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EXPERIMENTAL STUDY OF THE FLOW PROPERTIES IF THE WATER STREAM
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Abstract. Article summarizes the findings obtained from the experiments realized during the recent years. The
fundamental topic of the research is the investigation of the behaviour of a water flow directed against a sharp edge.
The experiment assembly, as well as the working principle of the measurement device, are described and the suitability
of the device for different kind of experiments is discussed. Presented in the end is the comparison of the experimental
results with the numerical simulations.
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If we place a sharp edge upstream of the water flow, the
flow is divided into two parts. If the sharp edge is a part
of a cavity, a portion of the water flows away and another
portion of the water flows into the cavity, while the latter
accumulates energy. If the energy of the water inside the
cavity is greater than the energy of the inflowing stream,
the stream is rotated and the water flows outside the
cavity. This decreases the energy of the water inside the
cavity and the tributary is rotated back due to the inertia,
bending the flow more into the cavity. The water then reenters the cavity more intensely than before and the
process is repeated. The resulting pulsations are periodic
in nature and depend on many parameters, in particular on
the strength of the inlet and the model geometry (shape
and dimensions of the cavity and a distance from the inlet
cavity).
The experiments were focused on the measurement of the
thickness of the water layer and the vibration frequency
levels in the model at a particular point. Suitable
measurements points were selected on the basis of the
flow
visualization.
Featured
experiments
and
measurements were performed on a hydrodynamic table.
All measurements were realized using a special sensor
and evaluated in graphs. Additionally, the flow was also
visualized and compared with the numerical simulations.

techniques to be fixed. The flow was visualized (Figure 5)
and the images were then used to select sites for liquid
level measurements (Figure 5).
The pulsation frequencies of the water level were
measured at the point where the current deflection is
visible. The measurement point was established in the
position of the most significant difference between the
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Fig.1. Scheme of the experiment arrangement

2. EXPERIMENT
The experiment was realized for unsymmetrically situated
cavity with a sharp edge (Figure 1) and the measurements
were carried out on a hydrodynamic table (Figure 2) using
the custom, self-made sensor (Figure 3). The
reproducibility of the experiment was ensured by a
precise positioning of measurement points by the
traverser (Figure 4).
The traverser has independent guides with scales and rigid
frame which allow the measurement and the recording

Fig.2. Hydrodynamic table
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The following constants were selected: the width of the
inlet channel (86 mm); the width of the nozzle (20 mm);
the width of the cavity (92 mm).
The following parameters ranges were used: A distance of
the cavity from the mouth of the inlet channel (140 mm);
cavity length dimension (140 mm); volumetric flow (100,
200, 300, 400, 500 litres per hour).

Fig.3. Sensor for the measurement of the oscillation
frequency of the liquid level
Fig.5. Flow visualization by coating aluminum powder on
the surface of the colored water

Fig.4. Traverser
minimum and the maximum levels. The position of the
measurement of the rotational speed of the current was
arranged in the middle of the gap between the mouth and
the inflow edge of the cavity (Figure 7).
The vibration frequency can be easily evaluated based on
the rotational speed of the water flow (Fig. 8).
Parameters for the experiment and the measurement
(Fig.1 and Fig 7):
20

Fig.6. The results of the numerical simulation
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rate, the influence of the inlet turbulence intensity is
obvious and its character should be analysed in detail by
identifying the input spectra of turbulence and its stability
in the monitored area.
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Fig.7. The site selection for the liquid level measurement
(h1, h2, h3) and turning frequency of the current (F)
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Fig.9. Dependence of the Strouhal number (Sh) and
Reynolds number (Re) on different volume flows (V),
the distance of the cavity from the mouth of the inlet
channel is 140mm and the characteristic dimension
(the cavity length) is 140mm.

Fig.8. Points for measurement of the pulsating levels
freque
Measurement point h1 is the place for the liquid level
measurement in the inlet channel, measurement point h2 is
the place for the liquid level measurement in the jet and
measurement point h3 is the place for the liquid level
measurement "far" from the model assembly (The
position with undisturbed liquid level). F indicates the
area suitable for the measurement of the frequency of the
current diversion (diversion in the direction of the waterlevel) and measurement of the frequency of the water
level vibration (change in the thickness of the water
layer).

