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METHODS AND RESULTS OF BOUNDARY LAYER MEASUREMENTS ON A GLIDER

Wilhelm Van Nes
Lelchtbau and Flugbechnik GmbH, Duisburg

A the 1957 WGL Meeting in Essen I reported on boundary /255%

layer measurements made on a glider [1]. Today I would like
to discuss refinements in measuring methods which we have made
in the meantime and the new results these have yielded.

Two effects, in particular, are puzzling:

The first is that the results on the static pressure
curve within the boundary layer, which ascconrding te the theory
1ls supposed to be constant and equal to the static pressure of
the outer flow, do not confirm this simplifying assumpition of
the theory. I have already briefly referred to this in the paper

I gave in Essen.

In order to detect this effect we proceeded as follows:
the pressure difference was on the one hand determined directly
with & manometer and on the other hand it was calculated by
adding the measured partial pressureé:
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The measurements clearly
showed the following:

-With a turbulent boundary
layer the first summand pOUPOH
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R is approximately zero and malntains
- Basic diagram. this value over the entire velocity
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range with a laminar boundary layer, however, the difference
changes more or less linearly with the air speed.

TMp. 1 shaws the curve of partial pressures as a funciion of

the alr speed.
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Fig. 1. Flight no. 5, Sept.
1959 (—), laminar boundary

layer, Sk.(y)40; and flight
no. 9, Sept. 1%, 1959 (---),
turbulent . boundary layer,
Sk.gq)UO with trip wire at
2.5%. K

Curve 1 (b : difference In
static pressures at y = 0 and
y = 4 mm; '

Curve 2\ : curve 1 + dynamic
pressure at y = 0 wmm;

Curve 3¢ : curves. 1l + 2 +
difference in total pressures:
at y = = and y = 4 mm.
Skc.¢4)#0 denctes probe adjust-
ment in position Y4 on the -
test surface, probe at scale
division 40, the x/1 location
of the probe is iIndicaled.
Abeissa: local pressures;
ordinate: pressurss in the
boundary layer. Lp are the
measured pressure differences,

11,

In this graph the sollid lines represent the
sum In bhe case ol a laminar boundary

layer. The broken lines show
thea partial pressures for a
turbulent boundary layer. The
purbulence was caused by a trip
wire bn the nose. The measurement
point was the same for both
flights. The tendency of the
shape of the pressure curves

The results

were clearly reproducible.

was always the same.

The result is actually nof
surprising: the transition of the
boundary layer into the outer flow
At this
point, which is not exactly
defined in physical terms, there
mst be a discontinuity in the
statilic pressure curve if 0p/Oy

ocecurs asymptobtically.

were equal to zero in the region
of the boundary layer.

The measufements were
gxpanded in the summer of 1961
so that the static pressure
curve In the vertical direction
was determined by 5 static probes.
Evaluations up to that time had

elearly shown tha difference in



the curve in the
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Fig. 2. Manometer panel photo-

ig. 3. Manometer panel photo-
graph of flight no. 4, 9/10/59. gra

aph of flight no. 4, 9/10/59.

of course already known at the time

of the Essen WGL Meeting, but at

that time we still had too little

data to publish any results. I

first referred to this effect at

a WGL discussion meeting in Duisburg
in 195

manometer panel photographs. Some

9 and showed a number of

of these photographs are shown

below. Note the variation in

manometers 1-4 and 5-8 and also

that of manometer 12 (Figs. 2-4).
Fig. 4. Manometer panel photo-
graph of flight no. 4, 9/10/59.
were connected

7]
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Manometer h
to four piltot tubes which were arranged at a distance of about
4 mm from the surface and at intervals of 15 mm in the wing sp.n
direction. The right leg of the U-tube is connected to the total
REPRODUCIBILITY OF THE
(Phlu\liAulePUUR



to the total pressure and the left leg to the static probe
lying on the surface,

The right legs of manometers 5-8 are also connected to the
surface pitot tubes and the left leg is connected to the same
static probhe. Thus under normal oncoming flow conditions the
tendency of the reading must be the same in all cases: the right
ieg must be lower than the left leg.

Manometer 12 measures the pressure difference between the
total pressure at infinity and the total pressure at a distance
of 4 mm from the surface. There it moves if the boundary layer
~ thickness is greater than 4 mm; if i1t is less than this, then the
response is zero, | | | -

Manometer 11 serves as a control. It measures the total
pressure of a pair of pitot tubes at a height of I mm separated
in the chord direction by 35 mm. Thus a significant movement in
this manometer may only occur when the transtion takes place
just between these two probes.

It is clear from the photographs that during a transition
of flow from the turbulent to the laminar state an undeniable
pressure reversal can be detected on manometers 5-8.

