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ABSTRACT:Performance Parameters of a Bi-Directional Wind Turbine
This work emphasis upon a methodology to generate the electrical energy by exploiting kinetic energy of wind by
mounting specially designed wind turbines (wells turbine because of its ability to operate under unsteady bi-directional
airflow conditions) on the moving rail locomotives coaches. Many studies have been conducted in the past in which Wind
generates power near the Railway tracks (tunnels, large fields etc.) but very less studies have been perfectly executed
about generating the electricity using the wind turbines as part of train itself. This is something about putting an extra
effort towards the power generation through winds and helping the Indian railways to save their money. This report has
positive approach towards attaining right conclusion keeping all the advantages and disadvantages in mind. In this
work, wells turbine system using augmenter is proposed. Blade profile of Wells turbine and advantages of wells turbine
has been discussed. This paper has proposed two types of turbine installation, it includes the advantages and
disadvantages of the both the installation methods. As we know that the train’s speed is never constant and hence the
rpm of the turbine and generator’s input shaft is varying, so we have to use the special type of generators (varying speed
generators). We also suggest gear box arrangement to multiply the rpm on generator’s input shaft when train is running
at slow speed. In proposed model, wind turbine is arranged in bus bar arrangement. From the findings the conclusion is
clear cut that the power produced is sufficient and can be used to fulfil all the requirements for electrical appliances of a
train passenger coach. This technology is environment friendly and will help in reducing the fuel consumption required
for the electric power generation. This research also covers that how much unit of power is produced, we done the
calculations for the money saving and diesel saving.
KEYWORDS: Locomotives, Wells Turbine, (HAWT), Wind, Generators.

INTRODUCTION:
One of the most abundantly available renewable form of energy is wind. The economical and ecological
return presented by energy provided by wind are the most vibrant reasons behind the attention received by the
electrical systems based on wind energy. As we know that the demand of wind energy has increased, a
significant amount of effort is being made to produce electricity from new sources of energy [1]. High speed
moving air is always present around the vehicles. We chose Trains because of their robust design and huge
body. As we know that the Indian locomotive trains run on an average speed of 40 -50 km/h and some of them
runs on an average speed of 80 - 90 km/h and we come up with fact that this speed would be sufficient for
running the turbine and generating electricity.
At present power generation in the Indian locomotive is done by the three ways [2] a.
Self-Generating
b.
End-on-generation
c.
Head-on-generation
Here it is focused on wind energy. Many studies have been conducted in the past in which Wind generates
power near the Railway tracks (tunnels, large fields etc.) but very less studies have been perfectly executed
about generating the electricity using the wind turbines as part of train itself.
CENTRAL IDEA:
Design of wind turbine: A machine which converts the kinetic energy of wind in mechanical energy is known
as wind turbine. There are many ways to classify the turbines.
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TYPES OF TURBINES- Many options for selecting the turbine for our specific.
Wells Turbine- Its ability to operate under unsteady bi-directional airflow conditions [3].
Bi-Directional Turbine - It consists of two rotatable power parts adapted for contra - rotation relative to one
another on the basis of generator axis [4].
Archimedes Liam F1 Wind Turbine - It’s usually made up of fibre glass. It can also capture wind energy
coming from multiple directions. The turbine features a rotor which is designed along the lines of the
Archimedes screw pump which was used in ancient Greece to pump water spiral shape is given to the blades,
enabling it to twirl and it collects wind energy at angles up to 60º from the central axis [5].
Vertical axis Turbine (VAWT) - It is a type of impulse turbine. Impulse turbines are types of turbine which
are used where the flow of fluid and the axis of rotation of rotor is perpendicular to each other [6].
Propeller Fan Turbine- It is a type of the turbine that is used for transmitting power by converting rotational
to thrust motion.
Here propeller fan turbine or wells turbines is chosen forthe model. Theoretical analysis of the differentdifferent journals and research papers related to power generation through wind turbine. Full analysis has been
done on the basis of research papers and journals. Here Our basic system consists of wind turbine, vent, gear
system, generator and battery, and the practical’s are conducted to find the rpm of the impeller fan turbine on
various vehicle (car) speed.
Now choosing the proper turbine for our work is really tough. Robert Simpson & Arthur Williams in 2011
suggested that, for small wind turbine, the main factors are to be taken into consideration should be position of
turbine, wind direction, wind force, availability of continuous flow etc. They took factors like- Blade, runner,
size etc to calculate the efficiency. They used𝑁√𝑄