3. RESULTS
In the investigation of the unsteady fluid flows, the
essential criteria for the results evaluation are the
Reynolds and the Strouhal numbers. Instead of multiple
parameters related to the model geometry, the fluid
properties and others, only two numbers are compared,
therefore these criteria simplify the evaluation and
comparison of the measured cases.
The following phenomena can be deduced from the
measured values of a particular experiment. With the
increasing velocity, the Reynolds and Strouhal numbers
increase as well. The step changes in these numbers are
visible in the Figure 9, with the causes of these changes
being variable momentum ratios at different characteristic
dimensions.
These step changes are probably generated by instability
of coherent vortex structures. With the increasing flow

Fig.10. The dependence of the rotational speed of the
water flow on the cavity length (n) and volume flux
(V) – measurement model
Figure 10 presents the values of the measured rotation
frequency of the water flow in dependence on the cavity
length and flow rate, while the recalculated values for air
are shown in Figure 11. For the recalculation, the
analogous behaviour of the water and air columns was
used. The similarity criteria the Reynolds, the Strouhal
and the Mach numbers are used for the calculation. The
frequency dependence on the cavity length has a
downward trend, but distinct jumps, in which the
frequencies rise sharply, are observable. These jumps
(Figure 11) can be compared with the frequencies which
approximately correspond to the octave transpositions
Chamber "a" (f = 440Hz).
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also velocity) changes intermittently - in the resonant
modes. These findings confirm the legitimacy of the used
simplifications and scaling of the real cases to the model
cases on the hydrodynamic table.
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Fig.11. The dependence of the rotational speed of the
water flow on the cavity length (n) for different volume
fluxes (V) – calculated for air

4. CONCLUSION
It is evident that in the case of a 140 mm gap, the step
changes occur at the cavity length from 240-340 mm. At
the flow rate of 300 litres/h, the jump in the frequency
occurs at n = 280 mm, which corresponds to a ratio
m:n=1: 2 (m, n are the dimensions – see fig. 8). At lower
flow rates, a jump in the frequency occurs at the smaller
cavity. At the higher flow rates, a jump in the frequency
occurs at the longer cavity lengths. The step change in
frequencies corresponds to the change of the pitch. That
turning point in the curves represents a step-change in
frequency, which can be understood as a change of the
pitch interval of one octave. The tones are common in
music, but octave frequency and octave frequency bands,
respectively, have been introduced for the assessment of
noise (center frequencies in the range of 16-16000 Hz are
given by CSN 356,870). Octave frequency bands differ by
application area. The "music" bands presented in this
work are f = 220, 440, 880 Hz, however for ventilation
and air conditioning the values are f = 63, 125, 250,
500Hz, etc.
When implementing experiments, the selected
simplification and calculations confirmed the following
facts. The frequency of the fluid volume oscillation (water
and air) at a continuously increasing volume flux (and

22

[1] Breuer, M. Numerical and modeling influences on
large eddy simulations for the flow past a circular
cylinder. International Journal of Heat and Fluid
Flow 19 (1998), p. 512-521.
[2] Franke, J., Franek, W. Large eddy simulation of flow
past a circular cylinder at RED=3900. Journal of
Wind Engineering and Industrial Aerodynamics,
2002.
[3] Liaw, K. F. Simulation if flow around Bluff Bodies
and Bridge Deck section using CFD. Thesis submited
to the University of Nottingham for the degree
of doctor Philosophy, 2005.
[4] Menschel, S. Rozmanitost při měření hladiny.
Automatizace – Odborný časopis pro automatizaci,
měření a inženýrskou informatiku, 50 (6). Retrieved
6.3.2009 from the www:
http://www.automatizace.cz/article.php?a=1792
[5] Merzkirch, W. Flow visualization, New York and
London: Academic press, 1974. p.250. ISBN-0-12491350-4
[6] Petříková, M., Kryštůfek, P. Experimental fluid
mechanics, 550-555 (2013)
[7] Petříková, M., Peukert, P., Kryštůfek, P. KOD, 439444 (2012)
[8] Kryštůfek, P., Petříková, M. Experimental fluid
mechanics, 367-370 (2012)
[9] Petříková, M., Peukert, P., Unger, J. Experimental
fluid mechanics, 390-393 (2011)
[10] Petříková, M., Kryštůfek, P., Unger, J. Experimental
fluid mechanics, 278-284 (2009)
[11] Petříková, M., Kryštůfek, P. Mechanical engineering
(2008)
[12] Petříková, M. Experimental fluid mechanics (2007)
[13] Petříková, M., Kryštůfek, P., Kneř, J. Mechanical
engineering (2007)
[14] Petříková, M. Kneř, J., Jerje, P. Snímač hladiny
elektricky vodivé kapaliny, výšky hladiny a frekvence
jejího kmitání. Užitný vzor (2010)

