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Introduction

CHAPTER - I

INTRODUCTION

1.1 Introduction                
The major driving force for the present day information technology revolution is the development in electronics. The advancements in microelectronics, satellite and optical fibre technology, analog and digital communication techniques have resulted in developing complex electronic devices, circuits and equipments capable of fast and efficient implementation telecommunication system. Real time transfer of audio and video signals are now possible with recent trends in broad band technologies.

The study of radio, television, record player and changer, tape recorder, video recorder, radar, transmitters and computers etc., is done under the vast branch of science called electronics. Presently, the progress and prosperity of a country is assessed on the base of its capabilities in the field of electronics. (A.K.Mittal, 2006)
Electronics is such type of branch of science in which new inventions and development of new devices and equipments is a continuous process. (A.K.Mittal, 2006)
Electronics refers to the flow of charge (moving electrons) through non-metal conductors (mainly semiconductors), where as electrical refers to the flow of charge through metal conductors. For example, flow of charge through silicon, which is not a metal, would come under electronics; where as flow of charge through copper, which is a metal, would come under electrical. This distinction started around 1906 with the invention by Lee De Forest of the triode. Until 1950 this field was called “Radio techniques” because its principal application was the design and theory of radio transmitters, receivers and vacuum tubes.
 The study of semiconductor devices and related technology is considered as a branch of physics where as the design and construction of electronic circuits to solve practical problems comes under electronic engineering.
1.2 Electronics 
Electronics is that particular branch of physics that deals with the emission, behavior and effects of electrons in electronic devices. The beginning of electronics started with experiments in electricity. In the 1880s Thomas Alva Edison and others observed the flow of current between elements in an evacuated glass tube. A two-electrode vacuum tube constructed by John A. Fleming (1849-1945) produced a useful output current. The Audion, invented by Lee De Forest (1907), was followed by further improvements. The invention of the transistor at Bell Labs (1947) initiated a progressive miniaturization of electronic components by the mid 1980s resulted in high-density microprocessors, which in turn led to tremendous advances in computer technology and computer-based automated systems.
Electronic circuits are composed of various electronic devices, such as transistors, resistors, and capacitors. In circuits built from discrete components, the components are typically soldered together on a fiberglass board known as a Printed Circuit Board (PCB). On one or more surfaces of the printed circuit board are layers of conductive material which has been patterned to form the interconnections between the different components in the circuit.
1.3 Applications of Electronics
Technology  involving  the manipulation of voltages and electric currents through  the  use of various  devices  for  the  purpose of performing some useful action. This large field is generally divided into two primary areas, Analog electronics and Digital electronics.
1.3.1 Analog Electronics
Historically, analog electronics was used in large part because of the ease with which circuits could be implemented with analog devices.
In analog electronics, the signals to be manipulated take the form of continuous currents or voltages. The information in the signal is carried by the value of the current or voltage at a particular time “t”. Some examples of analog electronic signals are amplitude-modulated (AM) and frequency-modulated (FM) radio broadcast signals, thermocouple temperature data signals, and standard audio cassette recording signals.
Commonly required manipulations include amplification, rectification, and conversion to a non-electronic signal. The amplification process  suffers  from  the  two primary  disadvantages of analog electronics: 1) Susceptibility to replication error due to nonlinearities in the amplification process. 2) Susceptibility to signal degradation due to the addition, during the amplification process, of noise originating from the analog devices composing the amplifier. These two disadvantages compete with the primary advantages of analog electronics, the ease of implementing any desired electronic signal manipulation.
1.3.2 Digital Electronics  
The advent of the transistor in the 1940s made it possible to design simple, inexpensive digital electronic circuits and initiated the explosive growth of digital electronics. Digital signals are represented by a finite set of states rather than a continum, as is the case for the analog signal. Typically, a digital signal takes  the value 0 or 1; such a signal is called a binary signal. As digital signals have only a finite set of states, they are amenable to error-correction techniques; this feature gives digital electronics its principal advantage over analog electronics.
 Electronics has now revolutionalised other areas like health care, instrumentation, automation, remote sensing, signal processing etc., Different analog and digital modulation techniques are used in communication, equipments and system involved in wireless communication, satellite and optical communication technologies, computer communication and networking, design and development of microelectronic circuits for computation and processing, components and systems for electronic instrumentation and control etc., are based on electronics.
Electrical power is used in a battery to run a flash light. Installation and maintenance of electronic equipments used for health care in hospitals, equipments and systems for instrumentation and control in process industries automation system of assembly line in production industries etc., 
· Peripheral electronics for microtechnology application has especially     demanding specifications. Requirements such as low-power consumption, low noise, high accuracy and reliability are often mandatory.

· A hot-wire anemometer was evaluated to determine its suitability for                     measurement of small tidal volumes.

· With a constant background flow of gas, the output of the hot-wire anemometer was linear and independent, of respiratory frequency, temperature, and humidity.

· Pyroelectric anemometer provides an accurate indication of fluid flow rate.

· An advanced laser transit anemometer system has been developed for difficult optical flow measurement applications.

1.4  Importance of Electronics
Electronics today provides the world with an infinite amount of information at a much faster speed than that information would even have been available before.
The majority of computer systems in use today are embedded in other machinery, such as automobiles, telephones, appliances and peripherals for computer systems. These are called embedded systems. Some embedded systems have minimal requirements for memory and program length with no operating system and low software complexity. Typical input and output devices include switches, relays, solenoids, LEDs, small or custom LCD displays , radio frequency devices and sensors for data such as temperature, humidity, light level etc., Embedded systems usually have no keyboard, screen, disks, printers, or other recognizable I/O devices of a personal computer and may lack human interaction devices of any kind.
1.5  Merits and Demerits of Electronics 
Digital and Analog electronics are two categories that have specific benefits depending on their application.
· Analog electronics generally excel where natural signals are used.

· Digital electronics generally excel in logic base applications to program various reaction to signals, create encryption for communication etc.,

· Analog electronics would have difficulty in creating a circuit that helps to program for a higher level logic function.

· All Analog components would be monstrous and expensive.
1.6  Integrated Circuits  

Integrated circuits were made possible by experimental discoveries which showed that semiconductor devices could perform the function of vacuum tubes, and by mid-20th century technology advancements in semiconductor devices fabrication. The integration of large number of tiny  transistors into a small chip was an enormous improvement over the manual assembly of circuits using discrete electronic components. The integrated circuit’s mass production capability, reliability and building-block approach to circuit design ensured the rapid adoption of standardized ICs in place of design using discrete transistors.
An integrated circuit is a miniaturized electronic circuit that has been manufactured in the surface of a thin substrate of semiconductor material. A hybrid integrated circuit is a miniaturized electronic circuit constructed of individual semiconductor devices, as well as passive components, bonded to a substrate or circuit board.
1.6.1 Importance of ICs

 Integrated circuits are used in almost all electronic equipment in use today and have revolutionized the world of electronics.
1.6.2 Advantages of ICs
There are two main advantages of ICs over discrete circuits: cost and performance. 
· Cost is low because the chips, with all their components, are printed as a unit by photolithography and not constructed one transistor at a time. Much less material is used to construct a circuit as a packaged IC than as a discrete circuit.

· Performance is high since the components switch quickly and consume little power, because the components are small and close together. 
1.6.3 Uses of ICs
Among the most advanced integrated circuits are the Microprocessors or “Cores” which control everything from computers to cellular phones and to digital microwave ovens.
· While cost of designing and developing a complex intergrated circuit is quite high, when spread across typically millions of production units the individual IC cost is minimum.

· The performance of ICs is high because the small size allows short traces which in turn allow low power logic to be used at fast switching speeds. 

