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5.4 FLOW MEASUREMENT 

The flowrate of a fluid flowing in a pipe under pressure is measured for a variety of 

applications, such as monitoring of pipe flow rate and control of industrial processes. 

Differential pressure flowmeters, consisting of orifice, flow nozzle, and venturimeters, are 

widely used for pipe flow measurement and are the topic of this course. All three of these 

meters use a constriction in the path of the 

Pipe flow and measure the difference in pressure between the undisturbed flow and the 

flow through the constriction. That pressure difference can then be used to calculate the 

flowrate. Flow meter is a device that measures the rate of flow or quantity of a moving fluid 

in an open or Closed conduit. 

Flow measuring devices are generally classified into four groups. They are 

1. Mechanical type flowmeters 

Fixed restriction variable head type flowmeters using different sensors like orifice plate, 

venturi tube, flow nozzle, pitot tube, dall tube, quantity meters like positive displacement 

meters, mass flowmeters etc. fall under mechanical type flow meters.  

2. Inferential type flowmeters 

Variable area flow meters (Rotameters),turbine flow meter, target flow meters etc.  

3. Electrical type flow meters 

Electromagnetic flow meter, Ultrasonic flowmeter, Laser doppler Anemometers etc. fall 

under electrical type flowmeter. 

4. Other flowmeters 

Purge flow regulators, Flow meters for Solids flow measurement, Cross correlation flow 

meter, Vortex shedding flow meters, flow switches etc. 

5.4.1 Orifice Meter 

Orifice Meter is an instrument which is used to measure average velocity of a flowing fluid 

or flow rate of a flowing fluid. 
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It measures the average velocity and the flow rate of the flowing fluid by introducing a 

restriction in the direction of the flowing fluid. The effect of the restriction is to lower the 

pressure drop of the flowing fluid. This decrease in pressure can be related to average velocity 

or the flow rate of the flowing fluid mathematically. 

The orifice plates are placed in between the flanges of the two sections of pipe and they are 

tightened by a nut. 

 

Fig. 5.34 Orifice Meter 

[source: https://instrumentationtools.com/what-is-an-orifice-meter/] 

The main purpose of an orifice plate is to act as a restriction in the direction of flow of fluid 

in order to decrease the pressure of the flowing fluid but it must be properly designed so that 

it doesn’t lower pressure too much and also it most not create much turbulence on the 

downstream side of the plate. 

Flow rate, Q = Cd. a1. a0 √2𝑔ℎ  / √𝑎1
2 − 𝑎0

2 

Working of Orifice Meter 

The fluid flowing in the pipe converges when it starts nearing the plate. The degree of 

convergence depends on the size and location of bore. After the fluid reaches the bore and 

passes through the bore, its convergence does not stop immediately. As the fluid is converged 

more and more, its pressure decreases more and more. 

https://instrumentationtools.com/what-is-an-orifice-meter/
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Due to the inertia of flowing fluid, the liquid converges until some distance 

downstream the plate and it reaches a point known as vena contracta. The state of the fluid at 

the point of vena contracta is such that it is the point of maximum velocity and minimum 

pressure. 

 

Fig. 5.35 Orifice Plate Configurations 

[source: https://instrumentationtools.com/what-is-an-orifice-meter/] 

The orifice plates have to be properly designed so that the pressure of the liquid does not fall 

below its vapour pressure at the fluid temperature because if it falls below the vapour pressure 

then the liquid will vaporize in the vena contracta region and it may happen that the vapours 

will collapse in some region downstream to vena contracta, this is the phenomenon of 

cavitation and it damages the pipe. 

The decrease in pressure is sensed by a manometer or a pressure gauge. 

5.4.2 Venturimeter 

Working 

https://instrumentationtools.com/what-is-an-orifice-meter/
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The venturimeter works on the principle of Bernoulli’s equation, i.e., the pressure decreases 

as the velocity increases. 

The cross-section of the throat is less than the cross-section of the inlet pipe. 

