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Summary. 

A method is described, enabling to measure the pressure distribution on 

oscillating wings with the aid of one pressure transducer, mounted inside a 

scanning valve. The scemning valve, located outside the testsection, is 

connected to the model orifices by equal pressure leads. Special measures are 

taken to simplify the correction procedure, necessary to eliminate the 

influence of the pressure leads. A short description of the equipment, • 

developpei to measure a large number of pressures automatically, is given. 

The usefulness of the technique is demonstrated by some examples. 
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1̂  Introduction. 

The last decade has shown an increased demand for pressure measurements 

on harmonically oscillating wings. The common way of using a letrge number 

of built-in transducers still has some disadvantages. In spite of the 

progress towards small trsuisduoers, they are in many cases still too large 

to be mounted at the desired points in thin model wings. On the other hand, 

application in laurge nvunbers aa is necessary for low aspect ratio wings is 

prohibited often bjr the high cost involved. 

At the NLR an other approach has been examined and developed. It is 

based on the idea to utilize pressure leads and to measure the various 

pressures with one transducer, mounted in a scanning valve outside the model. 

Although this is becoming common use for steeidy pressure measurements, it is 

obvious that in case of oscillating pressures the leads strongly affect the 

results. Therefore a suitable procedure has been developped to correct the 

measured values to "surface pressures", being the pressures at the model 

surface. 

The purpose of the present report is to describe the method that has 

been used and to illustrate its usefulness. It may be remarked that the 

present result could be achieved only by the constant effort of a team of 

people. 

2 The method. 

Several authors ["1,2,3'] have considered the response to a sinusoidal 

input pressure ^i of a long capillar tube, connected at one end to the 

internal voltune of a pressure transducer (fig.l). They have shown that the 

dynamic response, being the complex ratio of the volume pressure fluctuation 

PY to the sinusoidal input is dependent on three non-dimensional quantities, 

viz.I 

b) L 
•=- and R 
t̂ ft 

with» 

(1) 

L 

c 

frequency of pressure input 

tube length 

mean velocity of sound 

tranèducer volume 
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V. tube voltime 

R tube rad ius 

p mean fluid density in the system 

Ti absolute fluid viscosity 

Thus for a given system, the dynamic response is not only a function of 

frequency but also of the mean temperature T and the mean pressure p. To 

illustrate the importance figs. 2 and 3 present theoretical results for the 

influence of reap, p suid T on magnitude emd phasedifference of the dynamic 

response of a typical combination. Using a multiple of tubes with transducers 

for windtunnelmeasurements on oscillating models without any precautions would 

mean that the mean temperature and the mean pressure in each tube should be 

determined in order to correct for the dynamic response of each tube. To 

avoid this difficulty and to simplify the oorrestion procedure as far as possibL 

some special measures have been taken, viz. 

It All tubes are «qua! in geometric sense and connected to one 

transducer in the same way. 

2t In each test, run at a constant frequency, the input pressure of one 

tube is measured directly with a second transducer, mounted in the 

model. In this way the dynamic response of a reference tube at test 

conditions is known. 

Por low speed measurements the mutual differences in mean pressure and mean 

temperature of the vaurious tubes are so small that geometric equal tubes 

also have equal dynamic responses. And because the dynamic response of the 

reference tube is obtained in each test, the various measured pressure vectors 

may be corrected to the corresponding values at the model surface by dividing 

through that known response. 

In case of higher speeds, in general the mutual temperature variations 

are ̂ ill negligible but considerable differences in mean pressure may occur. 

Then the dynamic response of geometric equal tubes becomes different and an 

additional correction, depending on the difference between mean (i.e.static) 

pressure in each individual tube and in the reference tube has to be applied 

to each measured pressure. Thus the influence of mean pressure on the dyneunic 

response of the reference tube and the static pressure distribution over the 

model have to be known. A proper selection of the tube-transducer combination 

with respect to the test requirements may be very helpful in order to keep the 

corrections small. 
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3-Practical information. 

In each particular case, the most suitable dimensions of tube and 

transducers have to be chosen. This choice depends on many variables as model 

size, frequency range, windtunnelchsüracteristios etc. For design purposes a 

computer program to calculate the dynamic response is very valuable. 

In practice it may occur that minor discrepancies in dynamic response 

of èimilar tube exist due to small veo'iations of length or diameter* These 

differences may be taken into account by using the ratio between the dynamic 

response of the tube considered and that of the reference tube. In general 

the variations are within a few percent, provided that the tubes are installed 

with care. 

To prevent a non-linesu: behaviour of the dynamic response, it is advisable 

to avoid large discontinuities in tube diameter. As may be expected, non-

linearities start to occur at frequencies, corresponding to peak values in the 

amplitude characteristic. 

In oase of thin models, it is not always possible to mount the reference 

tube and its transducer inside the model. Then the entrance of the reference 

tube and its transducer may be connected to any position fiiere a sufficiently 

large pressure fl#cillation is generated under similar conditions, e.g. the 

tunnel wall in oaae of half-model measurements. 

4. Equipment. 

A semi-automatic measuring syst«n has been developped, using commercial 

available components. It has been designed especially to enable a quick 

determination of a large nximber of pressures. 

