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1. Introduction

One of the most important tasks is
the definition of camber and twist dis-
tribution of a wing surface to obtain
minimum induced drag throughout the total
flight envelope. For a delta canard con-
figuration the complete design must be
done by including wing, body and canard.
For unstable confiquration the possibility
to trim the aircraft with positive flap
deflections at subsonic speeds and the use
of leading edge devices gives additional
degrees of freedom for improvement of
overall aircraft performance. This report
deals with those configurations. The
following items are treated:
® A short reference of design methods
which are applicable for these confi-
gurations is given.

For 3 slightly different planforms the
calculated design in terms of twist
and camber for three different design
conditions is shown. For these three
designs three wind tunnel models were
built and tested. Then trimming with
trailing edge flaps was done for same
trim conditions and drag penalties or
gain dependent on design lift coeffi-
cient relative to plane wing were eva-
luated. From this the optimum design
1ift coefficient can be found, which
lies in the order of cyges ~ 0.20.

It is shown, that a practicable insta-
bility margin of -8% at low lift and
low Mach number lies near the aerody-
namic optimum for realistic configu-
rations.

For wings with design 1lift coefficients
greater than crdeg = 0.15 induced drag
at low lift coefficients can be re-
duced by using leading edge flaps up
(decambering). This is shown by experi-
mental data for the wing with crgeg =
0.20.
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The results demonstrate that camber
drag at 1g flight is not a limiting
case for the choice of design c1,, be-
cause 50% of the camber drag can be
recovered by decambering the leading
edge deflecting the L.E. flaps up.

The conclusion that for a clean wing

a design ‘lift coefficient of cydes

0.2 should not be exceeded is not
effected by this because decambering
only can be used at low lift coeffi-
cients. Additional limitations in
maximum design lift coefficient might
come from the fact that a highly
cambered and twisted surface results,
which will be difficult for production.
Certain local compromises might be ne-
cessary.

Even for the high swept low aspect
ratio Delta-type wings leading edge
droop can give a remarkable improvement
in drag in the sub- and transonic speed
regime.

Blunting the leading edge radius gives
remarkable recovery of suction force

at low to moderate 1lift coefficients
which results in improvement of induced
drag.

The conclusion is a supersonic design
for low lift coefficients with moderate
instability margin and use of leading edge
devices as well for decambering as for
conventional droop and of slightly thicker
leading edge radii than standard NACA-
profiles are giving.

2. Design Methods

The used design method is a simple
panel method first published by Woodward
[4], further development was done by MBB
[5]1. The method can handle wing tail or
wing canard configurations of arbitrary
constellations with fuselage. The only
constraint is the restriction to cir-
cular body sections. In the method a
minimum drag procedure for given 1lift and
pitching moment is incorporated, using
the Lagrange multiplier method. Some addi-
tional effort was put in smoothing pro-
cedures for the integration of the re-
sulting camber slopes and the relation-
ship between wing body setting for the
mathematical model with circular body
sections and the real configuration [2],
{3]1. A survey for design methods used at
MBB can be found in [1].



Variation of Design Point with
with Theoretical Method and Veri-
fication on Experimental Basis

- _Optimum Design - )

3.1 Planforms

During the last four years several
high speed tests with the Conf. 1 wind
tunnel model were carried out. The model
was fitted with two different wing plan-

forms on the same fuselage with identical
canard, fig. 2.

Conf.1 had two wings:

1. ¢Ldes = 0, plane wing (for re-
ference)
2. crdes = 0.12, Mgeg = 1.4 supersonic
design.
Conf.3:
CLdes = 0.30, Mgeg = 0.9 subsonic
design.

A third design was done on a different
model, see fig. 3 for an intermediate de-
sign 1lift coefficient and a single engine
configuration.
Conf. 1:
CLdes = 0.20, M4eg = 0.9 subsonic
design.

This model had a short coupled canard in
high position.

A comparison of these three wings,
with normalized wingspan, is shown in
fig. 1. Configurations are similar, only
Conf.2 has a different wing canard arrange-
ment. The following table gives some geo-
metrical data:

Haes N

Yerank/S Scan’Swing

Conf.1 a.
b,

&=

57°/45°

57°/45°
54°

57°/745°

0.67
0.67

0,0816
0.0816
0.121

0.0889

Conf.2
Conf.3

[=R ==
w0

0.54

3.2 Twist- and Camber Distributions from

Theoretical Design

Fig. 4 to 8 show camber and twist for
above mentioned three design cases. Camber
is compared on 4 spanwise sections:

18%, 46%, 67%, 85%.
Twist for the subsonic design Crdes
0.30 is remarkable higher than for the
supersonic low crdes 0.12 design and
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results in highly cambered surface. The
kinks in Conf.2 twist distribution are
mainly introduced by the requirement for
straight hingelines for L.E. and T.E.
flaps, which was not used for Conf.l1 and
3, which were not fitted with L.E. flaps.

