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The tests.onthe”Russ& airfoil2315Bis were continued.
Thisafrfoil shows,.accordingto Moscowtests,good,ltinar-
flow characteristics: Severaltestswere preparedin the
lar~ewind tunnelat W’ttingen;partialresultswere
o’btained.

1. Statement of theProblem
S1, Specificationsof Model and Tests
III.Remits
IV.Biblio@aphy

1. STATEMENTOF THE PRCEKEM

The laminarei’feetof the airfoil,accordingto Moscowtests,
was relativelystrong; a repetitiontitthe testat hir~Reynolds
numlxn?swas indicated.The theoreticalinvesti~ationsdescribedin
the secondpart of thepresent reporthad ascertainedthat the stability
limitfor small ca valueeis near Re % 5 x 106;therefore,a
laminareffectup to 18 x 106 appearsquitepossibleM the considerable
pressuregradientin the frontpart of the airfoilis takeninto ~
consideration.We attemptedin our teststo reachthe highestpossib~
Reynoldsnumberin orderto determineqt whatI/eynold6numberthe J
J..a@nareffectceasesto exist. Therefore,a Reynoldsnumberof
35 x 10G shal~be attainedwith awing of a s-meterchord. The tests
are made in the.largowind tunnelat G@bMngen at hi@ pressure, The
correspondingdynamicpressuiiis”’veryhigh;sincefor technical
reasonsit does“no%allowfor measurementsat higher
pwallel (lamx” ca-valuesfl metermeasurementson a wing with a chordof onlyO.
had to be carrib@OU%. .... .. ....- .

*’!RussischeLamharprofiZe 3.Teil: Messun& amprofi~ lTr.2315”
Bis mit AVA-Nasenklappe.”Wdxnwuchungenund MittmilungenNr. 3067.
ZentraleffirwissenschsftlichesBetiichts~stmderLuftfahrtforschung
des Generalluftzeu~isters(ZWB)-Berlin-Adlershof.Jan. 17, 1944.



2 NACA TM No. 112’i’

Meanwhile good results hadlx?en obtained at the Institute
Windkikale der LVA (Aerodyne@ische, Ver6uchqansWt. ): According to
a su@estion of W. K?Aiger,a nose fMp had been used which increased
the maximumlift ofanairfoil ccmsideiably (3)0 Itqbe exwcted
thatrparticularlyfor theseairfoilswith smallnose radii,this
navel flapwill produce considerable increases of c-. However,

the above-mentionedinvestigationsat the InstitutWindk5nale
representedonlypreliminarytestsat a s~ll Reynoldsnumber;

therefore,it was deermdexpedientto providethe wing of 0.8-meter
chordwith thisflap thusobtainingnxxmxrementsat Re Z 2.2 x 10G*
Tileaerodynamicreasonfor the effectivenessof thisnew arrangement
is probablythe following: an airfoilwith a nose tlap adjustsitself
more readilyto the flow patternat high lift;therefore,the high
flow velocities at the noee which usually cause a premature separation
on airfoils with pointed noses are avoided.

The followingspecificationsapylyto the resultsof the three-
componentmeasurementsfor the lastpa% of the program,that is, the
wingwith a chord.of 0.8 meter without ,and with nose flap; a report
on the dra~ at hi.~h Reynolds numbers will be made only after testing
the large wing.