1.7 Microcontroller
A computer-on-a-chip is a variation of a microprocessor which combines the processor core (CPU), some memory, and I/O (input/output) lines, all on one chip. The computer-on-a-chip is called the microcomputer, which is a computer using a (number of) microprocessor(s) as its CPUs, while the concept of the microcomputer is known to be a microcontroller. A microcontroller can be viewed as a set of digital logic circuits integrated on a single silicon chip. This chip is used for only specific applications.
A Microcontroller is a general purpose device, but one that is meant to read data, performs limited calculations and control its environment based on those calculations. The prime use of microcontroller is to control the operation of a machine using a fixed program that is stored in ROM and that does not change over the lifetime of the system. (Kenneth J. Ayala, 2006)
The Microcontroller is concerned with getting data from and to its own pins. The architecture and instruction set are optimized to handle data in bit and byte size. A Microcontroller is best exemplified by the fact that most microcontrollers may have one or two operational codes (OP codes) for moving data from external memory to the CPU. Microcontroller will have many types of bit handling instructions, and it is concerned with rapid movements of bits within the chip. The Microcontroller can function as a computer with the addition of no external digital parts. (Kenneth J. Ayala, 2006)
1.7.1 Microcontroller core features
· High-performance RISC CPU.

· Operating speed: DC-20 MHz clock input DC-200 ns instruction cycle.

· Up to 8K x 14 words of FLASH Program Memory, Up to 368 x 8 bytes of Data Memory (RAM) Up to 256 x 8 bytes of EEPROM data memory.

· Eight level deep hardware stack

· Direct, indirect and relative addressing modes.

· Power-on Reset (POR).

· Power-up Timer (PWRT) and Oscillator Start-up Timer (OST).

· Watchdog Timer (WDT) with its own on-chip RC oscillator for reliable operation.

· Programmable code-protection.

· Power saving SLEEP mode.

· Selectable oscillator options.

· Low-power, high-speed CMOS FLASH/EEPROM technology.

· In-Circuit Serial Programming (ICSP) .

· In-Circuit Debugging via two pins.

· Wide operating voltage range: 2.0V to 5.5V.

1.7 Anemometer
An anemometer is a device for measuring wind speed and is an essential instrument in a weather station. The term is derived from the Greek word, Anemos, meaning “wind”. Anemometers can be divided into two classes: those that measure the velocity of wind and those that measure the pressure of wind, but as there is a close connection between the pressure and the velocity, a suitable anemometer of either class will give information about both these quantities.
Anemometer is a device for measuring the speed of airflow in the atmosphere, in wind tunnels and in other gas-flow applications. Most widely used for wind speed measurements is the revolving cup electric anemometer, in which the revolving cups drive an electric generator. The output of the generator operates on electric meter that is calibrated in wind speed. The useful range of this device is approximately from 5 to 100 knots. A propeller may also be used to drive the electric generator, as in the propeller anemometer. In another type of wind driven unit, revolving vanes operate a counter, the revolutions being timed by a stopwatch and converted to air speed.This device is especially suited for the measurements of low airspeed.
1.8  Principles of anemometer 
Anemometer work on one of the following principles. (B.H.Khan, 2006)
· The oldest and simplest anemometer is a swinging plate vertically and hinged along its top edge.Wind speed is indicated by the angle of deflection of the plate with respect to vertical.   

· Cup anemometer consists of three or four cups mounted symmetrically about a vertical axis.The speed of rotation indicates wind speed.

· Wind speed can also be recorded by measuring the wind pressure on a flat plate.

· Hot-wire anemometer measures the wind speed by recording cooling effect of the wind on hot wire. The heat is produced by passing an electric current through the wire.

· An anemometer can also be based on sonic effect.Sound travels through still air at a known speed.However, if the air is moving, the speed decreases or increases accordingly.

· The other more novel techniques include laser anemometer, the ultrasonic anemometer and the SODAR Doppler anemometer. 

1.10 Types of Anemometer

i) Hot-wire anemometer
Hot wire anemometers use a very fine wire heated up to some temperature above the ambient when air flowing over the wire has a cooling effect on the wire. As the electrical resistance of most metals is dependent upon the temperature of the metal, a relationship can be obtained between the resistance of the wire and the flow of velocity. 
Additionally, PWM (Pulse Width Modulation) anemometers are also used, wherein the velocity is inferred by the time length of a repeating pulse of current that brings the wire up to a specified resistance and then stops until a threshold ‘floor’ is reached, at which the pulse is sent again.
Hot-wire anemometers, have extremely high frequency response and fine spatial resolution compared to other measurement methods and as such are almost universally employed for the detailed study of turbulent flows.
ii) Windmill anemometer
The other forms of mechanical velocity anemometer may be described as belonging to the windmill type or propeller anemometer. In the Robinson anemometer the axis of rotation is vertical, but with this subdivision the axis of rotation must be parallel to the direction of the wind and therefore horizontal. Since the wind varies in direction and the axis has to follow its changes, a wind vane or some other contrivance to fulfill the same purpose must be employed. An aerovane combines a propeller and a tail on the same axis to obtain accurate and precise wind speed and direction measurements from the same instrument. In cases where the direction of the air motion is always the same, as in the ventilating shafts of mines and buildings for instance, wind vanes, known as air meters are employed.
iii) Rotating cup anemometer
Rotating cup anemometer is the most commonly used wind instrument. Various methods are used to measure the speed of rotation of the cups. In the cup counter anemometer a mechanical counter indicates the run of the wind and will give the mean wind speed over specified intervals of time. In the cup generator anemometer, the cup wheel drives a small electrical generator, the current output from which is indicated on a meter, the scale of which is graduated in kmph or knots. Modern photoelectrical anemometers use a light chopper fixed to the cup wheel to measure the speed of rotation of cups. (Anna Mani, 1995)
iv) Pressure tube anemometer
Pressure tube anemometers measure wind by using Bernoulli’s principle and depend on the relation between the hydrostatic pressure and velocity at any point in a moving fluid. In the dines pressure tube anemograph, a vane turns an orifice into the wind and a second orifice, at 90 to the first, has wind blowing parallel to its face. The difference in pressure between these two orifices is a measure of the wind speed and is measured by means sensitive float manometer, the inside of which is so shaped that the vertical movements of the float are directly proportional to the wind speed. The instrument has a fast response and is capable of measuring wind to an accuracy of ±2 Kmph at speed above 5Kmph, but it is not effective at low wind speeds and also for remote indication. (Anna Mani, 1995)
V) Propeller anemometer
The propeller anemometer has dynamic characterisitics similar to those of a cup anemometer and consists of a propeller with two or more blades mounted on a wind vane, which continuously points into wind. The wind blowing into the propeller turns a shaft that drives a DC or AC generator or a light chopper to produce a pulse train. The rotation rate of the propeller is nearly proportional to wind speed, but the instrument may read low in winds rapidly changing directions, if the response of the vane is slow. (Anna Mani, 1995)
1.11 Benefits of anemometer

· This is the most reliable instrument when it comes to setting down precise wind speed information.

· A good anemometer can either present information on pressure or velocity.

· It needs a minimum air velocity to rotate the vane for an accurate reading.

· Hot-wire anemometers operate on the principle of heat transfer.

· Accurate wind and turbulence measurements by solid state sensor.

· Evaluates complete 3-D wind information.

· Unattended long term operation due to non moving parts. 

· Reliable operation even in extreme weather conditions. 

· Built-in self test. 

· Different sensor heads optimized for a wide range of applications.

· Deicing capability by sensor head heating. 

· On-line calculation of turbulence parameters. 

· Synchronized sampling of external analog signals (Eddy-correlation). 

· Measuring range up to 60 m/s. 

· Sampling rate up to 50 Hz. 

· Digital (RS232 or RS422) and/or analog output. 

· Instantaneous or averaging mode selectable. 
· On-site calibration routine.
1.12 Scope of the study

Generally, anemometers are meant for measuring wind velocity only. But the present digital device constructed could measure directly the power delivered due to natural wind, wind from electric fan and also wind caused by convective acceleration of fluids. This device being a combination of power meter and anemometer is useful in registering power due to low wind speeds.
Review of Literature

CHAPTER - II

REVIEW OF LITERATURE 

2.1 Introduction

An anemometer, first invented in 1450 by Italian architect Leon Battista Alberti, is an instrument that measures wind force, calculating the speed and direction of the wind. There are two types of anemometers:
· Velocity anemometer

· Pressure anemometer

Velocity anemometers include cup anemometers, windmill anemometers, hot wire anemometers, laser doppler anemometers and sonic anemometers. Pressure anemometers include plate anemometers and tube anemometers.