𝑛q = 𝐻 0.75

For sizingFor axial flow velocity-

𝑉𝑎 =

4𝑄
𝛑 ( 𝐷-12 −𝐷22 )

Thus after calculating these, they suggested that for small purpose propeller fan turbine is more suitable
among the commercially available turbines.[7]

FIG 1- Schematic Diagram of Air Flow Through Blades
Now as to test the capability of the turbine, Rosario Nobile et al. in 2013, suggested that the power and torque
coefficients of the augmented wind turbine are independent of the incident wind speed considered using the
methods of simulation and experimentation using CFD. This could be used to study and assess 3D modeling
of the Augmented Wind Turbine(AWT).[8]
As W.T. Chong et al. , in 2011 suggested that, Power Augmented Wind Vane (PAGV) is capable of
augmenting the rotational speed, torque and power output of a Sistan rotor. With the presence of PAGV, the
rotor rotational speed was 1.75 times higher, the rotor torque and power output was increased by 2.88 and 5.8
times using the methods of simulation and experimentation on CFD. This could be used in further extending
the design of the PAGV system that can eliminate or minimize the concerns on safety, structural issues, visual
impact and noise.[9]
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For best power transmission, John Gardener et al. also suggested that when using the ring gear to control the
system to achieve a constant tip speed ratio more power would be produced using the methods of Simulation
using Matlab, Simulink, and SymDyn, this could be used to done in alteration for better results. Now to check
our demands we use Simulink, SymDyn to validate our DCVT system. The equations areConstant generator speed
ωr = kp (ϖdesired – ωgen ) + kI ∫ (ϖdesired – ωgen ) dt
Constant TSR
ωr = kp (λdesired – Rωrot / νwind ) + kI ∫ (λdesired – Rωrot / νwind ) dt
As we intend to use the wind flow beside a running train, this flow will not be same for all the time.
Sometimes the wind flow will be around 80kmph or sometimes it will be just around 20 km/h.[10]
So the turbine shaft speed will vary with a really long range. The experimental table is given belowTABLE 1- Speed of vehicle Vs Turbine’s RPM

Guanjun Ding et al. in, guided us for the required calculations and suggested that By the Weibull Probably
Density Function (PDF), the wind velocity variation can be described accurately. Combined with the Weibull
PDF, the arithmetic mean wind speed and the cubic root cube wind speed can be derived and calculated.
Based on the obtained wind speed, wind power and energy can be calculated. Also solar photovoltaic power
generates electricity from the sunlight radiation. To in-crease the voltage and current output, photovoltaic cells
are connected in series and parallel respectively. For storing DC electrical energy for later use, battery is
necessary. To calculate the photovoltaic energy at a given site, hourly average solar radiation values are used
using the methods analysing and researching in the field of wind and solar energy generation and by studying
the main components of both. From these derived technical properties, the analysis basis and reference can be
provided for further study on the power system including wind and solar photovoltaic power.

Figure 2 - Schematic diagram of the power curve of a wind turbine.
The followings introduce briefly some of the main components of wind turbine.
• Rotor/Blades: The blades together with the hub are called the rotor. The rotor drives the generator by
harnessing the kinetic energy in the wind. The blades are aerodynamically shaped to best capture the wind.
The amount of energy wind turbine can capture is proportional to the rotor sweep area.
• Generator/Alternator: It is the part which produces electricity from the kinetic energy captured by the rotor.
A generator produces DC power and an alternator produces AC power, depending on the application for the
turbine.
• Nacelle: It is the housing which protects the essential motorized parts of a turbine.
• Gearbox: It is used for most turbines above 10kW to match the rotor speed to the generator speed.
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Wind power is a function of air density, the area intercepting the wind and the wind speed. It is calculated as
below:
1

