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EXPERI:JENTS ON A SLOTTED WING*.

By P+ Ruden

The results of pressure distribution measurements
that were made on a model wing section of ,al?ieseler F 5 R
type airplane are presented in this report. Comparison of
these model tests with the corresponding flight tests in-
dicates the limitations and also the advantages of wind
tunnel investigations, the advantages being particularly
that through the variety of measuring methods employed
the more complicated flow conditions may also be clarified.
A fact brought out in these tests is that even in the case
of ‘Iwell roundedll slots it is possi-ble for a vortex to be
set up at the slot entrance and this vortex is responsible
for certain irregularities in the pressure distribution and
in the efficiency of the slot.

I, INTRODUCTION

The tests were conducted at the instigation of the
J)VL, which for its part carried out pressure-distribut ion
measurements in flight on a Wiug section of the Fieseler
F 5 R type airplane. By parallel tests in the wind tunnel
it was intended to obtain new data on the question of the
applicability of wind--tunnel measurements to full-scale
conditions. In addition, wind-tunnel investigations ap-
peared ~,articularly well suited to clarify the flow phe-
nomena in the wing slot& The interpretation of the pres-
sure-distribution measurements, however, although supple-
mented by boundary-layer investigations, was so difficult
that it was necessary to render the flow visible. Tho
simplest method that at first suggested itself was that of
observing the water flow in an open channel in which a
wooden model of the slot’ted wing was placed. Unfortumate-
lY, this method proved quite inadequate, since, in order.
to maintain the Reynolds Num’oer as large as possible,
higher flow speeds were required than those normally em-
ployed. With such hi~h” speeds, however, the disturbances
—. --
*Versuc’he an etnem Dusenflugel,+ ‘1Jahrbuch 1937 der deutschen
Luftfahrtforschung. pp. I 76.86,
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du.,eto the surface waves in the slot become so strong that
the surface condition no longer reflects the true picture
of the corresponding air flow. Reliable results can be ob-
tained only by means of underwater-flbm pictures, although
in this case it is not quite possible to attain the Reynolds
Number of the wind-tunnel tests; because of illumination
difficulties encountered.

II. PROCEDURE IN WIND-TUNNEL TESTS,,

Since<the primary, object of the wi~d-tunnel investiga-
tions was the “comparison with the hVL flight tests, the
pressure~dist;ibution measurements were made on a model
wing of the Fieseler F 5 R“ type airplane already mentioned,
only the left half-wing reducedto the scale 1:5 being
employed.’ This nalf~~lng could be mounted as a cantilever
Ming on a rotating cirCular end plate ofplywood with the
prescribed dihedral in the free jet of the tunnel (fig, 1).
The wing section at which the pressure distribution was
measured wit-n the aid of pressure orifices was the same as
that employed in the DVL flight tests. The n.refile sectiop
is shown in figure 2, the hinge axis of the ~lap being in-
dicated. Figure 2 likewise shows the position of the pres-
sure orifices. Although an attempt was made to obtain a
large number of pressu”r”e orifices in the’ slot, it was not
possible for lack’of space to bore orifices in the neigh-
borhood of the flap nose. For the same reason, it was nec-
essary to dispense with an orifice on the’ upper surface at
the trailing edge of the main wing. ,

.,

The tests were conducted,at a winil velocity of 34.8
in/s (78 m.p.h.). The Reynolds ,Number”baked on the chord
of the section t = 292.8 mm was about 7 ‘x 105. The ai-
leron always remained” in the unreflected ??ositiOn, the
flap setting’ @ and’the angle of attack a beingvari.ed.
The angle’ ‘a is tfi’egeometric ahgle ‘o’f’a”tt”ack,(without
wind-tunnel correction’) taken with respect “to”the direc-
tion of the ref’er,~nc”eaxis (fig. 2). The flap settings
were “takep to be @ = ‘O”, 10°, lg”j and’ 34°. (In the DVL
measurements, the sett”ings”%ere: 0°, 19°, and 320.)

,,

The angle-of-attack rangk investigated embraced the
two separation ranges. Since it was first” hssumed that

IIadhering flom’11the pr”essu’re curvewithin, ‘the range of
taken as” a function of the’ angle of attack at “any measur-
ing point would show no irregularities,” the relatively
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large angle .of-atta,ck interval qf about ~“ .yas chosen and
.- this. wag..reduced to about half only in the neighborhood

of the separation ranges. On evaluatingthe results, it
was found, however, ‘that,the expectations entertained with
regard.to the smoothness of the pr’essure ,CUTV13S:we.re,.in,no
yay :,f.ulff.lledo,,In“order to ,check this result; subsequent”.
measurements were made at $ = 34°.~for additional angle.s.’
6f’atta.ck. .. - ‘ .. ,.,.

,.. .. .,.., .,. ,,..’ ,.
The’.extra.polation of.the pressure-distribution curves

from pressure, or5fice9 down ho the trailing edge of,the
main Witig presents great uncertainty, For this.reason,
pressure measurements for several. combinations of ,ct and
~ were made along the upper surface of the main win.g,.down.
to the trailing edge with the aid of a fine static tubec
At those positions where the s,urface pressures couldhe
determined in the usual manner, the reliability of this
,method could be checked by comparison. It turned out, as
was also expeoted, that the measurin~ accuqacy of the
static tube in,the immediate neighborhood,of the wing sur-
face was unsatisfactory, but nevertheless did give a cor-
rect indication of the general tendency of the pressure
diagram. ~

Finally, with the.aid of a fine ~rabb~e.~tu>e of about
0.8 mm outside diameter, the distribution of total pres-
sures was measured in a normal section close behind the
slot outlet for a flap setting of 34°. Since tie wing
ch,anges its att,itude somewhat with the w’i~d,on as compared
with its at,titude in quiet air it was necessary for the
distance of the tube from th~ wing to be .dotermined during
the measurement itself- This,couldbe along in!a relatively
simple manner by determining the pos$tion of smallest total
pressure behind the main wing trailing edge with the great-
est possible accuracy, Before each measurement the tots%
pressure tube was adjusted to the mean flow direction with
the aid of a streamer. Since with fixed angle of attack
and flap deflection,appreciabl e changes in flow directions
are not likely, to arise m,itnin the boundary layer and. the
slot and since tiho,Br.abbee tube is very insensitive to :
changes in direction; this method of adjusting~the total
pressure tube in the flow dixection appeared suff~ciently
accurate. Check tests with somewhat varied tube directions
showed in fact that the measurements were excellently re-
producible, ,. ,:

.. .

.,
,. .. .
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ill’.:PRESSURE DISTRIBUTIONS ~~
,,,

,:. . ...!.

The results of :tllepressure-dis tribution m.easu?xements
are contained in ta%les Ito 4. The: pressuresat the sur-
face are expressed in.fraction.s of the dynamic pressure q
corresponding to the tunnel v~iocity. Tne. intermediate
measurements mentioned above are not indicated. Figures 3
to 6 show a.s exauples the pressure distribution diagrams
for @ = 0° and # = 340 plotted against the reference
axis of the wing section, For @ = 34° the plots are pre-
sented in such a manner as if the flap were rotated back-
ward from its zero position, this manner of presentation
adding to the clearness of”.the diagrami.

.
The pressure-distribute on curves shown are generally

somewhat uncertain at their sharpest maxima since- no meas-
urements were actually made at the corresponding positions.
Ti~us, for example, the peak on the upper surfaceat the
wing’ leading edge is seldom accurately known, although it
is just in this region that the orifices are most closely
spaced, On the upper surface of the main wing similar
difficulties are encountered in the neighborhood of.the.
trailing edge, particularly since space lj.mitation pre-
vbntcd installation of a pressure orifice here.

For ~ = 0° the entire appearance of the pressure- -,
distribution curve indicates that at this position, the ‘
pressure on the suction sidb of the main wing passes over
smoothly into the pressure at the suction side of the flap.
This would also follow from the fact that the slot outlet
is nearly closed for @ = Oo, For greater flap settings,
this , hovcver, is no longor the case. The fact that the
dotted peaks arise in this case was already shown by the
above-mentioned qualitative measurements with the siatic
tube.

