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1. Introduction 

The finite dimensions of a wind tunnel test section as a rule 

lead to a disturbance in the flow around the model being measured. 

The measurement results have interference and, therefore, have to 

be corrected for a flow field which is unlimited in space. 

Using adaptive flexible test section walls, it becomes possible 

to avoid the wall interferences for the most part and to prevent 

blocking of the test section for transonic flow. In this method, 

the walls are deformed in such a manner that they take on the shape 

of those streamlines which would be present at that location if the 

flow were unlimited to the side. 

In the practical application of the method, there are.a number 

of problems to be solved. The first basic investigations on the 

method for adaptive walls have resulted especially in problems at 

high angles of attack and for transonic flow. At high angles of 

attack especially, one has to clarify whether it is possible that 

.. 11,,·'Cisured values without interference can be obtained above the stall 
cond:i\;ion. 

2, Test installation 

For the experimental investigations, we use the high speed 

tunnel of tbe Institute for Aerodynamics and Space Flight which was 

propelled witb a bot water jet ejector. The air is sucked in from 

tbe free atmospbere. 

The test section with the flexible adjustable walls has an 

area of 150 x 150 mm2 and a length of 690 mm (Figure 1). The flex­

ible walls are made of glass fiber reinforced plastic and can be 

deformed using eight double jointed adjustable members on bearings. 

For tbe adjustment, the pressure distribution along the flexible 

" walls can be ·measured using 23 static pressure taps. 

*Numbers in the margin indicate pagination of forejBn text. 
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As a model, we had available the measured profile NACA 0012 

(lent from the DFVLR) with a profile chord of 1 = ~OO mm (Figure 2). 

The profile results in a geometric blocking of 8%. To the side of 

the central section of the model, there are 21 pressure taps of 0.3 

mm diameter along the topside and bottomside. There is an addi- /4 

tional tap in the symmetry plane at the profile leading edge. The 

span of the model of 340 mm required that a cavity be introduced 

into the side wall~ in 6rder to accept the model (Figure 3). Using 

eccentric support of the profile by means of circular disks, when 

there is an angle of attack change, at the same time there is a ver­

tical displacement of the profile from the central plane of the test 

section. This means that the stagnation point streamline always has 

a central position between the flexible walls for any angle of 

attack. 

For the pressure measurements, there was a 0 to 15 psia pressure 

transducer and a ±15 psid pressure transducer as well as two Scanni­

valves of type DS 48. The measured values were displaced using two . 
digital volt meters. For collecting and evaluating the measurement 

data, a computer Wang System 2200 was used. 

3. Experimental work 

3.1 Test execution 

All of the tests were carried out with boundary layer transition', 

over the profile, that is, without roughness strips. The Mach number 

was M = 0.50 and the Re number was Re = 1.0 ~ 10+6 . The angle of 
00 

attack of the profile was varied in the range a = 0° to a = 12.647°. 

The selection of the angle of attack was done considering the test 
results of ARA which were used as comparison values. The adaptation 

of the flexible walls was done as follows: 

Starting with the flap wall (iteration step 0) after each mea­

surement the new wall contour was calculated and adjusted. A compu­

ter program was available. The iteration was cut off when the 
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difference between two wall shapes was within the adjustment toler­

ance or when it became obvious that the change in the profile press­
ure distribution would no longer show convergence. For an angle of 

attack of the profile up to 10 control steps were carried out. 

3.2 Calibration of pressure transducers 

For the profile measurement, the pressure transducer 1 (10 V 

difference pressure transducers serial no. 53924), for the wall mea­
surements the pressure transducer 2 (5 V absolute pressure trans­

ducer serial no. 50128) were used. 

