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Symmetrical airfoils are of interest for
all aerodynamic control surfaces such
as rudders, elevators and ailerons.
Very often these control surfaces are
divided into a fixed part and a mova-
ble part. The deflected flap yields an
airfoil with positive or negative camber
and the associated lift produces the
desired steering control force. The
kink in the meanline usually causes a
higher drag than a smoothly cambered
airfoil. This is due mainly to the unfa-

- vorable pressure distribution which
emerges from the flap deflection on
the «upper» side, namely a velocity
peak at the leading edge and at the
hinge. The first has an influence on
the transition point and the latter
promotes flow separation on the flap.
As long as the flap angles and the flap
sizes are small, say 15° for the 20%o
chord flap, this situation can be recti-
fied by a suitable thickness distribu-
tion which counteracts the undesirable
velocity peaks. In other words, the air-
foil may be designed not as a sym-
metrical but as a cambered airfoil with
a deflected flap, and the velocity dis-
tribution is then optimized for a cer-
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Table I.

Coordinates of three symmetrical airfoils
with different flap chord. The crossection

of the flap of the windtunnel models was

simplified to a wedge.

tain prescribed flap configuration. In
two previous papers [1] [2] the author
has shown that this technique leads to
a remarkable improvement in such air-
foils optimized for deflected flaps.
Table | gives ordinates for three nearly
identical airfoils of 15% thickness with
different flap chords, and Fig. 1, 2 and
3 show the windtunnel results* for a
Reynolds number of one million. In
Fig. 4 the typical differences of the ve-
locity distribution and the form of the

Fig.1 Windtunnel results for the 20% flap airfoil FX 71-L-150/20 at Re = 1.0 x 10

NACA 64-012 and the FX 71-L-150/20
airfoils are shown. In Fig. 5 the results
for the FX 71-L-150/20 are compared
with some measurements of the NACA
64-012 airfoil. The drag polars of both
airfoils with no flap deflection have
the same qualitative appearance. How-
ever, the situation changes drastically
when the flap is deflected 15 degrees.
The optimized airfoil shows only a
shift of the drag polar, whereas the
NACA airfoil has always not only a .
higher drag out also a much more
complicated drag polar. This type of
drag polar with two minimum drag
points is not restricted to this specific
airfoil, but is of a more fundamental

* As in all previous papers | am indebted to
Dipl. Phys. D. Althaus, who performed these
{neasurements in the laminar windtunnel of the
nstitute.
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Fig. 4 Thickness distribution

nature. It can be detected also in

Fig. 2 and 3 for the higher flap deflec-
tion, i.e. for off-design conditions, and
also on cambered airfoils with flap:

[3]. 2
The drag increase outside the low
drag points is simply caused by the
velocity peak at the leading edge: the
transition jumps forward and the thick-
er turbulent boundary layer will soon
separate from the flap. The minimum
drag peaks occur when the transition
on both surfaces is just in front of the
hinge.

The Z-form of the drag polar between
the low drag points is not so easy to
understand. Therefore we investigated
the NACA 64-012 airfoil with a 25%b0
flap at a flap setting of 15° in this lift
range and measured the transition
position, the boundary layer profile on
the «upper» surface at the end of the
bubble at x/c = 0.82 and near the
trailing edge at c/x = 0.95. The results
are given in Fig. 6. ‘

There is a striking correlation between
the drag polar and the boundary layer
thickness at the trailing edge and at
the end of the bubble; however the
transition position and the length of
the laminar separation bubble is prac-
tically unaffected below the upper mini-
mum drag point. Therefore the Z-form
of the drag polar can only be inter-
preted as the result of the variation of
the bubble thickness.

Starting at angles of attack slightly be-
low the upper low drag point, the tran-
sition on the upper side goes behind
the hinge and forms a laminar separa-
tion bubble, which spoils the initial
conditions of the turbulent boundary
layer.

With further decreasing incidence
there are now two counteracting ef-
fects which determine the thickness of
the laminar separation bubble, or more
precisely the height of the transition
nucleus above the airfoil surface.

1. the stability of the laminar boundary
in front of the separation point in-
creases, which delays the transition at
the outer boundary of the bubble.

2. the wedge angle of the separated
flow in the front part of the bubble,
which is associated with a local con-,
stant pressure, decreases continuous-
ly. »

The first effect leads to the drag in-
crease below the upper minimum drag
peak. The second one is responsible
for the drag reduction at lower inci-
dences as long as the transition on the
lower (concave) side of the airfoil
stays near the flap hinge. Due to the
adverse pressure distribution in the
neighbourhood of the concave kink,
the transition on the lower side is al-
ways ahead of the hinge, see Fig. 6.
Therefore the second drag minimum is
not as low as the upper one.

