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PREFACE

The ever growing need for energy has caused serious harm to the environment and nature. The use of fossil
fuel in energy generation has led to severe pollution. Therefore, alternative energy is the need of the hour.
Wind energy is one of the most reliable and cost-effective forms of alternative or green energy. This book
explores all the important aspects of wind energy in the present day scenario. It discusses the science behind
its conception and engineering behind its application. The various studies that are constantly contributing
towards advancing technologies and evolution of the field of wind energy are examined in detail in the text.
The extensive content of this book provides the readers with a thorough understanding of the subject. It will
serve as a reference to a broad spectrum of readers.

This book is a comprehensive compilation of works of different researchers from varied parts of the world. It
includes valuable experiences of the researchers with the sole objective of providing the readers (learners) with
a proper knowledge of the concerned field. This book will be beneficial in evoking inspiration and enhancing
the knowledge of the interested readers.

In the end, [ would like to extend my heartiest thanks to the authors who worked with great determination on
their chapters. I also appreciate the publisher’s support in the course of the book. I would also like to deeply

acknowledge my family who stood by me as a source of inspiration during the project.

Editor
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The Measuring System for Estimation of
Power of Wind Flow Generated by Train
Movement and Its Experimental Testing

Oleksandr Mokin, Borys Mokin, Vadym Bazalytskyy

Department of Renewable Energy and Transport Electrical Systems and Complexes, Vinnytsia National
Technical University, Vinnytsia, Ukraine
Email: abmokin@gmail.com

Abstract

The measuring system for estimation of power of wind flow generated by the train movement has
been created. The advantages of the proposed system are the cheapness and simple design. With
its simplicity of design and easy build-up of channels, designed measuring system can be used for
a wide range of technical problems. This paper describes the design process, validation and con-
ducting the first field test of this measuring system.

Keywords

Power Generation, Wind Turbine, Wind Flow, Sensor, Measurement

1. Introduction

Anyone staying on the platform of the station during the freight train passing could fully realize that the speed of
wind flow generated by the moving trains can reach significant values and in the case with high-speed trains the
wind flow may reach the speed of storm winds. Today the energy of the wind flow is dissipated in the atmos-
phere without any benefit while it can be used to generate electricity by using wind power plants located close to
the railway tracks.

It is known [1] that power £, (W) of the wind flow with a density p ng/ mj) received by the wind tur-
bine with vertical axis of rotation and axial sectional area of the wind wheel S, (m*) and power factor &, is
proportional to that area §| (mz) and the cube of the speed v,, (m/s) of the wind flow, that is:

Py =c=2pv,, 1

Zo
2
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In paper [2], the authors of this paper had made a quantitative assessment of the power of the wind flow gen-
erated by the train during movement with using the data presented in paper [3], which states that the sensors for
measuring speed of the wind flow generated by the train movement were installed on the wall along the railway
track. Obviously, the speed of the wind flow fixed by the sensors on the walls is not adequate to the speed of
wind flow generated by the same train in the free space.

In order to make quantitative assessment of the speed of wind flow generated by train, in Vinnytsia National
Technical University a measuring system that allows making quantitative assessment of the speed of wind flow
in the field conditions has been created. The basic structural element of the measuring system is a digital sensor.
In this paper, the development of this measuring system and its digital sensors has been considered and the re-
search of their applicability for the field conditions has been made.

2. Characteristics of the Developed Digital Sensor

Block diagram of the digital sensor, developed by the authors, is shown in Figure 1.

Schematic representation of the measuring system and its digital sensors placed in the frame which is clear for
wind is shown in Figure 2, where the wind speed sensors 1 - 12 are miniature wind wheels with Hall effect
Sensors.

These sensors are based on the ordinary computer fans. Chip FTC S276 [4] are placed on the rotor and its
work is based on the principle of Hall effect. This chip crosses the magnetic reels, placed on the stator during the
rotation of the rotor. The result of the Hall effect which is manifested in the potential difference is amplified and
supplied to a control system of electronic keys which opens the corresponding one. Since one circuit was suffi-
cient for our experiment, we used only one of the outputs of the chip.

