with pneumatic turbulators at
x/c 90% (Fig. 14) shows a laminar
bucket from ¢; = 0.3 up to ¢, = 1.35. The
minimum drag at a Reynolds number
of 2 X 10° is nearly c4 = 0.005. The un-
steadiness of the polars at lower Reynolds
numbers is a result of a small laminar
bubble on the upper surface. Further
small drag reduction will be possible by
using turbulators located at 40% chord on
the upper side. This option was not mea-
sured.

1,5 15 T
[ty HQ 36 /1483 |_o—5—"
' /s B IN C
cl : // st l
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HQ 26 /14,82 Carrr
= 6
; Re =10x10 Figure 14. Results of free-flight measure-
: ments on the HQ 34/14.83 with pneuma-
> tic turbulators located at 90% on the lower
0 oth= surface.
0 0,005 0,010 0,015 0,020 Cq 0,025

Results of the outer wing section (with flap)

For the wing tip airfoil section there are
some additional problems. A flap deflec-
tion is required for elevator control which
operates well over a range of + 20 degrees
combined with the correct flap moment
for the hand force, to get a positive stick
force gradient against the speed.

The best efficiency of a flap can be
achieved by means of a 20% chord flap.
Therefore on the lower side it is not pos-
sible to get laminar flow over more than
80% because the flap slot normally causes
a transition. Additionally it is not possible
to get laminar flow on the flap every time
because the pressure gradient is depen-
dent of the flap deflection.

For a flap angle of zero degrees Figure 15
shows the pressure distribution in the
clean configuration and with pneumatic
turbulator at 82% on the lower side. The
upper side looks similar to the HQ 26/
14.82 and HQ 34/14.83 with a laminar

-20 .
Re =1,0x10%
Cl =05

/ 3\
LB

l:lenn
[P

with pneu turbulaters
/ C 0,023

m=-

sur face
-0,029

1.0

0 0,2 0.6 0,6 08 x/c 10

Figure 15. Measured pressure distribu-
tion of the airfoil HQ 36/15.12 at a
flap deflection of zero with and without
pneumatic turbulators located at 82.5%

on the lower surface.
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separation between 42% and 48%. On the
lower surface the pressure rise begins at
80%. The clean configuration presents a
laminar separation beginning at 82%
without any reattachment. With pneu-
matic turbulators the bubble disappears.
For low pitching moment negative lift is
needed over the whole flap, but the desir-
able hand force gradient does not allow
the corresponding positive flap moment.
Therefore at the aft 50% of the flap posi-
tive lift is indispensable. This is a compro-
mise between flap moment and pitching
moment. The pitching moment of ¢, =
- 0.023 is a little bit outside of the preset
range.

For positive flaps angles down to -10
degrees the pneumatic turbulators work
well. At lower flap angles there is a lami-
nar separation on the lower surface in
spite of pneumatic turbulators. At a flap
deflection of 7g =-15 degrees the turbula-
tors effect transition down to an angle of
attack of 7 degrees (Fig. 16). But at lower
angles of attack the pneumatic turbula-
tors are ineffective. In this case the lami-
nar separation starts at 75% without any
reattachment. The position of the turbu-

T
Re = 1,0x108
Nz 5150

N )

0 = ) \ 59\

1.0

-2,0

0 0,2 04 0,6 08 x/c 1,0
Figure 16. Measured pressure distribu-
tion of the airfoil HQ 36/15.12 at a flap
deflection of -15 degrees with pneumatic
turbulators located at 82.5% on the lower
surface.

lators is far downstream from the point of
separation and the direction of the jets is
backward. Apparently the energy of the
air jets is not sufficient in this case. The
change in the pressure distribution is
remarkably heavy. This effect can be seen
in Figure 17. At a flap angle of 7z = -20
degrees there is a laminar separation on
the lower surface over the whole mea-
sured range. To prevent the laminar sepa-
ration and to reach flap efficiency at nega-
tive flap angles turbulators in a more up-
stream position are required.

In this forward turbulator positon at x/c=
0.72 Zick-Zack-Tape is used. Without a
bubble the curve moves to lower lift
coefficients for a flap angle of -20 degrees
and the peak disappears at high lift coeffi-

T
HQ 36 /1512
€ Re =10 x 06

=-20° 5
T —
with pneu. turbu. e
at 825% . N without
(ineffective) ! < lom separaticq

/

0,5 L
7g=-15° /' [ne=-20°
with pneu. turbu < | with zick-zack-
at 82,5% tape at 72%

with
tam separahion,

VN 108 e
7

oKLie120

Figure 17. Characteristics of the HQ 36/
15.12 airfoil section.

cients. The flap efficiency is now linear
over the flap range of = 20 degrees.

It is also possible to use pneumatic turbu-
lators, but in the model there was no pro-
vision for air jets in this position.

