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NATIONAL ADVISORY COMMITTEZ FCR AZRONAUTICS.

TECHNFICAL NOTE NO. 2l4.

NOTE ON THE KATZMAYR EFFECT ON AIRFOIL DRAG.
By Sasitswell Cbher.

The reduction in drag of en airfoil when the air stream is

oscillating is celled the Katzmayr effect. Thig effect was first
described by Dr. Xatzmavr, director of ﬁhe Vierma AeroGyncmical
Laboratory, in "Zeitschrift fur Flugtechnik und Motorluftschif-
fahrt," March 31 and April 15, 1932 (Reference 1)- Confirming ex-
periments have been made by Toussaint, Kerneir and Girault, and
are given in a report translated by the National Advisory Commit-
tee for Aeronautics in Technical Note No. 202 (Reference 3).
That re»ort confirms Ketzmayr's results, vet contains no explana-
tion or reason why an oscillating vind should reduce the airfoil
drag. The purpose of this note is to offer a simple explanation
of the csuse of the Katzmayr effect.

Consider first the condition in 2 perfectly steady air stream.
The drag, of course, is measgured by a balance the linkegesof which
are so aligned that the component of force along the wind stream
can be rezd dirccily. As no artifieisl air stresm is 2bsolutely
steady in veiocity or'éirection, it is necesgary that the balance
be heavily cemped ty dashpois or equivalent arrangements. Further-
more, as the forces to be measured are not incwnsiderable, the bal-

ance will inevitably have a large moment of inertia arnd a long nat-
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ural period of oscillation. The drzg balance therefore will no%t
follow a rapid oscillation in the true magnitude of the drag com
ponent, even though the amplitude of the variation be large, but
will zive a mean reading representing the integral of the ins{an—,
tineous Grag with respect to time divided by the time of a com-
nlete oscillation.

If the air stream is oscillating in direction a correctly

aligned drag balance will read the mean of the componsnis of force

parallel to the normal steady wind. As the wind direction changes
from normal the drag balance is no longer in correct alignment
with the instanteneous direction, so a component of 1ift is added
to or subtracted from the true drag. In the case of an airfoil
within the ordinary working range of angles of attack the compo-
nents to be subtracted are larger than those to be added, as the
component of 1lift measured on the drag arm is negative when the
chenge of wind direction is such as to increzse the true angle of
attack and therefore when the 1lift is largest (B positive, as
shown in Fig. 1). The mean component parallel to the wind direc-
tion, which is what the balance reads, will therefore be reduced
by +the existence of the oscillation (Réference 3). When the fre-
guency of the oscillation is such that the wing chord is only a

small fraction of a wave length, the angle of attack may be con-

gsidered comstant along the chord 2% any instant duriag an cscilla—

tion, and the 1ift and drag componensis parallél to the normal wind

diréction cen be celculated from values made in a normal steady
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wind. If the wave is e0 short that it approaches the wing chord,
the above assumption cennot be mede and the calculation becomes
invalid. The changing direction of the sgtream, like the induced
drag on an airfoil of low agpect ratio, then acts to change the
effective curvature of the section. However, aven at the highest
frequency and the slowest-speed of test mentionod in N.i.C... Tech-
nical Wote No. 202 (Refsrence 2), the wave length in the Toussaint
experiments was five times the wing chozrd.

On the assurmption that the engle of attack is constant along

the chord the process of calculation becomes comparatively simple.

In Fig. 1
a = hypothetical angle of attack, based on the mean
wind direction
L = +true 1lift at «af
D = +true drag at «°

angle between mean wind direction and wind direction
- at any instant, + when angle of attack is increased.

