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Notation

Ch hingemoment coefficient
Cq rolling moment coefficient
Clg lateral stability
Cm pitching moment coefficient
Ch yawing moment coefficient
Cnp directional stability
C"den directiona] departure parameter
Cn normal force coefficient
LCDP lateral control departure parameter
n, load factor
M Mach number
H altitude
Xcg center of gravity
a angle of attack
B side slip angle
6a aileron deflection angle
oI canard deflection angle
Sf1ap flap deflection angle
l.e.: leading edge
t.e.: trailing edge
Oy rudder deflection angle
P leading edge sweep
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1. INTRODUCTION

In the Tast years it was repeatedly shown by air to air dog-
fight simulation, how useful the high angle of attack regime
is. In figure 1 this area of poststall utilisation is indica-
ted. Sustained maneuvers in poststall regime (a > @ pax) only
can be flown at Machnumbers lower than 0.3, because of lack of
engine power, Instantaneous maneuvers however, which can give
an improvement of shooting position, only have a Timitation by
the maximum structural limit (nz £ 9g). Therefore useful angles
of attack are between 25° and 90° for Machnumbers between 0.3
and 1.0, dependent of altitude. As indicated in fig. 1, the
area of poststall utilisation is tremendous.

Figure 2 shows a delta canard configuration, which was chosen
to get maximum conventional performance in the transonic and su-
personic regime. The configuration has the following control
devices:

all movable canard

leading edge flaps; 4 flaps on each side
trailing edge flaps; 2 flaps on each side
poststall flaps

rudder; one on each side

For this configuration we now pose the requirement for s%/b
and coordinated flight in the whole poststall regime.

2. LONGITUDINAL CHARACTERISTICS

It is well known, that induced trim drag is reduced by increa-
sing instability. The margin of instability is limited by the
possibilities of trimming and controlling the aircraft. Trim-
ming gives no problems ina wide range of interesting instabili-
ties, neither for the pure delta configuration, nor for the del-
ta canard configuration, see figures 3 and 4.

Figures 5 and 6 show the pitch control of trailing edge flaps
and canard. Due to the fact, that pitch down power of canard
and flap vanishes at high angles of attack, the minimum pitch
down power has to be produced by the basic configuration. This
means maximum instability of the total configuration is dicta-
ted by the instability contribution of the canard.

3. LATERAL AND DIRECTIONAL CHARACTERISTICS

3.1 Stability

As already shown by JOHN and KRAUS [1], wings with high leading
edge sweep may experience lateral instability problems at angles
of attack of 25° to 45° due to the formation of strong leading
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edge vortices. Since vortex bursting depends on leading edge
sweep, the windward vortex bursts earlier than the leeward
vortex at yaw conditions and this leads to lateral instability.
To get better understanding of this problem, some hinge moment
tests at leading edge flaps are analysed (figure 7).

At the inner leading edge flaps (flap no. 4), where the leading
edge vortex starts, there are some substantial differences due
to yaw angle. The discrete angle of attack, where the maximum
hingemoment is reached (break point, where flow separation
starts) is shifted proportional to the yaw angle, at the lee-
ward side to higher and at the windward side to lower angles

of attack. From some other tests [1] it was known that this la-
teral instability could be improved by a leading edge flap down
deflection. Thereby the bursting of the vortex is moved to
higher angles of attack. This is especially true for the pure
delta wing, for the delta canard configuration this measure is
less effective. Tests pointed out, that for the delta canard

it is much more efficient to move the inner part of the 1l.e.
flaps (flap no. 4) upward and the rest of the l.e. flaps down.
The improvement can be seen directly at the breakpoint, see
figure 8.

Figure 9 shows the influence of the leading edge flap position
on Tateral stability in presence of the canard. The position
-40° for all 1.e. flaps gives a slight shift of the instability
gap to higher angles of attack, but no reduction of the value
of instability. A significant improvement is found by moving
the inner leading edge flap up. The explanation for this pheno-
mena is a forced early symmetrical vortex bursting on lee- and
windward wing side.