As the cross-section from the inlet pipe to the throat decreases, the velocity of the fluid 

increases, and hence the pressure decreases. 

Due to the decrease in pressure, a pressure difference is created between the inlet pipe and 

the venturimeter throat. 

This pressure difference can be measured by applying a differential manometer between the 

inlet section and throat section or using two gauges on the inlet section and throat. 

The pressure difference through the pipe is calculated after obtaining the flow rate. 

 

Fig. 5.36 Venturimeter 

[source: https://www.mecholic.com/2016/11/venturi-meter-construction-working-equation-

application-advantages.html] 

Construction 

It consists of three parts, the part of the larynx and the deviation. These three parts are 

arranged in a systematic order. The first is an inlet section or converging section. 

This is the area where the cross-section emerges in a conical shape for contact with the 

throat region. In this section, the cross-section area decreases from beginning to end. 

This section is connected by an inlet pipe at one end and a cylindrical throat at the 

other end. The angle of convergence is typically 20–22 °. the other is a cylindrical larynx. 

https://www.mecholic.com/2016/11/venturi-meter-construction-working-equation-application-advantages.html
https://www.mecholic.com/2016/11/venturi-meter-construction-working-equation-application-advantages.html


ROHINI COLLEGE OF ENGINEERING & TECHNOLOGY 

Mr.P. Navin Jass, AP/MECH    ME 8501 METROLOGY & MEASUREMENTS 

This is the central part of the venturimeter. It is a cylindrical pipe in the ventimeter 

through which the fluid passes after converting to the convergence section. 

The throat usually has a diameter of the throat that is half the diameter of the pipe. The 

throat diameter remains the same through its length. The last one is turning the section. 

This is the end of the venturimeter. On one side, it is connected to the throat of the 

venturimeter, and on the other side is attached to the pipe. 

Flow rate, Q = Cd. a1. a2 √2𝑔𝑥  / √𝑎1
2 − 𝑎0

2 

The divergent section has an angle of 5 to 15 degrees. The deviation angle is less than 

the convergence angle because the length of the deviation cone is larger than the convergence 

cone. The main reason for the small deviation angle is to avoid isolation of the flow from the 

walls. 

5.4.3 Flow nozzle 

 

Fig. 5.37 Flow nozzle 

[source: https://instrumentationforum.com/t/nozzle-flow-meter-equations/6167]  

Flow nozzle is similar to the venturi meter. Its shape provides lesser resistance to flow, 

and it has a higher coefficient of discharge.  Moreover, it has no divergent cone for pressure 

recovery. Figure shows a standard flow nozzle. 

Nozzle meter is bolted between flanges of pipe carrying the fluid. The pressures on 

upstream and downstream (P1and P2) are noted by using a differential pressure sensor for 

the calculation of flow rate. 

https://instrumentationforum.com/t/nozzle-flow-meter-equations/6167
http://www.mecholic.com/2016/11/venturi-meter-construction-working-equation-application-advantages.html
http://www.mecholic.com/2018/11/hydraulic-coefficients.html
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Flow rate, Q = Cd. a1. a2 √2𝑔𝑥  / √𝑎1
2 − 𝑎0

2 

Applications of the Flow Nozzle 

➢ They can use for measurement of flow rate of fluid that has suspended solid 

particle. 

➢ It can be used in high temperature and pressure fluid flow conditions. 

In high-velocity fluid flow, where turbulence is high and erosion may cause 

on other primary devices. 

➢ Flow Nozzle is used when fluid is discharged to the open atmosphere. 

Advantages 

➢ Compact - Low dimension as compared to venturi meter. 

➢ Cheaper and easy to install as compared to venturi meter. 

➢ High coefficient of discharge than the orifice meter. 

➢ Less susceptible to wear. 

Disadvantages 

➢ It has no divergent outlet and hence low-pressure recovery. 

➢ It cannot be used in a low-pressure head. 

➢ It cannot use as a flow meter if the fluid has a high percentage of the solid 

particle. 