The Italian Leon Battista Alberti invented the first mechanical anemometer and experiments on wind tower anemometer were performed by Mayans. The wind speed and direction are obtained by sonic anemometer which was constructed by Dr. Andreas Pflitsch.

Likewise, various research works has been performed by different scientist mostly on cup anemometer, sonic anemometer, hot-wire anemometer etc., and the reviews on these different types of anemometers are shortly given below:

2.2 Hot-Wire Anemometer

Gjessing, D.T. et al., (1969) described a simple hot-wire anemometer made from a combination of straight platinum wires for the measurement of wind direction. With the three sets of sensing elements orthogonally oriented in space, the three orthogonal components of wind velocity are obtained directly in the form of three analogue voltages.
Edgar L. Andreas et al., (1980) observed the condensate profiles over arctic leads with a hot-film anemometer. Use the hot-film information to determine not only turbulence quantities but also condensate concentration profiles and the flux of condensate droplets at the surface of leads.

The error due to the flow temperature and sensor wire temperature in measuring the mean velocity of a flow using a hot-wire anemometer is studied by Levitskii, V.N. et al., (1985)
The effect of air humidity on the accuracy of measurements by means of constant-temperature  hot-wire  anemometer  has   been   investigated  by  Povkh, I.L. et al., (1985). He describes a method for reducing the resulting error. 

The dynamic response of the constant-voltage anemometer (CVA) system was investigated both analytically and experimentally and compared to that of the CTA by Kegerise, M.A. and Spina, E.F. (2000). The experimentally determined frequency-response functions of the CVA systems used in this study were found to have little dependence on the wire overheat ratio and reynolds number. 

Kegerise, M.A. and Spina, E.F. (2000) investigated the static response of the constant-voltage anemometer (CVA) analytically for the both subsonic and supersonic flow. The theoretical and empirical relative static sensitivity of the CVA system of mass-flux and total temperature variations appears very similar to that of the CTA and CCA systems over a wide range of overheat ratio.

Pupyshev, I.D. et al., (2004) proposed the calibrating unit for hot-wire anemometers and it reproduces the unit of airflow velocity to within   ± 0.65% in the range of 0.026-4.65m /sec. 

Laghrouche, M. et al., (2005) constructed a miniature silicon hot wire sensor for automatic wind speed measurements to make it easier and more accurate. The fabrication of such a sensor mainly consists in depositing a thin doped polycrystalline silicon layer on a 4” silicon wafer by using silicon-micro machined technique. The wafer comprises a polycrystalline silicon layer which is 0.5µm thick, with width running from 2 to 5µm and length, from 45 to 58 µm. Wind speed is then measured by detecting the resistance variations caused by the thermal transfer from the heated layer to the ambient atmosphere. The integrated silicon sensor have been experimented within a wind tunnel and calibrated for air speed ranging from 0 to 35m/s. 

Tim Persoons et al., (2006) describe about the oscillating hot wire features, a maximum measurable negative velocity of -1.0m/s which is comparable to existing oscillating  and flying hot-wire anemometers and can be applied in reversing flow in confined geometries such as flow in exhaust systems. 

2.3 Sonic Anemometer

An analog data reduction system for obtaining variance spectra of stationary  time  series  is  described and  its  accuracy  is  discussed by Businger, J.A. and Suomi, V.E. (1958).
McAneny, K.J. et al., (1988) made a study on turbulence measurements during mistral winds with a 1-dimensional sonic anemometer which estimates the friction velocities by eddy correlation and inertial dissipation methods with in 1 and 5% respectively of traditional profile measurements over the measured range of 0.2 to 1.2 ms-1.
Grant, A.L.M. and Watkins, R.D. (1989) found errors in turbulence measurements with a sonic anemometer. Maximum errors in mean wind speed and the standard deviations of the horizontal wind components are found to be between 10 and 20% and the vertical velocity data are analysed to show the presence of flow distortion induced by the asymmetry in the sonic anemometer probe and the mounting of the probe.

Thomas, P. and Vogt, S. (1993) found a SODAR, can measure turbulence data like the standard deviation of the vertical wind speed or horizontal wind direction. But when measuring turbulence data there are some limitations like volume sampling, spatial and temporal separation of sampling volume, attenuation of the acoustic waves and the slow speed of sound. 

Ulf Hogstrom and Ann-Sofi Smedman (2004) tell about the accuracy of sonic anemometer. Laminar wind-tunnel calibrations compared to atmospheric In Situ calibrations against a reference instrument shows that the correction for the effect of the vertical supporting rods in the instruments gives nearly perfect agreement for laminar flow, does not work entirely satisfactory in the natural turbulent flow and this is due to high sensitivity of the wake behind the cylindrical supporting rods.

Anfossi, D. et al., (2005) had made an analysis on sonic anemometer under low wind speed conditions. He found that the autocorrelation functions of the horizontal wind components, computed for the low wind cases show an oscillating behavior with the presence of large negative lobes.

2.4 Cup Anemometer 
Lyle. H. Horn (1958) tells about the relative performance of various cup anemometers in a gusty wind which relates the difference in the indicated mean speeds of anemometers and it is examined in light of Schrenk’s parameter which describes anemometer performance. 

Ramachandran, S. (1969) has made a theoretical study of cup and vane anemometers and estimated the mean values for sinusoidally fluctuating winds. The equation predicts on overestimation of low frequency components in winds containing more than one sinusoidal component.

Frank-Ulrich Dentler (1978) describes the effect of rainfall on measurements of mean wind speed with cup anemometer in the surface layer at sea which is influenced by the mean wind speed rather than a displacement of the profile to lower velocities than a change in the slope of the profile and the magnitude of these errors is a few percent of less even for heavy rainfall.

A field derived angular response curve is constructed for each anemometer and the deviations from published-tunnel results were discussed by Papadopoulos, K.H. et al., (2001). The necessity for the correction is the turbulent intensity and the mean flow inclination.

Yahaya, S. and Frangi, J.P. (2004) proves that the fast cup anemometers can be used to asses some turbulence parameters, especially for long-term measurements in severe climate conditions. 

2.5 Anemometer

Dibley, G.C. and Lewis, T. (1970) examined a bivane direction indicator and a sensitive vertical anemometer for measuring components   of  wind   in   sheltered   places.  Two  instruments  described are  a) a bivane direction indicator b) a vertical anemometer with the ancillary electronic recording equipment, for examining wind structure near wind breaks.
Bradley, E.F. (1979) has made measurement for turbulent wind structure under neutral condition. The r.m.s. turbulence components are approximately doubled near the surface and the departures from neutrality affected the profile shape and the magnitude of turbulence fluctuations.

The Corona anemometer has adequate frequency response for fluid dynamics measurement. An anemometer for highly turbulent or recirculating flows determines the flow velocity by ionizing air and sensing the convective displacement of the ions is described by Durbin, P.A. et al., (1987).
The polar diagrams for the variations in wind speed and direction are presented as a function of the wind direction. Wind field modification due to an anemometer tower shows the variations in wind  velocity and direction due to the mounting structure are studied by Lavagnini, A.  et al., (1988).
Hernandez-Walls, R. et al., (2008) designed and calibrated an inexpensive digital anemometer to measure both the speed and the direction of the wind in two dimensions. After calibration, the program determines the relationship between the pixels measured and the pendulum’s angle, and so obtains information about the wind. This system eliminates human error in data collection and storage, thereby considerably reducing the time and cost associated with measuring wind velocity. 

2.6 Micro-Anemometer

Pluijm, M.J.F.P. et al., (1986)  has  made  a  calibration  unit  for  micro-anemometer   at   very  low  air  velocities  with  an accuracy of the order of one percent.
Consequences for the micro anemometer calibration unit shows that the velocity of the micro-anemometer is equal to the velocity generated by the calibration unit within 5% and the numerical calculation show that the spherical micro-anemometer can also be calibrated by Pluijm, M.J.F.P. et  al., (1987).