11. SPECIFICATIONSOF MODELAND !I!ESZB

The coordinate?of the Russianlaminarprofile231~Bis
(for@rly 4-010)arm knownfrom the firstand fiecondpartsof this
reyort. Plaster-typeconstructionwas used for the model; its chord
is 0.8 meter; ‘Me span (without tips), 4aeters. The construction of
the tips i~ ba~ed on a recent investigation by B. Regenscheit (k);
in the frontpart of the profiletheyhave the shapeof circulararcs
with the diameter= local thickness;from the location of themaximum
profilethicknesson, theyare ellipse’swith the axis ratio-hum
profileth&clcne~s/localrefilethickness.Accordingly,the asyect
ratioof the wing A = $b“/l?= 5.1. Fi@res3. and.2 showthe
arrangementof the flaps. The flayswere screwedon; the upperside
of the flapswas shapedUke the undersideof the profile;it was
(withrespectto the nonextendedcondition)turnedby the an@.e
Of 105°, 115°, and 125°, respectively, aroundthe pivotindicated
in figure1. It is perhapsexpedientto use in thisreportnot these
an@es but “ratherthe an@.es formedby the straightundersideof the
flap and the profilech~rdjthisprecautionwill @arantee better
possibilitiesof comparisonwith othertests. The corresponding
angleswill thenbe:

Y = 1180,128°,1.38°
.
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In orderto inoludethe im”l.uence.of the chordof the fl%p and
of the roundingoff of the .n.cweon the maximumllft,the flapswere
shortenedtwioemore an(l,in the ca~eof the optimumangk, measured

m. ., each t~g with sha@’ed&e8 and with an addeflcircularrod, The teats
Wero Carritid&& in”‘the”“tir@ wind tunnelOf tie AVA with -the...._
~,4-‘byk-meternozzleo~rating at normalpressurqa@ at’hi~ pressure.
For the profilewithou’cTla,pa,‘Uox%-componentmeasurementsat
ndrmalpressuream.dat hi@ pressureat Reynoldsnumbersof 0,8 x 106
to 10 x 1C16 were taken; corresponding taste were’ carrted out or ~

2prottle with flaps but without high p~essure at Re % 2.2 X 10 ; no
range .obhsr timn the range of the hi@w ca-~l~~s was measured.

.,

Several”wasursmentswith transitionwiresof OJ- j 0.3-, 6x.td
0,5 -millimeter &3.emtm were takenin ordcmto determinewhetherfor
smallca-valuesthe laminareffectwould‘beimpairedby disturbances
on the preesureGide;,Hueh.disturbanceswouldbe certainto originate
for the nmex%entid potiitionof the flaps.

wind-tunnel correctionswere tedmninto consideration in the
Custormry manner ●

III . RESULTS

The measurer?!!n%soonfirm the expectationswith regardto the
maximumliftsattainable.F@wres 3 to 53 show the resultsof the
ihrOe-COn~OnOnt~a&U?@XXltSon the profilealone. Fj.rstof’all.the
variationof c~u withReynoldsnumberis presentedfrom the
meammemmts at high pressure(fig.6). The measurementson profiks
with flaps are representedgraphicallyin f gmes

&maximumvaluesof C%= at Re x 2.2 x 1 and

flap angle 7 = llW are:

(a)

(1)

(c)

(d)

For the profile

For the prof’i2e

F6r &e profile

With splitflap

(1) ~ = 0.1;

withoutflap c-x = o ●68

7 to 12. tie
at the optimum

with AVA-noseflap c% = 1,29

with Sylttflap c% = 1,43 ,,’.

and AVA-nosetlap

9).02; ~*=~*(j9 .“ ‘“
.

,. ,., ,, . . ..L

.l~~slato~ ~s &~: The valueside’ntifyin~ testpointsin t@ “.
figureswere frequentlyillegiblein the originalGermancopyand
values shown are subJect to error in decipheri~.

—



.(2) 2$ = 0.09; * =

(3) ‘~ = 0.08; nose

(4) + = 0.05; + =

(~) y = 0.04; nose

. .
Therewithit is indicated

NACA!134No. 1.i27‘

o .01; =2.04C%ax

mqyi!ar; ca~ = 1.95
.

0.01; C* = 1.86

an&zkr; caw = 1.73

thatthe new AVA noseflapwill produce
considerablelift increasesfor profileswith smallnose-radii%m
for stillflap chords. The correspondingchangesof momentare small
and.can%e tolerated.The more the flightsjqeedapjyoachessound
velocitytlk+more the developmentwill lead towardprofileswith small
radiiof “thenose;accordhgl.y,a way”isshownfor ‘obtainingpractically
useful.msximum.liftsfor suchprofiles.

