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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

- TECENICAL MEMORANDUM ‘NO.+ 1127 ‘

RUSSIAN LAMINAR-FLOW ATRFOILS
3RD PART: MEASUREMENTS ON THE PROFILE
~No. 2315 BIS WITE AVA NOSE FLAP*

" 'By F. Riogels

Abstract: The tests on the Russian airfoil 2315 Bis were continued.
SR This airfoil shows, according to Moscow tests, good laminare-
- flow characteristica. Several tests were prepared in the
large wind tunnel at G&ttingen; partial results were
obtained. . :

Outline: I. Statement of the Problem
II. Specifications of Model and Tests
ITI, Results
IV. Bibliography

I. STATEMENT OF THE PROBLEM

The laminer effect of the airfoll, according to Moscow tests,
was relatively strong; a repetition of the test at high Reynolds
numbers wag indicated. The theoretical investigations describved in
the second part of the present report had ascertsined thet the stability
limlt for small ¢ values ig near Re m 5 X 10°; therefore, a
laminar effect up to 18 X 106 appears quite possible if the considerable
breasure gradilent in thes front part of the airfoil is taken into
congideration. We attempted in our tests to reach the highest possible
Reynolds number in order to determine at what Reynolds number the N
laminar effect ceases to exist. Therefore, a Reynolds number of .
35 x 106 shall be atteined with a wing of a 3-meter chord. The tests
are made in the lerge wind tunnel at Gottingen at high pressure. The
corresponding dynamic pressure is very high; since for technical
reasons it does not dllow for measurements at higher cg-values, .
parallel Cemax mMeaswrements on & wing with a chord of only O.é meter

had to be carried out.

*'Russische Laminarprofile 3.Teil: Messungen am Profil Nr. 2315
Bls mit AVA-Nasenkleppe." Untersuchungen und Mitteilungen Nr. 3067.
Zentrale fir wissenschaftlichea Berichtswesen der Luftfahrtforschung
des Generalluftzeugmeisters (ZWB) - Berlin-Adlershof. dJan. 17, 194k,
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Meanwhile good results had been ohtalned at the Institute
Windkfinale der AVA (Aerodynamische Versuchganstalt.): According to
a suggestion of W. Krilger, a nose flap had been used which increased
the maxirmum 1ift of an airfoil considerabdly (3). It may be expected
that, particularly for these airfoils with small nose radii, this
novel flap will produce considerable increases of Camax * However,

the above-montioned investigatlons at the Institut Windkinale
represented only preliminary tests at & small Reynolds number;
therefore, it was deemed expedient to provide the wing of 0.8-mster
chord with this flap thus obtaining measurements at Re ¥ 2.2 X 10°.
The serodynamic reason for the effectivensss of this new arrangemsnt
is probably the following: an airfoll with a nose flap adjusts itself
more readily to the flow pattern at high 1lift; therefore, the high
flow velocities at the nose which usually cause & premature separation
on airfoils with pointed noses are avoided.

The following specifications apply to the results of the three-
component measurements for the last part of the program, that is, the
wing with a chord of 0.8 meter without and with nose flap; a report
on the drag at high Reynolds numbers will be made only after testing
the large wing.

II. SPECIFICATIONS OF MODEL AND TESTS

The coordinates of the Russlan laminar profile 2315 Bis
(formerly 4-010) are known from the first and second parts of this
report. Plagter-type construction was used for the model; its chord
is 0.8 meter; the span (without tips), 4 meters. The construction of
the tips is based on a recent investigation by B. Regenscheit (k);
in the front part of the profile they have the shape of circular arcs
with the diameter = local thickness; from the location of the maximum
profile thickness on, they are ellipses with the axls ratio maximum
profile thickness/local rofile thickness. Accordingly, the aspect
ratio of the wing A = b2/F = 5,1. Figures 1 and 2 show the
arrangement of the flaps. The flaps were screwed on; the upper side
of the flaps was shaped like the underside of the profile; it was
(with respect to the nonextended condition) turned by the angle
of 105°, 115°, and 125°, respectively, around the pivot indicated
in figure 1. It is perhaps expedient to use in this report not these
angles bub rather the angles formed by the straight underside of the
flap and the profile chord; this precaution will guarentee better
possibilities of comparison with other tests. The corresponding
engles will then be:

y = 118°, 1289, 138°
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In order to Include the influence.of the chord of the flap and
of the rounding off of the nose on the maximm 1if+t, the flaps were
shortened twice more and, in the case of the optimum angle, measured
~ each time with sharp eclg,es and with an added circulsr rod. The tests
were carried out 1R the large wind tunnel of the AVA with the - .
5¢4= by h-meter nozzle operating at normal pressure and. at high pressure.
For the profile without fleps, three-component measurements at ¢
normal presgure and at high pressure at Reynolds numbers of 0.8 x 10
to 10 X 10° were taken; corresponding tests were carried out 6for ‘the
profile with flaps but without high pressure at Re & 2.2 X 10
range othar than the range of the h:t gher Cg~values was mea.sured..

Several measuremsnts with transition w:lres of O.l 0¢3~, and
0.5-millimeter diemetor were taken in order to dstermine whe'bher for
small- cg~values the laminar effect would be impalred by disturbances
on the pregsure glde; such disturbances would be certaln to or:lginate
for the nonextended position of the flaps.