 

 

 

 

 

 

http://www.mecholic.com/2016/11/dp-flow-meter-working-application-advantages-limitation.html#Primary_and_Secondary_devices_element_in_Differential_type_flow_meter
http://www.mecholic.com/2016/11/types-of-orifice-plates-advantages-and-disadvantages.html
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5.4.4 Rotameter  

 

Fig. 5.38 Rotameter 

[source: https://instrumentationforum.com/t/nozzle-flow-meter-equations/6167]  

Rotameter is a device which is used in chemical and related industries in order to measure 

the flow rate or average velocity of the flowing fluid. 

Rotameter is a simple equipment which consists of a tapered tube and a float. The float 

is placed inside the tube and usually nets are placed at both the ends of the tube. This 

arrangement can be connected with a pipe line with flanged connections. Rotameters are 

always installed vertically in the pipelines. A scale is marked on the tube to read the values 

of flow rate directly. 

 

Working 

When the fluid is not flowing then the float rests at the bottom of the rotameter. The 

fluid is made to pass through the rotameter such that the direction of flow of the fluid is 

parallel to the axis of the rotameter. 

The flow of fluid through the rotameter causes the float to move along with the fluid. 

There are two primary forces involved, an upward drag force due to the motion of the fluid 

in upward direction and a downward force due to gravity which is due to the weight of the 

https://instrumentationforum.com/t/nozzle-flow-meter-equations/6167
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float itself. When these forces are balanced then the float moves to a particular location in the 

tube and it stays right there because it has achieved dynamic equilibrium. 

In case it happens that the flow rate of fluid flowing through the rotameter is very high 

then it may happen that the float may get swept along with the fluid. The nets attached to 

either side of the rotameter ensure that the float does not get carried away in the pipe line. If 

it happens then it may get stuck near a valve in pipeline and cause blockage or enter 

equipment down the line and cause it to malfunction. A down side of net is that if the flow 

rate of flowing fluid is very high then the float will get stuck near the net and act as a blockage 

for the fluid flow, this may cause the flanges to get weakened and the liquid may start 

showering at the site of rupture. 

Advantages 

➢ It is simple to install and is easy and cheap to maintain. 

➢ It has a linear scale over large range of flow rates. 

➢ The pressure drop across the float is constant. Hence the pressure loss due to the 

float itself is quite small. 

➢ Rotameters are very versatile; they can be easily sized or their use can be 

changed for different systems. 

Disadvantages 

➢ It requires a certain minimum magnitude of flow rate of fluid below which the 

float would fall and just stick to the rotameter. 

➢ If opaque fluid is used then the scale is not properly visible, it may cause 

misreading the meter. 

➢ It cannot be installed in a horizontal position. 

➢ If flow rate of fluid is very high, then glass tubes may be subject to breakage. 

5.4.5 Electromagnetic flow meter 



ROHINI COLLEGE OF ENGINEERING & TECHNOLOGY 

Mr.P. Navin Jass, AP/MECH    ME 8501 METROLOGY & MEASUREMENTS 

 

Fig. 5.39 Electromagnetic flow meter 

[source: https://electricalworkbook.com/electromagnetic-flow-meter/] 

Principle 

Magnetic flow meters works based on Faraday’s Law of Electromagnetic Induction. 

According to this principle, when a conductive medium passes through a magnetic field B, a 

voltage E is generated which is proportional to the velocity v of the medium, the density of 

the magnetic field and the length of the conductor. 

In a magnetic flow meter, a current is applied to wire coils mounted within or outside 

the meter body to generate a magnetic field. The liquid flowing through the pipe acts as the 

conductor and this induces a voltage which is proportional to the average flow velocity. 

This voltage is detected by sensing electrodes mounted in the flow meter body and sent 

to a transmitter which calculates the volumetric flow rate based on the pipe dimensions. 

we can state Faraday’s law as 

E is proportional to V x B x L 

[E is the voltage generated in a conductor, V is the velocity of the conductor, B is the 

magnetic field strength and L is the length of the conductor]. 