During the investigations, calibration measurements were carried 
out repeatedly [or the pressure transducers. For this purpose, 

various pressures were applied to the pressure transducer and com- /5 
pared with the corresponding voltage reading on the digital volt 
meter. The calibration curves determined in this way are straight 

lines with the inclination 

m .. tan f = (x2 - xJ )/('J2 - !lJ ) 

xl ,2 = voltage in mV 

Yl,2 = pressure in mmHg 

During the first calIbration for pressure transducer 1, we 
t'rmnrl an inclination of ml = -22.6 mV/mmHg and for the pressure trans­
ducer 2 an inclination of m2 = -10.2 mV/mmHg. 'Repeated measurements 

for the two pressure transducers showed deviations from the calibra­
tion line of up to 14 m/ = 0.1 mV/mmllg, (Figures Al and A2). This 

means that for a static pressure of Poo = 640 mmHg (Hoo = 0.500) measure­

ment inaccuracies of less than 0.08% occur for pressure transducer 

1 and less than 0.18% for pressure transducer 2. 

These erroneous readings include the error which is produced 
by the fluctuating display in the digital volt meter: The digital 

volt meters connected to the pressure transducers fluctuated in their 

readings by up to 2 mV, which at a pressure of p = 640 mmHg corres-
00 

ponds to a reading inaccuracy of 0.01 to 0.03%. 
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3.3 Determination of Mach number 

The Mach number is determined in the usual way using a mea­

surement of static pressure and stagnation pressure with the 

formula 
it-I 

2 l[P~] If-' .. - (::...) -1 
... <1(-1 Po> . 

The stagnation pressure in the test section was determined 

with a calibration measurement as p = 0.996 PE . The static press-
00 ar 

ure of the incident flow was measured through the first pressure tap 

in the lower wall which was located 2.45 profile chords upstream 
from the leading edge of the profile. 

The Mach number varied between Moo = 0.499 and M = 0.503 for 
00 

the measurement performed. 

3.4 Determination of the Re number 

The Reynolds number depends on stagnation pressure Poo and stag­
~1ation temperature Too in the test section, (Figures 4 and A3, A4). 
The stagnation temp'erature of the air sucked in from the free atmos-

9here #as approximately determined with a temperature measurement 
of aip in the test room. We can assume that in this way the maximum 
a.!.r wa~ 6Too = 3°C, which corresponds to a Reynolds number inaccuracy ,/6 
(If :.l\e =:- 0.015 )( 106 • -

With considAration of the pressure fluctuations as well, the 
5 

Re number in all tests was between Re = 0.99~105 and Re = 1.02>,JO • 

3.5 Adjustment of angle of attack 

The angle of attack adjustment was done by rotating the two 

~ acrylic glass side disks which support the profile. Starting with 

0°, any desired angle of attack can be adjusted using separators 

4 



between two stops on a circular disc and the housing on each side. 

This is shown in Figure A5. The zero line adjustment is done by 

comparing the two pressure distributions on the top side and the 

bottom side of the profile for a nondeflected wall. Symmetric press-, 
ure distributions were achieved for a separator piece with dimen­

sions h = 1.20 mm. This corresponds to a manufacturing tolerance 

in the alignment of thest6p lever of 0.3619°. 

The adjustment tolerance of the angle of attack consists of 

two factors: 

- since the 0° adjustment was done by simple comparison of the 

pressure distribution curves for the topside and the bottom side, 

we then find an estimated err~r_of Ll~ + 0,05°. 

- due to the play between the two side disks and the housing, 

we find IA hI == 0,5 mm From this we find an error in the angle of 

attack of 11l~ 1=0,15°. 
max 

The pressure difference which results in this is 

for nonseparated flow. 

3.6 Measurement value fluctuations 

AC + 0,01 
Pmax -

In order to estimate the order~of magnitude of the measured 

value fluctuations, tests were made for an angle of attack and un­

changed wall shape several times. 

. 
We found average deviations of l;rel = 0,0025 if the flow was not 

p 

separated at ,the profile. The fluctuations can be explained by the 

play in the wall adjustment installation, the wall deformation due 

to aerodynamic forces and the wall manufacturing tolerances as well 

as the measurement inaccuracies. The testing of the wall installa­

tion after a test showed deviations of 1 - 3/100 mm and in except­

ional cases of 1/10 mm. 
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For separated profile flow, there were substantially greater /7 
fluctuations in the measured c values. This can be explained by 

p 
the fact that the flow was not steady. The fluctuations were between 

/;rep! =0,0160 (for a = 9.664°) and I~cpl =0.0220 (for 12.647°). 