The Zick-Zack-Tape influences the lami-
nar boundary layer flow in a way, that
transition occurs = 4% chord later. Inside
the laminar boundary layer probably Toll-
mien-Schlichting waves are excited also
the in spanwise direction causing transi-
tion after some wave lengths (4% chord).
The polar of HQ 36/15.12 is given in
figure 18 for a flap angle of zero degrees.
The range of the laminar bucket probably
reaches from ¢, = 0.2 up to ¢, = 1.4. The
minimum drag at the Reynolds number
of 2 X 10° is ¢4 = 0.0055. This drag is
somewhat higher than the drag of the
other two midspan airfoil sections HQ 26/
14.82 and HQ 34/14.83. This is a result of
the more than 10% shorter laminar boun-
dary layer flow on the lower surface.

I
HQ 36 /1512
C ThES 8 ,/

0,5 -

0 0,005 0,010 Cy 0,015

Figure 18. Drag polar of the HQ 36/15.12
at a flap deflection of zero with pneumatic
turbulators at 82.5%.

Application of these airfoils for the SB 13

The main reason to design a second rigid
airfoil were the bad properties of the
HQ 26/14.82 at high lift coefficients. This
difference in properties at low speed

becomes clear at the curves of lift coeffi-
cient vs. angle of attack (Fig. 19). The HQ
26/14.82 with only one peak at the maxi-
mum lift coefficients is not suitable. The
HQ 34/14.83 gives a better view with a
plateau of more than 3 degrees. These
results forbid to use the HQ 26/14.82 for
the SB 13 because of supposedly bad
handling characteristics at low speed. For
the wing tip airfoil HQ 36/15.12 the flap
angle of -10 degrees is shown because
this is the normal flap angle (elevator de-
flection) at low speed. The best stall pro-
perties are expected from the HQ 36/
15.12 which keeps the level of the maxi-
mum lift coefficient at high angles of
attack. In the case of tailles sailplane there
is no demand for very high lift coefficient
at wingtip.

HQ 26 116,82\7\,\
C ( HQ 34 /16,83~

LSRR TR
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Figure 19. Characteristics of different air-
foils for the SB 13 projet.

To compare the performance of these air-
foils to conventional laminar flow airfoils
the rigid airfoil HQ 25/17.11 is used. It was
also measured on the flying testbed
“JANUS” but the airfoil is not used in a
standard class sailplane. Figure 20 shows
all the polars for one Reynolds number
Re = 1.5 X 10°. Between the rigid airfoils
there is not any remarkable difference at
intermediate lift coefficients. The whole
laminar bucket of the HQ 25/17.11 is shift
down by Ac,=0.1. At high lift coefficients

15
t L HO26 182 _fm el
6 57 ’A(’:_/‘
i Re =15x10 ] e
/ \nc 2511
10 -/
3 /
-_LHD 36 11512
05 P Me=0 |
HQ 36 /16,83
O 2 1 1 1 1 1 L e 1 1 1
0 0,005 0,010 0,015
y

Figure 20. Free-flight measured drag
polars of different airfoils.
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the HQ 34/14.83 has a little more drag
than the HQ 26/14.82 but this difference
is neglectable because of the high induced
drag at low speed. Over the whole polar
the drag of the HQ 36/15.12 is higher than
the other airfoils! The higher drag of Acy
= 0.00005 is a result of larger laminar
bucket and the 20% flap.

To compare an airfoil used in a standard
class sailplane the polar of the HQ 26/
14.82 and HQ 21/17.15, both measured in
the laminar windtunnel in Stuttgart is
presented in figure 21. The HQ 21/17.15
is used in the Falcon, a prototype built
by H. STREIFENEDER. The modified
airfoil HQ 21/mod is used in the DG 300.
The clean configuration of the HQ 26/
14.82 is in all parts a little bit better than
the HQ 21/mod. With synthetic bugs it is
contrary.

In the comparison only a small difference
in performance between all these airfoils
is existing.

The HQ 34/14.83 fulfills the require-
ments for the inner wing of the SB 13
whereas the HQ 36/15.12 fulfills the
requirements for the outer wing/elevator
of the tailless sailplane.

Conclusion

The theoretical methods allow a good
analysis of airfoils and the results are
comparable with measurements. But fora
new kind of airfoils experimental results
are necessary to check the theoretical
methods. In this case it was the concave
pressure distribution where the theoreti-
cal results were intepreted wrong until the
first measurements were made.

For the tailless sailplane SB 13 of Akaflieg
Braunschweig three airfoil sections were
designed and measured in free flight.
The low-pitching moment condition does
not affect the drag. In comparison with
conventional airfoils section the drag is
even somewhere lower, the extension of
low drag bucket (laminar bucket) being
the same. To achieve the low drag turbula-
tors must be used on upper and lower sur-
face of the airfoils. Results of calculation
and free flight measurements encourage
Akaflieg Braunschweig to proceed in
development of tailless SB 13.
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Figure 21. Results of windtunnel measurements of different airfoils at Re = 1.0 X 10°

with and without bugs.
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