Looking at the camber distribution in
the region of the wing body junction,
fig. 5, one can see a very high S-type
camber for Conf.2, which is introduced
by the short coupled canard in conjunction
with the trimming constraint. The compari-
son for the remaining wing sections shows
the right order: increasing cigeg gives
increasing camber heights.

3.3 Trimming Conditions

be done for all cases
moment characteristics.

Trimming should
for equal pitching

All wings have slightly different flap
dimensions, fig. 2 and 3, but this will
not influence trimmed drag envelopes (see
[6]), for different flap sizes only dif-
ferent trim flap angles are necessary.

The main requirement for equal trim
characteristics is same zero pitching
moment and same stability margin.

Conf.1, 2 and 3 have very similar
Cmo- and .stability behaviour versus Mach
number, whereby the zero pitching moment
is corrected for same level at Mach number
M 0.5 before trimming and stability
margin variation lies in the range of
+ 1%, So trim angles of T.E. flap versus
c1, are nearly the same, fig. 9, only at
M 1.2 at ¢1, = 0 is a difference which
may cause extra trimdrag in addition to
the camberdrag.

3.4 K-~Factors

So comparison of trimmed drag polars
in the dimensionless form of the K-Factor

Repig = cDtrim = CDo | . | ag,
CLtrim
with Cpy = zero drag coeff. of the

plane wing (no camber drag
included)

can give the isolated effect of the in-
fluence of the design lift coefficient.

Fig. 10 and 11 show this comparison
for sub- (M .9) and supersonic (M 1
case for all three design cases.

.2)

Minimum induced drag factor at Mach
number M 0.9 is reached for cpdes = 0.12
for cy~values between 0.05 and 0.25, for
CLges = 0.20 between cj, 0.25 and 0.5
and for crgeg = 0.30 between cy, 0.5
and 0.75. This is what was expected, with
increasing design lift-coefficient the
region where minimum K is reached is
increasing.



This region lies higher than the appropri-
ate design lift-coefficient, because due
to the benefits of additional camber by
trimming with positive flaps the minimum
is shifted to higher lift-coefficients.
Only for the untrimmed dragpolars with
trailing edge flap setting 0° the minimum
is in the region of the Cldes*

For supersonic case, however, the
supersonic design (with the lowest design
c1,) gives the best values for the whole
lift range.

If one takes into account the small
improvements in subsonic for higher de-
signs at relative high lift-coefficients
in connection with the camber drag penal-
ties at small 1lift the best compromise
seems to be the supersonic design for mo-
derate design lift-coefficients.

3.5 Camber Drag Penalties

To give values for camber drag pe-
nalties for the different design lift
cases in trimmed condition at low lift
coefficients the form of the K-Factor,
which is not defined at ¢ = 0, is not
suitable. Therefore in this region the
difference to the plane wing is given in
form of ACp;, based on a common AR = 2.32
for all wings (Fig. 11 =+ 15).

Due to a lack of test data and for the
reason that sub- and supersonic design
nearly have the same twist and camber
characteristics, in this outline no dif-
ference is made between sub- and super-
sonic design drag penalties.

The data for Conf.1 and Conf.3 fit
well on a parabolic curve and even those
for Conf.2, which shows configuration-
wise the largest difference, are lying
close to these curves.

From these curves an estimate for the
drag penalty depending on design cj, for
arbitrary lift coefficients can be done.

As is to be seen, for cp, = 0 always
a drag penalty is existing, which is near-
ly independent of Mach number (note:at
M = 1.2 there is a trim penalty included,
which has to be subtracted for comparison
purposes) . For increasing ¢y, one gets more
and more a gain in induced drag, which,
however, is lost, if design lift-coeffi-
cient is chosen too high. An optimum can
be found, depending on design lift-coeffi-
cient.

3.6 Optimum Design Cp,

This is plotted in fig. 16. It is to
be seen that design lift-coefficients

higher than cpdes = 0.20 are beyond opti-
mum.