2.7 Laser Doppler Anemometer

Dr. Sunil R. Kale et al., (1989) made a study on the measurement of particle rotational velocity using a laser anemometer. An electro dynamic balance and a frequency shifted laser doppler anemometer were used to obtain rotational velocity data from non spherical particles undergoing pure rotation. Within the experimental uncertainties, the maximum rotation-induced surface velocity measured with   the   LDA   agreed   well   with   that obtained from video tapes.
Becker, S. et al., (1999) explained about laser doppler anemometer for in flight velocity measurements on airplane wings to measure the local flow velocities in wind tunnels as well as to carry out free flight experiments which combine wind-tunnel investigations with numerical flow computations and in flight measurements. 

2.8 Gill Propeller Anemometer
Pond, S. et al., (1979) described the wind velocity measuring system based on the Gill propeller anemometer. Some preliminary results and some intercomparisons with other anemometers are described. 
The directional response of Gill  propeller anemometers with two specific models of propeller are investigated and the optimum non-cosine-response correction  factors  are presented for both propeller types and results of some field intercomparisons  between   the  Gill  and  Sonic  anemometer  measurements  of     turbulence  statistics  are  summarized  by  Bowen, A.J.  and  Teunissen, H.W. (1986)

2.9 Rotation Anemometer

V.Yu. Torochkov and D.ya.Surazhskii (1969) reported the contention that rotating anemometers indicate the average wind velocity as being higher or lower than the actual value and the rotating anemometer indicated higher average wind velocity for velocities up to 10-11 m/sec., and lower average wind velocity for higher values.
Errors in wind-speed measurements by rotation anemometer shows that there will be additional types of errors contributed to the real over speeding of rotation anemometers in a  gusty  wind and it can be  explained  from  the perturbation   theory  of non-linear  mechanics  by  Kaganov, E.I.  and  Yaglom, A.M. (1976).
2.10 Thrust   Anemometer

Genard  J. McNally (1970) has  made  a thrust  anemometer  for the  measurement  of the  turbulent wind  vector  and  the wind  tunnel tests are designed  to test the static characteristics  and frequency  response  of the anemometer. Rotation test  performed  at various  wind  speeds  provide  information on the anemometers  ability to resolve  the vector  wind  into its  components. 

2.11 Ultrasonic Anemometer

Two-dimensional ultrasonic anemometer using the directivity angle of an ultrasonic sensor was analyzed by Dongwoo Han, et al., (2008). The velocity experiments which are the results of this production system indicate that the system error rate is 2%. The wind direction measurements also give the same result, with an error of ±3˚.

2.12 Spinner Anemometer

Pedersen, T.F. et al., (2007) made a study on spinner anemometer to measure the wind speed over a wind turbine spinner. Calculations were made for varying wind speed and yaw angles and the air speed within the sonic sensor path were determined during rotation. The calculated air speeds were used as “calibration” data for an analogue spinner anemometer algorithm. The results indicate that the 300kW spinner anemometer characteristics are comparable to the 3D sonic anemometer with respect to time traces and average and standard deviation of wind speeds.

Materials and Methods

CHAPTER – III
MATERIALS AND METHODS
3.1 Introduction
            The constructed anemometer is a device which records the electrical power obtained by the conversion of wind power by the wind sensor coupled to DC motor. It is designed for its high reliability, ease of construction and for a wide environmental range. This chapter deals with the various components used, their description and the construction details of the digital anemometer which is an easy task and even the common people with little skill can do it in a short time. This chapter also gives the performance analysis of the constructed digital anemometer. The performance of the digital anemometer is analyzed by its capability in the conversion of wind power to electricity.
3.2 Block diagram and explanation
The fig 3.1 clearly depicts the block diagram of the designed digital anemometer. It consists of the following stages.
3.2.1 Wind sensor coupled to DC motor
Wind sensors are the blades that are connected to DC motor shaft. This arrangement is placed in wind blowing place. The output power is produced by the rotating shaft which in turn produces an electromagnetic induction to produce voltage in the stator terminal.  
3.2.2 Voltage converter
The output from the DC motor is converted to voltage by connecting shunt resistor which is connected in parallel to the DC power motor. So, that the output power is converted to voltage. 
3.2.3 PIC microcontroller
The analog voltage is given as an input to PIC microcontroller. Through the program coding techniques, the analog voltage is converted to digital format and the wind power is displayed in milliamps.
3.2.4 LCD
Liquid Crystal Display as shown in fig 3.2(commonly abbreviated LCD) is a thin, flat display device made up of any number of color or monochrome pixels arrayed in front of a light source or reflector. It uses very small amounts of electric power, and is therefore suitable for use in battery-powered electronic devices.
It is a 16X2 character l LCD. It is connected to the output port of  PORT C and PORT D of the PIC microcontroller. The output wind current generated is displayed in LCD and produces changes according to change in ADC input.
3.2.5 Power supply unit
PIC microcontroller and LCD requires 5V DC source for their operation.  The power supply unit with the help of its components supplies the required 5V DC.
3.2.6 Block diagram description
The wind sensor used for sensing the wind velocity is coupled to a DC motor. The sensor senses the wind speed and the DC motor coupled to it converts the wind power into DC power. Thus, the produced DC power will be directly proportional to the wind speed. This output power (electrical energy) is converted to voltage by passing the DC output through a shunt resistor connected in parallel to the output DC power motor. Then the converted voltage is given as an analog input to the PIC microcontroller. The PIC microcontroller, through its programming techniques converts the analog voltage to digital format and is displayed using a Liquid Crystal Display (LCD) connected to the output pins of the PIC microcontroller. The output is the current rating of the wind speed.
3.3 Circuit operation
The circuit diagram is shown in fig.3.3. The microcontroller, LCD all operate at +5V dc. Therefore, the 230 AC voltage supplied from the mains is stepped down to +5V using a step-down transformer and converted to DC power by full wave bridge rectification method. The output DC power may contain some ripples and these ripples are filtered using filter circuits (capacitors). The constant +5V output is regulated using IC7805 voltage regulator. The output of 7805 regulator is given to PIC microcontroller and LCD. A 4MHz crystal oscillator is used to generate the clock pulses to the PIC microcontroller. The speed of the microcontroller depends upon the value of the crystal oscillator. The output voltage generated in the DC motor rotation depends upon the wind power. Thus, the generated output is varied depending upon the wind energy. The DC motor shaft is connected with the rotating blades powered by wind energy produces DC power output at the stator terminal of DC motor. This generated power is converted to voltage by connecting a shunt resistor parallel to the output. This converted output analog voltage is given as input to the Ra0 pin of the microcontroller ADC input. Through the program coding techniques, the analog voltage is converted to digital format to display the actual wind power generated in milliamps in the LCD. The LCD is connected to the outputs (PORT C and PORT D) to provide a signal to change the variation according to the change in the input. The connections are made and the digital anemometer is assembled and depicted in plate 1.
3.4 Performance analysis of the constructed Digital Anemometer
The digital vane type anemometer assembled with reference to the circuit given in the fig.3.3 is tested for its proper working under AC as well as on DC power supply. First the device is switched on with AC supply and keeping the turbine of the anemometer at various distances from the source of wind, the power generated by the wind is measured as displayed on the display segment. The source of wind is a regulated electric fan. The wind speed from the electric fan is sensed by the wind sensor (blades). The blades rotate in a speed proportional to the wind speed and the DC motor coupled with the wind sensor converts it into electrical energy. The wind power produced due to the rotation of the anemometer blades is measured by connecting the probes from the corresponding pins of the display to the leads of motor shaft coupled to the turbine. The turbine speed is recorded with the help of a reference anemometer. For getting better results, the device is placed at various distances from the source of wind at fixed positions and the power produced is noted.