From Fig. 5 it can be decuded that the
general practice of selecting an airfoil
for control surfaces mainly on the ba-
sis of the plain airfoil data may be
rather misleading. An advanced airfoil
properly designed for a small flap de-
flection will be more promising, espe-
cially in cases where the flap is used
for extended periods as for trim pur-
poses.

Zusammenfassung

Symmetrische Profile mit Klappen, wie
sie fir Leitwerke beniitzt werden,
haben meist héheren Widerstand als
leicht gewélbte Profile: das kommt von
den Geschwindigkeitsspitzen an der
Nase und am Klappenknick. Fiir méas-
sige Werte von Klappenwinkel und
-tiefe kdnnen die Spitzen abgebaut
werden durch eine geeignete Dicken-
verteilung. Ordinaten fiir drei Beispiele
sind tabelliert und Windkanalmessun-
gen werden in Fig. 1, 2 und 3 gezeigt.
Fig. 4 bis 6 vergleichen eines dieser
Profile FX71-L-150/20 mit NACA 64-012.
Ohne Klappenausschlag hat das

‘NACA-Profil den gleichen Minimalwi-

derstand wie das optimierte, wenn
auch die Dellenbreite geringer ist. Mit
15-Grad-Klappen hat das NACA-Profil
nicht nur einen grésseren Minimalwi-
derstand, sondern auch eine kompli-
zierte Form der Widerstandskurve.
Die Umschlagpunkte beider Oberfla-
chen und die Grenzschichtdicken in
der N&he des Klappenknicks und-der
Hinterkante an der Oberseite wurden
bei NACA 64-012 mit einer 25% tiefen
Klappe gemessen. Es ist eine auffal-
lige Wechselbeziehung zwischen der
Widerstandspolare und der Grenz-
schichtdicke; jedoch bleibt bei CA-
Werten unter 0.7 der Umschlagpunkt
konstant. Deshalb kann die Z-Form der
Polare nur erklart werden als das Er-
gebnis einer Veranderung der Dicke
der Abloéseblase.
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Fig.6 Drag, transition and boundary layer displacement thickness of the NACA 64-012 with
15° flap angle. Re = 1.0 . 10°,

So flihrt also die Auswahl eines Leit- nen Klappenausschlag ist wirkungsvol-
werkprofils nach tblichen (klappenlo- ler, besonders dort, wo die Klappe lber
sen) Profildaten auf den falschen Weg. langere Zeit ausgeschlagen sein muss
Ein passender Entwurf flr einen klei- (z. B. zu Trimmzwecken).

Sommaire

Les profils symétriques avec volets,
tels que ceux qui sont utilisés pour les
surfaces de controle, ont en général
une trainée plus importante que les
profils «lisses» cambrés par suite des
effets de survitesse au bord d’attaque
et a la charniére du volet. Toutefois,
pour de faibles valeurs de I'angle de
braquage et de la corde du volet, on
peut éliminer les survitesses par un
choix judicieux de la répartition des
épaisseurs relatives. '
Des tableaux fournissent les coordon-
nées de trois exemples de profils dont
les résultats d’essais en soufflerie sont
donnés sur les figures 1,2 et 3. Les
figures 1 & 6 comparent un de ces pro-
fils, le FX71-L-150/20, avec le NACA
64-012. Avec les volets rentrés le profil
NACA a la méme trainée minimale que
le profil optimal bien que la bosse
laminaire soit moins étendue. D'autre
part, le profil NACA avec le volet
braqué 4 15° a non seulement une
trainée minimale plus importante mais
aussi une polaire de forme compli-
quée.

La position du point de transition sur
les deux surfaces et I'épaisseur de la
couche limite a proximité de I'articula-
tion du volet et a I'extrados du bord
de fuite ont été mesurées sur le NACA
64-012 équipé d’un volet ayant une
corde de 25%. Il y a une corrélation
étroite entre la trainée et I’épaisseur
de la couche limite. D’autre part, la
position de la transition est constante
pour C;, supérieur a 0,7. Par consé-
quent la forme en Z de la polaire ne
peut étre interprétée que comme le
résultat de la variation de I'épaisseur
du bulbe.

En conclusion, on peut se tromper si
le choix d’un profil de surface de
controéle est effectué a partir des
caractéristiques d'un profil lisse. On
peut établir un projet plus intéressant
dans le cas d'un faible braquage du
volet, notamment quand ce dernier
doit étre utilisé comme trim pendant
de longues périodes.
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