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NATIONAL ADVISORY COMMITTEE FCIRAERONAUTICS.

NOTE ON THE KATZX.AYREFFECT’ON AIRFOIL DIL4G.

By Shs.tswellOber.

The reduction in clrRgof an airfoil when the air stream is

oscillating is c?~lledthe Katznayr effect. This effect VE=Sfirst

described by Dr. Katzmayr, director of the Vienna Aerodynamical

Laboratory, in “Zeitschrift f;r F3.ugtechnikund Motorluftsciiif-

fahrt,llV!rch 31 and April 15, 1922 (Refekence l)- Wm=iming ex-

periments have been made by Toussaint, Kerneir and Girault, and _____

are given in a report “translatedby the National Advisory Corunit-

tee for Aeronautics in Technical Note No. 202 (Reference 2).

That report confirms Katzmayrls iesults, yet contains no explana-

tion or reason why an oscillating ~ind should reduce the airfoil

drag. The purpose of this note is to offer a simple explanation

of the cause of t-heKatzmayr effect.
●

Consider first the condition in a perfectly steady air stream.

The drag, of course, is measured by a balance the Iinkag@of w’hic~

are so aligned that the component of force along the wind stzeam ._

can be reed.dircc%ly. As no artificial air stream is absolutely
-+ .-. ,.

steady in velocity OT direction, it is necessary that the balance

* be heavily damped ky dashpots or ewivalmt arrangements. Further- __

more, as the forces to be measured are not inconsiderable the bal-

ance wi~l inevitably have a large moment of inei’tiaard a long nat-
.
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ura~ period of oscillation. The drag balance therefore will not

follow a ranid oscillation in the true magnitude of the drag cow

ponentj even though the amplitude of the variation be lsqe, but

~i~l ~~ve a mean ~eadi-ngre-presentingthe integral Of the instan- _

t.:neousdrag with respect to time Civided by the time of a cow .-

gle’ceoscillation.

If tiaeair stream is oscillating in direction a correctly

aligned drag balance will read t-nemean of the compon~nts of force

parallel to the normal steady and. As the wind direetian changes

from normal tinedzag balance is no longer in coxzect alignment

;’!iththe instant~,neousdirection so a coqonent of lift is added

to or subtracted from the true drag. In the case of an airfoil

● within the ordinazy znrld.ngrange

nents to be subtract& are larger
●

component of lift measured on the

of angles of attack the compo- —. .

than those to be added, as the

drag arm is negative when the

c-mnge of wind direction is such as to increase the true angle of

attack and therefore when the Mft is largest (~ positive, as,

shown in Fig- 1). The nean component parallel tO the fi~ direc- .-

tion, which is ~hat the balance reads, will therefore be reduced

by the existence of the oscillation (Refersnce 3). ~~en the fre.

auency of the oscillation is such that the wing chord is only a
“.Jk

snan fraction Of a ~ve leng~hy the angle”Of attack ~Y be con-

S sicieredconstant along the chord at any instant during an oscilla-

tion, and the lift and drag.com~onen~s Para1191 ‘0 ‘he ~~O:ml ‘iti

dir~ction c2m be calculated from values made in a normal steady

.-
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Wind. If the nave is m short that it approaches the wing chord,

the above assumption cannot be made and the calculation becomes

invalid. The clhangingdirection of the stream, like the induced

drag on an airfoil of low aspect ratio, then acts to change the

effective curvature of the section. Howevez, even at the highest

frequency and the slowest”speedof test ~htioned. in N.4.C.;..Tech– -

202 (Refersnce 2),nical iioteNo. the wave length in the Toussaint

experiments was five times the Fing chord.

On the assumption that the .engleof attack is constant along

the chord the process of calculation becames comparatively simple.

In Fig. 1

a = hypothetical angle of attack, based on the mean
wind direction

L = true lift at ac

D = true drag at ,a”

between nean wind direction and wind Clirection
any instant, + when angle of attack is increasgd.

true lift and drag at (a + 8)0

true lift and drag at (a - P)”

~1 = reading of balance when 12=+p,”

~Ir = reading of balance when B=-P;

From the method of generation the wave form of the oscillation

is approxi~tely harmonic, or ~ ~ K sin t, vhere “K” is the
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amplitude and ll~rl

tegrating the mean

of the curve for a

part, that is:

F = mean dra’g

s’

.

Note No. 214 4

the time. The mean effect may be found by in-

force when the oscillation is ~ps, one-’half

complete cycle being folded back on the other

IDJ& d-t
reading = ,.

f dt

If K” is small, the slope of tinelift and.’the change of slope

of the dreg may be considered constant. The form of the ma.the~t-

ical solution was ozigi~lly due to

introduction of curvatuze, q;ving a

was 6U~geSted by Dr- H. L. Dryden-

~rof. Mward P. Warner. The

somewhat closer approxi~ti on,

IJl- La
co; B -

2
sin B

by.$

.—

%+~2=u+le=n2

2 ~ =2 since change of slope i8

assumed constant.
.

DI +l)lf ~ d2i)&_a32
2 ‘D+2m da

Integrating over a half cycle (tke combination of the positive

and negative angles making this equivalent to integration for a cow. ....

~lete cycle)...
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In the use of this fomula it is

forces by coefficients

this

T?ith

.