The experiment is also repeated with DC supply by using the battery incorporated in the circuit assembly in the absence of AC supply. The observations are taken by keeping the reference anemometer and turbine at various distances from the source of wind to record the velocity of wind and the corresponding power produced respectively. Thus, the performance of the designed digital anemometer is analyzed both with AC and DC supply.
3.5 Essential components for the construction of digital anemometer
3.5.1 Power supply unit components
The power supply unit circuit is given in fig 3.4 and it consists of the following components for the conversion of voltage from 230V AC to +5V DC.
Transformers
A transformer is a device that transfers electrical energy from one circuit to another through a shared magnetic field. The transformer consists of primary and secondary coils. A changing current IP (primary current) in the primary creates a changing magnetic field; in turn, this magnetic field induces a voltage VS (secondary voltage) in the secondary circuit. An ideal transformer keeps the product of the current and the voltage the same in the primary and secondary circuits.
The step-down transformer is used to step down the main supply voltage from 230V AC to lower value. To reduce or step down the voltage, the transformer is designed to contain less number of turns in its secondary core. The output from the secondary coil is also AC waveform. Thus, the conversion from AC to DC is essential. This conversion is achieved by using the rectifier circuit.
Rectifiers  
The rectifier circuit is used to convert the AC voltage into its corresponding DC voltage. The most important and simple device used in rectifier circuit is the diode. The simple function of the diode is to conduct when forward biased and not to conduct in reverse bias. The forward bias is achieved by connecting the diode’s positive with positive of the battery and negative with battery’s negative. The output voltages of the rectifier consist of ripples and are removed using filter circuits. 
Input filters
Capacitors are used as filter and the ripples as well as the harmonics of the input voltage from the DC voltage are removed to obtain a pure DC voltage. The primary action performed by capacitor is charging and discharging. It charges in positive half cycle of the AC voltage and discharges in negative half cycle thereby allowing only AC voltage. This filter is fixed before the regulator. Thus, the output is free from ripples.
regulator unit
IC 7805 regulates the output voltage to be always constant. The output voltage is maintained irrespective of the fluctuations in the input AC voltage. When the AC voltage changes, the DC voltage also changes. Thus, to avoid this regulators are used. Also when the internal resistance of the power supply is greater than 30 ohms, the output gets affected. Thus, this can be successfully reduced using regulators. The regulators are mainly classified for low voltage and for high voltage. Further they can also be classified as:  

· Positive regulator
· Negative regulator
Output filter
Capacitor is most often used as filter. The principle of the capacitor is to charge and discharge. It charges during the positive half cycle of the AC voltage and discharges during the negative half cycle. So it allows only AC voltage and does not allow the DC voltage. This filter is fixed after the regulator circuit to filter ripples in the received output. 
Other components
3.5.2 Resistors
A resistor is a two-terminal electrical or electronic component that resists an electric current by producing a voltage drop between its terminals in accordance with Ohm's law, 
                                             V = IR

The electrical resistance is equal to the voltage drop across the resistor divided by the current through the resistor(R = V/I). Resistors are used as part of electrical networks and electronic circuits.
3.5.3 Capacitors
Capacitor is an electrical device that can store energy in the electric field between a pair of closely spaced conductors (called 'plates').When current is applied to the capacitor, electric charges of equal magnitude, but opposite polarity, build up on each plate. They can also be used to differentiate between high-frequency and low-frequency signals and this makes them useful in electronic filters. Capacitors are occasionally referred to as condensers. The capacitor's capacitance (C) is a measure of the amount of charge (Q) stored on each plate for a given potential difference or voltage (V) which appears between the plates:                              
                                           C=Q/V

                            The capacitance is proportional to the surface area of the conducting plate and inversely proportional to the distance between the plates. It is also proportional to the permittivity of the dielectric (i.e., non-conducting) substance that separates the plates. 
3.5.4 LED
A Light-Emitting Diode (LED) is a semiconductor device that emits in-coherent narrow-spectrum light when electrically biased in the forward direction of the p-n junction. This effect is a form of electroluminescence.
An LED is usually a small area source, often with extra optics added to the chip to shape its radiation pattern. The color of the emitted light depends on the composition and condition of the semiconducting material used, and it can be infrared, visible, or near-ultraviolet.
3.5.5 LCD
Liquid Crystal Display (LCD) is a material which combines the properties of both liquid and crystals. They have a temperature range within which the molecules are almost as mobile as they would be in a liquid, but are grouped together in an ordered form similar to a crystal.
3.6 PIC 16f877a Microcontroller
PIC means Peripheral Interface Controller. The PIC families have different series. The series are 12-series, 14-series, 16-series, 18-series, and 24-series. In PIC 16F877A microcontroller, the circuit works on with 16 series.
Operational data of PIC microcontroller
· Operating frequency: DC-20Mhz.

· Flash program memory(14 bit words): 8K

· Data memory(in bytes): 368

· EEPROM Data memory(in bytes): 256

· Interrupts: 15

· I/o ports: A,B,C,D,E

· Timers: 3

· Analog comparators: 2

· Instructions: 35
3.7 PIC Architecture
 The architecture of PIC 16F877A is shown in fig 3.5 and its pin diagram is given in fig 3.6. The overall description of the PIC 16F877A is given below:
OSC1/CLKI
OSC1/CLKI stands for Oscillator Crystal Input or external clock source Input. ST buffer when configured in RC mode or otherwise CMOS, external clock source input always associated with pin function OSC1.

OSC2/CLKO 
OSC2/CLKO stands for Oscillator Crystal or clock output, connects to the crystal or resonator in crystal oscillator mode. In RC mode, OSC2 pin outputs CLKO, which has 1/4 the frequency of OSC1 and denotes the instruction cycle rate. 
I/O PORTS
Some pins for these I/O ports are multiplexed with an alternate function for the peripheral features on the device. In general, when a peripheral is enabled, that pin may not be used as a general purpose I/O pin.
PORT A and the TRIS A register 
PORT A is a 6-bit wide, bidirectional port. The corresponding data direction register is TRIS A. Setting a TRIS A bit (= 1) will make the corresponding PORT A pin an input (i.e., put the corresponding output driver in a High-Impedance mode). Clearing a TRIS A bit (= 0) will make the corresponding PORT A pin an output.
Pin RA4 is multiplexed with the Timer0 module clock input to become the RA4/T0CKI pin. The RA4/T0CKI pin is a schmitt trigger input and an open-drain output. All other PORT A pins have TTL input levels and full CMOS output drivers. Other PORT A pins are multiplexed with analog inputs and the analog VREF input for both the A/D converters and the comparators. 
PORT B and the TRIS B register  
PORT B is an 8-bit wide, bidirectional port. The corresponding data direction register is TRIS B. Setting a TRIS B bit (= 1) will make the corresponding PORT B pin an input (i.e., put the corresponding output driver in a High-Impedance mode). Clearing a TRIS B bit (= 0) will make the corresponding PORTB pin an output (i.e., put the contents of the output latch on the selected pin). Three pins of PORT B are multiplexed with the In-Circuit Debugger and Low-Voltage Programming function: RB3/PGM, RB6/PGC and RB7/PGD. 
The “mismatch” outputs of RB7:RB4 are OR’ed together to generate the RB port change interrupt with flag bit RBIF (INTCON<0>).A mismatch condition will continue to set flag bit RBIF. Reading PORT B will end the mismatch condition and allow flag bit RBIF to be cleared.
PORT C and the TRIS C register  
PORT C is an 8-bit wide, bidirectional port. The corresponding data direction register is TRIS C. Setting a TRIS C bit (= 1) will make the corresponding PORT C pin an input (i.e., put the corresponding output driver in a High- Impedance mode). Clearing a TRIS C bit (= 0) will make the corresponding PORT C pin an output (i.e., put the contents of the output latch on the selected pin). PORT C is multiplexed with several peripheral functions. PORT C pins have schmitt trigger input buffers. Some peripherals override the TRIS bit to make a pin an output, while other peripherals override the TRIS bit to make a pin an input. Since the TRIS bit override is in effect while the peripheral is enabled, read-modify write instructions (BSF, BCF, and XORWF) with TRIS C as the destination, should be avoided. 
Timer0 module
Timer mode is selected by clearing bit T0CS (OPTION_REG<5>). In timer mode, the timer0 module will increment every instruction cycle (without prescaler). If the TMR0 register is written, the increment is inhibited for the following two instruction cycles.
Features of timer0 module
· 8-bit timer/counter