Wind~-tunnel corrections were taken into consideration in the
customary menner. :

ITT. RESULTS

The measwrements conf'irm the expectations with regard to the
maximum lifts attainable. Figures 3 to 5% show the results of the
three~component measurements on the profile alone. First of all the
variation of cCap,, with Reynolds nuuber is presented from the

neasurements at high pressure (fig. 6). The measurements on profiles
with flaps are represented graphically in figures 7 to 12. The
maximun velues of Canx att Be & 2.2 X 1 and at the optilmum

flap angle "7 = 118° are:

(2) For the profile without flap cgp,. = 0.68

(b) For the profile with AVA-nose flap Camax = 1.29
(c) For the profile with split flap cm = 1,43
(2) With eplit flap and AVA—noée"flan

(1)?-1~ 01, _?\*ooe, c,,mmr 209

1Transla‘bor 8 note: The values identify:.ns test points :ln the
figures were frequently illegible in the original German copy and
velues shown are subject to error in deciphering.
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{2) %k = 0.09; %k = 0.01; cq = 2.0k

(3) 2'3 = 0. 08; nose angular; 'dam = 1.95
(1) hf- = 0.05; 9—%“ = 0.01; cg . = 1.8

camax: = 1073

(5) 7; = 0.0k; noge anguwlar;

Therewith 1t 1s indicated that the new AVA nose flap will produce
considerable 1lift increases for profiles with small nose radil even
for small flap chords. The corresponding chenges of moment ere small
and can be tolerated. The more the flight speed approaches sound
velocity the more the development will lead toward profiles with small
redii of the nose; accordingly, a way is shown for obtainlng practically
useful maximum, lifts for such profiles.

However, there is another question to be reconsidered: will the
laminar effect at small cg=-valussg actually cease to exist because
of the surface disturbance which cannot he avoided in the case of
a flap at the nose? Several preliminary tests with various transition
wires at 5 percent, 10 porcent, and 20 percent of the chord of the
profile on the pressure side were carried out in order to clarify
this question. These tests showed considerable changes of ¢ and cCp;
there resulted also an increase in drag which is apparently caused
by the forward shif'ting of the transition point. The frictioﬁal -
boundary layer, which is made turbulent at the front part, grows
considerably thicker then the boundary layer which is laminar for the
greatest part of the profile chord on, the:suction side; this behavior-
is eguivalent to & change of the direction at which the flow lecaves
the airfoil and, therew1nh of the circulation around the profile
(ana thus causes the aforementloned changes of, ¢ and cm) Cne may

also express it this way: the transiiion wires on the pressure side
correspond to an additional camber of the mean line, transition wires
on the suction side correspond to -2 reduction of that camber. The '
corresponding changes in angle at zero 1lift were measured; they are-
for 0. l—m1llimetev wire at 5 percent of the chord, for instance,

about 0.8°, There are no longer such strong effects for this thinnest
wire at further aft positions; the reason 1s that the boundary layer
grows gradually thicker and the small disturbance caused by the wire
is dampened (at any rate while the pressure is falling off and the
stability limit has not yet been exceeded) . Figures 13 to 18 interpret
the conditions further. More teste with transition wires wevre. agreed
upon with Profesgor Schlichting in order to obtain as correct an

idea ag possible of the magnitude of the permissible disturbances of
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the surface and all their effects. The scheme for the tests on the
Russian laminar profile provided from the first for tests on pressure
distribution, loss of momentum, and point of transition on a wing

of 1lm chord in the wind tunnel of the Aerodynamic Institute of the

TE Braunschweig; these tests are now, thanls to Professor Schlichting's
cooperation, supplemented by tests with transition wires.

Considering the results obtained so far, one may say that
trensition wires of thicknesses of the same order of magnitude as
the thiclmess of the local boundary layer are dangerous. The question
whether the disturbances originating with the installation of the nose
. flap will cause the same effects as transition wires will have to
be investigeted further. - At any rate, it seems advisebls not to
extend the nose flap at an sngle to the profile contour since a
slight disturbence will alweys occur in the nonextended position at
the junction of flap and profile; it will be preferable to keep the
disturbance for small cg values, if possible close to the stagnation
point; due to the very congiderable pressure decrease a transition of
the boundary layer may be avoided. These deliberations seem to
advocate Professor Betz' suggestion to avoid, as far as possible,
extending the nose flep at an angle, and instead to it it into the
profile curve by providing a means for retracting the flap into
the profile as shown in fizure 19.

Translation by Mary I.. Mahler
National Advisory Committee
for Aeronautics
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Profile: 2315 Bis
M. 1

Figure 1. The angles of the nose flaps tested.
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Figure 2. The chords of the nose flaps tested.
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Figure 4. Wing alone. Re = 2x1095.
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Rectangular w1n51\=5.1 with tips
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Figure 5. Wing alone. Re= 3.5X109.
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Rectangular -Ln;A:u.l with tips
Profile: 2318 Bis (Russian laminar profile) -
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Wing with AVA
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Figure 10. Wing with split flap and AVA nose flap. Influence of the
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|— Rectangular wing A =6.1 with tips

Wing with AVA nose flap and with split flap
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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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Figure 12.Wing with split flap and AVA nose flap shortened twice. Influence
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Rectangular wing A=5.1 with tips
Profile: 2318 Bis (Russian laminar profile)

Effect of a tradnsition wire on the pressure side of the wing
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Figure 13. Results of the measurements with transition wire on the wing alone.
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Figure 14. Results of the measurements with transition wire on the wing alone.
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Results of the measurements with transition wire on the wing alone.
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Figure 16. Results of the measurements with transition wire on the wing alone.
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Results of the

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

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