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S U M M A R Y 

Some Jtuu£;(:)., o6 etn expe!Wnenta.e .6:tu.dy on dynamic chctJtctc.;teJL.iA:tic.-6 o6 et .6Y.6.tem 

meMU!Un.g Uqu...Ld p!te.L>.6Wte 6.fuc:tu.ct:tion.6 on et !Ug-Ul .6Wt6etce hetve been p!tuen.ted 

.in .th.i-6 petpe.Jt. The .6y.6.tem con.6.<..6.ted o6 plte.L>.6Wte .tctpp.ing, connecting pipe ctnd 

plte.L>.6Wte .tltctMdu.ceJt. The e66ec;t o6 .the leng.th ctnd d.ictme.teJt o6 .the connecting 

:tube on .the dynamic Jte.L>poMe o6 .the .6y.6.tem hM been .6:tu.d.ied. The Jte.L>uLt:.6 o6 

.the 6fu.t expe!Wnen.t-6 hetve been pJtuen.ted .in 6oJtm o6 .tltctM6eJt 6u.nc:tion.6. 

Conc.fu-6.ion.6 conceJtn.ing .the etppUcct:tion o6 .the Jte.L>uLt:.6 ob.tct.ined Me d!tawn. 

R E S U M E 

V u JtU. u..e.tct.t.6 du JtecheJtc.hu expe!Wnen.tctu.x du cctJtctc.teJL.iA:tiqu.u d.inamiqu.u, et 

.6ctvo.ilt lu muWtu du 6.fuc:tu.ct:tion.6 de p!te.L>.6.ion d' u.n 6.eu...Lde .6Wt .tct pMo.i, 

o n.t e.te pJtu en.te detM .e-M:tic.te .6 u...Lvetn.t. 

Le .6y.6.teme de me.L>Wte compJtend let pwe de p!te.L>.6.ion .6Wt let pctJto.i, le :tube de 

connection, le cetp.teWt de p!te.L>.6.ion, ct.iM.i qu.e .e- enJteg.i-6.teWt d.ig.i.tct.t. 

On et e:tu.d.<.e l' .in6.fuence de .tct longu.e.Wt e.t du. d.ictmUJte du. :tube .6Wt let JtepoMe 

dynamiqu.e du. .6Y.6.teme de muWte. Lu JtU.u..e.tctu du U.6ct.i-6 on.t e.te pJtU.en.tU. .60Ll.6 

6oJtme de .tct 6onction .tltctn.6m.U.tctnce pe.Jtme.t.tctn.t .e-etppUcct:tion pltct:tiqu.e du 

JtU.u..e.tctu ob.tenu.u. 

1 . INTRODUCTION 

The insight into spatial distribution of static and dynamic characteristics of 

pressure in essential in many fields of hydraulics. 
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Techniques of measurement of presure fluctuations within the fluid body have been 

significantly improved recently, e.g. l1 I. 

Pressure fluctuations on rigid surfaces which are in touch with fluid have also 

been investigated by many researchers applying sometimes very sophisticated 

techniques I z~b I . 

Pressure fluctuations are being primarly investigated in hydraulic engineering 

practice in order to determine fluid loads on parts of hydraulic structures. 

Although the load (force) can be measured directly through force balance, it is 

often more suitable to measure the pressure at several points and to obtain the 

characteristics of the force by processing the pressure signals. An example of 

this approach is given by Spoljaric, Maksimovic and Hajdin I 4 I. 

The most reliable pressure measurements are obtainable by a flush mounted small 

diameter transducer to the wall. However, this method is sometimes difficult or 

even impossible to apply. An alternative is to connect the pressure tapping and 

transducer by a small diameter connecting tube. The tube introduces changes into 

dynamic characteristics of the measuring system i.e the system suffers attenuation 

and resonance at some frequences. 

To investigate these changes, an experimental study has been carried out in the 

Hydraulic Laboratory at the Faculty of Civil Engineering in Belgrade. The plastic 

flexibile pipes have been used and the length and diameter of the pipes have been 

varied in order to analy~e the dynamic characteristics of the measuring system by 

comparing the relationship between its input and output. In this particular case 

the input to the system is pressure fluctuation at the wall (obtained by flush 

mounted transducer) and the output is the pressure (or corresponding voltage 

output} fluctuations at the end of the connecting pipe /Fig.1/. The pressure 

has been measured by the transducers with natural ·: .resonance frequencies much 

higher than those of the measuring system. Hence the changes introduced by the 

transducers and their ·electrical circuits are neglected. 

The relationship between the input pressure p(t) and the output voltage v(t) of 

the measuring system is given by the convolution integral I 5 I. 

v(t) 
0
! h(T) p (t - T)dT ( 1) 

or by means of the frequency response function: 

where j= rC1 (2) 
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If P(f) is the Fourier transform of the input pressure p(t) and V(f) the Fourier 

transform of the resulting output voltage v(t) then 

V(f) ; H(f)·P(f) (3) 

In complex polar notation it can be written as: 
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H(f) =I H(f) I e-j <P (f) (4) 

where I H(f) I is the gain factor of the system. 