L, end D, = true 1ift and dreg at (a + 8)°

L,.and D, = troe 1ift and drag at (a - B)

N - o

D! = reading of balance when £ = + B, S
i = 1 3 _ O
o' = reading of talance when B = - B

1 = T - =
D' = I, cogB, - L, sinB,

M = T : T. . .
D D, cosB + L, sinf,

From the method of generdtion the wave form of the oscillation

is approximately harmonic, or R + XK sin t, vhere "K' 1is the
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amplitude and "%" +the time. The mean effect may be found by in-
tegrating the mean force when the oscillation is +8% one-hsalf
of the cuzrve for a complste cycle being folded back on the otaer

part, that is:
Dl + DII d_'t
d 2

F = mean drag reading = 7 a
t

If X is small, the slope of the 1ift and:the change of slope
of the dreg may be considered conmstant. The form of the mathemat-
ical solution was originally due to Prof. Edward P. Warner. The
introduction of curvature, giving a somewhat closer approximation,

wasg suggested by Dr. H. L. Dryden.

einB

D' + D" D, +D, - L, - L,
3 = 5 cos R 5

Replacing cosf by 1 and sinB by .B

2

Dy + D - 1 &°D x= . . . .
=2 =T + 5 152 8% since chenge of slope is
assumed constant.
. .
D! +D' _p 4+ 1 &0 g _ &L g°
2 D*3 qe da

Integrating over a half cyvcle (the combination of the positive

and negative angles making this equivalent to integration for a com-

plete cycle) -

77 ' LA

D' + ot s 1 & 4D . 4In g

F‘-—é‘ - dt Df dt gg i dalé dat

v ) /W
{ at é at
W 2 . e VO Lz sin BUJt\ﬁAD 42 0
bf BQ'f:l(_é aln w7 (t 7 = K Xﬁ
[o]
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2 2 2
F =D+ & -d—%—g- aL K and o in redians T
4 do 2 da
® 4L

- k2 é°p _ X dan . A
F D+4 io® 7148 aa K and a in desgrees.

In the use of this formula it is more convenieant to replace
forces by coefficients

K* &¢p _ __K® 4o

Cp = Cp +
F= "L Fof T 114.86 aa

Fig. 6 of Technical Note Ho. 302, reproduced as Fig. 2, in
this paper, at - 0° ¢ is .041, %%} is .070, gign ig about .0007.

az

With an amplitude of oscillation of +10°

- 100 100 _ _ _
Cp = -041 + =32 .0007 - 3377 -070 = .041 + .018 - .06l= —.002.

The experimental value ig +.003. If, instead of the values of

GOy,
aa
the agreement with the experimental result is even better. It thaen

2
5 C 5 o o o
and g——ﬂl at 0° +the mean values from -10° to +10° rre used,
a

seems cleer that the instantaneous 1lift and. drag of an airfoil are
functions only of the altitude at that instant, and quite independ-
ent of the fact that the angle of attack may be in process of charnge.
The mean drag coefficient Cp may also be found by an arith-
metical integration vhich makes due allowsnce for all variations
in Op and Cp- The work is given in Table I for a mean angle of
o

0°. Cp!' is calculated for values of B gpaced at £ intervals

from +10° o —10°. Asguming that each Op' affects the meen Cp
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in proportion to the time it persists, and using 0° as the mean L
from —lo to 10, 20 from +1O to +30 and o on.(g%o is used in place
of 10° as the las% point, for obvious reasons), the mean Cp 1is
found. OCp works out by this method, in the case just given, at
-.003. |
Similar computations have been made by the mathematical and

arithmetical methods for o = i_4o, each with 10° amplitude.

a Math. Arith. Exper.
—4° ~.036 ~.022 -.015

0 -.002 -.003 +.003
+4° +.027 +.028 +.031

The agreement between the calculated and experimental results is
fair, certainly good enough to indicate that the explanation of-
fered is correct.

