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Technical Comments.

Comment on Unsteady Airfoil Stall

LARS Emc ERICSSON*
Lockheed Missiles & Space Company,

Sunny vale, Calif.

THE results on unsteady airfoil stall presented by F. 0.
Carta at the AIAA Fifth Aerospace Sciences Meeting1

showed very large effects of frequency on the CN(O) loops of
a pitching airfoil (Fig. 1). These effects were so large, in
fact, that this author suspected that the frequency effects
may have brought about a change from leading-edge airfoil
stall to the so-called sudden stall.2"4 It did not, however,
take long to realize that the thin airfoil stall (or sudden stall)
could not be associated with the 12%-thick NACA 0012
airfoil tested by Carta. It was of some concern to this author
to find out what caused these large frequency effects, as they
may indicate that similar large frequency effects can occur
for the unsteady separated flow on bodies of revolution.5-6

The forces on an airfoil oscillating in pitch will deviate
from the static forces realized at the instantaneous angle of
attack due to 1) the frequency-induced normal velocity
distribution over the airfoil, the so-called q effect, and 2) the
effect of angle of attack rate of change, the so-called a effect.

The q effect can be visualized as a frequency-induced
camber (Fig. 2a). That is, on the "upstroke" the pitching
airfoil has positive camber, on the "downstroke" it has
negative camber. Thus, the oscillating airfoil will describe
a loop enclosed by the static characteristics obtained for air-
foils with the maximum and minimum frequency-induced
cambers a+ and cr~, as is illustrated in Fig. 2a. The large
effects on CN shown in Fig. 2a are not for illustration purposes
only, but are realistic. The frequency-induced cambers
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ig. 1 Unsteady normal force loops at M = 0.3 for Aa = 6°
and amean = 12°.

|(7 for the airfoil in Fig. 1 are 1° and 4° at/ = 4 and 16 cps
respectively.

The a effect can be visualized as frequency-induced plung-
ing, i.e., a change of the "mean" velocity vector (Fig. 2b).
It is obvious that it will take a certain time (Atz) before the
boundary-layer build-up, and, therefore, the stall has re-
sponded to the a change. A less obvious, but probably
even more important, effect is the so-called "accelerated
flow effect",7 that is, the delay (A£3) in pressure-gradient
build-up and corresponding "overshoot" in CNma^ (Fig. 2b).
The oscillating (plunging) airfoil will describe the loop shown
in Fig. 2b. The combined q and a effects will give the CN
loop shown in Fig. 3 as a function of instantaneous angle of
attack a(t). This loop has a marked resemblance to the loop
for/ = 4 cps in Fig. 1. In order to get to the loop for/ = 16
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Fig. 2 Unsteady normal force loops.
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cps in Fig. 1, one must systematize the loop-production
somewhat. If one assumes that the time-lag effects can be
lumped into one single time lag At (reasonable for At «
At2 + A£3 with either Ati = 0 or Ati = A£2),t one may draw
the static characteristics, including the a-induced overshoot
(and undershoot) of Cjvmax (Fig. 3), vs an effective angle of
attack a, as shown in Fig. 4a. A transformation to in-
stantaneous angle of attack a can be accomplished by use of
the a and a curves vs phase angle \f/ = otf, where co = 2?r/.
Letting Fig. 4a illustrate the case of / = 4 cps, the phase
lag uAt is small and the CN(OL) loop is not much different
from the CN(<X) loop. However, in the case of / = 16 cps,
the phase lag coAZ is four times larger and the deformation
of the CN(O) loop when transformed to CN(ot) is substantial
(Fig. 4b). Assuming a 45° phase lag, the CN(<X) loop takes
great similarity to the loop shown for / = 16 cps in Fig. 1.
Can the phase lag be as large as 45°? The answer is yes.
With freestream velocitv, a disturbance would require At =
3~|-o sec (the cord of the airfoil used by F. 0. Carta was 2
ft) to travel between leading and trailing edges. The corre-
sponding phase lag at 16 cps would be 35°. It is the bound-
ary layer, not at the trailing edge, but closer to the separation
point that triggers stall. That is, the foregoing estimate
would be too high for A£2, even considering the fact that the
boundary-layer build-up goes considerably slower than with
freestream velocity. However, the time lag A£3 due to the
accelerated flow effect is probably of the same order of mag-
nitude as A£2,5 and coAt = 45° is a perfectly reasonable value
at/ = 16 cps.

In the linear portions of CN((X), the unsteady CN would be
proportional to a, i.e., CN « CNaot(t — At) where, in the case
of harmonic oscillations a(t) = aoettat, a(t — At) becomes

a(t - At) = e-™Ma(t)

= [cos(coA£) — i sin(

= eos(ooAt)a(t) — co"1 ;

Using c/Um as the characteristic time, the lag A£2 to the
separation location xs = c£s is

and for small phase angles coAt

That is, the unsteady effects due to time lag are proportional
to the reduced frequency ca/Ua>(ca/Um = 2 A using Carta's
nomenclature) and the unsteady time-lag effects can be
scaled by using ca/Um (or .4), provided the phase angle is
small.

Similarly, the ^-induced camber is |cr| = cq/U^ = ca/Ua>,
and for reasonable small values on cr the camber-induced
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Fig. 3 Combined q and a. effect for pitching airfoil.
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b) f = 16 CPS

as a function of a(t) and o;(t).

f Ali is the possible time lag in realizing the frequency-induced
camber.
| Inclusion of rf accounts for the accelerated flow effect A^.5

change in CN would also be proportional to A. Conse-
quently, Carta's scaling of the experimental data to apply
to the distorted flow effect should correctly scale the time
lag and q effects, at least for reasonably low reduced fre-
quencies (A < 0.10). However, the accelerated flow effect
on CVmax can probably not be scaled correctly by using the
concept of "equivalent local sinusoid." Rather, airfoil data
for ramp wise changes of a(a = constant)8 are needed before
a better resolution of the stall behavior is possible. There is
also, in all likelihood, static hysteresis associated with the
stall behavior.9 That is, part of the stall loop is insensitive
to a and remains even when a goes to zero.9 These non-
linear effects (both in amplitude and frequency) will prob-
ably not seriously affect the trends that Carta wanted to
illustrate.
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Erratum: "Thrust Performance of
Suppressor Nozzles"

JOHN E. POSTLEWAITE*
The Boeing Company, Renton, Wash.

[J. Aircraft 3, 587-588 (1966)]

THE statement between Eqs. (5) and (6) should read:
"The peak velocity coefficient of Eq. (2) is represented

in terms of the maximum velocity coefficient cvs of the stan-
dard convergent nozzle by replacing D with Dhe = 1 and 46
With 1 - Cw/(Dhe)»."
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Announcement: Change in Style for References in AIAA Publications

The Committee of Engineering Society Editors, of the
Engineers Joint Council, has recommended a standard style
for references in engineering publications. In the interest of
reducing the burden on authors and editors and minimizing
confusion, the AIAA Publications Department has decided to
follow the recommended style. Examples of the new style
will be found below and on the inside back cover of all AIAA
journals. The changes will be effective with manuscripts
scheduled for the January 1968 issues and- thereafter.
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