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NATIONAL ADVISORY COMMITTEE FOR AZRONAUTICS.

TECHNICAL MEMORANDUM NO. 307.

PRELIMIVARY INVESTIGATION OF THE EFFECT OF
A ROTATING CYLINDER IN A WING.*
By £. B. Wolff.

Summary

Into the leading edse of a wing with arbitrary croes-section,
there 1s introduced a cylinder, which can be rotated by an electric
rotor by means of a cord (Fig. 1).

Cbservations were made in the wind tunnel on how the 1lift at
different wind velocities was affected by rotating this cyvlinder.
In these preliminary tests the direction of rotation was from the
pressure side to the suction side of the cross—section.

1. Ovject of tre investipation.- Experiments by Joukowsky,

Bjerknes and ackeret** demonstrated that a rotating vody disturbed

*Report A 26 of the "Rijkstudiedienst voor de luchtvaart," Amsterdans
Reprint from "De Ingenieur," No. 49, December 6, 1924, pp. S57-€E.
**Soukowsky, "De la chute dans 1l'air de corps légers de Torm allongde,
animes d'un mouvement rotatoire," Bulletin de 1'Institut A€rodynam-
ique de Xoutchino, No. 1, p. 51l.

Bjerknes, "Zur Berechnunr der auf Tragflichen wirkenden Kraftc" in
"Tortrace aus denm Gebiete der Hydro- und Aerodynamik" (Innsbruck,
192°2) vp. 53; published by Von Karman and Levi Civita.

Lierknes, "Die hvdrodvnamischen Fernkréfte und deren Zusamnenhans
mit den Auftriebskraften, die die Aeroplane tragen;" "Uittrekeels der
voordrachten Internationaal congres voor Technische Mechanica' (Delft,
1024), pe 98,

Ackeret, "Discussie van laatstgenoemie voordracht (not yet pub-
lished).

Ackeret, "lleue Untersuchungen der Aerodynamischer Verguchsanstalt,"
“.GeLe Report in Z.V.D°I., October 11, 1924, p. 10E6.
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ire surrounding rmedium in such marnner as to exert certain definite
effects on the body.

At the Dellt Congres for Technical Mechanics, a simple experi-~
nent-was performed by G. D. Boerlage with a paper cylinder, showing
that such a cvlinder, rotated about a horizontal axis, met an air
fcrce, which deflected it from its course.

It can, nowever, be expected that a rotating cylinder or flat
rlate, such as was uscd in the above-mentioned ecxperiments, would
rave a drag proportional to the 1ift, as the result of the eddy
forimed behind the body. Since, however, great valucs of the lift
coefficient could be obtained in this manner (Ackeret), it was im
rortant to try to obtain a smaller drag, by vlacing vehind the cyl-
inder a more or less streamlined picce, which preveanted the forma-
tion of a ¢great region of eddies. Thig imparted a wing shape to
the body.

The question of the flow about such a vrody and the cffect pro-
duced on the latter by the rotation of the cylinder can, however,
ve regarded from an cntircly different vicwpointe It is assumed
tht, in fluids of smell viscosity (including air), the cffect of
te viscosity is limited to a very *hin layer, the so-called "mar-
¢inal layer," in imwmmcdiatc contact with the body. This layer plays
indvrectly a very impcertant part, in that it is the cause of the
ceooration of the flew from the body, whereby vortices arc formed
wlch change the whnole flow picturec. This separation occurs, when-—

e7er the momentum of the marcinal laver of air, diminiched by fric-
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<ion, is no lonmer aole tc overcome tne precsure increase along the
nody and produces a backward flow in the marpinal layer. At small
ancles of attack, this occurs near the trailing edge of the wing.
With increasing anrles of attack, this separation point moves for-
=ard, until, in the neighborhood of tne critical angle, the flow
separatcs over o rreat a mortion of the upper surface, that its
character is cntirely chan~ed and tho 1ift begins to decreasc.

The cvlinder mav now be couridered as a méans of incrersing the
momentun of the warginal layer, whercby the scparation can ve in-
fluenccd. This can be a zreat telp in the closer studv of the

flow about wings, all the more since the momentum immarted to the
mersinal laver in o given cacc can be varicd olumost at will by sim-
ply varyiag tho rotation specd o the cylinder.

Tn tne first trial of this cxperiment, the attention was de-
voted vrincipally to the practical side of the problem, to increas-—
ing the maxirum 1ift of an airplane wing and to other tecchnical ap-
plica%ions possibly procceding from thie. In continuing them, now-
cver, it should be borne in mind that important theoretical results
cen also be obtaincd.

For lack of information in this rospect,‘sone idea had first
to be formed of *he magnitude of the charges which could be effect-
oG in this waye Hence a simple wooden model was made arnd provided
7ith a netal fore-piccc in which the cylinder revolved about two
nivots and thus cornstituted the cntirc leading edge of the nmodel.