It is very important that the liquid flow that is to be measured using the magnetic flow 

meter must be electrically conductive. The Faraday’s Law indicates that the signal voltage 

(E) is dependent on the average liquid velocity (V), the length of the conductor (D) and the 

https://electricalworkbook.com/electromagnetic-flow-meter/
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magnetic field strength (B). The magnetic field will thus be established in the cross-section 

of the tube. 

Electromagnetic flow meters use Faraday’s law of electromagnetic induction for 

making a flow measurement. Faraday’s law states that, whenever a conductor of length ‘l’ 

moves with a velocity ‘v’ perpendicular to a magnetic field ‘B’, an emf ‘e’ is induced in a 

mutually perpendicular direction which is given by 

e = Blv 

where 

B = Magnetic flux density (Wb/m2) 

l = length of conductor (m) 

v = Velocity of the conductor (m/s) 

Advantages of Electromagnetic Flow Meter 

(i) The obstruction to the flow is almost nil and therefore this type of meters can be 

used for measuring heavy suspensions, including mud, sewage and wood pulp. 

ii) There is no pressure head loss in this type of flow meter other than that of the length 

of straight pipe which the meter occupies. 

(iii) They are not very much affected by upstream flow disturbances. 

(iv) They are practically unaffected by variation in density, viscosity, pressure and 

temperature. 

(v) Electric power requirements can be low (15 or 20 W), particularly with pulsed DC 

types. 

(vi) These meters can be used as bidirectional meters. 

(vii) The meters are suitable for most acids, bases, water and aqueous solutions because 

the lining materials selected are not only good electrical insulators but also are 

corrosion resistant. 
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(viii) The meters are widely used for slurry services not only because they are 

obstruction less but also because some of the liners such as polyurethane, neoprene 

and rubber have good abrasion or erosion resistance. 

(ix) They are capable of handling extremely low flows. 

Disadvantages of Magnetic Flow Meter 

(i) These meters can be used only for fluids which have reasonable electrical 

conductivity. 

(ii) Accuracy is only in the range of ± 1% over a flow rate range of 5%. 

(iii) The size and cost of the field coils and circuitry do not increase in proportion to 

their size of pipe bore. Consequently, small size meters are bulky and expensive. 

Applications of Magnetic Flow Meters 

This electromagnetic flow meter being non-intrusive type, can be used in general for 

any fluid which is having a reasonable electrical conductivity above 10 microsiemens/cm. 

Fluids like sand water slurry, coal powder, slurry, sewage, wood pulp, chemicals, water 

other than distilled water in large pipe lines, hot fluids, high viscous fluids specially in food 

processing industries, cryogenic fluids can be metered by the electromagnetic flow meter. 

5.4.6 Hot Wire Anemometer 

Principle 

Hot Wire Anemometer works When an electrically heated wire is placed in a flowing 

gas stream, heat is transferred from the wire to the gas and hence the temperature of the wire 

reduces, and due to this, the resistance of the wire also changes. This change in resistance of 

the wire becomes a measure of flow rate. 
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Fig. 5.40 Hot Wire Anemometer 

 [source: https://instrumentationtools.com/hot-wire-anemometer-principle/] 

The main parts of the arrangement are as follows: 

• Conducting wires placed in a ceramic body. 

• Leads are taken from the conducting wires and they are connected to one of the 

limbs of the wheat stone bridge to enable the measurement of change in 

resistance of the wire. 

Types of Hot wire Anemometer 

There are two methods of measuring flow rate using a anemometer bridge combination 

namely: 

• Constant current method 

• Constant temperature method 

5.4.6.1 Constant current method Hot wire Anemometer 

The bridge arrangement along with the anemometer has been shown in diagram. The 

anemometer is kept in the flowing gas stream to measure flow rate. 

https://instrumentationtools.com/hot-wire-anemometer-principle/
https://instrumentationforum.com/t/hot-wire-anemometer-is-used-for-the-measurement-of/189
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A constant current is passed through the sensing wire. That is, the voltage across the 

bridge circuit is kept constant, that is, not varied. 