However, there is another qmstion to be recotisiderdd: will the
laminar effect at Gmall. ca-vail.~es actuallyceaseto existbecause
of the su%facedisturlxancewhich cannothe avoidedin the caseof
a flap at the nose? Severalpreliminarytestswith varioustransition
wiresat 5 percent,10 percent,and 20 percentof the chordof the
profileon the pressuresidewere carriedout in orderto clarify
thisquestion. Yhesetestsshowedconsiderablechangesof ca and cm;
thereresultedalso”an increasein d.rag~~hich3.sapparentlycaused
by the forwardshiftingof the transitionpoint. The frictiotil“ ‘
boundaryleyerj:whichis”m~dettilml.ent’atthe frontpert,grows
consiiierablythickertllan’the”boW@a~layerwhich is laminarfor the
greatestpart of ‘weprofilechard.”.on,the:suc-tionside;this.behavior
is equivalentto a,changeof the.directionat which the flow leaves
the airfoiland, therewith,of the circulationaroundthe profile
(andthus cau&esthe aforementionedchanGesof. ca and Cm). Or@ may
also expressit thisway: the transitionwireson the pressureside
correspondto an additionalcamberof the mean line,transikionwires
on the suctionsidecorrespondto a reductionof that camber. The
correspondingchangesin angleat zero liftwere measured;theyare ,
for O.1-millimete~wire at 5 yercentof the chord,for instance,
about0.8°. Thereare no longersuch strongeffectsfor this thinnest
wire at furtheraft positions;the rGasonis that the’boundarylayer
growsgraduallythickerand the smalldisturbancecaused.ly thewire ~ ~
is dampened(atany ratewhile the pressureis fallingoff and the
stabil~tylimithas not yet been exceeded),Figuzzes13 to 18interpret
the conditionsfurther. More testswith transitionwireswere.aaeed
uponwith ProfessorSchlicht@ in orderto obtainas correctan
ideaas possibleof the magnitudeof the permissibledisturbancesof
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the s~ace and all.their effects. The scheme for the tests on the
Ruwian kmi~ pyofile yroviiledfrom the firsti’or@sts on pressure
distribution,I.OSSof momentum,ad pointof transitionon a wino
Of lm chordin the wind tunnelof ti+eAerodynamicInstitute.ofthe
TEBraunschweig;thesetestsare now, thanksto ProfessorSchlichting%
cooperation,.supplementedby testuwith transitionwires.

Consideringthe resultsobtai.n&lso far, one maysay that
tmnsilzionwires of thiclmesqesofthe.same orderof magni.tude’as
the thicknessof ‘bhelocal.boundarylayer are dangerous. The’question
whetherthe disturbancesoriginatingwith the installationof the nose
flapwill causethe same.ef’fectsas transitionwireswill have to
he Invefltigatedturther. At any rate,it seemsadv3.sablenot to
extendthe nose flap at an an@~ to the profilecontour
slightdisturbancewill alwaysoccurin the nonextended
the junctionof flapand profile;it will be preferable
disturbancefor small ca values,if possiblecloseto
point;due to the very considerablepressuredecreasea
the boundarylayermy be avoided. Thesedeliberations
advocateProfessorBetz’ s~gestion to avoid,as far as
extendin~the noseflap at an an@-e, and insteadto fit

sincea
poiitionat
to keep the
the stagnation
transitionof
seemto
possible,
it intothe

profile curveby providinga meansior retractin~the flap into
the profileas shownin fi~vm 19.

Transl-ation%y Mary T,.Me.hler
NationalAdvisoryCommittee
for Aeronautics
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Profile : 2315 Bls
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Figure 1. The angles of the nose flaps tested.
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Profile : 2315 Bis
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Figure 2. The chords of the nose flaps tested.