4. Experimental results 

4.1 The extent of wall interferences 

In order to first give an idea about the extent of wall inter­

ferences for the NACA 0012 profile with 8% geometric blocking, we 

show a number of pressure distributions in Figures 5 to 11. This 
shows the profile pressure distributions for all investigated angles 

of attack for plane walls and adaptive walls and these are compared 

with one another. With increasing angle of attack, the discrepancies 
on the topside of the profile become larger. This can be explained 

from the fact that the angle of attack increase is related to a ver­

tical displacement of the profile towards t~e upper wall. 

The! demonstration that the pressure distributions measured for 

'·'.():·!.f·'G Lv': 1·;a1 .. ls can be looked upon as measured values without inter­

L ·;"p!l.:;e, ~. qn only be done to a limited extent here. For comparison., 

;.,~ ha~e measured values of the ARA for an NACA 0012 profile [IJ. The 

AHA lunnel has a test section of 8" x 18", so that for a 5" chord 

profile, a geometric blocking of 3.33% results~ This means that 

these values cai. be looked upon as having almost no interference. 

For comparison, however, one has to consider that there were diff­

erent Reynolds numbers (5 ~ 106 for ARA compared with 1 ~ 106 at the 

TU Berlin). In addition, differences in the model accuracy could 

play a role.' In Figures 12 to 18, we show the comparison of mea sured 

values. At a = 0° there is completely satisfactory agreement, but at 
a = 3.829° and a = 7.686°, there are differences in the pressure dis­

tribution along the bottom side of the profile which first cannot be 

explained. It is possible that empirical curvature and downwind 

angle corrections play a role here which were used for the ARA 
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measured values. Basic differences in the pressure distributions 

occur when the flow separates over the profile. Because of the 

different Reynolds numbers, there is a different separation behavior 

so that the pressure distribution deviates strongly. 

4.2 Convergence behavior of the control for.high angles 

of attack 

In the following we will analyze the convergence behavior of the 

adaptive walls for an angle of attack just below the stall condition 

(a = 7.7°) as well as for four angles of attack with separated pro­

file flow (a = 9.7, 10.7, 11.7 and 12.7°). The basis for the eva­
luation of convergence are the pressure distributions measured along 

the topside of the profile and the deflections of the upper channel 

wall. 

In the following Figures 19 to 23, we show changes of the mea­
sured pressure values for various profile stations x/I as a function 

of the iteration step. The purpose of this plot was to make visible 

the local different effects of wall control on the profile flow. 

In general, one can see convergence of the adaptation method for all 
* investigated flow cases. Depending on the control factor, two to 

four iteration step~ are required. For the flow cases mentioned 
here, a factor of K = 0.25 seems to lead to the fastest convergence. 

Residual fluctuations in the pressure coefficients are especially 

large in general in the region of the profile nose, that is, in the 
region of large pressure gradients. 

* For adaptation of the walls, the pressure distribution measured 
along the channel wall is compared with a calculated pressure 
distribution. The calculation is done for each wall shape under 
the assumption of a fictitious outer flow which is unlimited to 
the side. The difference between the calculated and the measured 
pressure distribution is used for correcting the wall shape. 
Using the control factor K, this difference is weighted. A small 
factor K means smaller weight of·the measured pressure distribu-
tion (see [2]). . 
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In order to obtain summarizing information about: the Gonver­

gence and residual fluctuations, it is imaginable that one could 

determine the lift coefficients from the integration of the press­

ure distributions and then represent these values as a function 

of the iteration steps. However, one obtains similar information 

in a simpler manner by forming the average over all of the measured 

pressure coefficients. .This means that this is a very accurate 

possibility of convergence control which also saves time. This is 

especially important because control is to be on line (during the 

wind tunnel tests). 

The average values of the pressures measured along the profile 

topside are shown in Figures 24 to 28 for all individual flow cases. 

The changes in. these average pressure coefficients during the iter­

ation steps give an indication of the convergence of the contro] 

method. 

The convergence is influenced by the control factor. DLr.r,· . 
control factors were selected for the individual flow cases. F~I: 

;Jre 29 gives a comparison of the convergence curves with differ· -r:l; 

control factors. The adapted wall shape is reached faster,'the 

emaller the factor K. This, however, can only occur up to a certalr, 

]Jrni.t 3.nd it seems that K = 0.25 is already the optimum control fac­

tor ror the flow cases discussed here. It is also remarkable that 

t'lA conve),'gence behavior waF:: independent of angle of attack for the 
cases investigated. 