· Readable and writable

· 8-bit software programmable prescaler

· Internal or external clock select

· Interrupt on overflow from FFh to 00h

· Edge select for external clock.
Timer0 interrupt

The TMR0 interrupt is generated when the TMR0 register overflows from FFh to 00h. This overflow sets bit TMR0IF (INTCON<2>). The interrupt can be masked by clearing bit TMR0IE (INTCON<5>). Bit TMR0IF must be cleared in software by the timer0 module interrupt service routine before re-enabling this interrupt. The TMR0 interrupt cannot awaken the processor from sleep, since the timer is shut-off during sleep.
Timer1 module
The timer1 module is a 16-bit timer/counter consisting of two 8-bit registers (TMR1H and TMR1L) which are readable and writable. The TMR1 register pair (TMR1H:TMR1L) increments from 0000h to FFFFh and rolls over to 0000h. The TMR1 interrupt, if enabled, is generated on overflow which is latched in interrupt flag bit, TMR1IF (PIR1<0>). This interrupt can be enabled/disabled by setting or clearing TMR1 interrupt enable bit, TMR1IE (PIE1<0>). 
Timer1 can operate in one of two modes:

· As a Timer

· As a Counter

 In timer mode, timer1 increments every instruction cycle. In Counter mode, it increments on every rising edge of the external clock input.
Timer2 module
Timer2 is an 8-bit timer with a prescaler and a postscaler. It can be used as the PWM (Pulse Width Modulation) time base for the PWM mode of the CCP module(s). The TMR2 register is readable and writable and is cleared on any device reset. The timer2 module has an 8-bit period register, PR2. Timer2 increments from 00h until it match PR2 and then resets to 00h on the next increment cycle. PR2 is a readable and writable register. The PR2 register is initialized to FFh upon reset. The match output of TMR2 goes through a 4-bit postscaler (which gives a 1:1 to 1:16 scaling inclusive) to generate a TMR2 interrupt (latched in flag bit, TMR2IF (PIR1<1>)). Timer2 can be shut-off by clearing control bit, TMR2ON (T2CON<2>), to minimize power consumption.
3.8 Software description
Program
#include<pic.h>

#include<lcd.h>

__CONFIG(XT & WDTDIS & PWRTDIS & BORDIS & LVPDIS & WRTEN & DEBUGDIS & DUNPROT & UNPROTECT);

#include "lcd_16x4.h"

#include "delay.c"

static bit LCD_RS
@ ((unsigned)&PORTC*8+1);
// Register select

static bit LCD_RW
@ ((unsigned)&PORTC*8+2);
//write enable

static bit LCD_EN
@ ((unsigned)&PORTC*8+3);
// Enable

#define LCD_RS_TRIS
TRISC1

#define LCD_RW_TRIS
TRISC2

#define LCD_EN_TRIS
TRISC3

#define OUTPUT_PIN   0x0


#define INPUT_PIN    0x1

// #define
LCD_STROBE
((LCD_EN = 1),(LCD_EN=0))

//void lcd_putn(unsigned int x);

void lcd_putnasc(unsigned int asc);

void lcd_pause(void)

{

 unsigned char nm;

 nm = 0;

 do { 

 nm += 1;

} while (nm < 10);

}

void lcd_clear(void)

{

LCD_RS = 0;

LCD_RW=0;

lcd_write(0x01);

DelayMs(2);

}

void lcd_strobe(void)

{

LCD_EN = 0;

 lcd_pause();

 LCD_EN = 1;

 lcd_pause();

 LCD_EN = 0;

 lcd_pause();

 }

 //  write a byte to the LCD in 8 bit mode 

 void lcd_cmd(unsigned char inst)

{

 LCD_RS = 0;        // send an instruction

 LCD_RW = 0;

 lcd_write(inst);

 DelayMs(2);

 }

 void lcd_move(unsigned char Row, unsigned char Col)

{

 LCD_RS = 0;        // send an instruction

 LCD_RW = 0;

 if (Row == 0) lcd_write(0x80 + Col);

 if (Row == 1) lcd_write(0xC0 + Col);

//   if (Row == 2) lcd_write(0x90 + Col);

 //  if (Row == 3) lcd_write(0xD0 + Col);

}

void lcd_write(unsigned char c)

{

 PORTD = (PORTD & 0x00) | c;// ((c>>4) & 0x0F); 

lcd_strobe();

/*PORTD = (PORTD & 0xF0) |  ((c>>4) & 0x0F);

lcd_strobe();

PORTD = (PORTD & 0xF0) |  (c  & 0x0F);

lcd_strobe();*/

DelayUs(40);

}

void lcd_putn(unsigned int y)

{

 unsigned int temp, HUDS, TENS, ONES;

 LCD_RS = 1;
// write characters

 LCD_RW = 0;

 temp=y;

HUDS=temp/100;

temp=temp%100;

TENS=temp/10;

temp=temp%10;

ONES=temp;

if(HUDS)

{

 lcd_write(HUDS+0x30);

lcd_write(TENS+0x30);

lcd_write(ONES+0x30);


}

else if(TENS)

{

lcd_write(TENS+0x30);

lcd_write(ONES+0x30);


}

else

{

lcd_write(ONES+0x30);


}

}

void lcd_putnasc(unsigned int asc)

 {

 //
unsigned int temp, HUDS, TENS, ONES;

 LCD_RS = 1;
// write characters

LCD_RW = 0;

 lcd_write(asc);

/*
HUDS=temp/100;

temp=temp%100;

TENS=temp/10;

temp=temp%10;

ONES=temp;

if(HUDS)

{

lcd_write(HUDS);

lcd_write(TENS);

lcd_write(ONES);


}

else

{

lcd_write(TENS);

lcd_write(ONES);


}*/

}

void lcd_puts(const char * s)

{

LCD_RS = 1;
// write characters

LCD_RW = 0;

while(*s)

lcd_write(*s++);

}

void lcd_init(void)

{

TRISD = 0x00;

LCD_RS_TRIS
 = OUTPUT_PIN;

LCD_RW_TRIS  =  OUTPUT_PIN;

LCD_EN_TRIS
 = OUTPUT_PIN;

lcd_cmd(0x33);

lcd_cmd(0x32);

 //  lcd_cmd(0x28);
// 4 bit mode

lcd_cmd(0x38); 

//8 bit mode

lcd_cmd(0x0F);

// 0E== display on, blink curson on   ;    OF== CURSOR      BLINK;   3F== CURSOR

lcd_cmd(0x01);

//Display Clear

lcd_cmd(0x06);

//entry mode

}

#define
MHZ
*1

#ifndef
XTAL_FREQ

#define
XTAL_FREQ
4MHZ

/* Crystal frequency in MHz */

#endif

#if
XTAL_FREQ < 8MHZ


#define
uS_CNT 
238


/* 4x to make 1 mSec */

#endif

#if
XTAL_FREQ == 8MHZ

#define uS_CNT  244

#endif

#if
XTAL_FREQ > 8MHZ

#define uS_CNT  246

#endif

#define FREQ_MULT
(XTAL_FREQ)/(4MHZ)

extern void DelayUs(unsigned char);

extern void DelayMs(unsigned char);

unsigned int T,temp,T1max, volt, count12, m1,m2,b0, b1, b2 ,b3,a,a2,a3, 

fninc,i,cur1, var1, var2;

//unsigned char a2,a3,b2,b3,c2,c3,d2,d3;

//unsigned char m1,m2,m3,m4,m5,m6,m7,m8;

//unsigned char x1,x2,x3,x4,x5,x6,x7,x8;

//unsigned char fninc,cur1,var1,var2;

write_eeprom(unsigned char add,unsigned char);

read_eeprom(unsigned char add);

void delay();

void keyscan();

//void delay();

void main()

{

count12=200;

ADCON1=0X82;

TRISA=0X3F;

TRISC=0X00;

TRISD=0X00;

TRISB=0XF0;

PORTA=0;

PORTB=0;

PORTD=0;

PORTC=0;

//m1=read_eeprom(0xa1);

//m2=read_eeprom(0xa2);

moveon=0;

lcd_init();

while(1)

{

count12++;

if(count12>=100)

{

count12=0;