For P = 0° t~l’eSlot$ as ‘Qentjol’ed a~~ve~ wasal~ost
closed. In the pressure distribution this shows up in the
value the pressure assumes in the entire slot, the value
being that which is a“ktained at the ]-ower side of tile sec-

tion at the inlet to. ths slot, and in the discontinuous
c’nange which t’he pressizrc ur.dcr~ocs both on. the upper side
of the flap as well a:h at the trailing edge of” the main
wing in the passage thrcll$:htile S?LCJtoutlet. This discon-
tinuity is indicated in the pressure-distribution curves
(figs. 3 and 4) by the two closely lying vertical lines.
At the lower left edge of these vertical lines, the pres-
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sure curves include. a do’ubl.yenclosed r.egio.n,which does
.- ---not , ho.w.ever.,.contribute anything in the integration,

since it must be traversed. once in one direction,and then
in tile r-ev.erse dire-ct.ionc ~If.this doubly enclosed region
is neglected, the- pressure distribution’for a > 7.6’0
barely differs from tliose of a corresponding simple see-’
tion. In the case of sm&llnegative. angles ofat’tack,
however, the~e is a defiriite disturbance on the’ lowdr. surf-
ace”, which show.s UT in the fact that there is a greater
pressure rise at the. leading edge’ of the flap on the upper
surface thhn’.on the lower. surface. ,. .“.

.. . .

As examples. of the pressure-distribution diagrams
that are obtained with open slot, there are shown t~le pres-
sure-distribution curves for P = 34° (figs. 5 and 6).” The
c’naracteristic phenomena show” up most clearly in this ca..se.
For large negative angles of:attack, the flap lies almost
completely in the wake rc,gi.onof the main wing. Tke flap
pressure distribution is correspondingly distorted Since
the air which flows past the flap consists of th’e small
energy content boundary layer, the full dynamic pressure
(p/q = 1) is not attained at the stagnation point, which,
on account of the division of the flow, must necessarily
lie in the neighborhood of’ the flap nose. This pressure
is first attained fo’r a > -7;4°. The ~maxi”mumpressure on
the flap upper surface at-”f’irst rapidly increases with in-
creasing a up to a = 1.60 and t“nen drops again to a con-
stant value between (J= ye~o and 16.7?* In the anglo-
of-attack range 1.60<U< 15.76, the pressure rise along
the upper surface of the flap is satisfac.toryo At ~=
19070, the maxiuum negative pressure on the upper surface
of the flap drops rather abruptly. The..flow separates and
thereby initiates separation also on the upper surface of
the main wing. The pressure changes here described can be
conveniently followed with the aid of figure 7 where the
pressures at each of the pressure orificos have been. plot-
ted as functio~ls of the angle of attack. The most impor-
tant result established is”the following: l?or a givf3n
flap setting and given dynamic pressure corresponding to
the tunnel velocity, the largest negative pressures at the
flap nose occur at a s,mall angl’e of attack, corresponding
to high-speed flight’. The flap nose may thus, ’under cer-
tain circumstances, experience unusually high stresses.

,,
,..

,,

, ,,, I m,.-,, m, ..—
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Itr.,.THE.‘.FL.OIY.PAST. THE SLOT “ ,.

!,’,
,. ...’” ‘- , .,

,. :,
Consider ed’~ro~i~.the plljs’ical poi,nt of,,viem, &he lowe~- ,

ing, of the negative ,p~essure peaks on the upper s’$rface
of ,the flap in the angle-of-atta,ck range “l.SO <r,a< 7.6°
is particularly striking. Considering the pressure~.at
orifices. 10 to 13 lying at the slot inlet on tile under sur-
face of the main wing, there is an even more remarkable
‘sudde~ichange observed. in the above-mentioned anglc-.of-at-
tack,range. Whereas, for a = 1.6° at the slot side. of
the main wing, an initial drop in pressure is follo”rd~.by
‘a rather strong pressure rise (fig. 5.), for a= 7.5°,
these pressure fluctuations no longer occur (fig. 5). Th&.
reason for the pressure’ changes indicated above for a = ,
1.6Q becomes clear if it is assuified that a vortex. is built
up at the slot inlet as sketched on figure 12a. Since the
vortex contains only the boundarY-layer air, the value

?/q = 1 is not attained at the stagnation point behind. the
vortex. At larger a~~le of”attack the vortex completely

disappears for p =. 3J.O+.

That quite similar phenomena
~ = lGO slid 19°

occur for other flap de-
flections, is shown by figures 8 and 9..

distribution curves have been col-In these the pressure
Iected for all of’ the values of p investigated (with the
exception of p= l-Jo) and for a = 1.6° and a= 7.6°.
The only difference that occurs for # = lCO and 19° as
compared with the case previously discussed for (3=340. .-%
is in tie fact that the slot vortex a~parently,does not
quite disappear at the higher angles of attack but only
becoi:les smaller. This may be accounted for by the fact
that the flow through the slot at the smaller flap deflec-
tions is throttled ’c.ons,iderably more at the narrow outlet ,
of the slot than at p = 34@ .

In order to prove the actual existence of. the vortex
at the slot inlet, pictures of the flow tilrough the slot
were obtained in a water channel. Afier several prelimi-
nary tests it was found to be necessary to abandon t-ne
usual “method of surface pictures and conduct the tests in
a “closed channel ‘having a flow cross section of 250 x 500
mm~ . The !nodelof the slotted wing had. a chord of 200 mm
and a sptan of 25CJ mm; i.e. , it extended from one wall to
the other. The airfoil section was the same along tile en-
tire span. The mitidie plane of the channel was illuminat-
ed with the aid of two arc lamps the paths of whose rays
wore concentrated on the plane by cylin~irical lenses?
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Particles that were suspended in the water ahead of.the .
.rnod.elwing reflected the light in this plane and traced.—,.
the flow ‘~ath’s’: Since with:the”existing illuminatj:on ap-
paratus, it was necessary to employ particles with as goad
reflecting ability as possible; aluminum powder that was “.
usually used in the surface pictures was again employed-
The difficulty of making”the aluminum”powder remain sus-
pended under the water was ovcrcomeby. adding alcohol to
the powder. With this addition, the favorable condition
was simultaneously obtained of reducing the total weight
of the suspended particles to such an extent that a large
part of the “aluminum powder oould remain susp6nded in a
water-filled stand cylinder without appreciable sinking.
velocity.

The flow through the slot thus rendered visible in
the manner described above was photographed. Particular-
ly beautiful pictures from which quantitative results
could also be alio be derived were obtained when a rapid-
ly rotating diaghragm, wkich “oroke Up the streamline piti.
ture evenly, was mounted in front of the camera objective.
Figure 10 shows one such photograph obtained. In the cor-
responding test the flow velocity of approach was sorlewhat
above 1 rd/s (2.24 m.p.’h.), the Reynolds Number referred to
the+ model chord being about 2 X 105. The model wing pro-
filo agreed in outer contour mith that shown in figure 2.
The slot inlet, honever, oven in the preliminary tests was
widened. The vortex at the entrance in this case, even
for tho relatively large angle of attack of 42, is very
clearly shown. The flap deflection was 10°.

In the preliminary tests, which were also conducted
with the slot shape of figure 2, it was found that tile
vortex practically disappeared at larger values of cc.
The corresponding photographs are unfortunately unsuited
for reproduction.

There is still to be considered the question whether
the vortex occurs also at larger Reynolds Numbers. For
the Reynolds Number of the wind tunnel its existence”is
assured by the measured pressizre distribution. Whether
it exists at much higher Reynolds Number can only be es-
tablished by further tests.