At this point we llave ~o 2xplain the selection of the control 

factors used during the test. The evaluatJon of the first ll,st with 

adaptive walls showed that th,.:' most favor'able contl'ol facto!' l'las 

K = 0.35. However, this was fur smaller angles of attcd!k. and other 
Mach numbers. This means that we started w:i thi;l"Ji.s ~o~lt,rol factor 

for the other tests as well. 11'he control fa(~ L".)z' K·· O.::~, however, 

led to a relatively large upper harmonic of the wall Q.eflect.;ion 

which led to especially large wall deformatlon~ durin~ the first 

iteration step at the high angles of attark. For l·be angle of attack 

8 
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a = 10.7° for example, with K = 0.35 a maximum wall deflection of 

28 mm would have been required, whereas with K = 0.25, the deflect­
ion for the first iteration step remained limited to a maximum of 

13 mm. It was only to avoid large wall deformations that the con­

trol factor was then varied. Based on the evaluation performed now, 
we can now establish that in this way a control factor was used 

which was more favorable-for convergence. 

In Figures 30 to 34, we again show the control behavior on a 
larger scale starting with the second iteration. In this way, the 
residual fluctuations can be seen especially clearly. 

For an angle of attack a = 7.7° (Figure 30), the average press­
ure deviation bet.ween the. two last control steps. is still Itlcpl = ,0,0017 

and, therefore, is still within the measurement accuracy of 
1;1C{ = 0,0025. For the angle of attack cases with separated flow, 

p 

we clearly had larger residual fluctuations. The fluctuations just 

above the stall condition a = 10.7° (Figure 32) were especially' 

large. During the first iteration step the average pressure coeffi­

cients first fluctuated around the average value and then varied 
10 a nonsystematic way within a scatter range as the iteration was 
(!ontinued. The fluctuation width is //lCp ! = 0,0201 

and is therefore one order largel'than for nonseparated flow. Thd.s /10 
fluctuation width therefore is of the same order as the measurement 
fluctuations for separated flow so that when r~aching this value, 
the wall can be looked upon as having been adapted. Here we should 
point out that in the representation of the pressure distribution 
for the profile surface (for example, Figure 15), the point blackness 

corresponds to the average measured fluctuations (~ about ~cp = 
0.02). When the measured value fluctuations went beyond this value, 

then this was especially noted. 

Another possibility to obtain information about convergence is 

to represent the average wall deflection y as a function of the 

iteration step (Figures 35 to 39). We proceeded in the same way as 

for the measured pressure values. Here one can see convergence of 

9 



the control as well. For spe~ifying the required iteration steps, 

it would be possible to use the gradient between two iterations: 

if the change in the wall shape is inside a specified value, then 

the control can be broken off. However, there is one danger in the 

possibility that control will end prematurely when the gradient does 

not decrease monotonically. 

Basically, i~ makes more sense to evaluate the convergence beha­

vior of control using the average pressure coefficient. This is 

especially clear for the case a = 10.7°. Starting with the third 

and up to the eighth iteration, the wall was only deflected by more 

than 0.8 mm (Figure 37). The pressure over the profile hardly 

changed. This is remarkable because therefore we have shown that 

for the separated flow case the wall adjustment apparently only has 

a small influence on the measured results. 

Figure 40 shows the residual fluctuations of pressure compared 

with the wall deflection for the different angles of attack cases. 

This summarizing representation shows that with both parameters,·one 

caD obtain similar information about the convergence behavior. For 

3.tta'~Le'i flow tne residual fluctuations are minimum; a maximum value 
L.. ;'(:'c( 'led Wbfnl tbe flow has just completely separated. 

J~ • L~: f'~,-ueni~e ,,) f sidewalls 

Finally. we indicate by means of oil film'photographs the 

.. tLen1- to 'which deviations from a two-dimensional flow can be found 

1",. ( l~he wind tucu"? L tests E1'{Jj tbt:: influence that the sidewalls have. 

