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The positions of. boundary layer transition wéré ascertained
experimentally for a swept-back wing and a wing without swéepback
 which were alike in all, other resnecta and were ctimpared for: the.
seme angle of attack - (Re = 5.6 x 10%). " The swept back wing in a.

definite rangs of angle of attack repulted in, & backward shlft of
the transition point on the suction side of the wing.. The, favorable
effect of sweepback on the position of the transition point predicted
in' reference l is conflrmed, uonsequently ;
- o o

In addition” to decreasing the drag at high Mech numbers, the’
"ewept -back wing 1s acknowledged to have additional advantages i
fﬁ(Compare Llppisch reference 1.)  /These are" . SERE

P
]

(1) Decrease of the pressure drag. " The 1 reduction factor is -

Aapproximately equal to the cosine of theé angle of sweenback.: =
(2) Backward shift of the transition pointi’

There are no knownfexperlments which establish bxperimeritally the

" advantage anticipated. It.appeared Justifiable therefore, to

carry out some fundemental experiments which might furnish some

ldea of* the magnitude of the advantage expected. Such an experiment
is reported in what follows; the advantage of the sweepback appears
clearly.

The transition points were ascertained experimentally for a
wing without sweepback and one swept back at an angle 7 = 359,
which were alike with respect to surfaces, profile, aspect ratio,
and taper. Since this involves a three-dimensional-flow visualization,
methods which operate with a pitot survey, which determines the

¥ Taminarheltung der Grenzschichtstromung bei gepreiltem Fiugel, "
Zentrale fiir wissenschaftliches Berichtewesan der Luftfahrtforschung
des Generalluftzeusmeisters (ZWB) Berlin-Adlershof, Uhtersuchungen
und Mitteilungen Nr, 3151, September 13, 194k.
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transition region by points,.are very.time consuming in the present
case; methods which mede the transition point visible throughout,

for example, coating and dust precipitation nmethods, are more suited
for the present ‘problem. The. dust precipitation method was used
(reference 2). This method, recently developed, operates in the
following way. Very Tine dnst. (flowers of sulphur was used) is
blown from its resting place by an air stream and acquires e large
electrical charge in this loosening. .If i1t manages to get into the
windstream in this condition, it settles on surfaces traversed by
the flow and delivers up its charge. If the surface in the flow is
covered with a turbulent boundary.layer, many particles get into the
vicinity of the surface as a result of the increased diffusion and
settle there. Very few partlcles settle on the surface adjacent to
laminar .flow. ~ The: limit between the laminar and turbulent . boundary-
layer zones-is made visible in this way. The precipitate in the . .
turbulent-flow reglon is so fine, however, that it is .only visible in
glancing illumination or view. Figure 1 -shows 'a photograph of the .
swopt-back wing investigated with the 1imit of dust preolpltation .
on. the suctlon side with a = 3° and Ry =.T-b % 10°. ’ '

The transition point was obtained and drawn up for both wings
to be compared by means of thls method at various angles of attack
and a. fixed Reynolds nymber of 5.6 X 107 (mean chord 1y = 0. 265 m;

wind velocity .w.= 30 m/s) for both the suction and pressure sides,
The comparison of the two wings at one gngle of attack is made in the
following discussion. 1In this connection, it should be noted that
the 1ift of the two wings .1s not precisely the same. A previoug
measurement of forces gave -these results: for the trapezoidal W1ng
the value dCgpy/do, = 3 78 for the swept back wing dCan/d = 3.5,

i

The transition point follows a neaxly stralght line course over
the half ‘of the wing in. each case investigated.! The regions.of
laminar or turbulent flow consequently. have trapezoldal form on each
half of the wing and the portions of the entire wing surface that, ~
relate to these regions are determiped by the position of the transi-
tion point at the. center section of the wing semispan. R

The resulis of the investigation are shown in figure 2.

At o'=0°  {here 13 no distinct difference with regard to the -
positlon of -transition on the upper and lower surfaces of the. two
wings At a = 3° tran51tion.ocaurs much farther back on the.
I ! . . .

- .. - 1This straightfllne demarcatlon in many cases ¢id not run at
the same-proportion from the leading ‘edge of the wing, relative to -~
the dctual ‘chord of the wing, but somewhat inclined to it. No
systematic change in this slope, however, was perceptible.
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swept-back wing then on the unswept wing-althouph' this superidrity
decreases. at greater angles of attack. Figurs-2- shows that for a = 3°
the’ aurface of . the-suction side of the swept-back wing h&s approx1-
mately O. 31 more laminar flow than the corresponding gidé of the wing
without sweepbaqu Possibly O. Oh of the pressure sids of the
swept-back wing, on the other hand, has additional turbulent flow
beyond that over the pressure side of the wing without sweepback.

This shift of transition as a rgsult of sweepback leads to the
following drag 8&ving at a = 3, if the estimated value

of Acf = 0.0035 1s taken as a basls for the difference of the

friction coefficients Ocp between turbulent and laminar friction

which taken rigorously holds only for a flat plate and one position of
the transition point at Rg* = 0.5 x 107.

oF . ar .
Loy = S;ctlon side _ __fr;ssure side Lce
Wing Wing

(0.27)(0.0035)

0.00095

With an estimated drag coefficient of ¢y = 0.008 for the wing

without sweepback, as a result of sweepback there is an impnrovement
of:

Oy 0.00095

~

= 12 percent
oy~ 0.008 ?

To find a physical explanation for the favorable behavior of
the boundery layer on the swept-back wing relative to the transition
point is atill premature because the present state of knowledge for
the simple case of the two-dimensional boundary laysr at the tran-
siticrn from laminar to the turbulent condition must be advanced. The
predac:ions made In reference 1 regarding the favoreble boundary-
layer transition behavior of the swept-back wing are based on the can-
cept that the lateral "suction" of the boundary layer at the wing center
gection is the cause.of the backward shift of the transition point.
Accordingly, the largest backward shift would be expected at the
wing center and only a sllght backward shift, or even a forward
shift of the transitlon point, would be expected at the wing tip.
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The experiments failed to disclose such behavior; only the fect
remaeins that the lateral travel of the boundary layer on a swept-
back wing has a beneficial.effect on the position of the transition
point on the suction side. The question of whether this beneficial
behavior is meintained at higher R, numbers-and higher Mach ”
numbers, and whether e further improvement is possible through the
application of leminer-flow profiles remains open and will be the
subject of further investigetidns, if necessary.

Transleted by Dave Feingold °
National Advisory Committes
for Aeronautics
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Figure 1.- The transition point made visible on a swept-back wing by the
dust precipitation method. a = 3% R, = 7.4 x 109,
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Figure 2.- Position of the transition point in the center section of half
a wing as a function of the angle of attack for a swept-back wing and

one without sweepback.
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