In order to investigate somewhat more’ closely the
“effect of the vortex on the flow past the slot, total pres-
sure measurements were made close behind the slot exit dur-
ing the” wind-tunnel tests on the model wing of the F 5-R

.
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airplane. The flap sett~ng. ~ was .agai~ 34°. Figure 11 .
silOWS the results of this investigation. The height of
the,t~tal pressure,peak suffers the same fluctuations as
the negative pressure peak of the flap upper surface. At
large negative arigl~s ,oflattack the enerfly of the floW
through tile slot is small. The, loss is.a result.of t“he
adverse pressure gradiqnt,, which the boundary layer at ‘t’he
u-riderside of. the. section must overcome in its path from
the main wing.nose to the slot inlet (see fig. c, u =
-13.5Q to -4.40). With increasing ?.ngle of attack the ad-
verse pressure gr,ad-ient becomes sinaller and the total
pressure maximuu at “the slot exit as well as the ne~ative
pressure peak a.t the:flap ‘Upger surface increase in height
in about the same ratio in Which the pressure gradient de-
creases. Simultaneously the vortex at the slot inlet is
built ~J.pas shOWn bj~th~ pressure distribution at the in-
let. Iila remarkable ,fiann.erthe total pressure and nega-
tive pressure peaks -attain their maximum values precisely
Wheli the pressure distribution curves indicate the nest
marked formation of t;le yortcx, namely at tho angle of at-
tack ~=30 iith increasia<; angle of attack the beig;it,.
of the teal “pTessur-e”2ea1k decreases very rapidly and then
slowly a~~;ai.nincreases. The negative pressure peak oil the
flap upper sqrface also begins to decro.ase imrnodiately
above a=30 -D”dtdoes not increase a~ain after that.
Fi~;ure l-l (a = 4.3° to 16.3°) provides a simple explanation
for this. The bounda,rr layer from the ,:lainwing upper
surface increases in tilickness with increasir.~ u, so
that the energy trans~orted to: tile slot is still j“tistsuf-
ficient to hold the neqative pressure and the stream de-
flection connected with it to a constant height. After
the boundary-layer thickness has exceeded a certain value
(at u = 170) the energy of the slot flow is no longer
sufficient to prevent separation, It is not yet possible
to predict how great this t~lickness must be for. a given
profile section and given energy of slot f,lom..The detcr-
:nination of this critical ‘~oundary layer-thickness is an
urgent problem in slotted-win:? investigation.

The lowerin~ of the total pressure peak in the slot
Gooutlet above - a = .is,evidently conrlected with the van-

ishin~ of the slot vortex. it .m.i~htbe expected that with
the disappearance of the vortex ,there will -notes’sarily be.

a considerable increase in tile energy of the slot flow, more
particularly since tile boundary layer on the under surface
of the main wing has only a small pressure &radient to over-
come, hut on the contrary with increasing anple of.attack
undergoes stronger accelerations. Tile measureilents silow
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the contrary to ,.b:e$.rue, ho.w:eve~;at,:.le~s,t .,f,o.nthe angle
wp.fat tack range :,,i.mro:e.d.~qte;ly:above,,3Qi,:,:The <expl,anation of
thi s apparent .COu;t:r~.,,dio’ti,o,~p-ro~’ab~,ylj’i~e!sin..,the stab il.iz-
ing effect t-he.c.e,ntr;iif.u-galfore es.ar~i ,k.n.~.wn.,t,p have in
the neighborhood, .@f a,oon,vex wall ,(.ref,e:rence,1) . .4s inay
be seen from fi.gur:~,12,.the ,curvatu,yq,:ofthe ,streaalines
at the slot :inke:t;:,is .:~ucllgreate,r ~~.-tl~epresence of a
vortex :.tha”ti“w,hen.,:;it;;i.~fiabsenta.:,Co.rT,espo@$ngly the cen-
trifugal. effect,% :Zn,the, f.irs.tca.sq aye much greater than
in the, ,second.” ~~““”.:.,:,, ., , ., ;,, ,.>...J.-;

,.,,,:r~;:.’.~,:.: ,:,: ,’ ...
l?~;uidparticles fro~n the b~undary ‘“1’ayer.a~d therefore

posse ssin~yidely ,,.varyiil&:ab.Solqte ve+ocj.t:ios are also
acted upon by .c,entix.ii,jugal forces. of yarious ..ma~nitudes for
streamlines of .a,Pp~~~i.Llately,eq-ial.curvaturq, the slower
particles by smaller, ,and the faster .pa-rticles by larger
forces. - The former may i~ ,a“give~,,,qa~e.be drawn into the
v~rtex towaT&thq rq.gion of Lower prqssur.,c.directed inward-
.This action: delays t,urbul.ent mixing of the. boundary-layer
particles. with’ the-flo~ process, which,.is ,always associated
with energy ..lo,s~es~. At the second &urvature of t’he’stream-
lines be.hind;tl~e vortex stagnation point S,,.,the veloci-
ties and hence also: the centrifugal forc~s. aro small ,on ac-
count of the, qe~rne$s to -,thestagnation point.. The stre~,m-
line curvature :at.this position nould tend .to promote the
iflixlr.=~, as ,may be seen after some consideration but for the
reasons Given, however, can have no important effect on the
mixing, ,par.titularly ,since the ~lowest. par$icle.~ have al-
ready wandered off into the .vortex.region* ,.The effect of

this centrifugal action is clearly brought out in the form
of the total pressure peaks for a. -1.90 to +30 in fig-
ure 3.1. The turbulent mixing is so slight that the shape ,
of the boundary lay,er: of the ,,,low,e,r.;surfqce.may be recog-
nized only at the slot outlet. After the vortex vanishes,
the curvature of the streamlines at the slot inlet becomes
less; At, the. same time thq v,elocitiesdecre:ase. on account
of. the increasing opposing press.uy”e.gr,adi.ent. The re’suit..
is that the sta~iliz~~g effect. of the cent~i<u~al force a;
this posit $onbe,comes too weak, to .prey.ent turbulent mixinge
On the other hand, no, stagnation point “is built up.”within
tile.slot at theposition. of second curvnti,~re ,.previously
intentioned, so that.vt~e ,centrifugal effects on, account,.o.f”,’
the ,high flow, v.el’oci.ties,occur.in~ ‘t~ere,become greater and
may support the “’iurbulsfiimixing- “Yhis 5.s:shotin both in
the shape and in the freight of the teal pr”essure peaks for.
a? 3.70.

The explanation here given of the slot flow has not
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gone into a thorough description. of the processes involved.
It was nevertheless presented with sufficient detail, sirice
it.a~peared important to show’ clearly with the aid of ari
example the many aspects of the problem~ connected with the
slotted wing and thus provido starting pointsforthe indis-
pens~ble detail investigations, The fact that. even for
slots given as Ifwell roundedll a vortex is set up at the en-
tranee is not only interesting in itself but will lead, to a
study of what shape the slot should be given in order that
such a vortex formation may be avoided, As is shown on fig-
ure 10, a flattening of the slot inlet should have no favor-
able effect. On the contrary, a slot inlet of still greater
curvature as s’nown in figure 2 should be better. It is to
be observed that the shape of a good slot inlet certainly
depends’ also on the width of the slot at the exit and hence
on thc”anount of throttling. Since there is a steady flow
of now air from the boundary layer to the vortex, there
must necessarily occur a throwing off of vortex “material.
ifith tilis process are associated periodic pressure fluctua-
tions. Their ”frequency appears to lie so high, however,
tilat they are not likely to give rise to flutter, It is
possible,however, that the undesirable vibrations of the
ailerons, which are sometimes observed with slotted wings,
maybe connected with t’hosefroquencies. No systematic ex-
planation has as yet been given of the question as to what
extent t-he flow resistance through the slot is’affected by
the vortex formation. In the treatment of all these ques-
tions, there must also naturally be taken into account the
questions of control surface balance.

v. THE SEPARATIOIT PROCESS

For the sake of co.mplctcncss of the discussion’ of the
prossurc-di stribution curves, there will be given a short
description of the separation. process. “The highest measured
negative pressure peaks in tile neighborhood of the nose of
the airfoil are ~~iven in table 5. The absolute numerical
values increase with p (except for $ =340). They show
clcarlyhow the upper surface boundary layer is made capable
of ovcrcomin~ a large prcssurc”gradicnt through the energy -
in the slot, which increases with P.
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.,
,. ’..’ . . Table, 5 : ,.$. ,.

.,. . .’,
,,-., . . -,4 ,, .,. .. ..;. ””.,, . ‘. .

-.—

-L-
:,’,, :., .’:,:

,, !. .$,, : (p[q).&in‘.,, ,..,...
-—” -“

:.,, ..., .,:. -..-. . .’ ...’ —.

., .,..

00 -4.40

100 -4.70, ~’!.

190 -5.35

340 -5.31

.~.—

In the separation process, two stages may be recog-
nized: .,

1. The separation proceeds from the trailing edge of
tile section forward without , however, reaching
the airfoil “nose. This shows tip in the smaller
negative pressures in th”e separation zone. At
the nose a negative pressure peak is inaintainedo

,.
2. Coinplete separation ‘of,tiie flow on ,t’heupper sur-

face - “’thenegative presstire peaks on the u~per
surface vanishin~.