P = 2 𝜀. 𝑆. 𝜐3
where P is the output power in watts, ε is the air density in kg/m3, S is the area in m2 where wind is passing
and v is the wind speed in m/s.[11]
For the generatorsS.Radha Krishna Reddy et al. in, by simulation and experimentation, fuzzy logic has been
successfully applied to control wind-driven Doubly Fed Induction Generators(DFIG) in different aspects. It
was demonstrated that, using the proposed controller, the system response can be improved and more precise
control is achieved. The proposed neuro-fuzzy PI gain scheduler achieves faster system response with almost
no overshoot, shorter settling time, and no steady-state error. This can be further used in applying vector
control techniques with a neuro-fuzzy gain scheduler further study can be done.[12]
In the saving ground, Chris Barkanet al. in, by understanding and experimentation on different parameters
and by various calculation and measurement. Suggested that using the Aerodynamic Loading Assignment
Model (ALAM), the potential fuel savings can be as much as 0.96 gal/mile/train. This could be extended in
analyzing the result and findings for development and design modification. Developed by W.J. Davis, often
referred to as the “Davis Equation”
Ro = 1.3 +

29
𝑤

+ bV +

𝐶𝐴𝑉 2
𝑤𝑛

where Ro = resistance in lbs. per ton w = weight per axle (= W/n), W = weight of car, n = number of axles, b
= an experimental friction coefficient for flanges, shock, etc. A = cross-sectional area of vehicle, C = drag
coefficient based on the shape of the front of the train and other features affecting air turbulence etc.[13]
In other words,YükselOLuz, suggested that the permanent working of Variable Speed Wind Energy
Conversion(VSWEC) with Permanent-Magnet Synchronous Generator(PMSG), the THD rate of load current
and terminal voltage is 0.00627%.When the studies in the literature are examined, it is seen that the obtained
0.00627% THD rate is rather at a good level.

Figure 3- Block diagram of PMSG based VSWECS with AC/DC/AC IGBT-PWM power converter.
The optimal working frequency determined for VSWECS is 4.5 kHz.by simulation and analysis using
MATLAB Simulink. From these derived technical properties, the analysis basis and reference can be provided
for further study the working and function of Permanent-Magnet Synchronous Generator.[14]
Now for the desired efficiency, Shinya Okuhara et al. showed the path and suggested that the mean efficiency
of the turbine strongly depends on turbine diameter ratio. The mean efficiency at high flow coefficient is
improved by means of the impulse turbine as a booster turbine Mean. The turbine performance under steady
flow conditions evaluated by turbine efficiency, torque coefficient CT and input coefficient CA against flow
coefficient. The definitions of these parameters are as follows:
CT = To/{r(v2 + u2)Ar/2}
CA = 𝛥pQ/{𝜌(v2 + u2)Av/2}
= 𝛥p/{𝜌(v2 + u2)/2}
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𝜂= Toω/(𝛥𝜌𝑄)= CT/(CAϕ)
Φ = v/u
whereA, u, v and 𝜌 denote the flow passage area, circumferential velocity at mean radius {= rω}, axial flow
velocity {= Q/A} and density of air, respectively.

Figure 4- Effect of turbine diameter on mean efficiency under sinusoidal airflow conditions.

Fig 5- Principle of plant using Wells turbine with booster turbine.
The peak efficiency is lower than that of a single turbine. Using a wells turbine prototype for experimentation
and analysis of different parameters.[15]
RabinarayanaParidaet al. suggested that the dynamic performance of RML adaptive tracking filter is very
good and can be used to obtain accurate estimation of the rotational speed not only in steady state but also
when input changes fast as wind steps are applied to the Wind Energy Conversion Systems(WECS) using
Model reference adaptive system (MRAS) to estimate the rota-tional speed to tune the MRAS observer and
compensate for the parameter variation and uncertainties, a separate estimation of the speed is obtained from
the rotor slot harmonics using an algorithm for spectral analysis. The experimental results have also shown the
excellent performance achieved with the proposed front end converter control strategy.[16]
For support of the turbine the best way is given by Li Cuiet al.suggested that, using mathematical proof and
data analysis, roller bearing displays complex non-linear behavior due to nonlinear Hertzian contact force and
waviness. Newmark-β method and Newton-Raphson method can be used to solve these equations. This
greatly changes the dynamic characteristics of bearings.
Further, Fengtao Wanget al. suggested that, using mathematical proof and data analysis, predicted vibration
outcome of rotor system supported by cylindrical roller bearing under the effects of the surface waviness. This
waviness of rolling elements is remodeled by cosine function. This implicit numerical integration method
variable grade Runga-Kutta method, along with Newton-Raphson method to solve these equations.
Besides, Yang Hai-shenget al. suggested that, using theoretical analysis, simulation and experimental
verification, cylindrical roller bearings are used because of its excellent capability working at high speed and
heavily loaded condition. The bearing’s dynamic equations are established using a modified Craig-Brampton
synthesis method. Therefore, it can be concluded that, rigid-flexible coupled dynamic model is more
satisfactory.
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To reach the optimum power factor and minimum distorions, Sivakami.Pet al. suggested that The SEIG with
fuzzy logic controller attained more power factor and the total harmonic distortions were observed to be less
compared with dead-beat current control. The results show that the fuzzy logic controller based SEIG( SelfExcited Induction Generator) has better performance which has improved harmonic profile and system
performance and also better AC &DC voltage regulation can be achieved. The proposed system was simulated
using MATLAB-SIMULINK software and verified the theoretical analysis.[17]