For simplification, it was dccided, in these prcliminary ex-
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ceriments, to measvre only the 1ift, since thc vosgible incriacse in
+.is was thc rost important practically. Hence the cxperiments

ware nreparcd and performed with this objccet in mind.

2. Description o7 model and wmethod of susplncion. A cylinder

of 37.5 mm {nearlv 1.5 in.) diamcter waes mounted on pivots in a net-
al fore-picce, so that it could be rotated. To the same fore—~ple
there was fitted a removable rear-piece of polished wood, so that
the whole formed a winc modcl {Figz. 1). Since there were no data
known concerning the effect of such a cylinder on a wing, the rear-
piece was constructed arbitrarily out cf an available wing modele.
The cylinder was accurately balanced and the woodcn portion smoothly
polished.

The model was hung in the inverted position on strcamlined
+tubes ard connectcd with a balance above the wind tunncl. The sta-
bility of thc whole was sccured by means of wires (Fig. 3).

The 1/8 EP. eleciric motor was atitacned to the balance and its
vweizht vas offsct by an upper auxiliary balance. The motor drove
the cylinder by means of a finc cord. Thus the equilibrium could
be atfected only by a vertical force, which cculd te mcasureod.

A white paint spot was made on one end ¢f the cylinder, in or-
Cer to be able to measure, with the aid of a strovoscope, the exact
revolusion number of the cylinder. The ratio of ircrerse from the
sngine wvas 7 ¢ 1. The revolution nuimber of the engine vas neasured
p the custonary revolution counter. A circular disxk, Cipning into

machine oil, dampened the oscillations of the balance to waich it
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was attached.

d. Results of the exveriments.—~ In carrying out the experi-

rnents, the wodel was placad in a definite position and the angle of
attack was measured botwcen the flat lower ride of the wing and the
horizontal vind dircction. Aftcr the balance had been brought into
couillibrium, the wind wag started and the 1ift was mcasurcd, first
with the cylinder at rest and then with 1t rotating.

The direct measurement of the revolution mumber of the cylinder
by means of a stroboscope gave no reliable result. The stroboscope
consisted of a disk with one or more axial slots, distributed regu-
larly around the circumfercence, this disk being mounted on the axle
of a small clectric motor. The other end of the axis was connected
with a revolution countcr. The revolution speed could be changed
by means of a rheostat. Although the image of the spot, secn
through the stroboscope, could be brought to'a standstill, this ap-
pecared possible at different revolution specds, ¢o that no reliable
valuegs could be determined.

Table I gives the valuecs read on the revolution counter of the
cngine multiplied by 7. Sincce some slipping of the cord could be
cxpected, the actual speed of the cylinder was probably somcwhat
glower.

It appcared that the curve, 1lift coefficient plotted against
the angle of attack, was very unfavorable for the still cylinder

and had, even at OO, a very low maximum 1ift coefficient of 0.294

(0.303) (Sce Table I and Fig. 3).
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Since it was poceible to asgsume that this was caused alone »Hy
the shape of the cross-section and it had anpeared from previcus ex-
veriments that deviations from the smooth shape and that projectiaz
rarts could greatly dimirish the maximam 1ift, so trat the critical
anzle would te reached sconcr (Sce Reports 4 51 and A 33, "Terslasmcn
en Verhandelingen R*S.L." Part II, rp. 1 and 13), it aunuorod that
the slot betwcen the cvli:der and the rear portion, on thc suction
side of the model, wight have an ¢Zfcct. In order to tect this
point, the slot was closed on the suction side with paraiffin, the
surface cmoothened and the curve found anew. Tnis resmlited in a
considerable improvement. The maxinmum 1ift coefficient, which was
now found at a critical anglc of 4°, was stilil verr low (0.413),
nermitting the oonclusion that the shane of the wing section was
not favorable.

At all angles of attack, greaxter values were cbtained with the
cylinder rotating than with it at rest. The resalts arc g¢iven both
in tabular and in graphic form. It mav also be remarked that most
of the experirents were executed 2t a wind velocity of 1e.7 m/cec,,
while the revolution specds of the cylinder in most of the zxperi-
ments were 3000, 80CO and 17000 ReP.k., corrcsponding rospectively
to peripheral velocities of 5.9, 15.8 and 33.5 rn/scc. A few erperi-
mente wsre performed at both higher (30.4 m/sce.) and lower (11.8 m/
sec.) wind velocitics (shown only in the toolz, not in the sTephs) e
Yo cxperiments werc made with rouzhened cylinder s:rfacc.