By the mathematical analysis it appears that the reduction in
drag coefficient should vary as the square of the amplitude of os-
cillation. In Fig. 9 of Technical Kote No. 202 (Reference 3), the
reduction of coefficient due to a 10,5°Iamplitude is .038, while
that due %o 16.5° is only .058, insteed of .094, if the square law

held. But in Fig. 13, the recuctions &re:
Amplitude g° 13° 17°
Reduction . 036 079 .110

Varied as square
basged on 13° .030  .079 . .135
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These vearieticns are nearer the sguare. Such sterrations as exist
for the large amplitudes axe accounted for by the increase of the
angle of ‘attack in the course of the oscillation to far beyond the
point of waximum, invalidating the assumptions on which the analy-
sis was vased.

A fur%her application of the Ketzmayr effect, suggested by
¥r. Welter F. Eede, ie thet it way be the cause of part of the
variation of drzgs measured in various tunnels. A small natural
oscillation of direction of the wind stream would have exactly

the sane effect as an artificially produced oscillation. Uesing

' s ey
the mathematical analysis and value of O, ch, and E%gr for a

good wing near wminimum drag, the reduction in drag, due tO0 an Os-

. cillation of 1° aﬁplitude, is 5.2%, and that due to 1/2° is 1.3%

Lo
(CD = .0120, EEL = +100, %%#; = .001l). It is certainly not incon~

. as . o
ceivable that there may be an oscillation in winé direction of 1/3

at some wind speed in almost any type of ‘tuunnel. Furthermore, the
faect that this oscillation mey caange with winé speed would offer
an explenation cf the strikingly different characterlstics shown

by "goale effect curveg’ taken in different tunnéls.
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TABLE I.
Zifective Dreg Rezding at 0° Mean sangle
a+B CL Cp Cp cos® | -Cp sinf C! t Cp't
~93°| -.02 | .c16 | ..016 ~.003. .013 | .451 | .0059
-8 11 .016 .018 .015 - 031 L343 .0107
-6 .37 .018 .018 -028 .046 253 .0117
-4 e &g .033 . 033 -029 -052 219 -0114
-2 - .58 031 .031 -030 .051 .205 .0104
0 72 -041 - 041 . 020 . .041 -200 .0082
2 .86 | .054 | .054 -.030 .024 .205 -0048
4 28 .067 .087 -.069 -.OOé .219 ~.0004
6 1.10 .084 .084 ~.115 -.031 -353 -. 2078
8 1.21 .104 . 103 -.168 -.065 343 -.0223
9% 1.37 121 «119 -.210 -.091 -451 -.0410
142 -.0084
a o

Values of Cy,

No. 302 (Reference

ard Cp

2)-

-

from Fig. 6, K.4.C-a. Technical Note
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TABLE II.
Effective Drag Reading at ~4° Mean 4ngle.
o+ B CL Cp Cp' Op't
~134° ~ot° | .31 .027 | _.018 -.0081
-12 -8 -.21 .021 - -.008 ~.0027
~10 -8 -.05 .016 +.011 .0028
- 8 -4 .11 .016 .034 L0053
-8 -2 .a7 .018 .029 - 0059
- 4 0 .42 .033 .023 .0046
~ 3 3 .58 031 . 011 .0035%
0 4 .73 .041 ~.009 ~.0030
3 & .86 -054 -.036 ~.0091
4 8 .e8 . 087 ~.070 ~.0240
51 9l 1.07 .078 ~.100 -.0451
| _.o701
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TABLE III.
Effective Drag Reading at +4° Mean Angle.

a+p R L, Cp Cp! Cp't
-5% -9%’ .30 .019 .068 . 0306
-4 -8 .43 .023 .081 .0278
-2 -6 .58 .031 .03 .0833
0 ) .72 .041 091 .0199
2 -2 .86 .054 084 .0172
4 G .98 .067 . 087 .0013
8 3 1.10 .084 .048 .0094
8 4 1.21 .104 .019 .0042
'10 6 1.30 .137 -.010 -.0050
13 8 1.37 .156 ~.037 ~.0127
134 9% 1.40 -175 -.059 ~.0266
' .0894
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