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Abstract: 

A constant current hot wire anemometer was designed, constructed, simulated and tested. The Probe used in building the instrument was 

a glass cap removed ordinary torch bulb-filament. The anemometer was designed under two different sections one is the sensor part and 

the other is the analog to digital converter (ADC). Computer interface was utilized to simulate and achieve precision through effective 

calibration techniques. 12 V was supplied as the main power supply to the entire design. The design was located in a wooden box to 

enhance its portability. Simulation and development were facilitated with NI Multisim software which provides the best-in-class SPICE 

simulation environment. 
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1. INTRODUCTION: 

 

An anemometer is a device for measuring the speed or velocity of 

air (gases) either in a contained flow or in unconfined flows, and 

is a common weather station instrument. The term is derived from 

the Greek word ‘anemos’, meaning wind, and it is used to 

describe any airspeed measurement instrument used in 

meteorology or aerodynamics. There are several types of 

anemometers used in the industries based on the requirement.  

They are: Cup and Windmill Anemometers, Tube Anemometers, 

Sonic Anemometers, Acoustic Resonance Anemometer,    

Hot-wire Anemometer, and other anemometers. This paper 

mainly concentrates on the Hot-wire anemometer. Hot-wire 

anemometers basically make use of fine wire element of the   

order 0.00016 inch in diameter and 0.05 inch long. The fine wire 

element is usually heated slightly above the ambient temperature. 

Air flowing through the fine wire element tends to cool the wire 

and take off the temperature. This change in temperature changes 

the electrical resistance of the fine wire element. This change in 

the electrical resistance is manipulated to measure the speed of air 

past the wire. A sensor design for this specific purpose is called 

Hot-Wire Anemometer.  

 

2. THEORY OF OPERATION: 

 

A hot wire anemometer operates by using the heat transfer 

relationships and air dynamic to calculate the wind velocity based 

on the amount of power being dissipated in the wire. For a 

hot-wire anemometer powered by a constant current, the velocity 

of flow is a function of the temperature of the wire and the fluid. 

The amount of energy lost can be calculated from the temperature 

change in the constant current case.  

 

2.1 Heat Transport Equations: All thermal devices are 

governed by the laws of thermodynamics. The first law of 

thermodynamics is a statement of the conservation of energy, 

E0 – Ei+ Es= 0…………………......(2-1)    

Where, 

E0 - The total energy leaving a body. 

Ei - Sum of energy entering a body,(including internal heat 

generation) 

Es- Energy stored in that body. 

 

2.1.1 Convection: 
The convection heat transfer from a source into a fluid (moving or 

static) is given by: 

 

q= hAs(Ts-Tf)……………………....(2-2) 

 

Where, 

q –Power transfer to or from the surface. 

h-Convection cooling coefficient. 

AS-Surface area exposed to the fluid. 

TF-Temperature of the fluid. 

TS-Temperature of the surface. 

 

3. HOT-WIRE ANEMOMETER SENSOR: 

 

Basically sensor consists of several parts, among them probe and 

constant current source are important than others. Sensor can be 

mainly separated as below.  

1. The Probe.                                                     

2. A constant current source.                     

 

3. Amplifier:                                    

1. A Differential Amplifier                  

2. An Inverting Amplifier 

 

3.1 The Probe: 

There is a main difference between the typical probe and the 

probe used in this design. Typical probe usually is a tiny platinum 

mixed tungsten wire, but this probe is made by a normal torch 

bulb with removed glass cap. The bulb filament is used as a hot 

wire element. 
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Figure .1 Eveready bulb and bulb with removed glass cap 
 

Eveready bulbs are most suitable for this application. It must be 

mentioned that normally a bulb after removing its glass cap, are 

prone to oxidation by air and is dismantled when supplying 

current. Because of that, current must be controlled and regulated 

by using a constant current source.  
 

 3.2 A Constant Current Source:          

 
Figure.2. Circuit diagram of Constant Current Source    
 

There are a plethora of options to construct a constant current 

source. Among them the constant current source constructed 

using op-amp is the most stable one. Constant current is obtained 

from the current source shown in (Figure 3.2). The current is set 

to 137mA through the hot wire element in this test configuration. 

To avoid the catastrophic consequences under no-load condition, 

an extra path can be introduced in the constant current circuit. 
 