Figure 6-Schematic diagram of voltage control of induction generator with PWM converter.
To use the turbine more effectively, R. Gonz´alez Lopezet al. suggested that there an area is defined in order
to determine the blade passing. For all the frames that comprise the video, the number of white pixels in such
region is computed. Maximum values correspond with the blade sweeping so angular frequency can be
calculated. Using Artificial Vision techniques like Image acquisition, Preprocessing, Segmentation using
simulation in MATLAB.[18]
For the betterment of power transmission,MagdiRaghebet al.suggested that The direct-drive approach to the
current wind turbine gearbox reliability problem seems to be taking a strong hold in the 3 MW and larger
market segment, although torque splitting is also being used in this range. For the 1.5 to 3 MW range
however, multiple viable options exist or show potential, including torque splitting, magnetic bearings, and
Continuously Variable Transmissions (CVTs). These options may gain traction over direct-drive solutions due
to the approximately 30 percent cost premium of a direct-drive system, and the larger sizes and capital costs
associated with such a system. By understanding and experimentation on different parameters and by various
calculations and measurements.[19]
As output is our main concern, Arshad Nawazet al. by analysing and researching in the field of wind turbine
power generation and by analyzing the simulation using MATLAB suggested that the algorithm developed
and implemented in MATLAB gives promising results for the voltage regulation, rectification and inverter
models. The tap changing regulator model regulates the voltage by changing transformer taping. Integration of
these modules can led to the possible solution of voltage regulation problem associated with the wind energy
con-Version system (WECS). This can be utilized to work all models will be integrated and combined result
will be obtained for wind turbine speed, voltage and frequency control.[20]
For best output, an optimum pressure ratio is always concerned.Bose SumantraaRet al.analysed the simulation
in CFD. The equations governing the flow are solved using a commercial CFD code ANSYS CFX 13. The
turbine with NACA 0015 profile and zero pitch angle is taken as the reference case for comparison suggested
that The negative pitch was found to give the best performance over the entire range of TSR and at all wind
velocities. The pressure coefficient plots over the upwind blade surface and streamlines showed that the
presence of vortices close to the trailing edge deteriorates the performance of the turbine. From the
benchmark studied, it was understood that 3D CFD analysis is required for more realistic predictions
especially at high TSRs.[21]
For our final decision for choosing the turbines, R.E. Chilcottet al. also suggested that matching the plant
capacity to available storage or need for firm power, and at the same time optimizing the power conversion
efficiency from the wind regime to the generator. In three simple-model bi-directional wind regimes, a fixeddirection bi-axial wind turbine would produce up to 32%, 57% and 79% of the average power output of a
fully-orienting turbine. By using theoretical analysis and practical approach, case study using real data. It can
be used to extend the use of simulation software for further improvement of the turbine.[22]
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Now a focus on the blade material where K.SureshBabuet al. suggested that a large number of factors affect
for the material selection. There are properties of materials, performance requirements, material’s reliability,
safety, physical attributes, environmental conditions, availability, disposability and recyclability, and finally
economic factors.
In any material selection, the followings are focused1) High material stiffness is needed to maintain optimal shape of performance.
2) Low density is needed to reduce gravity forces.
They saw the fibers and the matrix materials like polyesters, vinyl esters, epoxies etc., are combined into the
composites. These composites have good properties like mechanical, thermal and chemical properties. So
Fibre Reinforced Composites are our first choice. Now they showed us two option- glass fiber reinforced
plastic (GFRP), carbon fiber reinforced plastic (CFRP). Both are technologically and economically more
suitable.[23]
For the Betterment of standard of Living and industrialization leap up the pressure on the conventional
sources of power. Depletion of conventional sources becomes a problem in present world. And ever rising
cost of conventional fuel may be major impediment in economic and social growth of third world nations [24]
METHODOLOGY:During Research and development of our project, main focus was to collect the sufficient research work which
had been done on the components which we are going to use. We were determined to do appropriate research
on the efficiency of different-different components which we were going to use like, turbines, generators,
gears, bearings etcetera. Most of the research work we got on the internet. And rest of them, were in the
library. We worked on genuine research work which were done by authorised institutions. After that all
research done, we did proceed towards observing the rpm of Impeller fan turbine on the car. We did this to
measure the power output using these rpm readings. This helped us to understand the change in power output
with the speed change. Then before proceeding towards making a project, we designed the 3d model of
prototype, which we were going to made, on the Solid Works 2014 and Solid works 2016. We also studied the
air flow simulation through the vents for the Wells turbine and Impeller flow turbine on Solid works 2016.
Below, the diagram is given which shows how the air flows after striking the wind turbine.

