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Abstract—Wireless sensor systems can help to improve or to
expand instrumentation for environmental monitoring systems.
For a autonomous power supply of such sensors, a mechanical
converter solution will be proposed to convert energy using
natural turbulences ever-present in lotic water. This contribution
focusses (a) on the mechanical-to-electrical energy conversion
using a piezoelectric bimorph and (b) on a suitable DC-DC con-
verter supplying the wireless node built around the commercially
available LTC3331 by Linear Technologies.

Index Terms—lotic water monitoring, wireless sensor node,
mechanical energy converter, energy harvesting

I. INTRODUCTION

For a better understanding or controlling of environmen-

tal events like climate phenomena, pollution in general or

human effected processes, wireless sensor systems provide

an attractive opportunity to improve or to expand existing

instrumentation in an economical way [12], [13]. An extended

data base supports a better analysis and modelling of the

mentioned phenomena for a more reliable prediction allowing

a better preparation to prevent civil disasters in the future.

Furthermore, additional information provides the opportunity

to react quickly and more precise for example in cases of the

contamination of lotic water, to prevent the spread of pollution.

Therefore distributed sensor nodes are required for a flexible

application, reliable and easily operable.

Within this contribution, general development steps will be

presented for the design of a wireless sensor node (WSN) to

monitor as an example lotic water quantities autonomously.

The application field of small and medium streams where

selected, because the limited availability of instruments in that

field. One major challenge is the realization of a mechanical

energy converter for powering the system using the kinetic

energy of the lotic water.

The study contains an evaluation of possible energy sources,

a study of methods to couple the mechanical energy of the lotic

water including FEM analysis, empirical investigations using a

flow passage and real environments. Furthermore, the system

design of a WSN including an energy management, low power

sensors and a unidirectional wireless communication will be

discussed.

II. CONCEPT OF THE SENSOR SYSTEM

A general structure of a wireless sensor node is shown in

Fig. 1. It illustrates the cooperation of energy converters and

storage devices to supply a load, typical including sensors

and a wireless communication, more briefly described in

[15], [16]. One or multiple harvesters provide the energy

Fig. 1. Concept of a wireless sensor node

for the system. The energy flow and the energy distribution

are controlled by the energy management. If the amount of

energy harvested is not enough to power the system, an energy

storage has to be employed. This working principle is mainly

implemented in WSN solutions and is needed to consider for

the development of such systems. This working principle is

mainly implemented in WSN solutions and is to be considered

for the development of such systems.

In lotic waters, energy can be present in the form of

• kinetic energy of the flowing water,

• temperature gradient between water and the ambiance,

• solar energy.

Considering the application scenario (lotic water environ-

ments) the flow of the water is the only source which is always

available for energy harvesting. Thus, this method is preferred

as a stable energy source.

For the conversion of the kinetic energy of turbulences

into electrical energy a piezoelectric bimorph (MIDE Volture

V21 BL, see fig. 2) was selected, which is available in

different dimensions. Normally, these converters are used for

Fig. 2. Photograph of the piezoelectric bimorph used in this work

energy harvesting from ambient vibrations, as described for
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example in [10], [11], [14]. Because of the specific electrical

characteristics of the converter [17], a specific impedance

matching is required to provide the generated energy. The

implementation of the mechanical converter energy harvester

and the development of the electronics will be discussed in

detail in III-A (conversion of mechanical to electrical energy).

The sensor, microcontroller and RF part will be discussed in

detail in III-B. The sensor system will be completed with the

implementation of a temperature sensor and an unidirectional

wireless data transmission, delivering sensor data to a central

receiver station.

The electrical power generated by the piezoelectric bimorph

has to be high enough to overcome the leakage currents of the

energy management section and should facilitate a wireless

data transmission cycle of each 15 minutes.

III. DISCUSSION OF THE SYSTEM COMPONENTS

A. Mechanical to electrical energy conversion

There are multiple possibilities for the conversion of the

kinetic energy of the lotic water to electrical energy [1]–[3],

[5]–[8]. One possibility is the use of small turbines, which

are known from large hydroelectric power plants. On a small

scale, which is the case for the proposed system, problems

occur which are not known from large-scale applications, for

example, the contamination or blocking of the turbine by

carried debris. Because of this, another possibility of using

the kinetic energy of the fluid has to be found. One solution

is the use of turbulences of the water.

These turbulences are ever-present in most lotic waters.

Nevertheless, the usability of artificial turbulences were in-

vestigated in a CFD simulation (ANSYS FLUENT).

If a solid body is exposed to a streaming fluid, a Kármán

vortex street forms behind the body. This vortex street induces

more or less periodic pressure differences, which can be used

for a periodical bending of a piezoelectric bimorph (Fig. 3). It

Fig. 3. Piezo bimorph generator [2]

was found in the CFD simulation (example shown in Fig. 4),

that the pressure differences resulting from the Kárman vortex

street are not sufficient to generate enough electrical power.