Rectangular.ingAs~.lwith tips

profile: 2315 Bis (Russian lanlnar profile)
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Figure 3. Wing alone. Re =0.8x106.
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Rectangular Win~A*.s.i with tips

2315 Bis (Russian lamin~r profile)
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Figure 4. Wi,ngalone. Re =2X106.
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ReCtmgul~rwing A=5.1 with tips

P?o file: 2315 Bis (Russian laminar profile)

Wing without flaps
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Figure 5. Wing alone. Re= 3.5X106.
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Figure 6. Ca ~ax as a function of the Re-number.
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Rectangular wimgA=5. i with tips

Profile: 2315 BIs (Russian l-~lnmr profile)

wing with6ut flaps
I

/ I I I. With split flap / ‘
●

w With AV& nose fl ●p ~.lla~lk=o.l —

and split rlap~

/

/

S=”””’ If’I’’” no”

e’
-x- ),=0”0’ 7=l18”n0se angular

* - lk= o.o6 1 f=o. ol t~:llaenose

( ~k =0.04 Ly=lla” nO. e 8ngular

5 “ /p 2 O* ~
1 1 I I

Fi~ure 7. Wing

I Arrangement i-5 from Fig. 2
1 I , 1 8 , I I I

rounded off

rounded off

with split flap and AVA nose flap. c=(a).
Survey of the optimum arrangement at various fla~
chords.
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Figure 8.

Rectangular WingA=5.1withtips
Profile: 2215 Bis (Russian laminar pro-file)

V@U42 n/S; Re n 2. 2X1O
6

b

U-8

.Wing alone

nose flap

FWith SPlit fl

With AVA

nose flap

+ WIk =0.09

. -x- ‘Ik =0.08

- + .Ik =0.06

+ *lk =0.0

/

1% 0./ 02 03 i
l-a7
H6

Wing with split flap and AVA nose flap. Ca(cw), Ca (cm).
0

Surve Y of the optimum arrangement ~= 118 at various flap chords.
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Rectmgul LIr uing Aa 5, I with tips

* Rounding off of the nose:

Profile: 2315 Bis (Russian Iaminar profile) p=o.02 1. ~k=o.l1.’ 2
I

wing with AVA nose flap
I I I I I t I I I

I I 1 ! 1 I +

Figure 9. Wing with AVA nose flap. Influence of the angle of the flap.
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I 1 I I I I t 1 I I Rounding off of the nos.:

Rectangular wingA= 6.1 with tips
= O.ez1. 1~=

profile:
0.11.

2315Bis (Russian laminar profile)

wing with AVA nose flap and with split flap

i ‘Ca

2.2
Arrangement 9 fro= Fig. a

2.0
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!6
4$

/.4‘
{ w

/
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(I / IQ /5 2 0-0
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0
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Figure 10. Wing with split flap and AVA nose flap. .Influence of the w
angle of the flap.
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Rectangular wing&=5, i with tips Rounding off of the nose: =o. oil.

Profile: 2’316 Bis (Russian laminar profile)

— wing with AVA nose flap and with split flap

V -.42 M/S; Ree 2,2x106 ~k=o.oal. r I I T I

Arrangement 2 and a from Fig. 2
1 1 1 ,

Ji

a

Nose angular

2.0
17.5

Iq.
d

!8 ‘ \
f3.f

4
./ .

/2.9
tt I

Ii \
/.6 — — — ‘ —

162
\

t
P ~\

/.+ ‘
\ , \l

I
~1
91

18J* +1 *1

L o,3 c 4 * Cbv o 5 h?p b d

+? / “4 2 -0 43

?
/ 2 0

-L a

Figure 11. Wing with split flap and AVA nose flap shortened once. Influence
of the angle of the flap and of the rounding off of the nose.
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Rectangti~ar wing A S~.I with tips Rounding off of the nose:

profile: 2316 Bis (Russian lamincir profile)
=0.01 1.