Fig. 5 shows a graphical representation. In this graph the
boundary layer velocity at a distance of 4 mm from the wall and
the velocity in the layer next to the wall are plotted over the
local outer velocity. The pressure curves for manometers 1l and
12 are also indicated. The graph shows the suddenness of the
pressure reversal with the transition from fturbulent to laminar
flow. . _

This effect was detected in hundreds of test flights, even
with different surface materials and differeht'profiles. For
a physical interpretation of this effect we have set up a




Lp 2 ).

i

14}

mée mfseg
1,
fn,“-”;';l
5 20 PP s SR L B
T -
il ues LI g
; o U=y
10 " n——x\/f,}:‘\f ' 2{'.7
o
0] - 4/ ,}?{
g/.' . \-\\
f_s{,-/ -‘!'\r.r._‘_ s
o 0 B b S
Lpl?
~%| - A
-1 N 0
ﬂg‘ —j
2
~Lg}- X‘L\‘.\
NR,
-50 20 (- N w10
: \‘}‘3-‘-‘.:
i
Wil
e
.1 ) — L AU Lo/
20 kl} 40 50

Fig, 5. Flight
Sk(yyd5.

Cun = 0,56,  €,ppy = 0,00824,

no. 4, 9/10/59,

Coopt == 00143, €, = 0,00606,

c“.{jcm” = 0,42+,

Cgy 185 the ¢y value at which

the fransition

occurs,

cypu 1ls the drag coefficient
pertaining to this cg value.
cypt 1s the corresponding drag

coefficlent at
" bulence.

full tur-

ILp values are the measured
pressure differences.

Abeissa: local

veloclity;

Ordinate: velocities‘in the

boundary layer
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hypothesis, namely that it

perhaps involves the overlapping
of a normal boundary layer

profile by a vortex street rolling

~in the chord direction over the

surface,

From our manometer obser-
vations we found that this
effect started in the vicinilty
of the leading edge of the

wing where strong unstabilizing

effects are to be expected

because of the concave curvature
of the flow fllaments.
fore at a surface depth of 2.5%,

There-

where the manometers showed the
greatest fluctuation, we placed
a small perforated tape and.
applied suctlon. The result was
amazing in two respects. A very
small amount of suctlon was
sufficient to conslderably influence
the development of the boundary
layer over the entire measurement
0.075 to

However, we also

range, i.e. from x/1 =

x/1 = 0.375.

found that an increase in the

amount of suction had no noticeable
effect. This is shown in Figs. 6
and 7.

_ The questlon then arose as
to whether this measured effect
was real or a trick of our

REPRODUCIBILITY OF THE

DRICTNAT PAGT 1S POOR
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Fig. 6. Flight no. 8, 11/30/58,

Sk ilo Ah = 4.0 mm; without L "

1eag ng edge suction «y , and i

flight no. 9, 3/24/59, Sk. ST R SR SO

Ah = 4.0 mm, with 1eading egg u 2 " ‘0 mfsec 30
suction suctlon velocity =

40 m/sec Ay . Fig 7 Fllght no. 14, 11/30/58,

Ah = 4.0 mm, without

1eaé1gg edge suction () , and

flight no. 7, 3/25/59, Sk.(3)40,
4,0 mm, with leading edge

suctlon, suction veloclty =

40 m/sec () .

measurement apparatus. It was now suggested by ministerlal
advisor Wahl td measure this effect again using a quite different
'method, namely by means of the ion probe developed by Prof. Fucks,
Prof. Schmitz and Dr, Franzen [2,3]. ' '

We performed experiments using this new measurement

™~
n
[wa]

arrangement. It 1s based on the following prineciple: if a
voltage is applied to the anode and the cathode of the probe in

& normal atmosphere, then either the air acts as an insulatbr or
an arc-over occurs. However, between these two limit states there

'%DPRODUCIBIT ITY OF THRE
T L PAGE I8 POOR



is an intermediate state, the so-called corona discharpe. A
positive lon cloud forms at the anode and migrates to the
cathode. TIn this situation the anode consists of a platinum
polnt measuring 5 ¥ in diameter and the cathode consists of a
platinum spear measuring 0,3 mm in diameter. In the course of
the measurements the applled voltape was reduced from 2800 V
to 1450 V, and in so doing the distance bebween the electrodes
was reduced to about 1.2 mm. i

If the electrodes are now exposed to a flow of air, then
the amount of ion transport increases if the flow is in the
- .anode-cathode directlion. If the flow direction is reversed, the
transport 1s slowed down, i.e. the Lon flow is velocity - -
dependent.