Higher camber than for crgeg = 0.2
also produce problems due to the necessi-
ty to produce double curvature lines.

4, Influence of Stability Margin

For Conf.1 trimming for three stabi-
lity margines was done (cpdes = 0.12,
Myeg = 1.4). The following reference
points with corresponding stability mar-
gins were chosen:

Xref/é Stab. margin
0.27 + 2% stable
0.35 - 6%
0.0 - 11s unstable

This means comparing a conventional
configuration (+3%) with a configuration
having a sophisticated flight control sys-
tem (-6%) and a configuration with a
flight control system,which is beyond the
limit of realization (-11%). The trimming
was not simply done for these 3 centers
of gravity, it was also taken into account
that the configuration should not be limi-
ted at Cppmax Or somewhere below. To keep
the configuration controllable in this re-
gion, canard and flaps have to be deflec-
ted for flight mechanical reasons away from
the position where optimum polar is reached.

This leads to different but realistic
schedules for canard and trailing edge
flaps for all three cases, see [7]. For
higher instability margins therefore the
canard at higher A.0.A has to be deflec-
ted more negative to relieve the trailing
edge flap angular velocity and gives a
penalty for higher instabilities which may
cancel out part of the advantage. This
is to be seen in fig. 17. In supersonic
A.0.A. is limited below Crmaxr SO the
canard can be left in optimum position
(nc = 0°).

In subsonic the improvement for the
most unstable case is not as high as ex-
pected and in supersonic for M > 1.4 the
best case is -6% instability. The recom-
mendation for this reason is to choose
an instability margin of -8%, which si-
multaneously minimise flight control sys-
tem problems.

5. Drag Reduction by Decambering at
Low Lift

Wind tunnel tests onconfiguration 2
(cLdgesg = 0.2), with leading edge droop
for decambering (8LE flap = -2° and -4°)
were carried out and trimmed. Results are
to be seen in fig. 19 and 20. The gain in
camber drag at cy = 0 in trimmed con-
dition is even higher than in untrimmed
condition. Maximum gain is reached at
M = 1.2 and is about 50% of the total
camber drag, scaled on camber drag es-
timates of figs. 12 to 15. This gives
a strong indication to use leading edge
flaps also for decambering on highly
cambered wings.
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Trailing edge flaps deflected up cer-
tainly gives an improvement in drag in
untrimmed condition for small flap angles,
fig. 21, trimmed, however, this advantage
disappears because of the necessity to
trim with the canard, which has less
aerodynamic efficiency than the trailing
edge flaps, see fig. 22.

6. Leading Edge Droop Gains

For the same configuration as before,
also leading edge droop was used to eva-
luate the gain at higher lift-coeffi-
cients, figs. 23 to 24. For a deflection
of 25°, this gives a trimmed improvement
of 10% to 15% for lift-coefficients
higher than ci, = 0.5. With increasing
Mach number this advantage is shifted to
higher 1ift coefficients, but the amount
of improvement is still higher than at
low speeds, which is more or less with-
out explanation, because it is wellknown
that the benefit of pure leading edge
droop cancels out in the transonic speed
regime.

7. Influence of Thickening the
Leading Edge Radius

On Conf.1, plane wing case, the influ-
ence of a thicker leading edge radius was
investigated on the basis of an experi-
mental study. Original and modified pro-
files are to be seen in fig. 25. The
ratio of leading edge radius original to
modified is 1:2. The modified profile con-—
tour is faired in the original profile
contour at the crest (40% chord). An im-
provement in induced drag by regain of
the suction force at the leading edge bet-
ween 40% and 10%, depending on lift-coef-
ficient and Mach number, fig. 26, is
reached. Maximum gains are of course in
subsonic for low lift-coefficients.

8. Conclusion

® This report shows on the broad basis
of extensive theoretical and experi~
mental work the advantage of super-
sonic design for moderate design lift-
coefficients on delta canard configu~
rations.

e Design should be carried out for the
complete configuration, wing and canard
in trimmed condition using a drag
minimization procedure.

® The optimum instability margin from the
aerodynamic side of view seems to be
that one, which is attainable from the
flight control systemn.

¢ Leading edge droop gives remarkable
improvements by decambering at the low
end of the dragpolar and by conventional
use at the high end of the dragpolar.
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Induced drag can be improved remarkab-
le by blunting the leading edge radi-
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