These experiments were also carried out in the real world

using a flow passage. Investigations from other research groups

were either in another flow medium (air), or the approach was

only discussed in theory. This work tries to fit this knowledge

gap by simply using natural turbulences occuring in a real

environment.

Fig. 4. Pressure at t = 2 s, flow velocity v = 0.8 m s−1. The simulation
was carried out without the attachment of the bimorph, as it was too complex
to simulate the interaction of the fluid and the flexible structure at this point.

The advantage of the principles is that they are insensitive

to contaminants or debris carried with the water. For the use

in lotic water for a long time (years to decades) a redundant

construction is needed, which can be realized by arranging

multiple systems. The realized concept is shown in Fig. 5. One

Fig. 5. Outline of the proposed system

step in the realization was a detachable but tight construction,

especially at the clamp of the piezo. This was done by

hardening silicone, which can be easily removed by peeling it

of. For a later construction, resin can be used for better seal

tightness.

B. Processing and storage of harvested energy, microcon-

troller and RF section

The processing and storage of the harvested energy as well

as the microcontroller and RF section is shown in fig. 6. The

simplified principle of the storage of electric energy is shown

in fig. 7. The piezoelectric bimorph delivers an AC voltage,

which is being rectified and fed to the input capacitor. A

low-power comparator compares the input voltage with a low-

power reference. If the voltage of the storage capacitor exceeds

the reference voltage, current is delivered to the sink until a

lower limit is reached and the cycle is started again.

If the data aquisition (in this case, the temperature measure-

ment) and the transmission are inactive, the quiescent currents

are as shown in fig. 8.

The energy consumption in active mode is dominated by the

RF module (HOPE RF RFM02) [9]. A single data transmission

(32 Byte at 19200 Baud) yields an energy consumption of
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Fig. 6. Outline of the system’s electronics

Fig. 7. Storage of piezoelectrically harvested power

Fig. 8. Quiescent currents in the inactive mode (
∑

Pi = 4.5 µW)

866 µJ at an output power of 8 dBm. With this energy con-

sumption, a continuous input power of 10 µW and a quiescent

power of 4.5 µW, every 157 seconds a data transmission

is possible. The collection of input power can be extended

to provide more power in larger intervals (for example data

transmission via GSM).

IV. EXPERIMENTAL RESULTS

We carried out experiments in the real environment at the

river Würschnitz near Chemnitz, Germany. We measured in

a rapid, the flow velocity was around 1.5 ms−1. The output

power of the piezoelectric bimorph depends strongly on the

turbulences in the water and its direction relative to the flow

direction, see fig. 9. The output power was measured with

a National Instrument measurement card. Fig. 10 shows the

output power over time at an angle of 45◦. More results are

summarized in table I. These results show input powers over

the limit of 4.5 µW. Nevertheless, at smaller flow velocities,

a massive degradation in power was measured.

Fig. 9. Directions at which the piezo was tested

Fig. 10. Output power of the piezo when aligned 45
◦ to the flow direction

TABLE I
HARVESTED POWER UNDER DIFFERENT CONDITIONS

Conditions Mean power (µW)

smooth, 0◦ 5.24

smooth, 45◦ 4.39

smooth, 90◦ 0.88

turbulent, 0◦ 2.96

turbulent, 45◦ 7.30

turbulent, 90◦ 6.09

V. NEXT STEPS

Further developments can be divided in wireless communi-

cation and sensor system setup tasks. The sensor system setup

can be miniaturised. Thereby a better enclosure especially for

the electrical components is possible. Also the multiplication

of the converter unit is thinkable to multiply the available

energy to expand the application field. To be able to employ

the energy harvester at small flow velocities (below 1.5 ms−1),

improvements have to be done. For example, the commercially

available piezo bimorph is very stiff and it has only a small

area (8 cm2). This could be improved by attaching a larger

flap. During the development process further promising meth-

ods were identified for coupling mechanical energy from the

turbulent stream, which need to be investigated in detail.

For the wireless communication a real sensor network needs

to be established to unlock the high potential of such systems.

VI. CONCLUSION

In this work, a novel hydropower harvesting device and

sensor node was proposed. During the development process

a deeply examination of fluid mechanics within turbulent

streams with different obstacles were carried out. Basing on
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FEM simulations and empirical tests using flow passages and

real world tests a sensor system setup was designed, realized

and successfully tested. The continuous power demand of

approximately 4.5 µW to run the electronics were generated

down to a flow velocity of 0.5 ms−1. Besides the sensor

housing mainly commercial components were used to build

up the sensor system. During the empirical tests a couple

of promising improvements were identified to increase the

performances of the system significantly. The proposed sensor

system enables an autonomously monitoring of lotic water

quantities, e.g. temperature, within a cycle of approximately

15 minutes.
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