The incidence of the canard has a similar great influence on
lateral and directional stability like the 1.e. flap position.
Lateral stability is influenced by vortex bursting of the ca-
nard leading edge vortices in the same manner. Therefore also
an analogy to the breakpoint of the canard hingemoment exists,
see figure 10. The breakpoint is here the point, where the 1i-
near characteristic of the hingemoment ends. Again here on the
canard we have earlier vortex burst on the windward side as on
the leeward side. This canard vortex burst has a driving influ-
ence on the behaviour of the wing vortices and therefore strong
effects on lateral stability of the total configuration. The
influence of the canard deflection on lateral stability con-
firms this (figure 11). Especially for canard position &¢ =
-20° there is a big change to worse, the instability gap
reaches from 22° to 43° angle of attack. However for .canard
angles &¢c = -40° and -60° there is for trim positions (a = 40°
—»60°) a small improvement.

For directional stability at canard position 6¢ = -20° there

is also a slight worsening at trim positions, but at high angle
of attack there is a significant improvement for trim cases.
Above 40° angle of attack one can reach the "canard off" curve
and obtains again directional stability, in spite of the fact,
that the vertical tails are in separated flow behind the body.
(This is due to the asymmetric vortex shedding at the "shark
nose" of the body).
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There are also some strong influences by trailing edge flaps,
which are however already described in the paper JOHN/KRAUS[1].

Taking into account all these influences of the different con-
trol devices and fulfilling the trim conditions it is possible
to find an optimum schedule for lateral and directional stabi-
Tity. With this optimum schedule it is possible to obtain the
in fi%ure 12 plotted characteristics, which show full lateral
stability and good behaviour of directional stability.

For the "canard off" case it is possible even to get better re-
sults, see figure 13. Best values are for l.e. flap deflection
-40° and t.e. fTlap deflection +20°. So an additional possibili-
ty could be to have the canard in free floating position to si-
mulate the "canard off" configuration and to obtain their advan-
tages. :

For longitudinal trimming and control this is no problem, as
shown already before. But comparing the lateral and directional
stability of “canard off" with "canard on" for canard positions,
where the canard is free-floating for B = 0 (see fig. 4) there
are some small differences, see figure 14. The explanation is,
that the free floating canard at yaw conditions can have diffe-
rent free floating angles for right and left side, as shown in
figure 15 for two angles of attack. Results of a test with free
fToating canard again show no satisfactory agreement with the
canard off plots, figure 16. The reason may be mainly an unfa-
vourable position of canard pivot axis too close to the center
of pressure, which ends up in too small reestablishing moments.
One can expect better results by a better adjusting of the pi-
vot axis.

Poor lateral/directional stability characteristics at near- and
poststall angles of attack can lead to a high degree of spin
susceptibility following departure from controlled flight.
There are several parameters, developed by WEISSMAN [2%, that
are useful in predicting aircraft behaviour in stall region,
see figure 17.

The most important parameter for pred1ct1ng directional de-
parture is generally known as nB an n becomes nega-
tive a yaw departure is possible. ¥? 1t rema1ns negative over
a fairly wide range of angle of attack, a yaw departure is
highly probable when the aircraft operates in this region.

Figure 18 shows this parameter for the "canard off" and "canard
on" case (for several canard settings). The “"canard off" case
has positive anyn in the whole angle of attack regime. For
the "canard on" case the canard 6¢ = ~20° is again the worst
case.

Tak1ng into account the opt1mum trim schedule, see figure 19,
the an n-parameter has only in the region of 35° angle of at-
tack a very small excursion to negative values, so that spin_
suspectibility can not be expected.

Of great importance is also the behaviour of pitch moment over
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yaw angle. To minimize spin suspectibility a pitch down cha-
racteristic over B is favourable to get a decrease of angle
of attack, if high yaw angles occur in the stall region. Such
a behav1our exists for the de]ta canard configuration, as

figure 20 shows.

3.2 Control

Figure 21 shows roll control for different use of the ailerons.
For angles of attack greater 30° the mean part (60% to 80%) of
roll control comes from using only ailerons up. By these types
of aileron deflection (type E + F) over the whole angle of at-
tack regime proverse yaw moment exists, see figure 22.