3.3. Amplifiers: 
 

3.3.1 Differential Amplifier: 
A differential amplifier circuit is commonly used to amplify or to 

buffer differential signals while it rejects the common mode 

signals. When signals are presented across two terminals, simple 

differential amplifier shown below provides a differentiated 

signal at the output.  

 
 Figure.3. Circuit diagram of differential amplifier. 

If all the resistor values are equal, the differential amplifier will 

have a differential voltage gain of 1. Differential gain can be 

increased by adjusting the resistances in both upper and lower 

voltage dividers, necessitating multiple resistor changes and 

balancing between the two dividers for symmetrical operation. 

This is not always practical, for obvious reasons.   

 

3.3.2 Inverting Amplifier: 
When the wind speed increases, the cooling speed of the filament 

also increases and it reduces the resistance of the bulb filament.  

 

 
 Figure.4. Circuit diagram of Inverting Amplifier 

 

The voltage across the inverting terminal of the inverting 

amplifier is maintained constant by incorporating a voltage 

divider circuit. That voltage value is same as the initial voltage 

value provided by the differential amplifier. 

 

4. ANALOG TO DIGITAL CONVERSION:  
 

During designing of an anemometer we encounter several 

problems while converting the analog output from the sensor part 

to a digital signal which could be easily understood by the 

microcontroller for further processing. There are a plethora of 

options to convert analog signals to digital format of which the 

use of microcontroller is the best. The PIC16F877A is a 

peripheral interface controller used to achieve analog to digital 

conversion. It features 256 bytes of EEPROM data memory, 

self-programming, 2 Comparators, 8 channels of 10-bit Analog 

-to-Digital (A/D) converter, 2 capture/compare/PWM functions, 

the synchronous serial port can be configured as either  3-wire 

Serial Peripheral Interface (SPI) or the 2-wire Inter-Integrated 

Circuit (I²C) bus. 

 
Figure.5. the graph of input voltage versus   corresponding 

bit conversion by microcontroller 
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5. COMMUNICATION: 

 

Communication in general refers to the exchange of the message 

between two entities with certain stipulations, which is sometimes 

also called as protocol. PIC makes use of several digital 

communication techniques for interfacing with I/O devices, 

integrated circuits, and with other forms of programmable logic. 

As we know digital and computer communications come in two 

flavours they are Serial communication and Parallel 

communication. 

 

5.1 Serial Communication: 

The scarcity of available port lines often leads us to use PIC 

microcontroller in Serial communication mode. PIC 

communications can be designed both synchronously and 

asynchronously. This mode of communication is simpler and 

more cost effective as they require minimum hardware. The 

oldest, simplest to implement, and the most commonly used serial 

communications standard is the RS-232-C voltage level 

convention, it is sponsored by the Electronic Industries 

Association (EIA). 

 

6. INTERFACE: 

 

In order to establish communication between a computer and a 

Microcontroller Circuit, we make use of the serial (COM) port. 

To minimize the internal data error, the voltage data from the 

microcontroller through the serial port are averaged. So this is the 

main interface of the software designed to analyze and plot the 

received data with corresponding time.      

  

 
 Figure.6.The Computer Interface 

 

7. CALIBRATION: 

 

The data obtained from the instrument are in the form the voltage 

values but we need to obtain the values of wind speed and not the 

voltage values. Hence we need to calibrate the instrument, which 

helps us to establish a relationship between the output value of the 

instrument and the known wind speed. The calibration is 

performed with a wind speed tunnel which establishes the 

streamline flow and AVM 714 instrument was utilised as a 

standard reference instrument to find the actual wind speed. After 

the calibration procedure, data should be analysis to get the 

relationship between voltage and wind speed. Calibration curve is 

plotted wind velocity versus Hot Wire Voltage. Typical 

Calibration curve is nonlinear and sensitivity decreases by 

increasing the wire temperature. The curve fitting is achieved 

using MATLAB software. 

 

 
 Figure.7. the curve of wind speed versus voltage 

 

9. CONCLUSION: 

 

Though the developed system is very successful, we can infer 

from the investigation that the instrument is suitable to measure 

wind speed only inside a building or in a small area. The system 

fails to measure the wind speed in high area. The normal torch 

bulb filament used as a fine wire element gets easily dismantled 

on exposure to stream with high dynamic pressure. Hence special 

care has to be taken to protect the filament. A temperature sensor 

can be attached to the instrument to overcome the dependency on 

the present environment temperature. The anemometer does not 

sense the wind direction. By using four probes instead of one 

probe can be helpful in determining the direction of wind. 
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