K3

The rraphs show plainly thet the 1ift coc¢fiicicnt is increascd
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by rotating the cylinder. Below the critical angle, the increase

is about 10%, besides greatly increasing this angle. The curve falls
off at the critical angle and then ascends toward a new and larcer
critical angle. From scme of the tests, it may perhaps be deduced
that the magnitude of the new critical angle is connected with the
revolution speed of the cylinder.

Since the character of the curve for the rotating cylinder is
entirely analogous to that of a wing with a wide slot, it may be
concluded that the slot has no detrimental effect while the cylinder
is rotating. (See Table II for the widths of the slot.)

In connection with other wind tumnel experiments, it was de-
cided to discontinue thesec tests temporarily, in order to make var-
ious changes in thc model. It is intended to continue the experi-

ments, in order to ovtain further and more accurate data.

4., General conclusgiong.~ Although these preliminary results

are still too few in number for giving any explanation of the facts
and it is intended soon to continue the experiments svstematically,
a few general conclusions may bc drawn.

In the first place thp cxpectation secms to be fulfilled, that
it is possible to produce considerable changes in the flow round
avout a wing by means of a rotating cylinder. These changes depend
in part, on the revolution speed and their intensity can therefore
ve varied at will. Thus a mean is obtained for increasing our
krowledge of the flow about bodies. MNoreover, there appears the

poesibility of thus increasing the value of the 1ift coefficient,
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vhich can ve 2f wpractical irportence. The aiffcerecnce zbove and
Lelow the critical ancolc ot attack arc of ceposisl iatercest.

Ag rorgards the formoer portion of the curve, it cun, however,
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re asesum2d that the decreasc in the 1iit, 2dirgz the criti-
cal anvle, was cue to an extension of the voritex field on the
ncrative-pressure cilae of the airfoil. Thie vortex field is easily
rercéeived, when the air flow is tested vy introducing a fine wire
attachied to a metal necdlc.

It is thet sgeen that the alr flows back on the ncpative-
rressure side acar the trailin~ edze. If the cvlindor is then ro-
tated, without changing thc position of thc wodel, .it is found
that, at not too grcat anvles (ce.e., 2%), the turbulence ertirely
disaprears. At creater ancles of attack the extent of the vortex
field is diminished. This phenomenon can te explained on the
basis of the marginal layer theory mcntioned in secticn 1.

The connection betweon the revolution svzed of the cylinder,
the wind velocity with respect to the airfoil, the roughness of
the cylinder surface and thic crocgs~scetion of the airfoil rust be
invesgtigated through furticr cxperiments.

In azgrccement with thig explanation, ig thc estabvliched fact
that the curve rcaciacs its hirzheet point at 6” fer 1500 R.P.M.

(29 m/sec.), waile it fir.t reaches its ni Lost point at 9.8° for
8000 RePeM. (15.2 w/scc.). Even at thc hisher wind veloeity of

ficlaontes arc found for the station-

Hh

2G.4 m/seo., apocut the same coe

ary cylindcr, wnhile being much larser for the »otating cylinder,
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altkhourh gtill smaller than at the wind velocity of 18.7 m/scc.

Likewise it appears that, while at 6° there is little differ-—
ence vetween the 1ift ot 3000 and at 8000 ReP.M. of thc cylinder,
at 8° angle of attack the 1ift cocfficient for 3000 R.P.M. (5.9 m/
sge.) is mich emaller then for 8000 and 17070 R.P.M. This seems to
be duc to the fact that a certain minimum peripherel velocity of
the cylindecr is ncccssary, in order to improve the flow abovc the
critical angle of attack.

Since the 1ift cocfficient is 0.405 at 3000 R.P.M. ond at a
wind vclocity of 280.4 m/sec. and hcnce much highcr than the coeffi-
cient obtained with the cylinder at rest with the slot closed, it
may be assumed that a small incrcasc in the peripheral velocity
(c.g., to 8 m/scc.) would suffice to ccuse the coefficient to in-
creasc to its maximum value. Hence it follows that, ot a® angle
of attack and 18.7 m/scc. wind velocity, about 6 ri/sec. peripheral
vclocity of the cvlinder is necessary, while, at 20.4 m/sec. wind
velocity, a peripheral velocity of about 8 m/sec. is required.

The tests are yet too incomplete to go further into this matter now.

Below the critical anzle the lift incrcase was about 10% at
the peripheral velocities tcsted. The entire curve scems to ke
arout cvenly disvlaced. As to how far it shall agpear possivle to
raise this portion of the curve by increasing the periphcral veloc-
ity of the cylindcr rmust be detcrmined by further cxperiments.
Likewise, thc value of +his method of increasing the 1ift for prac-

tical purposcs, DY measuring the drag with a rotating cylindcer,
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nmiat De further investigated.