Thus we have a d.c, cireceuit with a constant load resistor
and a variable resisbtor between anode and cathode. Between
these two resistors the voltage is conducted to the grid of an
amplifier tube and the anode flow of the tube controlled by the
grid is measured on a milliammeter.

In addition, a low-frequency pickup connected tc the anode
clrcuit through a capacitor so that it was possible to record
the corona fluchbuations on tape and rebain them in an
‘oscillogram. There is not enough room here to go into detalls.

This method turned out to be practical and it confirmed the /259
back streaming effects -- no 1dnger called "pressure reversall
(Figs. 8 and 9). It should still be mentioned that considerations
were necessary, for example to eliminate, by méans of connecting
a8 bridge, distrubances caused by air pressure, alr humidity and
proximity to the surface. Uliilmately we used a double probe
with two cathodes and one anode in the center. Our studies are
continuing aleng this line,
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Fig. Ba. Reproducibility of
results. : ‘ :
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T | Pig. 9a. Flight no 8, 5/12/60,
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(D .
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(® , Flight no 27, 9/12/60 (9) N

- Sk.(3)22, Ahy, = x5-5.625 = 0.2mm

Fig. 9b. Flight no. 14, 9/12/60

L1/

00 - 30, e oy
Rubesimm ‘f; My T
ap ' a0 |- ‘Bi Mittiamperemeler 1
' ! gl o . _|Shy=045mm i
\.\\J\ ‘ 60 g
| . »
' ftiegende Pitotsonde -«
U | N 0 e et Pitsnte
Y] a0 L8 misec 58 ,’T !
% ! d ; i
. . |
Fig. 8b. Sensitivity and repro- o Vi i
duclibility of the results. C
Direction of air flow: cathode- . AR j ‘
anode. g b — S A ,A_w_i
Flight no. 3, 10/17/60, Sk. (6)20 20 0 U 40 misec
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We also came up with some other interesting findings in our
measurements. In the summer of 1960 in Freilburg we recorded a
number of tapes wlth corona f{fluctuations, When listening to
these tapes it turned out that the corona noise was super-
imposed by the reception of a forelgn transmitter, as was
obvious from the different languages. Although this dld not
have anything directly to do with the boundary layer
investigatlons, naturally it interested us and so we investigated
the arrangement in place using a test transmitter. The result,
of course, was nepgative. Over the entire frequency range of
the test transmitter from 160 kHz to 240 MHz we did not get any
modulatlion. The experiment was repeated in the Physical Instltute
of the Aachen Tecihinische Hoéhsriwule with thelr eguipment, but
even here no pronounced resonance point could be detected. Only
very broad resonance ranges appeared.

By using two synchronized tape recorders, one of which
was cohnected to the microphone probe and the other to thre
corona probe, we tried to make a comparison between the pressure
variations and the migration of the ion eloud. However, these
investigations are not yet completed. As for the resolution of
the oscillograms; by using primltive means we succeeded 1in
increasing this to the extent that a lengbh along the abelssa
of 1 mm corresponds to a time of 1/50,000 second.

B S :””ﬁ A A IE Figs. 1Q and 11 glve some
- indication of the large pos-

sibilities offerred by this

' method. Each of these ligures
Y 0 see © involves two Gifferent tape

recordings which were made under
Fig., 10. Comparison of twe
tape recordings with corona
probe under identical con- with these examples, all of the
ditions.

identical conditions., Just as

oscillation pictures are clearly
reproducible.



Note: We are very grateful

A”wﬂN“N\¢VJhVM%“h4AAWWVM\”\ %o Dr. Raspet for his valuable

advice and enthusiastic help

ave A AV in 1952 and 1953,

P R
1000 560

Fig., 11. Comparison of two
tape recordings with corona
probe under identical con-
ditions,

Discussion

i b I N e o= t'r.“...:-. T N . [ ——
G.v. uabuma.nu, Ph.D. BIF . (LOndorny i Appalt:nb.l.;( I

transition occurred at a small Reynolds number. Presumably what
is involved, therefore, is a laminar btubble. That this occurs
may be due to the faet that an American NACA profile was used.
With similar profiles which were checked in England, a jagged
pattern showed up in the pressure distribution which was missing
in the American data. It was not noticed since fewer points were
calculated. It may be that in his investigations Mr. van Nes

was in the range of this zigzapg pattern.

W. van Nes, M.S. Eng.: Measurements were made over the
profile chord which showed the same effect everywhere.

Prof. A. Naumann, Ph.D. (Aachen)f What was the surface
material used?

W. van Nes, M.8. Eng.: Conducting and nonconducting
material, aluminum and sprayed wood The effect 1s independent
of the surface material. '
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