., ,.

In the first stage an irnporta’nt difference arises on
the one harid for @= OO’ and 10° . on the other hand
for # = 1.9? &n’d 34°. Whereas, $’n‘~~~ first ‘case, the
separationpoin-t sh’ifts rather ‘steadily ‘f”rotithe tra’iling
edge forwarcl, in the seco..nd‘case the ‘separation occurs much
more violently. At ‘negative an~les “of attack the two
stages’ in the flow separati’o””nare not ‘so.”c’le’a:rlydis”cern-
ibl~:e, ... . .. . .. . . ..

. ,, ,“

VI .,.,JIT.T?dGR~TIONOi’P“~13SS,URE-i)ISTRI.BUTION CURVES
.,.,

It will be assumed in what ‘follo.w”sthat, ,the x and y
axis are as indicated in figure 2 and remain fixed to the
,ma.illWing.. ....When the flap, .i,sdeflected .by aq ‘angle (3,,,,.the
x and y coordinates of the pressure .orific.e:swhich lie
“on the main airfoil remain uncllang.ed while those .’on the
flap change” their coordinates. I?iotting the measured pres-
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sures against the x and y,axes,re spectively, the nor-
mal and tangential for-c-ecoeffi,,ci.ents,may be determined by.........
integration. 3Y using the integration, there is at the
same time obtained the -pitching-moifient coefficient with
respect to the origin,of” coordinates,,. ~ (fig. 2). We have.,,.

{>

Cn =
}
“1,2

.

The reference length t is the chord of the wing section,

Cn a~d Ct are positive in the positive direction of the

Y and x axes, respectively, and c~fl “is positive for a

nose -h’eavy moment . In th,e integration, the pressure dis-
tribution of the main airfoil (subscript 1) and that of the
flap (subscript 2) are to be integrated separately. ‘The
accuracy of the coefficients thus obtained depends natural-
ly very much. on the reliability wit”n which the points have
been obtained f’or the corresponding gress’~re distr’ihut ion.
The Ct values are tilerefore relatively uncertain, since

in the plot against Y the” contour of the nose of the air-
foil becomes of great importance and wit”h the large. changes
in pressure occurring .at that position the existing number
of pressure orifices is by no means sufficient. The above-
mention.ed lack of sufficient information on the pressure
variation at the rnai-nairfoil nose SIIOWS up to the greatest
extent in the. deter ~in.ation of t~le pit~hing-moment coeffi-
cient principally in’ the first integral. The contribution
of the second integral is ~.lWays re~ativelY sma~l, although
by no means negligible since it may aiZlOUntto 5 percent of
the value ,.ofthe first integral. Asi,de,,from tile above-men-
tioned uncertainties, the values of the coefficients ob-
tained through integration of the pressure distribution
curves cannot fundamentally co~”respond with those obtained
by force measurernent.s,’~since the effect of the skin fric-
tion is neglected; ““
.—- - ‘-.—-——
‘*T;~lerelai’i’~nbetween ‘the co~rdinates x and y and the
coordinates Xand Y ipdi’catedi,n figure “2 is given by,.,...,, ..

x= : 10G, Y = ; 100,
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The” values; of” the. coefficients ‘“Cn, ‘“ct, and cm given

by integration of the pressure-d istri~ution curves are giv-.. >,
en at’ the h6ads’”of ta%les I“’to 4, and--are-plotted in fig-
ures 13, 14, and 16 as functions of the angle of attack,
The curves of Cn against a, except for the stalling

:, :$.
ranges, show the usual approximately linear relation. For
positive cn the critical angle of attack at which sepa-

ration begins becomes smaller as the flap deflection ~
becomes largera For, negative Cn the reverse is the case.

~ Figure 14 shows how the coefficient Ct becomes unfavor..
able with increasing @, since the drag becomes greater,”
the greater the value of ct becomes. On the Ct curves,

moreover; the two stages of separation,are clearly evident.
The value of Ct increases in two relatively sharp jumps,

the first of which, at
than that at

a~d= 19° and 34°, is much greater
p’= 00 100. This corresponds to the

fact brought out in the previous section that the first
stage of the separation process in th”e case of the first
pair of flap deflections sets in much more violently than
in the case of the second pair. Figures 13 and 14 also in-
dicate the proportion of the contributions of main airfoil
and flap. Particularly striking jsthe fact’ that Cn , the

z!
normalforce coefficient of the flap., is .practica.lly con-
stant. The increasing reduction in ,ct”with.increase in
# is brought about exclusively by the flap. In the value
of dtp , the tangential force coefficient of the flap,

there also enters (for ($= 19° and, 34°) the drag increas-
ing effect of the slot vortex.

From, the values of Cn and. C.t there were computed

(without tiind-tunnel correction, however) the values of the
lift and’”drag coefficients Ca and Cw, p“lotted as polars

in figure 15. The increase in drag with increasing flap
deflection is particularly evident.

Whereas the’ processes which may be associated with the
appearance of the slot vortex do “not show up in the normal
force coefficient cn, they do show up very clearly in the

values of cm (fig. 16). The slo~e. d;m/dcr, is noticeably
changed in the angle of attack range 3 <a<8°. Tor P
* 340, the” curve cm is drawn through a particularly
large number of test points that were subsequently ‘obtained.

,,,
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VII. COMPARISON OF ‘WIND TUNNEL MEASUREMENTS ‘“’

...:. ..
,. ~ WITH THE RESULTS OF TiIE’FLIGHT TESTS;” :’ . ‘

, .,,.

“An entirely satisfactory comparison’of both these sets
“ of mea~urements is not simple. This, is fi.rst’of all dub to
“the difficult con~itions under which it was necessary to
carry out ‘the flight tests. The number of pressure orifices
could not be made as large as would be necessary for an en-
tirely reliable determination of the pressure distribution.
At the main wing trailing edge from X = 60.0 ,on, there
were no pressures orifices. In the case of the model wing,
there were in this region the four orifices 9 to 12. In
addition to the difficulty of obtaining an approximately
correct pressure distribution in this region, hOwe~er,- .,
it was necessary, in evaluating the flight .test results~to
fair the curves arbitrarily at these positions, particularly.
since the supplementary qualitative measurements wit-h the
static tube that were found useful in the wind tunnel tests
were not available. ;V:ore-over, the pressure orifices at the
airfoil nose in, the flight tests were not as numerous as in
the wind-tunnel tests. In the llVL tests, the first pressure
orifice was located at X= 2.5, while in the wind-tunnel
test orifice 1 was at X=o, orifice 2 at x = 2.22, and
orifice 17 at X = 2..56. At the atrfoil nose the stagnation
point and the maximum”negative pressure position are ‘close , -
beside each other. With increasing ~istance from ths air-
foil nose, the pressure differences bet’we.en the upper and
lower surfaces rapidly decrease. It was, therefore, to be

.. expected that the DVL tests would give smaller resultant
pressures than the modol tests. A particular ’difficulty
encountered was the- fact that in the flight tests it was
necessary for practical reasons to connect up the pressure
orifices on the upper and lower surfaces with each other.
If the pressures are measured individually as was the case
in the model tests, the stagnation point at the nos~ of the
airfoil can be given with relative accuracy tf at no press-
ure orifice the value p/q = 1 ii attained. For the
method of measurement used in tile DVL test, how~ver, this
was not longer -possible.

On the other hand, on account of the small dimensions ‘
of the model, the model test had the .disadvaritage that comp-
lete geometric similarity, in spite of all care taken,
could hardly be attained. The slot lip of the mode: was
p’a’rticularl.ydifficult to,construct, since the main’ airfoil
trailing edge ends very sharply and for reasons of strength
the model thickness could not go below a certain limit. It
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is also %er$ difficult to repro duce,the ,shape of the air-
foil nose .wi.th.the required accuracywhen it is considered
tihat”it is-’at’”th’is’positio-n-t”hat the pressurei s-..etremelyly
sensitive. to ,the..sma.llest changes, in shape (reference 2).

..!