ADCON0=0X81;

delay();

ADGO=1;

while(ADGO);         //status check

volt=(int)((ADRESH*256+ADRESL)*4.8828); //1 BIT =4.8828mVolt  //right

delay();

delay();

ADCON0=0X89;

delay();

ADGO=1;

while(ADGO);         //status check

T=(ADRESH*256+ADRESL);

delay();

}  

a=volt;

b0=a/1024;

a=a%1024;

b1=a/100;

a=a%100;

b2=a/10;

a=a%10;

b3=a;

 //
temp=T/2;

//
a2=temp/10;

//
a3=temp%10;

//a3=temp;

//
cursor_loc(0x80);

//
display_string("T1=");

//
display_data(a2);

//
display_data(a3);

cursor_loc(0xc0);

display_string("WIND mA= ");

display_data(b0);

display_data(b1);

display_data(b2);

display_data(b3);

}

}

void delay()

{

for(i=0;i<=2000;i++);

}
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Fig 3.1
LCD DISPLAY DIAGRAM
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Fig 3.2

OVERALL CIRCUIT DIAGRAM
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POWER SUPPLY CIRCUIT
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Fig 3.4
           pin diagram of pic 16f874a/877a
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Fig 3.5

FUNCTIONAL BLOCK DIAGRAM OF PIC 16F877A
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Fig 3.6
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                 Results & Discussion
CHAPTER - IV

RESULTS AND DISCUSSION

Performance of the assembled digital anemometer
The  digital anemometer was  assembled  with  the  help of  the  circuit  as shown  in fig  3.3. The construction  of  this  device  is  made  in  such  a  way  that  it  is  capable  of  operation  either  on  DC or AC supply as explained in chapter 3.

The   performance of the constructed digital anemometer is tested first with AC supply. After giving the power from AC supply, the shrowded   blades of the turbine of the anemometer is subjected to the source of wind produced from a regulated electric fan. As the blades of  the  turbine are  rotated, electrical  energy is generated  in the  coupled  motor  and  the  probes  from  turbine  set  up  are used  to  measure  the  power  delivered  in  milliamps as recorded in  the  display  segment of  the  assembly. The  speed  of  rotation of  the  turbine due to  the  wind  from the fan recorded  by  another reference  digital  anemometer  simultaneously  by  keeping  its vanes  at  the  same  level  and  position  of  the  shrowded  turbine  of  the  constructed  device. The  observations  of  the  current  delivered  for  various  wind  speeds  using  AC supply  are  presented  in  table  (4.1). The variation  of  current  produced  with  wind  velocity  is  also pictorially  represented  in  fig ( 4.1).The  observations  indicate  that  the  power  delivered  depends  upon  the  wind  speed  and  it  confirms  the  principle  of  any  vane  type  anemometer.

Now  the  constructed  device  was  put  in  operation  with  the  supply of  DC power  from  batteries  incorporated  in  the  assembly  by  inserting  the  leads  into  the  socket  of  DC  supply  and  the  experiment  is  repeated  as  done  with  AC supply. A  number  of  observations  were  taken  by keeping  the  turbine  at  different  distances  from  the  source  of  wind and the results obtained for various wind speed and  power delivered  under  DC supply  are  presented  in table  (4.2) and  the  corresponding  variations  are  depicted  in  fig (4.2).

The values obtained with DC supply are observed to be less than that with AC supply. This may be due to the discharge of the battery delivering the power for working of the device. Thus, it is ascertained that better performance is obtained with AC supply of constant voltage. In general the constructed anemometer is efficient in operation to study the power delivered due to the wind speed.

Table 4.1

Current variation with wind velocity operated with AC supply

                                                                 Regulator speed level of electric fan = 5

	S.No.
	Distance from source to anemometer fan 

×10‾2 m
	Wind velocity

m/s
	Current produced

mA

	1
	30
	2.7
	517

	2
	40
	2.6
	498

	3
	50
	2.5
	444

	4
	60
	2.4
	436

	5
	70
	2.3
	430

	6
	80
	2.2
	415

	7
	90
	2.1
	390

	8
	100
	2
	385

	9
	110
	1.9
	351

	10
	120
	1.8
	314

	11
	130
	1.7
	297

	12
	140
	1.6
	283

	13
	150
	1.5
	234

	14
	160
	1.4
	224


Table 4.2

Current variation with wind velocity operated with DC supply

                                                                 Regulator speed level of electric fan = 5

	S.No
	Distance from source to anemometer fan

×10‾2 m
	Wind velocity

m/s
	Current produced

mA

	1
	30
	3
	353

	2
	40
	2.9
	244

	3
	50
	2.8
	239

	4
	60
	2.7
	238

	5
	70
	2.5
	234

	6
	80
	2.4
	229

	7
	90
	2.3
	219

	8
	100
	2.2
	214

	9
	110
	2.1
	209

	10
	120
	2
	208

	11
	130
	1.9
	182

	12
	140
	1.8
	175

	13
	150
	1.7
	166

	14
	160
	1.5
	159

	15
	170
	1.1
	146
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 Fig 4.1 Variation of current with wind velocity (with AC supply)
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          Fig 4.2 Variation of current with wind velocity (with DC supply)
Summary and Conclusion
CHAPTER – V
            SUMMARY AND CONCLUSION
5.1 Introduction
Anemometers are wind power measuring instruments used to collect wind data that can be used to determine the feasibility of installing wind turbine equipment at a specific site. Also anemometers are successfully used for meteorological purpose. The present study is made on a digital vane type anemometer for power conversion. The constructed digital anemometer is found to be efficient in its performance for measuring wind power.                            
5.2 Highlights of the study

· It is very simple and easy to construct as it is based on electronic circuits. 

· It is assembled with the electronic components such as resistors, capacitors, LCD, microcontroller 16F877A, etc., and the total cost of the device is Rs. 2000 only.

· It gives satisfactory performance with the measurements of current delivered due to wind.

· It is a device capable of operating both with AC and DC power supply.

· It is very compact and easy to transport.

· It can be operated in areas with remote access to grid supply.

· Since the option of battery operation is there, it can be very well used in case of power failure.

· The direct measurement of power conversion due to wind velocity is an added advantage of the device.

· It is a highly sensitive device and is also very cheap, compared to commercial anemometers.
5.3 Conclusion

Anemometers play a vital role in all energy measurements due to wind. High tech commercial anemometers are highly sophisticated and expensive. So cheap and efficient anemometer to measure direct power from the wind speed is a welcoming one. Hence the attempt of constructing a cheap microcontroller based anemometer for measuring the direct power from the wind turned out to be a successful one. This easy, compact, portable and cheap electronic power anemometer constructed is found to be efficient and gave better expected results. Though, it is not a sophisticated one, this type of power anemometers are useful in laboratory experiments and also as a demonstration model.  

References
REFERENCES
· Anfossi, D., Oettl, D., Degrazia, G and Goulart, A (2005), An Analysis of Sonic anemometer observation in low wind speed conditions, Boundary-Layer Meteorology, Vol. 114, Issue 1, pp 179-203.
· Anna Mani (1995),   Wind  Energy Resource Survey  in India-I, Allied Publishers, p 174-175.
· Becker, S., Durst, F and Lienhart, H (1999), Laser doppler anemometer for in-flight velocity measurements on airplane wings: Aerodynamic Measurement Technology, AIAA Journal, Vol. 37, pp 680-687.

· Bowen, A.J and Teunissen, H.W (1986), Correction factors for the directional response of Gill propeller anemometers, Boundary-Layer Meteorology, Vol. 37, Issue 4, pp 407-413.

· Bradley, E.F (1979),  An experimental study of the profiles of wind speed, shearing  stress  and   turbulence  at  the  crest  of  a  large  hill,  The   Quarterly  Journal   of   the   Royal   Meteorological   Society,  Vol.106,  Issue 447,             pp 101-123.

· Businger, J.A and Suomi, V.E (1958), Variance spectra of the vertical wind  component derived from observations with the sonic anemometer at O‘Neill, Nebraska in 1953,  Meteorology  and  Atmospheric  physics,Vol.  10, Issue  4,    pp 415- 425.