For the La~e of attached flow, a = 7.7 (Figure 41), the wall 

streamlines in the central region of the profile are for the most 

part parallel. In the corners between the profile and the wall, how­

ever, there are extensive zones with 3D flow effects which certainly 

influence the flow conditions in the central profile section. In 

addition, the figure also shows that at this angle of attack, the 

flow just starts separating. The oil accumulation at the profile 

10 
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nose indicates a separation bubble, whereas the material accumula­

tion in the rear part of the model allows one to conclude that there 

are only small wall shear stresses. 

For the cases with separated flow for example, at a = 9.7 0 

(Figure 42), and also for the higher angles of attack (Figures 43 to 

45), we no longer.can speak of a 2D flow. We have to realize that 

apparently there is no two-dimensional and completely separated flow. 

This is one realization which was also made in the investigation 

elsewhere of profiles with extremely large span. It is not clear 
what the influence of the sidewall boundary layer is on the development 

of this 3D flow. For the same angle of attack, the oil film photo­

graph from one test to the next was different within certain limits 

but remained the same for the most part during the test. This indi-'. - ... 
cates that the structure of the flow field is specified by the start-

up process. Under these conditions, it does not make a great deal 

of sense to carry out flow investigations in the post stall range 

with profiles. In practice, such purely two-dimensional flows are 
hardly of any importance anyway because they would only be expected 

with unswept wings with extremely large aspect ratio. 

5. Summary /12 

The investigations of a NACA 0012 profile at Mach 0.5 in the 

wind tunnel with adaptive walls have shown that adaptation of the 

flexible walls is possible also in the high angle of attack range 

both on this side and the other side of maximum lift. For determin­

ing the iteration steps required for adaptation, one can use an aver­

age pressure coefficient which is the result of the sum of all of the 

pressure values measured along the topside of the profile. If one 

suitably selects the control factor(for the cases investigated here, 

we use k = 0.25) adaptation already is reached after two iteration 

steps. The residual fluctuations of the average pressure coefficient 

for nonseparated flow are extremely low (~c = 0.0017) and for . p 
separated flow they are higher by one order of magnitude. These 

residual fluctuations are caused by measurements on the one hand, and 

11 



also for separated flow, they are a consequence of unsteady flow 

effects. The changes in the average pressure coefficient for conti­

nued iteration of the wall adjustment are always smaller than the 

residual fluctuations. This means the control process can be termi­

nated when the change in the average pressure coefficient is smaller 

than the residual fluctuation established for each flow case. It is 

remarkable that fQr separated flow a wall deformation has only a 

very small influence on the pressure distribution over the profile. 

Oil film photographs of the flow at the profile surface show 

three-dimensional effects in the region of the corners between the 

profile and the sidewall. The extent to which the profile flow is 
deteriorated by these effects could not be clarified. It would be 

desirable to investigate this. 

For separated profile flow, the oil film photographs show com­

plete three-dimensional flow. A pure two-dimensional separated flow 

apparently is not possible. 
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topside' /17 

theory Nodel. deviations 

xll. Yll. yll. A'J/1. 