..,.
With the above consider,,ations in mind, no too “strict

‘rule .should’be” applied for the.comparison “o+ “the pressure
distr~butions. ““Actually, for example, according, to figure

,17, large differences arise at the airfoil nose at p = 00.
~or comparison, the pressure distributions for the same
value of cn were diawn above each other. “The curves of
the flight measureiflent aqe, interpolated from. the values
giveq by Kiel (reference ,3) while the resultant ~ressure
for the model test had to.be read off from the drawn .pre~.
sure distribution curves. On account of the steep slope of
the pressure curves at the airfoil nose, the -pressure dif-
ference of two points lying above each. other is never
uniquely determined, since there is a chance for large dis-
crepancies in the measurements. Only for the larger values
of x does the determination- of the pressure differences
become to some extent reliable.

The curves for p=oo, cn’ = 0.60 (fig. 17) are partic–
ularly interesting. The stagnation point obviously reinains
undeter,uined on tile curve corresponding to the flight .meas-
urelllent. In figure 3 for the corresponding pressare-distri-
bution curve p =,00, ~= 7.~o, the test points which would
correspond to the first two pressure orifices of the flight
measurements are indicated by large crosses. Their position
confirms what was, said. The same applie% to the other curves
of figure 17. Trom the pressure distributions of figure 4
for ~ = 0°, a= 15.7° (on = 1.18) .and a = 19.70 (cn = 1.26)
there may be determined the resultant pressure which corre-
sponds to the first two pressure orifice,s of the DVL test
and thus show t“nat the stagnation point and maximum negative
pressure are both undetermined, At a greater distance from
the airfoil nose, the agreei~ent between the wind-tunnel meas-
urement and the flight tests is surprisingly good, althoiigh
the, error made in drawing the pressure distribution curves
enters the value of cn .aqd equal Cn values were chosen as
a basis fo’r comparison.

... .. . .,,,, . ..
The comparison. of.the resultant d,$stributions for $=

190 also shotis ,quite satisfactory agreement for @’n=’ 1.15,
1,.55, 1.90. An exception must h,ere b“e made naturall,y’’f,o,r
the differences at the airfoil, nose for which t.lne”explanat-
ion may again be “found ‘in the measured p,ressure’ tiistribu-
tions’ in the wind tunnel. There’ may be observed here the
additional small peak at the main airfoil trailing edge.
The flight test provided no test points for the pressure
distribution for this region since, as already mentioned,
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tilere” were no pressure orifices at tiie main airfoil trail-
ing edge. From the comparison of the pressure-difference
curves it was found thiitt~e value o,f Cn given by Kiel is

somewhat too small, ‘since his curves drop too’ ,sharply at
the main airfoil trailing edge. The, curves of figure 18
silow the greatest additional peak. for Cn = 0.75. For this
reason the agreeiflent of the continuous and dotted curves in
this case is here,.als.o the least favorable. If, however,
the value of 0.66 given by Kiel i’sused, the agreement, ex-
cept for the main wing trailing edge, is again very goode

Figure 19 gives the values obtained by integration of
the flight measurements and the wind-tunnel measurements
for P = 0° and 19°” Even taking into account the fact
that in the case of the ,model wing the flow separation oc-
curs nuch earlier than in the full-scale ,wing, the agree-
aent is nevertheless satisfactory. The fact that the
points with reference to which,the pitching’-moinent coeffi-
cients were obtained were somewhat different is not par-
ticularly important, A recomputation of the wind-tunnel
results using the reference point of the !)VL measurements,
which point coincides approximately with orifice 1 (fig. 2)
gives only a slight shift in the values. It will be seen,
however , that the moment coefficients of the flight test
are greater for p = 0° and “smaller for ,? = 190. . It
should be remarked that for p = lCJO the resultant press-
ure distributions given by Kiel necessarily yield a smaller
pitcning-moment coefficient since”the omitted s,~aller pres-
sure peak at the main airfoil trailing edge exerts an a-p-
preciable effect on account of the large lever arm.

Suifimarizing, it may be stated that the wind-tunnel
tests give quite reliable results in the prestalling range*
but that the separation of the flow occurs much earlier
than in the full-scale tests. If it is assu.ined that the
maximum value Of cn attained in fli@t also agrees ap-

proximately with the corresponding value of the wing sec-
tion investigated, the result is obtained that the maximum
normal force coefficient determined in the wind tunnel is
exceeded in flight by O.”to 25 percent. (see fig. 20). Aside

*It must be expressly emphasized, however, that the devia-

tions in the pressure curves shown in figures. 17 and 18 in
the neighborhood of the aj.rfqil nose maY, with great prob-
ability, be considered as accidental and further tests are
r’equired for confirmation.

—1--l Im-1-11-ml-l
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from the fact that the maximum Cn value corresponding to

the measuring section of the flight test is probably higher
than the one-here assumed, the comparison given i“nfigtire
20 is not entirely free from objection, “since in the flight
test the propeller slipstream has a stabil~izing effect on
the air flow while in the ’’.wintunnelel test separation of
the flow was promoted by the boundary layer of the end
plate.

‘. VIII. SUMMARY

The results of wind-tunnel tests on a slotted wing .are
presented, the object of the investigation being the deter-
mination of the pressure distributions on a wing section
with flap, The model was that of a wing of a Fieseler F5R
type airplane. For studying the flow phenomena in the
slot, total pressure measurements were taken in the boundary
layer behind the slot exit an-d the flow in the slot of a
similar wing section rendered visible in a water channel.
The attempt to furnish a physical explanation of the slot
flow and its effect on the pressure distribution raises a
number of questions whose answers will have to be provided
‘oy further slotted-wing investigations.

Comparison of the wind-tunnel measurements with the
corresponding flight tests conducted by the DVL showed that
the wind-tunnel results could be reliably applied to full-
scale conditions as long as the below-stalling range is con-
sidered, but that the maximum value of the normal force co-
efficient of the wind-tunnel measurement is from O to 25
percent below the value attained in the flight test.

Translation by S. Reiss,
National Advisory Committee
for Aeronautics.

IL
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Table1. Fbp deflection~=OO.

–16,5 —13,5 —10,4 — 7,4 + 1,6 + 7,6 +13,7 +16,7 +19,7 +21,0+2%7 + 24,6+25,7
~ 0,67‘— 0,70-— 0,66 — 0,40 + 0,19 + 0,60+ 0,99+ ,1,18.+ 1,26+ 1,33.+ L28 + 1,22+ ;92
p 0,09 + 0,07 — 0,02 + 0,01 — 0,05— 0,16— 032 — 0,28— 0,26— 0,27”-0,26
-0,26 — 0,24 — :,16 — 0,11 + 0,04 + 0,16+ 0,26+ 0,30+ 0,35+ 0,39+ 0,41.+ 0,41-1-0,33

it
%

Orifi*
/oca#/o(

no.
_P_

~ fpJ
— 1;17
— 1,21
— 1,16
— 1,00
— 0,73
— 0,49
— 0,20
+ 0,02
+ 0;02
+ 0,02
+ 0,01
+ 0,04
+-0,06
-1-0,18
: $;I

+ 0;02
— ojo5
+ 0,05
+ 0,14
+ 0,04
— 0,03

— :,01

— 2,91
— 3,91
— 2,81
— 2/42
— 1,95
— 1,46
— 0,98
— 0,66
— 0,33
+ 0,16
+ 0,15
+ 0,16
+ 0,20
+ 0,36
+ 0,49
+ 0,80
+ 0,89
+ 0,18
+ 0,19
— 0,26
— 0,24
— 0,21
— 0,02
— 0,01
+ 0,06
+ 0,08

— 3,83
— 4,40
— 2,61
— 2,04
— 1,35
—0,80
— 0,74
— 0,74
— 0,69
+ 0,14
+ 0,13
+ 0,14
+ 0,20
+ 0,41
:%5

+ 0:84
+ 0,15
+ 0,16
— 0,65
— 0,62
— 0,58
— 0,21
— 0,16
— 0,01
0

— 0,82
— 0,92
— 0,86
— 0,82
— 0,78
—0,74
— 0,70
— 0,68
— 0,66
+ 0,08
+ 0,06
+ 0,08
+ 0,16
+ 0,36
+ 0,50
+ 0,80
+ 0,91
+ 0,10
+ 0,10
— 0,64
— 0,60
— 0,56
— 0,26
— 0,21
— Q06
— 0,05