The block of The block of The
i 4} electronic —) microcontroller
Input sensor

keys reader

Figure 1. Block diagram of the digital sensor of speed of the wind flow generated
by moving train.

3125

| ;) 9 Digital signal
"+*, 12 channels

[ 7
»

i N Power 5V +
3 = Common 5V-

Figure 2. Schematic representation of the placement points measuring sensors for
studies of wind flow generated by the train movement.
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Sensor works as follows: when a sensor chip with Hall effect sensor passes through the magnetic field of the
stator winding, there appears a difference of potentials which then enters an amplifier and commands to open
one of the keys. This ensures operation of the digital sensor which upon rotation generates two discrete pulses
per revolution in accordance with the number of coils corresponding polarity. This pulse sequence is applied to
the digital inputs of the hardware platform based on Arduino Nano microcontroller ATmega 328 with digital
inputs D2-D13 on which signals from speed sensors 1 - 12 are applied. And through the serial port COM3 the
data is transmitted to a computer where a program designed for reading data from serial port, collects and
records this data every second (Figure 3).

Each sensor calibration was performed in a laboratory wind tunnel using a reference anemometer.

For each speed sensor 1 - 12 by using the method of least squares [5] there was determined the dependence of
the rotational speed from the wind speed (Figure 4).

Channel 3 has somewhat different characteristics because it uses sensor with the other ratio of wind speed to
the number of turns. But it does not affect the result for each sensor due to using different transformation ratio.

3. Description of Conditions and Locations of the Experiment and the
Characteristics of the Measured Values

After the calibration of all the measuring sensors and having determined the conversion factor for each sensor
there was performed the experimental verification of their efficiency.

To carry out an experiment on measuring the speed of the wind flow generated by moving train using the de-
signed digital sensor, there had been chosen a segment of a railroad tracks not far from Vinnytsia on the closed
railway crossing in the village of Parpurivtsi. This location was chosen with the permission of the railway ad-
ministration since it is convenient for mounting the measuring frame with the input sensors, there is the service
road and the speed of the trains is relatively high. As the safe distance from the railway track according to the
regulatory documents is 3 meters, the experimental measuring system with sensors was placed exactly at this
distance perpendicularly to the railway track that is perpendicularly to the axis of the wind flow moving parallel
to the train

The sensors were placed in three columns at 3, 4, S meters from the railway track with four sensors in each

Arduino
Sensor 1 Nano
D3 +12V
Sensor 2 R1
UL N
b4 1
R2 T
_________________ jﬂ:
S o D14
ensor R12
Serial port
PuTTY

Figure 3. Schematic diagram of the sensors that used to determine the speed
characteristics of the wind flow.
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Figure 4. Graphs of the speed of wind flow as a function of the number of
pulses for each sensor 1 - 12.

according to the scheme shown in Figure 2.

The data was being recorded on a computer simultaneously for each of the sensors with time interval of 1
second as a pulse burst, each of which contained a number of pulses proportional to the angular velocity of the
sensor’s rotor.

The experimental data were fixed when freight train with locomotive VL80k and the mixed composition of
rail cars with the number of 56 of them was passing by. The speed of the train was 66 kilometers per hour and
the time of passing by the measuring system was 45 seconds.

Figure 6 represents the graphs that show the speed change measured by each sensor in the coordinates: x-axis—
seconds, vertical axis—meters per second.

From Figure 5 clearly seen point in time (M, =43s) at which the train reaches the measuring system as
well as the fact that the wind flow increases several times in comparison to the values of natural wind speed. An
interesting fact is that after passing of the train (M, =88s), for some more time which is about 35 seconds (up
to M, =88s) for the train with the speed of 66 kilometers per hour, there remains the excess of speed of the
wind flow over its value in the unperturbed state.