0.000 0.00000 0.00000 0.00000 

0.007 0.01436 0.01373 -0.00063 

0.0~5 0.02064 0.01988 -0.00076 
0.023 . 0.02517 0.02440 -0.00077 
0.030 0.02840 0.02763 -0.00077 
0.037 0.03119 0.03042 -0.00077 
'0.051 0.03585 0.03507 -0.00078 
0.070 0.04086 0.04015 -0.00071 
0.092 0.04542 0.04479 -0.00063 
0.110 0.04843 0.04784 -0.00059 
0.130 0.05119 0.05066 -0.00053 
0.150 0.05345 0.05303 -0.00042 
0.170 0.05529 0.05500 -0.00029 
0.195 0.05708 0.05690 -0.00018 
0.220 0.05839 0.05830 -0.00009 
0.240 0.05913 0.05906 -0.00007 
0.270 0.05981 0.05976 -0.00005 
0.295 0.06001 0.06000 0.00001 
0.320 0.05993 0.05997 0.00004 
0.350 0.05949 0.05961 0.00012 
0.375 0.05886 0.05905 0.00019 
0.395 0.05821 0.05846 0.00025 
0.420 0.05723 0.05757 0.00034 
0.445 0.05606 0.05652 0.00046 
0.465 0.05501 0.05554 0.00053 
0.490 0.05356 0.05418 0.00062 
0.520 0.05164 0.05236 0.00072 
0.555 0.04916 0.05003 0.00087 
0.580· 0.04724 0.04821 0.00097 
0.605 0.04522 0.().1628 0.00106 
0.625 0.04353 0.04465 0.00112 
0.655 0.04087 . 0.04209 0.00122 
0.685 0.03808 0.03941 0.00133 
0.715 0.03516 0.03662 0.00146 
0.745 0.03212 0.03373 0.00161 
0.775 0.02896 0.03069 0.00173 
0.800 0.02623 0.02803 0.00180 
0.825 0.02342 0.02526 0.00184 
0.855 0.01994 0.02180 0.00186 
0.885 0.01633 0.01826 0.00193 
0.910 0.01322 0.01523 0.00201 
0.935 0.01003 0.01217 0.00214 
0.960 0.00677 0.00902 0.00225 
0.985 0.00335 0.00645 0.00310 
1,000 0,00126 

Figure 2b. PROFILE COORDINATES FOR NACA 0012 
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,xll. 

0.000 
0.002 
o.Ole 
0.023 
0.037 
0.055 
0.074 
0.094 
0.11.5 
0.140 
0.160 
0.190 
0.220 
0.250 
0.27,5 
0.305 
0.330 
0.360 
0.390 
0.410 
0.440 
0.470 
0.495 
0.520 
0.545 
0.575 
0.600 
0.630 
0.665 
0.695 
0.725 
0.755 
0.775 
0.800 
0.820 
0.845 
0.875 
0.895 
0.915 
0.930 
0.945 
0.960 
0.975 
0.980 
0.985 
1.000 

Figu~e 2c. 

,.---<-... ~-.--,. 

bottomside 

the<?ry, Hodel. ,c1-evia t ions 

IJ/l. ,/1. AIJI1. 

0.00000 0.00000 0.00000 
-0.00781 -0.00835 0.00054 
-0.01704 -0.01774 0.00070 
-0.0251.7 -0.02554 0.00037 
-0.0311.9 -0.03154 0.00035 
-0.03701 -0.03738 0.00037 
-0.04178 -0.0421.5 0.00037 
-0.04578 -0.04614 0.00036 
-0.04918 -0.04958 0.00040 
-0.05238 -0.05279 0.00041 
-0.05442 -0.05483 0.00041 
-0.05676 -0.05720 0.00044 
-0.05839 -0.05894 0.00055 
-0.05941 -0.06012 0.00071 
-0.Or987 -0.06074 0.00087 
-0.06001 -0.06108 0.00107 
-0.05982 -0.06105 0.00123 
-0.05926 -0.06063 0.00137 
-0.05839 -0.05983 0.00144 
-0.05764 -0.05910 0.00146 
-0.05631 -0.05779 0.00148 
-0.05473 -0.05624 0.00151 
-0.05325 -0.05482 0.00157 
-0.05164 -0.05329 0.00165 
-0.04989 -0.05161 0.00172 
-0.04763 -0.04940 0.00177 
-0.04563 -0.04744 0.00181 
-0.04310 -0.04497 0.00187 
-0.03996 -0.04190 0.00194 
-0.03712 -0.01915 0.00203 
-0.03416 -0.01628 0.00212 
-0.03108 -0.03333 0.00225 
-0.02896 -0.03131 0.00235 
-0.02623 -0.02870 0.00247 
-0.02398 -0.02657 0.00261 
-0.0211.1 -0.02383 0.00272 
-0.01755 -0.02039 0.00284 
-0.01510 -0.01801 0.00295 
-0.01259 -0.01552 0.00293 
-0.01058 -0.01362 0.00294 
-0.00872 -0.01165 0.00293 
-0.00674 -0.00966 0.00292 
-0.00471 -0.00766 0.00295 
-0.00403 -0.00703 0.00300 
-0.00335 -0.00645 0.00310 
-0.00126 
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Data set from the ILR high speed wind tunnel 