— 1,87
— 3,17
— 2,67
— 2,29
— 1,85
— 1,46
— 1,02
— 0,61
— 0,24
+ 0,16
+ 0,15
+ 0,16
+ 0,19
+ 0,32
+.0,42
+ 0,73
+ 0,92
+ 0,17
+ 0,18
— 0,06
— 0,01
+ 0,04
+ 0,05
+ 0,04
+ 0,10
+ 0,10

— 0,66
+ 0,92
+ 0,66
+ 0,42
+ 0,15
— 0,05
— 0,14
— 0,15
— 0,11
— 0,60
— 0,63
— 0,65
— 0,66
— 0,65
— 0,65
— 0,83
— 1,11
— 0,60
— 0,60
— 0,16
— 0,07
— 0,12
— 0,54
— 0,58
— 0,61
— 0,62

–16,5
– 0,5(
+ 0,07
– 0,1(

– 0,68
+ 0,89
+ 0,60
+ 0,35
+ 0,06
-0,10
– 0,16
– 0,16
– 0,68
– 0,49
– 0,60
— 0,65
— 0,62
— 0,84
— 0,89
— 1;00
— 1,21
— 0,47
— 0,48
— 0,10
0

— :,35
— 0,40
— 0,45
— 0,49

— 1,45
+ 0,91
+ 0,69
+ 0,32
+ 0,05
— 0,11
— 0,16
— 0,12
— 0,04
— 0,14
— 0,20
— 0,26
— 0,33
— 0,66
— 0,95
— 1,66
— 2,45
— 0,12
— 0,10

+ :,10
+ 0,13
— 0,08
— 0,15
— 0,21
— 0,25

— 1,05
+ 0,84
+ 0,45
+ 0,19
— 0,06
— 0,21
— 0,22
— 0,16
— 0,02
— 0,03
— 0,05
— 0,16
— 0,25
— 0,44
— 0,61
— 1,33
— 2,61
— 0,02
— 0,02

+ :,12
+ 0,17
— 0,03
— 0,12
— 0,16
— 0,21

+ 0,85
+ 0,04
– 0,38
– 0,57
— 0,69
— 0,67
— 0,55
– 0,37
— 0,14
+ 0,16
+ 0,11
— 0,05
— 0,10
— 0,16
— 0,21
— 0,38
— 0,35
+ 0,15
+ 0,17

+ :,07
+ 0,15

— :,08
— 0,10
— 0,16

– 0,75
– 2>39
– 2,15
– 1,96
– 1,70
— 1,32
– 0,96
– 0,60
— 0,26
+ 0,11
+ 0,10
+ 0,11
+ 0,14
:%

+ 0,58
+ 0,86
+ 0,13
+ 0,14
— 0,06
+ 0,03
+ 0,10
+ 0,06
+ 0,02
+ 0,07
+ 0,08

— 3,33
— 4,39
— .2,91
— 2,49
— 1,96
— 1,42
— 0,90
— 0,66
— 0,46
+ 0,16
+ 0,16
+ 0,16
+ 0,20
+ 0,39
+ 0,62
+ 0,85
+ 0,s9
+ 0,17
+ 0,19
— 0,41
— 0,39
— 0,35
— 0,06
— 0,04
+ 0,05
+ 0,08

— 3,52
— 4,38
— 2,72
— 2,24
— 1,65
— 1,06
— 0,70
— 0,70
— 0,65
+ 0,15
+ 0,15
+ 0,15
+ 0,20
+ 0,40
J-0,54
+ 0,85
+ 0,85
+ 0,17
+ 0,18
– 0,55
— 0,53
— 0,48
— 0,14
— 0,09
+ 0,03
+ 0,04

3
4
5
6
7
8
9
10
11
fz
13
14
15
16
17
18
19
20
21
22
23
24
25
26

Table 2. Flapdeflection ~=lOO.

—13,5 —10,4 — 7,4 + 1,6 +-7,6 + 13,7 +16,7 + 19,7 +21,5
– 0,51 — 0,42 — 0,16 + 0,47 + 0,91+ 1>29+ 1,44+ 1,52+ 1,52
+ 0,04 – 0,02 — 0,01 + 0,02— 0,04— 0,15— 0,22— 0,29— 0,26
— 0,12 + 0,01 + 0.06 + 0,22 + 0,31+ 0,40+ 0,44+ 0,49+ 0,52

+22,7 +23,6 +25,7
+ 1,47+ 1,42+ 1,02
— 0,26— 0,25— 0,03
+ 0,52+ 0,51+ 0,42

~
(1

– 1,12
– 2,74
– 2,41
– 2,19
– 1,87
– 1,50
— 1,11
— 0,75
— 0,42
+ 0,26
+ 0,16
+ 0,20
+ 0,24
+ 0,31
+ 0,39
+ 0,65
+ 0,91
+ 0,26
— 0,31
— 0,34
— 0,08

+ :,16
+ 0,22
+ 0,44
+ 0,70

— 3,36
— 4,40
— 2,99
— 2,69
— 2,07
— 1,57
— 1,10
— 0,70
— 0,54
$ ;g

+ 0,21
+ 0,2s
+ 0,41
+ 0,54
+ 0,84
+ 0,86
~ :2

— 0:46
— 0,32
— 0,25
+ 0,08
+ 0,18
+ 0,41
+ 0,69

– 3,70
– ~62
– 2,94
– 2,46
– 1,88
– 1,29
– 0,84
– 0,71
– 0,69
+ 0,30
+ 0,18
+ 0,20
+ 0,28
+ 0,44
+ 0,55
+ 0,85
+ 0,84
+ 0,28
— 0,58
— 0,63
— 0,46
— 0,41
+ 0,02
+ 0,15
+ 0,40
+ 0,68

— 0,62
— 0,75
— 0,75
— 0,73
— 0,71
— 0,69
— 0,67
— 0,66
— 0,67
+ 0,27
+ 0,14
+ 0,15
+ 0,25
+ 0,42
~ 0$;

+ 0,94
+ 0,25
— 0,62
— 0,60
— 0,64
— 0,50
— 0,06
+ 0,09
+ 0,36
+ 0,66

—1,50
$O&
+ 0,26
— 0,01
— 0,19
— 0,25
— 0,23
— 0,18
— 0,01
— 0,04
— 0,11
— 0,20
— 0,60
— 0,76
— 1,46
— 3,08
— 0,01
— 0,29
— 0,35
— 0,11
+ 0,07
+ 0,06
+ 0,04
+ 0,10
+ 0,11

— 0,70
+ 0,79
+ 0,39
+ 0,10
— 0,16
— 0,30
— 0,32
— 0,27
— 0,20
+ 0,10
+ 0,06
— 0,05
— 0,11
— 0,33
— 0,50
— 1,17
— 2,18
+ 0,07
— 0,27
— 0,34
— 0,08
$.

+ 0,08
+ 0,23
+ 0,31

+ 0,54
— 1,25
— 1,40
— 1,41
— 1,34
— 1,17
-0,87
— 0,64
— 0,37
+ 0,15
+ 0,07
+ 0,12
+ 0,14
+ 0,14
+ 0,15
+ 0,28
+ 0,69
+ 0,14
— 0,31
— 0,35
— 0,09
— 0,01
-+0,11
+ 0,18
+ 0,40
+ 0,66

— 2,40
— 3,57
-2,96
— 2,46
— 2,06
— 1,65
— 1,20
— 0,79
— 0,44
+ 0,30
.+0,20
+ 0,24
+ 0,28
+ 0,39
+ 0,48
~ y9;

~ ljg

— 0:30
— 0,09

+ :,16
+ 0,24
+ 0,46
+ 0,71

— 3,95
— 4,70
— 2,86
— 2,84
— 1,68
— 1,04
— 0,76
— 0,77
— 0,74
+ 0,30
+ 0,16
+ 0,18
+ 0,28
+ 0,46
+ 0,59
+ 0,89
+ 0,84
+ 0,27
— 0,67
— 0,72
— 0,54
— 0,50
— 0,02
+ 0,13
+ 0,39
+ 0,68

– 3,87
– 4,52
– 2,66
– 2,12
— 1,45
– 0,85
– 0,75
– 0,77
– 0,74
+ 0,24
+ 0,18
+ 0,19
+ 0,28
+ 0,4
+ 0,59
+ 0,89
-i-0,83
+ 0,29
— 0,67
— 0,73
— 0,58
— 0,53
— 0,03
+ 0,12
-i-o,3&
+ 0,67

+ 0,93
– 0,12
– 0,64
– 0,72
–-0,82
– 0,80
– 0,68
– 0,53
– 0,31
+ 0,29
+ :20

+ 0,03
— 0,06
— 0,11
— 0,25
– 0,16
+ 0,26
— 0,26
— 0,42
— 0,10
+ 0,06
+ 0,10
+ 0,14
+ 0,34
+-0>56

:
3
4
5
6
7

— 0,55
+.’