4. Processing of the Experimental Results

In order to determine the power of the wind flow which crosses the area of the frame of measuring system there
had been used an expression (1) which for each sensor would look like

s
2

where S—area of the circle with a diameter equal to the diameter of wheel of the wind speed sensor.
Using the speed curves presented in Figure 5 and cubic splines of Mathcad for the implementation of (2) we get

p(u)zinterp(cspline(MnB)’M"F:’u) v

P=¢p , =112, (2)

1

The graphs of the power of the wind flow for each sensor of the measuring system calculated by the expres-
sion (3), shown in Figure 6 in the coordinates: x-axis—seconds, vertical axis—watts.
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Figure 5. The graphs of speed of the wind flow measured by each sensor.

These graphs show that the values of the wind flow power differ depending on the location of the sensor. For
greater clarity, let us show it on a three-dimensional graph that displays the volume of the received capacity for
each measuring channel according to the location of sensors in the frame of the measuring system. For this pur-
pose, we integrate each of the dependencies which determines the power of the wind flow for each measuring
channel within the time of M, =43s to M, =121s and divide the integration interval (M: - M,) and thus
find the average power P =12,-,12 of the wind flow for each measuring channel.

Py, = | 121
121-4374
The average power Ps,, i=1,2,---,12 of the wind flow for each measuring channel calculated by the ex-
pression (4) can be expressed as matrix-like expression
9.924 12263 9.276
22.357 12.338 18.399
Ps= (5)
35016 1796 4.468
15495 14.71 4.511

P(u)du, i=1,2,+,12 4)

Figure 7 presents the spatial graphs of average power calculated by the expression (4).

To estimate the total power of the wind flow passing through the sensor frame of the measuring system during
perturbation of air masses caused by train movement we calculate the sum of values of power for all measuring
channels and find

[

1
Ps; =Y Ps, =176.715 (W) (6)

i=l

5. Conclusions

1. The structure and block diagram of the digital sensor of the speed of the wind flow generated by the train
movement which measures this parameter of the wind flow with sufficient accuracy for practical purposes has
been suggested. Using this digital sensor allowed to design a measuring system applicable to measure the
real-time parameters of the wind flow on area of 20 m’.

2. The field tests of the developed measuring system confirmed its high measuring and computational effi-
ciency and suitability for use in the experiments.
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Figure 6. Graphs of power of the wind flow as a function of time for each
measuring channel,

Ps

Figure 7. The surface of the average power of the wind flow measured by
measuring system with displaying the fraction of each measuring channel.

3. It had been determined that the powerful wind flow at an authorized three-meter distance from the railway

track could be created only by freight trains with different forms of rail cars moving at speeds above 60 kilome-
ters per hour.
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Abstract

The ERA-Interim reanalysis wind based on the distance-weighted average remapping for studying
the wind circulation in Nigeria is presented. The wind flow using this atmospheric model simula-
tion is studied for identification of grid-tie electrification opportunities in different wind locations.
A 10-year reanalysis wind speed components at a surface level of the planetary layer at 0.25° x
0.25° spatial resolution is obtained and remapped into a new horizontal wind field at a grid reso-
lution of 0.125° x 0.125° covering longitudinal and latitudinal directions of 3.0 - 15.0°E and 15.0 -
3.0°N, respectively. Using the distance-weighted average technique, the remapped wind field at a
new grid resolution of 0.125° x 0.125° is compared at different terrain elevations and approx-
imated close to the actual wind field of the same resolution. To determine the suitability of the
prevailing wind for small-scale energy conversion, the magnitude of wind flow across the re-
mapped wind field is studied for a 10-year period. Analysis shows that northern regions of Nigeria
have a fair wind potential for a stand-alone application based on the wind flow originated at Gulf
of Guinea as well as Chad and Niger. Furthermore, hourly surface wind speed observations from
18 synoptic stations in Nigeria are obtained and compared with the bilinear interpolated wind
stations. The reanalysis wind reflects the surface wind observations and proves that the prevailing
wind in Nigeria is higher than the reanalysis wind projection obtained from gridded data at reso-
lution of 0.125° x 0.125°. The sectorwise wind directions at each synoptic stations for a period of
10 years are presented.

Keywords

ERA-Interim Wind Components, Grid Resolutions, Relative Error, Distance-Weighted Remapping,
Bilinear Interpolation, Nigeria
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1. Introduction

Wind is produced when different forces of the atmosphere (such as the pressure gradient force, Coriolis force,