A block diagram of the equipment is shown in fig. 4» Tbe model is excited 

"by one or more electro dynamic vibrators, driven through a power amplifier 

by the oscillator. The pressure scanner, having 30 positions, passes the v 

pressures one after the other to its transducer. The sequence of the vairious 

pressure and displacement signals is determined by the program switch. A normal 

program consists oft zero signed, overall calibration 'signal, displacement 

signals, signed of model pressure transducer, a sub-progreun of 30 scanned 

pressures, repeated displacement signeLLs and repeated signed of model pressure 

transducer. 
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The passed signal is eunplified and fed in the vector component resolver, 

that decomposes' it into one component in phase with the 0 degree oscillator 

signal and one in queidrature to it. The resolver rejects all signals, except 

those having a frequency equal to that of the oscillator. The two components 

etre measured one after the other by the digital voltmeter and finally fixed 

on paper tape in decimal code smd on punch tape. 

The complete measuring program operates automatically by meems of the 

control unit. The time needed for one cycle of 30 scemned pressures and 

8 other signals is 3 "* 4 minutes. The number of pressure points may be extended 

eeuaily with the aid of a hand-operated group selector, that gives the 

possibility to connect up-to 7 different groups of 30 pressures leeuis to the 

scanner (fig.5)« 

^ Applications. 

The developped measuring technique has been applied for veirious types of 

pressure measur«nents. Until now rigid models have been tested, but there 

exists no restriction for use on flexible models. In that case the mode of 

vibration has to be determined too. 

An extensive programm to determine the unsteady aerodyneunio forces on 

two-dimensional wing-flap combinations in incompressible flow has been carried 

out. r4j • One of the results, vif̂  the pressure distribution due to oscillationii 

of a 40 percent flap is shown in fig.6. 

Similar results for a wing with a 25 percent flap in compressible flow 

are presented in fig.7« In stead of the pressure difference, the pressure 

oscillations at both sides of the model were measured I 5 • The discrepancies 

between the pressures at both sides axe due to a small deflection of the flap. 

In incompressible flow a large ntimber of pressure measurements has been 

oetpried out for the wing of the VJ 101 C of the "Entwioklungsring Sud". 

Experimental results, compeared with three-dimensional theory have been given 

by B.Lasohka \6\ • 

Results for a fin and a complete T-tail, both performing yawing 

oscillations are presented in the figs. 8 and 9» Since in both caaes the fin is 

the seme, a competrison of the pressure» on the fin in corresponding sections shoWs 

the influence of the stabilizer. On the other hand, the interference aerodynamic 

forces on the stabilizer (section III of fig.9) are quite large. 
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An interesting phenomenon is shown in fig.11, presenting results for 

flapping motion of the stabilizer with different tip shapes. In contreury to 

the eissiimption in three-dimensional theory, the pressure difference at the 

tip in case of a clipped stabilizer tip is not becoming zero. The spemwise 

distribution of the aerodynamic force, shown in fig.12 stresses this 

phenomenon. 

This might have an important effect on the flutter behaviour, because 

in genered the large deformation amplitudes exist in that region. 

§L Conclusions. 

It has been shown by veurious examples, that the described technique 

leed.s to sufficiently accurate results. 

Its specied adveintages eure» 

1} The possibility to measure at neeû ly each desired point 

of the model. 

2» The reasonable cost emd time involved with the measurements. 

A^,, -
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FIG.1: SCHEMATIC REPRESENTATION OF TUBE WITH 
TRANSDUCER 

p* Pj sin ü)t 

PARAMETERS: ^ Yl , R'^MF 

p-̂  PySincjJt 
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FIG.2: INFLUENCE OF MEAN PRESSURE ON DYNAMIC 

RESPONSE 
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INFLUENCE OF MEAN TEMPERATURE ON DYNAMIC 
RESPONSE 

3 6 0 

T = 3 0 C 

R = 0.8 m m , L=1000 mm 
Vv=1130mm3 
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FIG. 4: BLOCK DIAGRAM OF EQUIPMENT 
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F I G . 5 : GROUP SELECTOR AND PRESSURE SCANNER 
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FIG. 6 : PRESSURE DISTRIBUTION ON WING WITH 
OSCILLATING FLAP IN INCOMPRESSIBLE 

FLOW 
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FIG. 7; PRESSURE DISTRIBUTION ON 2-DIMENSIONAL 
WING WITH OSCILLATING FLAP FOR M = 075 . 

ACp 

1.0 

•OS 

0 

-0.5 

AC'f) 

1.0 

+0.5 

O 

-0.5 

\ 
W 
W 

+-0r. ..*<H^ 
^^v-' ' > * ^ 

w 
A. 
I 

J I'iv, 
T V '̂ 7 

rcy*<^+^-*'^' 

ü) = 9 0 c.p.s. 
I< = 0.20 

+ UPPER SIDE 
o LOWER SIDE 



N A T I O N A A L LUCHT- EN 

RUIMTEVAARTLABORATORIUM 

FIG. 8 

Report £J.224 F i r . 5 

: PRESSURE DISTRIBUTION ON FIN (k=0.35) 
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FIG.9 : PRESSURE DISTRIBUTION ON T-TAIL (k = 0.35) 
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FIG.10: T-TAIL MOUNTED IN WINDTUNNEL 
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FIG.11: INFLUENCE OF TIP SHAPE (FLAPPING MOTION) 
(k =0 .43 ) 
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FIG.I2: TIP EFFECT ON SPANWISE LIFT DISTRIBUTION 
(k = 0.43) 
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