The H(f) is also called the transmissivity function. The results obtained by the 

experimental study in this paper will be shown in the form of gain factor. 

2. EXPERIMENTAL APPARATUS AND PROCEDURE 

The experimental rig designed for investigation of the dynamic behaviour of the 

pressure measuring system is shown in Fig. 2. 

A cylindrical container filled up with water (air released) was used for applying 

the defined (deterministic) pressure fluctuations. 

An electromagnetically driven coil (details in Fig. 3.) was mounted to the rubber 

bottom of the container. 

1 permanent magnet 
2 
3 
4 
5 

soft iron 

coil 
rubber bottom of the water 
container 

Fig. 3. Detail of the pressure fluctuations drive 

CODE OF THE 
EXPERIMENT 

EXP 1 

EXP 2 A 
2 B 
2 c 

EXP 3 A 
3 B 

EXP 4 A 
4 B 
4 c 

TABLE 1 Characteristics of the investigated 

connecting tubes 

LENGTH OF DIAMETER WALL 
THE TUBE THICKNESS 

(m) (mm) (mm) 

0.85 9.6 1.60 

1. 80 
0.90 7.00 1.00 
0.45 

0.90 4.5 0.75 0.45 

0.96 
0.85 7.5 1.60 
0.48 
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RESONANT 
FREQUENCY 

(Hz) 

10.6 

14 
33 
66 

32 
64 

14 
20 
28 



A presure transducer (Transducer NQ 1 - Fig. 2.) was mounted flush to the wall 

of the container, whereas the other was installed at the end of the plastic pipe. 

The length and diameter of the pipe were varied as shown in TABLE 1. 

The electromagnetically driven coil was supplied by alternating current in such 

a way that it enabled the pressure to fluctuate in either of the following ways: 

sinusoidal ~ 

square wave ~ 

sinusoidal sweep ~ 

The output signals from the piezoresistive transducers were fed to the computer 

via an A/D convertar for fourther digital proceesing. 

An example of the output signal from the flush mounted transducer is shown in 

Fig. 4. The sinusoidal sweep input was applied in this case. 

The natural frequency of the water container is 118Hz which is observed as a 

"burst" in Figure 4. The same value has been determined by applying the step 

signal as an input and allowing the peessure in the container to fluctuate at 

its natural frequency. 

In figure 5 an example of pressure fluctuations at the flush mounted transducer 

(1) and at the transducer (2) the end of the connecting tube are shown. 

A single pulse of the step function was applied as an input. It can be seen that 

the pressure at transducer starts to fluctuate at the frequency equal to the 

natural frequency of the container, whereas the pressure at point 2 (transducer 

2) is subject to damping of the connecting pipe. 

Similar plots have been taken from other experiments and used for analysis of the 

dynamic characteristics of the measuring system. 

3. RESULTS FROM THE FIRST EXPERIMENTS 

The experiments have been carried out with each of three excitation functions. 

The sinusoidal signals provide the most reliable results but they require most 

time consuming analysis, since the analisis of one block of data is required for 

obtaining only one point at the transmissivity function. 
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The sinusoidal sweep signal is the most effective for the analysis. One can obtain 

the transmi·ssivity function over the whole frequency range with only one experime

ntal which lasts several seconds. 

By applying the fast Fourier Transform (FFT) procedure on the block of sampled 

data the power spectrum functions are obtained for sweep inputs. 

In the Figures 6 and 7 the final results are shown for the experiments coded 

EXP 2 and EXP 4 (see Table 1 for details). The natural frequencies of all 

connecting tubes are shown in Table 1 as well. 

The effect of the tube length is obvious in Figures 6 and 7. 

The dynamic characteristics can be determined from the plots shown in the figures. 
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If the length of the connecting tube is such that its natural frequency is close 

to the natural frequency of the phenomenon investigated, significant errors can 

occur. To obtain reliable results the length of the tube has to be short enough 

in order to access its natural frequency well beyond the natural 

the hydraulic quantify to be measured. 

frequency of 

The results presented in this paper are only the first steps. The investigation 

of the phenomenon is to be continued. 

Some results presented in this paper are obtained in the work of Prodanovic 6 . 

4. CONCLUSIONS 

The experimental rig which was designed for the present study enables the dynamic 

characteristics of the connecting tube between the pressure tapping and transducer 

to be determined by a single experiment of short duration. 

Although some improvements of the rig are to be done, the results obtained by the 

present rig are reliable enough for practical application. 

It is essential for reliable measurements of pressure fluctuations by this method 

that the connecting tube should be short enough in order to avoid an amplification 

and damping of the expected fluctuations. 

5. NOMENCLATURE 

d 

f 

h(T) 

H(f) 

IR(f)i 

L 

p(t) 

P(f) 

t 

v(t) 

V(f) 

6 

T 

Connecting pipe diameter 

Frequency 

weighting function of measuring system 

Transfer function (transmissivity function) 

Gain factor 

Length of the connecting pipe 

Pressure (input to the measuring system) 

Fourier transform of the p(t) 

time 

Output voltage 

Fourier transform of the output voltage 

thickness of the wall of the connecting pipe 

time interval 

phase factor 
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