· Dibley, G.C and Lewis, T (1970), A  bivane  direction   indicator  and   a       sensitive  vertical  anemometer  for  measuring  components  of  wind  in  sheltered  places,  Annals  of   Applied   Biology,   Vol. 66,   Issue 3,                   pp 469-475.

· Dongwoo Han, Sunghyun Kim and Sekwang Park (2008),  Two-dimensional ultrasonic  anemometer  using  the  directivity angle  of an  ultrasonic  sensor, Microelectronics Journal,    Vol. 39,   Issue 10,     pp 1195-1199.
· Durbin, P.A.,  Mckinzie, D.J  and  Durbin, E.J  (1987), An   Anemometer  for highly  turbulent or recirculating  flows,   Experiments  in  fluids, Vol. 5, Issue 3, pp 184-188.

· Edgar L. Andreas, Richard M. Williams and Clayton A. Paulson (1980), Observations of condensate profiles over arctic leads with a hot-film anemometer, The Quarterly Journal of the Royal Meteorological Society, Vol. 107, Issue 452, pp 437-460.

· Frank-Ulrich Dentler (1978), The effect of rainfall on measurements of mean wind speed with cup anemometers in the surface layer at Sea, Boundary-Layer Meteorological Society, Vol. 14, Issue 1, pp 123-130.

· Gerard J. McNally (1970), A thrust anemometer for the measurement of the turbulent wind vector, Oceanography and Atmospheric Science and Meteorology, Vol. 57, pp 52.

· Gjessing, D.T., Lanes, T and Tangerud, A (1969), A hot wire anemometer for the measurement of the three orthogonal components of wind velocity, and also directly the wind direction, employing no moving parts, Journal of Physics. E: Science Instruments, Issue 1, pp 51-54.

· Grant, A.L.M  and  Watkins, R.D  (1989),  Errors in turbulence measurements with   a   sonic   anemometer,  Boundary-Layer Meteorology, Vol. 46, Issue 1-2, pp 181-194.

· Hernandez-Walls, H., Rojas-Mayoral, E., Baez-Castillo, L and Rojas-Mayoral, B (2008), Design and calibration of an inexpensive digital anemometer,  Physics Education, Vol. 43, pp 593-598.

· Kaganov, E.I  and Yaglom, A.M  (1976),  Errors   in  wind   speed   measurements by   rotation  anemometers,   Boundary-Layer Meteorology,   Vol. 10,   Issue 1,   pp 15-34.

· Kegerise, M.A and Spina, E.F (2000), A comparative study of constant voltage and constant-temperature hot-wire anemometers: Part II - The dynamic response, Experiments in fluids, Vol. 29, Issue 2, pp 165-177.

· Kegerise, M.A and Spina, E.F (2000), A Comparative study of constant-voltage and constant-temperature hot wire anemometers: Part I - The static response, Experiments in fluids, Vol. 29, Issue 2, pp 154-164.

· Kenneth J. Ayala (2006), The 8051 microcontroller architecture, programming and applications, Penram International Publishing Pvt Ltd, p 4-6.

· Khan, B.H (2006), Non-conventional energy resources, Tata McGraw Hill Company Limited, p 157.

· Laghrouche, M.,  Adane, A., Boussey, J., Ameur, S., Meunier, D and Tardu, S (2005), A miniature silicon hot wire sensor for automatic wind speed  measurements,  Renewable  Energy,  Vol. 30,  Issue 12,              pp 1881-1896.
· Lavagnini, A., Argentini, S and Carcullo, R(1988), Wind field modification due to an anemometer tower, II  Nuovo cimento C, Vol. 11, Issue 5-6, pp  619-627.

· Levitskii, V.N., Repik, E.U and Yu. P. Sosedko (1985), Influence of the temperature of a flow on the readings of a hot wire anemometer, Journal of  Engineering  physics  and  Thermo  physics,  Vol. 49,  Issue 3,         pp 1013-1018.
· Lyle H. Horm (1958), The relative performance of various cup anemometers in gusty wind, Theoretical and Applied climatology, Vol. 9, Issue 2, pp 231-237.

· McAneny, K.J., Baille, A and Sappe, G (1988), Turbulence measurements during mistral winds with a 1-dimensional sonic anemometer,  Boundary-Layer Meteorology,  Vol. 42,  Issue 3 ,             pp  153-166.

· Mittal, A.K (2006), Electronics theory, Asian Publishers, p 2.

· Papadapoulos, K.H., Stefantos, N.C., Paulsen, U.S and Morfiadakis, E (2001), Effects of turbulence and flow inclination on the performance of cup anemometer in the field, Boundary-Layer Meteorology, Vol. 101, Issue 1, pp 77-107.

· Pedersen, T.F., Sorensen, N.N and Enevoldsen, P (2007), Aerodynamics and characteristics of a spinner anemometer, Journal of Physics: Conference Series, Vol. 75, pp 9.

· Pluijm, M.J.F.P., Sars, G.J.A and Massen, C.H (1986), Calibration unit for micro-anemometers at very low air velocities, Applied Scientific Research, Vol. 43, Issue 3, pp 227-234.

· Pluijm, M.J.F.P., Van Den Kieboom, A.M and Massen, C.H (1987), Calculations of the velocity profiles in the vicinity of sphere at intermediate reynolds numbers: consequences for the micro-anemometer calibration  unit,  Applied  Scientific  Research,  Vol. 44,  Issue 4,         pp 391-399.

· Pond, S., Large, W.G., Miyake, M and Burling, R.W (1979), A Gill twin propeller-vane anemometer for flux measurements during moderate and strong  winds,  Boundary-Layer  Meteorology,  Vol. 16,  Issue 4,           pp 351-364.

· Povkh, I.L., Savostenko, P.I and Yu. D. Ukrainskii (1985), Measurement of moist air velocity by means of hot wire anemometers, Journal of Engineering physics and Thermo physics, Vol. 48, Issue 36, pp 280-284.

· Pupyshev, I. D., Chepushtanov, A.A and Yu. V. Beketov (2004), Calibration unit for hot wire anemometers, Measurement techniques, Vol. 47, Issue 2, pp 168-171.

· Ramachandran, S (1969), A theoretical study of cup and vane anemometers part II, The Quarterly Journal of the Royal Meteorological Society, Vol. 96, Issue 407, pp 115-123.

· Dr. Sunil R. Kale, Dr. Massood Ramezan and Dr. Rodney J. Anderson (2004), Measurement of particle rotational velocity using laser anemometer,  Particle  and  particle systems characterization, Vol. 6, Issue 1-4, pp 59-63.

· Thomas, P and Vogt, S (1993), Intercomparison of turbulence data measured by SODAR and sonic anemometers, Boundary-Layer Meteorology, Vol. 62, Issue 1-4, pp 353-359

· Tim Persoons, Ad Hoefnagels and Eric Van Den Bulck (2006), Calibration of an oscillating hot wire anemometer for bidirectional velocity  measurements, Experiments  in  fluids,  Vol. 40,  Issue 4,        pp 555-567.

· V.Yu. Torochkov and D.Ya. Surazhkii (1969), Measuring average wind speed, Oceanography and Atmospheric Science and Meteorology, pp 8.

· Ulf Hogstrom and Ann-Sofi Smedman (2004), Accuracy of sonic anemometer: Laminar wind-tunnel calibrations compared to atmospheric In Situ calibration against a reference instrument, Boundary-Layer Meteorology, Vol. 111, Issue 1, pp 33-54.

· Yahaya, S and Frangi, J.P (2004), Cup anemometer response to the wind turbulence measurement of the horizontal wind variance, Annales geophysicae, Vol. 22, pp 3363-3374.

· http://en.wikipedia.org/wiki/Electronics
· www.answers.com/topic/Electronics
· www.essayarchive.com
· http://en.wikipedia.org/wiki/Anemometer
· http://metermall.com/product%20pages/air%20flow/climomaster-from-kanomax.htmc cable and software

· http://www.helium.com/items/1223261-uses-of-an-anemometer
· http://www.metek.de/produkte_usa.htm









PAGE  