Figure7: Air flow for Wells turbine

Figure 8: Air flow for Propeller Fan Turbine
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Thereafter, we selected the best suitable material which can be used in our working project and how can we
make our project robust and strong from base. After that we proceeded forward to make the
project.Theoretical analysis of the different-different journals and research papers related to power generation
through wind turbine. Full analysis has been done on the basis of research papers and journals. Our basic
system consists of wind turbine, vent, gear system, generator and battery. We conducted the practical to find
the rpm of the impeller fan turbine on various vehicle (car) speed. This practical helped us to analyse whether
to use the gear box or not. All of that we have discussed in our practical approach.
The way we will install our setup is shown through Solid Works figure.
A.
PRACTICAL APPROACH:
We did practical to find the feasibility of the project and the usability of project. For this purpose, we used
simple impeller fan turbine as a wind turbine. Instrument which we used to measure the rpm of the impeller
fan turbine, japan made non contacting tachometer, which had the range from 0-99999 rpm.
We made this setup on the side of our car. The whole setup was supported by the ropes and one member of
our group was holding that from the back side. Whole setup was done just to measure the rpm and theoretical
power output. Second member of our group was sitting on the front seat of the car holding the non-contacting
tachometer. One reflecting tape of dimension 2 X 2 cm was applied at the centre of the impeller fan turbine.
The laser from non-contact tachometer strikes at the reflecting tape and then the tachometer gives us the
digital reading.
Third member of our member was driving and trying to maintaining the constant speed like, 10kmph, 20kmph,
30kmph, 40kmph etcetera. Forth member of our team was clicking the pictures with high definition camera
and was making the video. We did this practical on the empty road keeping all safety measures in mind.
B.
OBSERVATIONS
C.
POWER OBTAINED THROUGH WIND
ρ
Density of air (Kg/ m³) (1.23 Kg/m³)
A
Swept Area (m²)
v
Wind Speed (m/s)
R
Radius (m) = 0.3 m (this is fixed in case of side
installation but can be increased if we do top
installation)
Cp
Power coefficient (0.3 to 0.5) = 0.4
Using the given formula
P = 1/2× Cp × 𝜌 × 𝐴 × 𝑣3
We are using this formula for finding the power obtained in watt. In this Cp, A, ρ is constant.
Cp = 0.4
ρ = 1.23 Kg/m³
A = πR² (where R is 0.3 m)
A = π×0.3² m²
A = 0.282743 m²
TABLE 2-FOR PRACTICAL WE DID USING CAR
S.No
SPEED OF VEHICLE (CAR) Speed (RPM)
Speed in Reverse
WE USED IN KILOMETER
(RPM)
PER HOUR
1
10
150
113
2
20
400
350
3
30
950
900
4
40
1950
1748
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2000