Wing with twice shortened AVA nose flap 4W L -

and with split flap o

i i
V-42 n/s; ‘e-2” 2x’a6 ~k=0004 ‘“

I

Arrangement of 4 and 5 from Fig. 2
1

Cq

2.2 r

2.0

L8

L5 .

/+ / ‘

/

/.2
t?3

Figure 12.Wing with split flap and AVA nose flap shortened twice. Influence
of the angle of the flap and of the rounding off of the nose.
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Rectangular wingA=C.1 ~ith tips <
profile: 2315 Bis (Russian laminar profile)

EffeCt of a trnnsitiOn wire On the pressure side Of the ‘ing

r

1
0.3

Q2

k

! ] !
Transition wire o.lmN#.

%
V-66.5 ■/s

+2 ff ~b,

8

387
\

‘\

2A
-

‘%,

\

2 .4
t without tranSitio~ wire

I
I aft position 0.05 1.

L 1 aft position 0.1 A.

I

i.o
1

1.r i : \ ‘- ‘
aft position

r

0.2 1.

I
w

1. ‘

o.0/~ ~id
o91 0 -001-- Cjy

4“- - a 8
Figure 13. Results of the measurements with transition wire on the wing alone.
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51-
Rectsngul.sr wingA=ci.i with tips

Profile: 2316 Bis (Russian laminar profile)

EffeCt of a trmsition wire on the pressti,re

1

98

Ifl A side of the wing

! 1 1 1 1 , 4

r’!

r

\

w -t. I-e I
1

6
/ 1 I

I
s

!’ I without transition wire
.

aft position 0.05 1.

I
I I

Figure 14. Results of the measurements with transition wire on the wing a~oneo .1
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Rectangular wing A=5,1 with tips ~

A
A

Profile: 2315 Bis (Russian laminar profile)

c@ t Effect of a transition wire on the pressure

0.3
side of the wing

} 6

4?

/

{ f d &

a

N I

/
1 I I I

$) L

3, ----

\’

I I I I I

without transition wire u
,p * ●ft position

1 1 m

r-l--i

0.05 1.

1!1
cft position 0.1 i.

- ‘cw

● .a 1.

I

Figure 15. Results of the measurements with transition wire on the wing alone.
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I.. . Rectangular wing A=z.1 with tips I—
Profile: 2315 Bis (Russian laminar DrO file) i

9
1 1 I I I

I /1 rp \ Aft pOOltlOn0.05 1.
I L % V-66.5 ,/s

W“’’’’’’’’’’”w
u I I I I I I I I I I

I
Figure 16. Results of the measurements with transition wire on the wing alone.
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I 1.1 1’ Reet-ngular “ingA=B.l with tips “’
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0.3

2.7

t
I t), Profile 2315 Bis (Russian laminar pro’file)

I
Effect of a transition wire on the pressure

\ side of the wing
,
1’

1 1 I I I 1 1 t 1 i [

~\
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+

+
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Figure 17. Results of the measurements with transition wire on the wing alone.

%



NI
I&

i

a3

02

Q/

Figure 18. Results of the measurements with transition wire on the wing alone.

R,~t,ng”l Ar wingA=6.1 with tips

Profile: 2315 Bin (Russian laminar profile)

i ‘
I Effect of ● transition wire On the Pressure

b

“a side of the wing

Aft position 0.21

+.f

V-66.5 m/s

2.7

2.4

2.4 I,

f.9 without transition wire

trsneition wire 0.1 ■ ■ #
{.5’

transition wire 0.s mm#

[
transition wiro 0.s mm#
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I I
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(al According to the suggestion of W. Kriiger

o

(b) According to’s suggestion of Prof. Betz,

..-Figure 19. ‘IWO different constructionsof the A’VA nose flap.
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