Due to the gas flow, heat transfer takes place from the sensing wire to the flowing gas 

and hence the temperature of the sensing wire reduces causing a change in the resistance of 

the sensing wire. (this change in resistance becomes a measure of flow rate). 

Due to this, the galvanometer which was initially at zero position deflects and this 

deflection of the galvanometer becomes a measure of flow rate of the gas when calibrated. 

5.4.6.2 Constant temperature method 

The bridge arrangement along with the anemometer has been shown in diagram. The 

anemometer is kept in the flowing gas stream to measure flow rate. 

A current is initially passed through the wire. 

Due to the gas flow, heat transfer takes place from the sensing wire to the flowing gas 

and this tends to change the temperature and hence the resistance of the wire. 

The principle in this method is to maintain the temperature and resistance of the 

sensing wire at a constant level. Therefore, the current through the sensing wire is increased 

to bring the sensing wire to have its initial resistance and temperature. 

The electrical current required in bringing back the resistance and hence the 

temperature of the wire to its initial condition becomes a measure of flow rate of the gas when 

calibrated. 

5.4.7 Pitot Tube 
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Fig. 5.41 Pitot Tube 

 [source: https://www.mecholic.com/2017/05/pitot-tube-construction-working-

principle.html] 

Construction of pitot tube 

It is basically a fluid velocity measuring instrument that can also be used for flow 

measurement of liquids and gases. It consists of two hollow tubes that sense pressure at 

different places within the pipe. These hollow tubes can be mounted separately in a pipe or 

installing together in one casing as a single device. One tube measures the stagnation or 

impact pressure and another tube measures only static pressure usually at the wall of the pipe. 

Working principle of Pitot tube 

When a solid body is kept centrally, and stationery in a pipeline with flowing fluid, the 

velocity of the fluid starts reducing (at the same time the pressure fluid increases due to the 

conversion of kinetic energy into pressure energy) due to the presence of the body. At directly 

in front of the solid body, the velocity becomes zero. This point is known as the stagnation 

point. The fluid flow can be measured by measuring the differences between the pressure at 

the normal flow line (static pressure) and the stagnation point (stagnation pressure). 

Pitot tube velocity equation 

The equation of velocity is derived by applying Bernoulli’s principle; the final equation is 

given below 

Velocity,  

g = acceleration due to gravity 

Actual velocity,  

Cv = Coefficient velocity of pitot tube 

The operating principle of pitot tube: conversion of kinetic head into pressure head 

 

 

 

https://www.mecholic.com/2017/05/pitot-tube-construction-working-principle.html
https://www.mecholic.com/2017/05/pitot-tube-construction-working-principle.html
http://www.mecholic.com/2016/11/classification-of-flow-measurement-devices.html
http://www.mecholic.com/2016/11/classification-of-flow-measurement-devices.html
http://www.mecholic.com/2016/01/types-of-flow-lines-pathlines-streamlines-streaklines.html
http://www.mecholic.com/2016/11/dp-flow-meter-working-principle.html
http://www.mecholic.com/2018/11/hydraulic-coefficients.html
https://4.bp.blogspot.com/-duNvRV5g2w4/WQsJdWJdMRI/AAAAAAAAAz8/kADeKNV6fpIguwqOJxO8kLDwkH4wcxjNACEw/s1600/velocity%2Bequation.png
https://1.bp.blogspot.com/-ALtl9fBqpsY/WQsJhSw42iI/AAAAAAAAA0E/_oKf0vy2Yi8ryL4T60c374VDsRSCAnWdwCEw/s1600/actual%2Bvelocity%2Bequation.png
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Applications of pitot tube 

The pitot tube is used in utility streams where high accuracy is not necessary. It is used in the 

air duct and pipe system. It is used in aircraft to measure air flow velocity. They are used for 

mapping flow profile in a channel or duct. 