$;:

— 0,08
— 0,20
— 0,23
— 0,25
— 0,64
— 0,51
— 0,61
— 0,62
— 0,65
— 0,64
— 0,77
— 1,00
— 0,51
— 0,56
-0,59
— 0,30
— 0,20
-0,46
— 0,52
— 0,55
— 0,55

— 0,68
+ (3,80
+ 0,59
+ 0,31
+ 0,04
– 0,15
— 0,23
— 0,24
— 0,21
— 0,38
— 0,36
— 0,46
— 0,52
— 0,80
— 0,89
— 1,06
— 1,31
— 0,35
— 0,42
-0,45
— 0,20
— 0,04
— 0,18
— 0,26
— 0,32
— 0,36

21
22
23
24
25
26
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Table3. Flapdeflection”&19g.

—16,5 —13,5 —10,4 -— 7,4 — 4,4 + 1,6 + 7,6 +13,7 +16,7 +19,7 +21,0 +22,7 +24,4 +25,7
— 0,39— 0,48— 0,22+ 0,02

$

0,28+ 0,75+ 1,14+ 1,55+ 1,74+ 1,79+ 1,80+ 1,20+ 1,12+ 1,11
+ 0,08+ 0,04+ 0,01+ 0,04 0,06.+0,05— 0,02— 0,14— 0,.24— 0,31— 0,32— 0,161—o,14+ (),05
— 0,08— 0,06+ 0,10+ 0,18 0,24+ 0,37+ 0,46+ 0,56+ 0,60+ 0,62+ 0,62-1-0,48~+0,48+ 0,51

a“
%
%“’

%
-
Orifma

focafiol
no.

~
!l

+ 0,37— 1,51
— 1,46— 3,00
— 1,66— 2,61
— 1,56— 2,36
— 1,46— 1,97
— 1,26— 1;62
— 1,00-1,25
— 0,76— 0,90
— 0,62— 0,62

*g ~g

+ 0;20+ 0:37
+ 0,22+ 0,44

$
0,36+ 0,70
0,66+ 0,91

— 0,12— 0,08
— 0,68— 0,74
— 0,78— 0,81
— 0,18— 0,19
– o~4 + 0,01
+ 0,23+ 0,28
+ 0,36+%
+ 0,66
+ 0,95* 0:94

— 0,47
+ 0,95
+ 0,65
+ 0,39
~ $;:

— 0:22
— 0,27
— 0,32
— 0,50
— 0,48
— 0,60
— 0,60
— 0,64
— 0,61
— 0,73
— 0,91
— 0,60
— 0,75
— 0,81
— 0,56
— 0,40
— 0,44
— 0,50
— 0,54
— 0,64

— 1,43
+ 0,91
+ 0,65
+ 0,25
— 0,64
— 0,22
— 0,28
— 0,26
— 0,22
+ 0,08
+ 0,05
+ 0,03
— 0,08
— 0,40
— 0,64
— 1,42
— 3,05
— 0,16
— 0,39
— 0,39
— 0,17
— 0,15
+ 0,10
+ 0,22
+ 0,34
+ 0,25

+ 0,3(
+ 0,52
+ 0,06
— 0,23
— 0,45
— 0,56
— 0,62
— 0,46
— 0,34
+ 0,24

1

0,16
0,06
0,02

— 0,16
— 0,28
— 0,80
— 1,10
— 0,17
— 0,59
— 0,71
— 0,17
— 0,06
+0,16
+ 0,27
+ 0,56
+ 0,68

— 2,92
— 3,99
— 3,12
— 2,69
— 2,26
— 1,81
— 1,36
— 0,96
— 0,65
+ 0,40

$

0,33
0,33
0,37

+ 0,45

$
:E

–-w
— 0,69
— 0,72
— 0,19
+ 0,01
+ 0,30
+$%

1 0;95

–,4,10
— 5,17
— 3,35
— 2,90
— 2,36
— 1,81
— 1,32
— 0,91
— 0,62
+ 0,42
+ 0,32
+ ;$

$’0,49
~ y#

+ i83
+ 0,01
— 0,61
— 0,60
— 0,27
— 0,16
+ 0,25
+ 0,40
+ 0,66
+ 0,94

— 4,60— 3,16
— 5,36— 3,94
— 3,47— 2,05
-2,96 — 1,38
-2,36 — 0,66
— 1,80— 0,51
— 1,26— 0,62
— 0,84— 0,55
— 0,62— 0,57
+ 0,44+ :g
+ 0,33
+ G*33+ 0:25
+ 0,39+ 0,33

$
0,51+ 0,47
0,62+ 0,58

+ 0,90+ 0,86
+ 0,79+ 0,85
+ 0,03– 0,07
— 0,61— 0,79
— 0,67— 0,80
— 0,36— 0,50
— 0,27-0,42

f

0,22+ 0,10
0,38+ 0,30
0,66+ 0,61
0,94+-0,91

-–3,22
— 3,70
— 1,74
— 0,97
— 0,50
— 0,48
— 0,49
— 0,51
— 0,55

$
0,36
0,26

+ 0,27

1
0,35

+$2
+ 0,90
~ ~:

— 0:76
— 0,78
— 0,60
— 0,42
+ 0,11
+ 0,31
+ 0,63
+ 0,93

-–0,66
+ 0,94
+ 0,66
+ 0,33
+ 0,64
— 0,15
— 0,24
— 0,25
— 0,23
— 0,32
— 0,35
— 0,41
— 0,50
— 0,80
— 0,95
— 1,10
— 1,33
— 0,36
— 0,41
— 0,38
— 0,30
— 0,23
— 0,10
— 0,18
— 0,26
— 0,30

—0,50
+ 0,76
+ 0,33
+ 0>04
— 0,22
— 0,36
— 0,46
— 0,35
— 0,29
$:::

+ 0:07
— 0,02
— 0,26
— 0,44
— 1,10
— 1,94
— 0,16
— 0,49
— 0,54
— 0,17
— 0,13
+ 0,13
+ 0,26
+ 0,49
+ 0,46

f%

— 0;66
— 0,85
— 0,84
— 0,91
— 0,80
— 0,66
— 0,46
+ 0,36
+ 0,28
+ 0,09
: $:;

— 0:03
— 0,14

— 8,13
— 0,75
— 0,92
— 0,22
+ 0,01
-+0,20
+ 0,32
+ O@
+ 0,80

—0,60
— 0,69
— 0,69
— 0,68
— 0,67
— 0,66
— 0,65
— 0,64
— 0,65
+ 0,37
+ 0,27

$
0,26
0,35

+ 0,50
+ 0,60
+ 0,86
+ 0,95
— 0,10
— 0,85
— 0,79
— 0,51
— 0,46
+ 0,11

i

0,32
0,65
0,94

Table4. Flapdeflection&34°.