So these types seem to be the best one which can be used in the
poststall area, only the amount of roll control should be im-
proved. This is done by the poststall flaps (figure 23).

Figure 24 shows the rudder effectiveness of the twin fin. Until
40° angle of attack there is sufficient yaw power together with
an adverse roll moment. For higher angles of attack additional

yaw power is necessary by other devices, for example by a vec-

tored nozzle.

There are some other WEISSMAN parameters to predict, whether
control inputs can lead to departure with spin entry: for ai-
leron the aileron alone departure parameter AADP and for aile-
ron plus rudder the lateral control departure parameter LCDP,
see fig. 17. This parameter should be positiv in the whole
angle of attack regime, to avoid aileron reversal, which can
lead to departure. As shown in figure 25 this is not true for
all types of ajleron deflections for the angle of attack regime
a = 28° to 45°,.

A plot of AADP or LCDPva%us(hmdynwas recommended by WEISSMAN.
He indicated in these plot boundaries for spin suspectibility,
gained from several model and full scale free flight tests with
several different fighter aircrafts, see figure 26. This plot
also shows moderate spin suspect1b111ty at 35° angle of attack
and low spin suspectibility in the angle of attack regime 28°
to 45°,.

This behaviour can be improved by using the rudder proportional
to sideslip angle in order to reduce sideslip, which is des-
cribed by the parameter LCDP (k1) - A second possibility for im-
provement is a aileron rudder interconnect, to deflect the
rudder proportional to the aileron in order to counter aileron
yaw, which is described by LCDP(K2), see fig. 17. For a ratio
rudder to yaw angle K1 = 3.0 and a ratio rudder to aileron K2
= 2.5 the improvements can be seen in figure 27. The result is
no spin suspectibility in the whole angle of attack regime.

It should be pointed out here very clearly, that these WEISS-
MAN parameters should only be used during aerodynamic develop-
ment to get a judgement of aircraft behaviour in stall and
poststall regime. Therefore the improvements by aileron rudder
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interconnect or rudder yaw angle interconnect only can show
that poor LCDP-parameters can be corrected, but they give no
statement how to manage a control system properly. In practice
it could be shown by flight mechanical analysis that best re-
sults are obtained, if the poor directional stability (at stall
angles) is corrected by yaw control of a vectored nozzle.

4. CONCLUSIONS

It was shown, that there exists no problem for the configura-
tion in the high angle of attack regime regarding longitudinal
characteristics, neither for trimming nor for control.

The lateral stability can be sufficiently improved by a special
trim schedule, directional stability is somewhat poor for angle
of attacks 30° to 45°., Roll control is good in the whole angle
of attack regime, yaw control is lost at 45° angle of attack.
Spin suspectibility can be avoided at stall conditions by im-
proving yaw control using a vectored nozzle.
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FIG.2 SCHEME OF CONTROL DEVICES
" ARRANGEMENT ON A DELTA /
CANARD CONFIGURATION
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T.E. Flap-Deflections for
Lateral- and Directional
Stability and Trim-Condition




OLE. flaps OTE flaps

m——— - {,()° +20° —

Fig. 13 Influence of Flaps,
| Canard off



Cl OL.E.flaps = ~40°
B 6T.E.flaps = 0°

[ L aad ]

6c =
EEEES— o°
O
ey [ A -20° | no load
- e - 4 ()° 0_400 on Canard
o Sl e
sseccs v oscee O

Fig.14 Floating Canard



a=30°
D\
/ P
_— 100 NJe
-30 -20  -10 10 20 poao 30 =20 -10 10 20 po 30

Fig.15  Free-Floated Canard,
R Canard Angles |



6L.E.flcxps = -40°
5T.E.flc|ps = (09/20°/20°/0°

o~ \\)(7\«\

CANARD:
—_— free floating

— — - O ff

Cnp /\ /A\
=< _\ \/ |
\\‘/ 50 a°

/

)

Fig.16  Free-Floating
Canard a



(1)

(2)

. (3)

(4)
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Alleron alone departure parameter
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Fig. 17
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Fig.23 Roll Control
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