1. Profile 

1.1 Profile name 

1.2 Profile type 

1.2.1 Profile geometry 

nose radius 

maximum thickness 

NACA 0012 

symmetric (see Figure 2a) 

gil = + 0,60 (0,2969 rxYl 
- 2 

-0,126 xll - 0,3516 x /1 

+ 0,2843 x311 - 0,1015 x
4
11) 

rll = 1,58 , 

til." 12 , 

trailing edge thickness 0.252% profile chord 

1.2.2 Design condition 

1.3 Additional remarks 

1.4 References on profile 

2. Model geometry 

2.1 Profile chord 

2.2 Span 

2.3 Present model coordinates 

and accuracy 

2.4 Maximum thickness 

2.5 Trailing edge thickness 

2.6 Additional remarks 

2.7 References ort;model 

3. Wind tunnel 

3.1 Name 

3.2 Wind tunnel type 

3.2.1 Stagnation pressure 

. 3.2.2 Stagnation temperature 

3.2.3 Humidity/dew point 

3.3 Test section 

3.3.1 Dimensions 

3.3.2 Type of walls 

mathematical definition 

according to already known 

effective profiles 

none 

[lJ 

100' mm 

340 mm 

see Figures 2b and 2c 

no data 

no data 

none 

none 

ILR high speed wind tunnel 

hot water jet ejector 

1 bar 

external temperature 

rectangular 

150 x 150 mm2 

flexible walls top and bot­

tom, fixed sidewalls 
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3.4 Flow field (empty test section) /A2 
3.4.1 static reference recorded on the lower wall, 

pressure 2.45 profile chords upstream 

from model 
3.4.2 Angle perturbation no data 

of flow 
3.4.3- Mach no. distributio"n no data 

3.4.4 Pressure gradient no data 

3.4.5 Turbulence/noise level no data 
3.4.6 Sidewall boundary layer no data 

3.5 Additional remarks none 

3.6 References on wind tunnel none 

4. Measurements 

4.1 Type of measurements 

4.2 Tunnel/model dimensions 

4.2.1 Height/profile chord 

-profile pressure distribution 
-top and bottom wall pressure 

distribution 

1.5 
4.2.2 Width/profile chord 1.5 

4.3 Flow conditions in the present 
paper 

4.3.1 
4.3.2 
4.3.3 
4.3.4 

Angle of attack 

Mach number 
Reynolds number 

Transition 

-position of free 
transition 

-transition fixing 

0° to 12.647° 
0.50 
1.0 .' 106 

free 

no data 

none 

4.3.5 Temperature equilibrium none 
4.4 Additional remarks none 

4.5 References on measurements none 

5. Instrumentation 

5.1 Surface pressure measurement 
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5.1.1 Pressure taps 

-size ~ = 0.3 mm, distance 1-5 mm 

-distribution over spans see Figure 3 

-distribution over pro-

file chord see Figure A7 /A3 

5.1.2 Type of measurement 

data transmitter 0-15 psia transducer ±15 

psid pressure transducer 

5.1. 3 other 

5.2 Wake measurements 

see Figure A6 on tap coordi­

nates on top and bottom side 

none 

5.2.1 Type and size of 

instruments 

5.2.2 

5.2.3 

Positioning 

Type of measurement 

transmitter 

5.3 Boundary layer measurements 

5.3.1 Type and size of 

5.3.2 

5.3.3 

instrumentation 

Location 

Type of measurement 

data transmitter 

none 

5.4 Surface friction measurements none 

5.4.1 

5.4.2 

5.4.3 

Type and size of 

instrumentation 

Location 

Type of measurement 

data transmitter 

5.5 Flow visualization 

5.5.1 Flow field 

5.5.2 Surface flow at 

yes 

a = 7.686 0 to 12.647° 

5.6 Others none 

5.7 Additional remarks none 

5.8 References on instrumentation none 
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6. Data 

68 

6.1 Accuracy (wall interferences 

excluded) 