Do _Conclusicns.— It is found that the flow of +the air around
an a1rroil can ve modified by introducing a rotaiir~ cylinder iito
i1ts leadins edge. This increased the 1ift in all theo explrimentgo,
2g well ag the maximum 1ift.

altaourh further experiments, such as the dotermination of the
drag and mouents, oressure distribution on the uvpcer surface and
the flow velocity in the marginal laycr, are necesszarv, in ordoer to
cotain a ccrrect conception of what value the nbove-mcntioned ex-
periments shall have for both theory and practice, the importance
of - the poscibtility of modifying the flow about an airfoil has al-

readv been demonctrated.
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Table I.

Wing model No. 38 (with rotating cylinder).

Lift coefficient

Wind |angle (R.P M. of !Peripheral
velocity if v cylinder velg§1ty Cylinder {Cylinder ‘Cylivder
atracx ‘ cylirder at at Iegt rotat-
| LA rest with ing
i slot i
1/ sec degrecs ! m/sec. closed

18.7 - 3 ; —_— - 0.249 0.245 | -
16.7 -2 b 3000 5.9 - - i 0.281
13.7 - 2 17000 33.5 - — | 0.284
18.7 | © - - 0.303Y 0.302 | -
0.294 i 0,533

16.7 0 3000 5.9 _— _ 'ﬁo.553
_ L 10e343
16.7 0 17000 33.5 40.335
11.8 0 - — 0.310 — —
11.8 ; 0 30C0 5.9 — - 0.345
11.8 0 I 17000 33.5 — — D.354
16.7 + 2 ! — —— — 0.387 —
16.7 + 4 — _— 0.274 0.413 —
16.7 + 4 [ 3000 5.9 — - O¢449
16.7 + 4 8000 15.8 _ —_— 0.455
16.7 + 4 17000 3%.5 - - 04456
16.7 + 8 - — 0.235 0.302 -
16.7 + 8 32000 5.9 _— — 0.483
16.7 + 5 2000 15.8 — _— 0.487
16.7 + 8 17000 33.5 - - 0.487
20.4 + 8 - _ 0.234 - —
20.4 + 6 3000 5.9 - —_— 0.461
20.4 + B 8000 15.8 _ _— 0. 467
20.4 + 8 17000 33.5 _— — 0. 469
16.7 + 8 - - 04233 0.2586 -
16.7 + 8 1500 2.9 —_ — 04295
16.7 + 8 3000 5.9 — _— 0e522
16.7 + 8 8000 15.8 - —_— 0e526
18.7 + 8 17000 33.5 - — 0527
20.4 + 8 — - 0e233 - —_—
20.4 + 3 3000 5.9 - - 04405
30.4 + 8 8000 15.8 — _— 0.501
20.4 + 8 17000 33%.5 —_— — 0.502
16.7 + 9,6 - - 04247 — —
16.7 + 946 2000 15.8 — —— 04564
16.7 +12 - —_— _ 0.267 —
16.7 +13 —_— — 0.276 - ——
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Table I (Cont.)

Wing model No. 38 (with rotating cylinder).

T
Wind JAnegle :R.P.M. of [Peripheral |, LiTt coericiont
velocit of cvlinder ;| velocit P
Lty astack ' ; of y 5 Cylindcr ; Crlinder Cvl:ider
: j M : at at rest| rotet-
| cylinder i ° T :
poT T | Test vith i ias
| ; , | booclot
rm/sec. |degrces | w/sec. | cicsed !
18.7 | +13 17000 |, 33.5 L ' —— 1 0.371
18.7 +16 - P + 0,287 | 0.208 L —
16.7 +16 13000 | 235.6 R —— | D.368
16.7 +16 170C0 i 3&«5 | -— ! - P 0373
| {
Y
Ry = Cr = O V?
J g
Ry = componcnt of wind's force pervendicular %o the relative direc—
tion of the wind (1ift) in kg.

C+y = absolute 1ift coefficient.

Y = Sp. Gr. of the air in kg/m?
o = accéleration ave to gravity, m/sec?
0 = wing arca in m®

V = wind velocity in m/secc.

Tavle II.

With slot betwoen cylinder and rear picce.

Distance ‘=m)from ; Width of slot

left end of in
T owing ' mm

C } 0.3

280 ; 0.3
5C0 ; 0.2
750 | 0,3
10C0 | 0s5

Translation by Dwight . Miner,
Hational Advicory Committee
for Aeronautics.
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Fig.l Wing model No.38,with rotating cylinder,
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Figs.2 & 3.
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a = model Fig.2 Method of
b = streamlined supports suspending
¢ = 1lift balance \ model.
d = electric motor
e = auxiliary balance v
f-= driving cord
g = wires for offsetting the drag. ——
ok T Slot R.P.M. of cyl. Slot R.P.M. of cyl.
———= (losed 0 —— + Open 3000
-- ---o Open 0 -----x Open 17000
T |
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