Advantages 

• Economical to install 

• Do not contain moving parts; this minimizes the frictional loss. 

• Easy to install. Due to its small size, It can introduce to fluid flow without shutting 

down the flow. 

• Loss of pressure is very small. 

• Can be easily installed in extreme environment, high temperature and pressure 

conditions 

• Some types can also be easily removed from the pipeline. 

Disadvantages/limitation of pitot tubes 

• Low sensitivity and Poor accuracy. It requires high-velocity flow. 

• Not suitable for dirty or sticky fluid like sewage disposal. 

• Sensitivity disturbed by flow direction 

• Pitot tubes have found limited applications in industries because they can easily 

become clogged with foreign materials in the liquid. 

• There is no standardization for pitot tube 

• Change in velocity profile may cause significant errors. Due to change in velocity 

profile, it develops a very low differential pressure which is difficult to measure. 

 

 

http://www.mecholic.com/2017/05/pitot-tube-construction-working-principle.html
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5.4.8 Ultrasonic Flow Meter 

Ultrasonic flow meter principle is based on the use and analysis of ultrasonic waves. Such 

ultrasound is in the range above 20,000 Hz and can reach up to 1000 MHz. 

There are several principles of flow rate measurement (it will be described below) but all 

systems have the same main sensing parts: 

• Signal source 

• Receiver 

• Transducer (controller) 

The principle of operation is based on a signal from the source that passes through stream 

and goes to receiver. Then it goes to the transducer, which analyzes result. 

For such work, several pairs of sensors are usually installed. They are located against each 

other and exchange signals. The most often they are located diagonally from the pipeline 

axis. 

Such an arrangement makes it possible to exchange sound signals both in the direction of the 

substance flow and against it. When pipeline is empty, both signals pass this distance with 

the same speed. 

When the substance moves through pipe, the sound along the flow accelerates. Such impulse 

directed against the flow moves more slowly. The greater flow velocity, the greater the time 

difference between these signals. 

The ratio of these values is proportional to the flow rate. Hence, if you know the pipe section 

dimensions and the substance characteristics, you can determine the flow rate. 

Ultrasonic flow meter types 

There are three main types of ultrasonic flowmeters depending on their working principle: 

• Transit-time 

• Doppler 
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5.4.8.1 Ultrasonic Doppler flow meters 

Doppler flow meters are operating, using Doppler Effect. In nutshell, this effect is based on 

the changing in sound waves coming from moving objects to the stationary position. You can 

observe this effect too, listening to the changing sound of the passing nearby car’s engine. 

 

Fig. 5.42 Ultrasonic Doppler flow meters 

 [source: https://www.nz-online.co.za/industrial-instruments/flow-meters-liquids/clamp-on-

ultrasonic-flow-meter-for-liquids-with-bubbles-solids-or-slurries.html] 

Doppler flow meter need a presence of solid parts or air bubbles to work. It has emitting 

transducer (signal source) and receiving transducer (receiver). The emitting transducer 

generates and sends ultrasound impulse. That impulse reflects from moving by solid parts or 

bubbles. The form of ultrasonic wave changes depending on velocity of the parts. Then the 

echo signal returns to the receiver. The device can determine speed of the entire flow by 

analyzing such waves. 

The main plus of Doppler flow meters is their ability to work with solid parts and air bubbles 

in the stream. They are the most popular as blood and carbonated water flow meters. 

54.8.2 Transit time ultrasonic flow meter 

Transit time flow meters’ measure velocity, calculating time of signal travel signal between 

two sensors. Such sensors are placed opposite each other and diagonally to the flow axis. 

There are two main methods: 

• Diagonal mode 

• Reflection Mode 

Diagonal mode is method when sensors send signals directly to each other through the flow. 

https://www.nz-online.co.za/industrial-instruments/flow-meters-liquids/clamp-on-ultrasonic-flow-meter-for-liquids-with-bubbles-solids-or-slurries.html
https://www.nz-online.co.za/industrial-instruments/flow-meters-liquids/clamp-on-ultrasonic-flow-meter-for-liquids-with-bubbles-solids-or-slurries.html
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Reflection mode is method when signals from sensors are first reflected off the pipe’s wall 

and then sent to the opposite sensor. 