RPM
Reverse RPM

1500
1000
500
0

RPM
10 20 30

S.No
1
2
3
4
5
6
7
8

40

Figure 9:Graphical Representation of above table
TABLE 3- FOR WIND SPEED AND POWER CHARACTERISTICS
Wind Speed
Power Obtained (watts)
10 km/hr or 2.778 m/s
20 km/hr or 5.55567 m/s
30 km/hr or 8.333 m/s
40 km/hr or 11.1112 m/s
50 km/hr or 13.89 m/s
60 km/hr or 16.667 m/s
70 km/hr or 19.447 m/s
80 km/hr or 22.22 m/s

1.45
11.92
40.23
95.36
186.31
321.85
511.05
762.88

Power output(Watts)

1000
0

Figure 10:Graphical Representation of above table
SAVINGS:
One litre diesel oil contains 10.1 kWh (36.3MJ) of energy. A commercial diesel engine has efficiency from
25% to 32%.
So energy that can be produced by 1 litre of diesel with 30% efficient diesel engine is:
10.1 kWh * 0.3 = 3 kWh
Energy produced by the proposed model is 2.94 kWh from one coach. Hence, fuel saved by each coach 2.94/3
= 0.98 litre. For a 16 coach locomotive, the fuel saved for an eight-hour journey will be 0.98*16*8 = 125.44
litres. For 200 locomotive running for eight hours and having 16 coaches, the amount of saved fuel will be
125.44*200 = 25088litres. This implies that the fuel consumption can be cut down drastically by the
application proposed idea. The average cost of diesel in the world is 0.94USD/litre (52.28 Rs/litre in India).
Usually a train is operated 15 hours in a day. So for one day saving0.98*16*15 = 235.2litre. Money saved in
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one day per train =235.2*0.94 = 221.088USD. Savings in operating 200 trains 200*221.088 = 44217.6USD
(28,75,495.62 INR). Savings on 200 trains for a year would be 44217*365 = 16139424USD (1049570144.88
INR). This will eventually recover the amount spent for setting up the wind turbine arrangement on the
locomotive [25].
Conclusion:
In this paper, a Wind Turbine has been proposed for locomotives with variable speed and supplying a DC load
with voltage regulation. The best output can be achieved by using Wells Turbine because of its ability to
operate under unsteady bi-directional airflow conditions on the moving rail locomotives coaches. Other types
of turbines have also been proposed for maximum output along with the proposition of generators and
augmenter. This paper has proposed two types of turbine installation, it includes the advantages and
disadvantages of the both the installation methods. As we know that the train’s speed is never constant and
hence the rpm of the turbine and generator’s input shaft is varying, so we have to use the special type of
generators (varying speed generators) but if a constant high speed is provided, the power output can
completely remove the add-on methods to generate electricity in locomotives. We have also suggested gear
box arrangement to multiply the rpm on generator’s input shaft when train is running at slow speed. This
technology is environment friendly and will help in reducing the fuel consumption required for the electric
power generation.
Future Prospects
Our main focus was just on the Indian Locomotives, but this can be further modified and can be used on
automobiles. We did the simulation of the air flow through the Wells Turbine and Propeller Fan Turbine. So
this Simulation helps us to understand the air flow in the vents for these two wind turbine. Main concern is to
utilize the kinetic energy of drag air on the vehicles to generate electricity. Therefore, such utilization of air to
generate electricity is environment friendly foot towards the Power Generation. As we know that India is one
of the largest coal consuming country for producing power. This way of generating electricity is polluting our
environment on large scale. In 2015, India was one of top 10 most polluted country of the world. Hence, such
modification in the design of the locomotives and automobiles can help us to generate electricity on large
scale. At least we can run our basic appliances which we use on daily basis in locomotives and automobiles.
In future the effective vent designs can be made that will help in increasing the efficiency of the setup. This
will help in reducing the air resistance and hence increasing the stability as well. Modification of material can
be done for different-different components of setup according to the required parameters. Usage of Diesel run
generator will decrease if this setup will come in limelight. This is totally concerned with Green India and
Clean India.
We are expecting that it is going to be utilized on large scale on locomotives and automobiles for fulfilling the
basic electrical requirements like running lights, fans and ilk.
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