—16,5—13,5—10,4-7,4 — 4,4+ 1,6+ 7,6+13,7
$ 2111+Zos$% P:9 :~~sl~’~~y
16,7+19,7

— 0,44— 0,34+ 0,16+ 0,42+ 0,62+ 1,14+ 1,52+ 1,93
+ 0,08+ 0,06+ 0,10+ 0,14+ 0,15+ 0,14+ 0,05— 0,07— 0:17— 0,26— 0:26— 0:07— 0:06’+0;13— 0,12+ 0,03+ 0,29+ 0,39+ 0,44+ 0,59+ 0,65+ 0,76+0,791+0,77+ 0,77+ 0,58+ 0,571+0,61

~o

%

Q

%

C4-;f,ce
Iocuf,.a

n 0. 9
+ 0,05
— 1,76
— 1,78
— 1,75
— 1,64
— 1,45
— 1,14
— 0,93
— 0,76
+ 0,321

$
0,35
0,36,

+ 0,36

t
0,30
0,31

+ 0,46
+ 0,76
— 1,66
— 1,58
— 1,13
— 0,36
— 0,20
+ 0,40
+ 0,60
+ 0,88
+ 1,00

— 0,62
— 0,65
— 0,65
— 0,65
— 0,65
— 0,65
— 0,65
— 0,66
— 0,70
+ 0,40

+
0,41
0,41

+ 0,45
+ 0,64
+ 0,61
+ 0,85
+ 0,94
— 1,07
— 0,96
— 0,84
— 0,56
— 0,49
+ 0,34
+ 0,59
+ 0,88
+ 1,06

— 0,42— 0,70
+ 0,82+ 0,91
+ 0,64+ 0,69
+ 0,39+ 0,31
+ 0,11+ 0,03
— 0,08— 0,17
— 0,20— 0,26
— 0,23— 0,27
— 0,25— 0,26
— 0,45— 0,14
— 0,51— 0,19
— 0,61— 0,23
— 0,66— 0,34
— 0,63— 0,71
— 0,61— 0,93
— 0,70— 1,15
— 0>79— 1,40
— 0,62— 0,59
-0,53 — 0,50
— 0,49,— 0,85
— 0,48— 0,31
— 0,46— 0,33
— 0,44 + 0,10
— 0,50 + 0,06
— 0,51 — O,o1
— 0,50 — 0,10

+ 0,56+ 0,91
+ 0,38— 0,50
– 0,10— 0,87
– 0,37— 1>04
– 0,69— 1,11
– 0,68— 1,69
— 0,66— 0,96
– 0,60— 0,64
— 0,56— 0,71
+ 0,31+ 0,42
+ 0,31+ 0,40
+ 0,21 0,24
+ 0,18T 0,28
— 0,02+ 0,14
— 0,15+ 0,09
— Q56 + 0,03
— 0,76+ 0,20
— 1,41— 1,73
— 1,47— 1,86
— 1,06— lj50
– 0,36-0,32
— 0,24— 0,12
+ 0,32+ 0,40
+ 0,54+ 0,59
+ 0,88+ 0,88
+ 0,98+ 1,00

— 4,72
— 5,31
— 3,66
— 3,06
— 2,47
— 1,93
— 1,42
— “1,01
— 0,79
+ 0,44
+0,46
+ 0,46
+ 0,49
+ 0;55
+ 0,64
+ 0,88
+ 0,74
— 1,10
— 0,96
— O,ln
— 0,45
— 0,34
+ 0,41
+ 0,62
+ 0,88
+ 0,99

— 4,95
— 5,16
— 3,66
— 3,03
— 2,41
— 1,84
— 1,30
— 0,90
— 0,75
+ 0,44
+ 0,45
+ y:

*
0:66

+$:
+ 0,74
— 1,60
— 0,86
— 0,76
— 0,47
— 0,88
+ 0,39
+ 0,61
+ 0,87
+ 0,68

— 3,2(
– $76
— 1,88
— 1,19
— 0,54
— 0,5C
— 0,5(
-0,52
— 0,66
+ 0,4C
+ 0,42
+ 0,43
+ 0,46
+ 0,53
+ 0,62
+ 0,36
& ():;

— 0:89
– 0,81
— 0,61
— 0,41
+ 0,25
+ 0,68
+ 0,86
+ 0,99

— 3,20
— 3,36
— 1,56
— 0,80
— 0,48
— 0,43
-0,49
— 0,51
— 0,56
+ 0,40
+ (j:

+

0;41
0,56
0,66

+ 0,30
+ 0,82
—.0,96
— 0,60
— 0,80
— 0,48
— 0,40

t
0,36
0,59

+ 0,87
+ 1,00

:
3
4
5

:

:
10
11
12
13
14

;:
17
18
19
20
21
22
23
24
25
26

— 1,05
+ 0,85
+ 0,46
+ 0,16
— 0,12
— 0,30
— 0,37
— 0,37
— 0,37
+ O,Z/l
+ 0,19
+ 0,20
+ 0,12
— 0,21
— 0,43
— 1,19
— 2,52
— 0,95
— 0,95
— 0,60
— 0,35
— 0,32
+ 0,30
+ 0,66
+ 0,58
+ 0,31

— 0,14
+ 0,67
+ 0,21
— 0,07
— 0,34
— 0,47
— 0,66
— 0,43
– 0,46

1

0,26
0,25
0,22

~ O#;

— 0:36
— 0,87
— 1,46
— 1,20
— 1,24
— 0,86
— 0,36
— 0,28
+ 0,30
+ 0,55
+ 0,86
+ 0,68

— 2,08
— 3,40
— 2,90
— 2,58
— 2,15
-1,81
— 1,42
— 1,10
— 0,86

+

0,39
0,41
0,41

+%%
+ 0,51

1
0,76
0,91

— 1,66
— 1,66
— 1,26
— 0,29
— 0,08
+ 0,46
+ 0J35
+ 0,80
+ 1,00

— 3,65
— 4,71
— 3,30
— 2,96
— 2,46
— .2,0a
— 1,65
— 1,17
— 0,92
+ 0,43
+ 0,46
+ 0,46

*%%
+ 0,60
+ 0,86
+ 0,86
— 1,66
— 1,65
— 1,31
— 0,27

+ :,50
+ 0,66
+ 0,60
+ 1,00

“
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Figure 1.. Arrangement in free Jet,plan form
and dihedral of model wing.
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Figure 2.- Profile of investigated wing section.
Orifices were located at points 1-26.
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F&re 3.. Measured pressure distri-

butions: ~=00, a= -16=50 to 13s7°=
The flap pressure distribution is
indicated by dotted line.
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5.-
d pres-
ributionS
5° to 7.6°
ap are

so draun that their dlgtances from 6.-
the nose of the section corresponds
to the values given in figJ?,Atthe

pressur~

trailing edge of the main wing the
ns~=34 :
to 25.7’O.

pressure distribution is drawn dot-
ted to indicate that the curve was here
not dram thru test points and is only
qualitatively correct.
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Figure 8.- h!easuredpressure distri-
butions: a=l.6°

~ =10°, 19° qnd 34°.

Fi=~e 7.. Flap pressures for ~=34°
as functions of ff. ~

Figure 10.- Stream line picture of slot
flow (flow in closed wate

~channel), Reynolds Number about 2x10 .
Slot inlet is somewhat widened as corn.
pared with that of fig.2,a.4°,@=lo”.

,,,.
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Figs.7,8,9,10,12
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26+
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1/,/,4/w~= Figure 9.- Measured pressure ~is-

Figure 12.- Sketch of slot flow,a for tributions: a=7.6°, ~=100,19

a<3°,b for a>5°. Flap setting 34°. and 34°.
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1$.j Figure 11. - Total pressure measure.xl
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ments at slot exit
for a flap deflection 5=340.
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Figure 13.- Normal force coefficient an a function of angle of attack,
Cn= coefficient of entire wing section, Cnl=coefficient

of main wing section, cn
2
=coefficient df flap section.
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Figure 14.- Tangential force coefficient as function of angle of attack,

Ct=coefficient of entire wing section, ctl=coefficient of

main wing section, c
%

~coefficient of flap section.
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Figure 15.. Polars of investigated

wing section.

Figure 16.- Pitching moment coeffi-
cients of wing section..
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Figure 20.- Comparison of maximum
norxal force coeffi.

cient values from the wind tunnel
&@i flight tests.

Figure 19.. Comparison of the coef-
ficients obtained by in-

tegration of the wind tunnel and
flight tests measurements. The con. -
tinuous curve refers to the wind
tunnel test while the dotted curve
to the flight test.
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Figure 17.- Comparison of
distributions

pressure
meesured

in the wind tunnel at ~=0° with
the corresponding pressure distri-
butions obtained from the flight
test. The ordinates give the alge-

—C.-l,.braicsum of the pressureson the
‘---C”-upper and lower surfaces. The con-

tinuous curve corresponds to the
., wind tunnel test and the dotted

$0

45

$0

curve to the flight test.
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Figure 18.- Comparisan of pres-
sure distributions

meauured in wind tunnel at
~=190 with the corresponding
pressure distributions obtained
from the flight test. The ordi-
nates give the algebraic sum of
the pressure on the upper and
lower surfaces. The continuous

--:;:J475

‘-...-06$ curve correspondstO the wind
tunnel test and the dotted curve
to the flight test. The dot-

]274 dash curve represents a pres-
sure resultant distribution for
which Kiel gives a value of
cn=o.66.
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