K and a i.nradians

dL~a K and a in degrees.

w:oreconvenieat to replace

K2 q
114.6 da

~~~, reproduced as Fig. 2, in

paper, at 0° ~ is .041, l%. is qbo~t ,f&307.% is .070, daa
da

an a~litude of oscillation of *lo”

c~ = .o~l + *
● 0007 - & .070 = .041 + .018 - .061= -.002,.

.
The experimental value is i-.003. If, instead of the values of

g
2

and --- at 0° the mean values i’rora–3-0°to +10° r.reuset,
da

. ●

✎

the aO~eement with the experimental result is even better. It then

seems clear that the instantaneous lift and drag of an airfoil are

functions only of the altitude at that instantj and quite indepefi-

ent of the fact that the angle of attack may be in process of cha~.

The mean drag coefficient Op mziyalso be found by an aritin-

rneticalintegration ~hich makes due al~omnce for all variations

in CD and ~- The work is given in Table I for a.mean angle of ..__

OO. Cj’ is talc-slatedfor values of ~ spaced at # intervals
t

fTom +10° to -10° ● Assuming that each CD? affects the meen CF
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in proportion to the time it persists, and using O0 as the mean

from –1° to 1°, 2° from +1° to +3° and so on (9*” is used in place ,

of 10° as the last point, for obvious reasons), the mean CF is

f’~~~. c~ works out by this method, in the case just given, at

-.003.

Similar computations

arithmetical methods for

have been

a = ~ 4°,

made by the mathematical and

each with 10° amplitude.

a I Math. I Arith. I Exper.
I

-4° -.026 -.022 7:015

0 -.002 -.003 +.003

+4° +.02? +.L~8 +.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 Note No. 202 (Reference 2), the
●

reduction of coefficient due to a 10.5° amplitude is .038, =hile

that due to 16.5° is only .058, inste~d of .0S4, if the square law

held. But in Fig. 12, the reductions are:
*

Amplitude 8° 13° 17°

● Reduction .036 .079 .110

Varied as square
based on 13° ‘030 J079 . *135
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the square. Such aberrations as exist

for the large amnlitud~s aye accounted for by the inczease of tke

angle of attack in the course of -Kaeoscillation to far beyoti the

point of naximm, invali3.sting‘tieassumptions on which the analy-

sis 17asbased.
.

A fu”ther application of the Katzmayr effect,

M2 ● ;f~,lterF. R&e, is that it ua.ybe the cause of

variation of &Tags measured in various tunnels. A

Suggested by-

part of the

mall natural

oscillation of direction of tlieFind stream would have exactly

the sane effect as an artificially produced oscillation. Using

dSL
the mathematical analysis and ~alue of GE, — and Q@l for a

# da’ d a2

good ring near ninirirumdrag, the reduction in drag, due to ‘~ ~s-

cillation of

(C3 = .0120,
Lu. ~v,

ceivable that there may be an oscillation in vind.direction of 1/2°

at solae~findspeefiin almost any type of tuiinel. sFuxtherr.ore,the

fact that tkis oscillation -sayohange with win~ speed mould offer

an exphmat ion cf the strI’kti;lydifferent ohe.racteristies sho~:n

by ‘]scale effect curvesI1taken in different tunnels.

.
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TABLE 1.

-9&0

-8

-6

-4

-2

0

2

4

6

8

9$

-.02

.lJ

-27

● 42

‘=58

.72

.86

.q~

1.10

1.21

1.27

Zffective Drag RZding at 0° Mean .%ngle

CD
——

.Cls

.016

.018

.023

● 031

-041

.05’4

.067

.084

.104

.121

values of CL

NO* 202 (Reference

CD COSR

...016

.01s

.018

.023

*031

.041

.054

.067

.084

.103

.119

- CL sin!?

-.003.

.o~5

.028

.029

.020

,G:O

--030

-.069

_•~~5

-.168

-.210

-1L

.013

*031

.046

.05.2

● 051

.041

.02.4

-.Clc2

–*031

–.065

-.091

a = 0°

a~ CD from Fig. 6, N.A.COA=

2).

t
———

.451

.343

.253

.~lg

.205

.~~()

.205

.219

.253

.343

.451

3.142

..—

c~’t
..

.0059

=0107

.0117

.0114

.0104

.0082

:0049

-.0004

-.2079

-.0223

-.0410

I -.0084 “-”

TeohnicU Note”
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TABLE 11.

~+$

-lo

-8

-6

“4

-2

0

2

?
4

Effective Drag Reading at -4° ‘“--- “’--‘“-

-9+0

-8

–6

–4

-2

0

2

4

6

8

9+

CL CD

-.31 .027

-.21 .021

-.05 .016

.11 .016

.27 .018

.AQ .023

.58 .031,

.72 .041

.86 .054

.98 .057

.1.07 .078

Kea.n nrigl e.

~,

-.018

-.0C8

+.011

.024

*0.29

.023

*011’

-.009

-.036

-.070

- ● 100

-.0081

-,0027 -

.9028 ‘“

.0053

.0059

.0046

.0023

J.0020

-.0091 “

-.0240

– ● 0451

-s0701

●

.
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-5*”

-4

-2

0

2

~

6

8

-10

* 12

13**

Effective Drag Reading at +4° Mean Angle.

-9+0

-8

-6

-4

-2

G“

2

4

6

8

9*

I q)

●3O

.42

.58

.?2

.86

.98

1.10

1.21

1.30

1.37

1.40

.019

.023

.031

● 041

-054

.067

*084

.104

.127

.156

.175

CDI

.068

.081

● 092

.091

.“084

.067

● 04$3

.019

- ● 010

-.037

-.059

10

OD’t

.0306

.0278

● 0233

● 0199

.0172

=0013

.0094

.0042

-.0050

-.0127

-.0266

.0894

-5
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