6.1.1 Angle of attack 

adjustment 

6.1.2 Incident Mach number: 

-adjustment 

-change during tests 

6.1.3 Pressure coefficient 

±O.12° 

±O.002 

no indication 

/i:"C1 -= 0,Q025 for non­p 
separated flow 

/iJC/ -= 0,0160 at d. = 9,664° 
P 

/A4 

and 1iC:1 = 0,0220 at d. = 1.2,647° P . 

for separated flow 

6.1.4 Aerodynamic coefficients -

6.f.5 Boundary layer thickness no data 

6.1.6 Reproducibility 
6.1.7 Remarks 

no data 

none 

6.2 Wall interference corrections general by adaptive wall 

6.3 

6.2.1 Angle of attack 

6.2.2 Blocking 

6.2.3 Streamline shape (lift) 

6.2.4 Others 

6.2.5 Remarks 

6.2.6 References on wall corrections 

Presentation of data 

6.3.1 Aerodynamic location 

6.3.2 Surface pressure see Figures 5 to 18 
M = 0,50; ~ = 0°/ 

3,829°/ 7,686°/ 9,664°/ 

10,668°/ 11,659°/ 12,647° 

6.3.3 Boundary layer thickness -

6.3.4 Wall interference correct-

ion included ? yes 

6.3.5 Corrections for model 

deviation no 

6.3.6 Empty test section cal-

ibration considered no 



6.3.7 Other corrections 
contained 

6.3.8 Additional remarks 

6.4 Work test performed in various 

no 

none 

installations? no 
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5 VOLT ABSOLUTE PRESSURE TRANSDUCER SERIAL No. 50128 t 

~ 

~ 
C\... 

(. 
/71 , , -- 1st calibration 

." , --- max. deviation 

" " " " " , , 
" " " ". 

1.18 mmllg 
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L 
I 

, . 
1 ' 
[ 

! 
; , 
I 
I 
!; 

, 

Plmml-/gl 
static pressure 

at' Mt;4 C 0.50 

DEVIATION : 0.1 mV ImmHg 
tlp: 120 mmllg 

:} FALSE MEAsOREMENl' : 12 rn V AND 

PfR = 640 mmHg t 0.59 mmNg 
ERROR : 1: 0.09 % 

barometric pressure 
- -; 

l
ir 

., . t .. 
r. . ". 

!~ 
tr· 

t
' ... , 
1 
I' 

1.18 rnm Hgpp.spocrrviIN 

FIGURE A-2: PRESSURE TRANSDUCER CALIBRATION 
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,'" 

angl e of attack separator h [mrn] 

,ex. right left 

0° 1,20 1,10 . - ". 

3,829° + 12,69 + 12,70 

7,686° + 25,41 + 25,50 

9,664° + 31,90 + 32,00 

10,668° + 35,17 + 35,26 

11,659° + 38,40 + 38,50 

12,647° + 41,60 + 41,70 

Indication: 'Tre side disk with the engraved "V" 
is on the 1 eft side in the fl C1N direction. For 
the angle of attack adjustment, the separator on 
the right side is deci.sive. ' 

! 

I 

I 

I 

I 

FIGURE A-5. ANGLE OF ATTACK ADJUSTMENT OF PROFILE. 
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upper and lower wall 

x/l 

-2.00 
-1.65 
-1.40 
-1.15 
-0.90 
-0.60 
-0.35 
-0.15 
0.05 
0.20 
0.35 
0.55 
0.75 
0.95 
1.20 
1.40 
1.65 
1.85 
2.05 
2.25 
2.50 
2.75 
3.00 

/75 

FIGURE A-6. POSITION" OF WALL PRESSURE TAP. 
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upper side profile 

xll 

0.00 
0.01 
0.03 
0.05 
0.10 
0.15 
0.20 
0.25 
0.30 
0.35 
0.40 
0.45 
0.50 
0.55 
0.60 
0.65 
0.70 
0.75 
0.80 
0.85 
0.90 
0.95 

bottom side profile 

xll 

0.005 
0.020 
0.040 
0.075 
0.125 
0.175 
0.225 
0.275 
0.325 
0.375 
0.425 
0.475 
0.525 
0.575 
0.625 
0.675 
0.725 
0.775 
0.8~5 
0.875 
0.925 
0.925 

FIGURE A-7. POSITION OF WALL PRESSURE TAP. 
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