Let's look at the principle using direct contact (diagonal mode) as an example. Each of the 

sensors works as a signal source and receiver. They send an ultrasonic pulse through the 

moving flow. 

When sensors send the ultrasonic pulse through the moving flow they have different travel 

times depending on direction. Such signal accelerates when directed along the flow 

(upstream) and slows down when directed against it (downstream). 

This difference in receiving time (∆ time) between two signals is proportional to the average 

flow velocity. When there is no flow in pipe, the travel time of both signals will be the same 

(∆ time = 0). 

 

Fig. 5.43 Transit time ultrasonic flow meter 

 [source: https://eltra-trade.com/blog/what-is-ultrasonic-flow-meter] 

Transit time flow meters is an ideal solution for pure liquids or gases. The presence of solid 

parts or bubbles effects on its results. Transit time flow meters are used to measure gas, steam 

and vapours. 

5.4.9 Other Flow Measurements 

5.4.9.1 Current Meter. 

A current meter is used to measure the velocity of flow in the channel. it consists of a wheel 

or revolving element on which the conical buckets of V shaped vanes are fixed. So, the 

current meters are classified on the basis of revolving element such as  
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1. Cup type current meter 

2. Screw or propeller type current meter 

5.4.9.1.1 Cup type current meter 

In this case, series of conical cups called revolving element are mounted on a spindle 

vertically at right angle to the direction of flow. 

 

Fig. 5.44 Cup type current meter 

[source: https://theteche.com/current-meter-is-used-to-measure/] 

5.4.9.1.2 Screw or Propeller Type Current Meter 

In a screw or propeller type current meter, the revolving element has of a shaft 

with its axis parallel to the direction of flow. It has a number of curved vanes or 

propeller blades mounted around the periphery of the shaft. The current meter unit is 

immersed or suspended vertically to the required depth in flowing stream of water by 

cables. 

It means, the revolving element is placing to face towards the upstream 

direction. Due to the dynamic thrust exerted on the wheel, it is rotated. So, the number 

of per unit time is proportional to the velocity of the revolutions of the wheel flowing 

water. Then the number of revolutions of the wheel per unit time is noted. It is further 

calibrated to obtain the velocity of flow of water. To count the number of revolutions 

of the wheel, an electrical transmission system is adopted. 

 

https://theteche.com/optical-fiber-communications-of-overview/
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5.4.10 Laser Doppler Anemometer (LDA) 

Laser Doppler Anemometer enables the measurement of instantaneous velocity 

of a gas or a liquid flowing in a glass walled channel. It offers the non-disturbance 

advantages of optical methods while affording a very precise quantitative measurement 

of local flow velocity. This instrument is the most recent advancement in the area 

of flow measurement especially measurement of high frequency turbulence 

fluctuations. 

The theory of Laser Doppler Anemometer (LDA) is based on the principle of 

Doppler shift. It involves the focusing of laser beams at the point where the velocity is 

to be measured and then sensing with a photo detector the light scattered by thin 

particles carried along with the fluid as it passes through the laser focal point. The 

velocity of particles which is assumed to be equal to the fluid velocity causes a Doppler 

shift of the frequency of the scattered light a and produces a photo detector signal 

related to the velocity. 

It is not necessary to insert artificial tracer particles always to function this 

instrument because normally microscopic particles are present in liquids may be 

sufficient. However, it may become essential to insert artificial particles from outside 

in case of gases. It is obvious that the Laser Doppler Anemometer measures the 

velocity of scattering particles. Under extreme conditions, particles may not perfectly 

follow the flow and therefore there may be errors in measurement of flow velocity. By 

providing smaller particles, almost accurate indication of fluid velocity may be 

obtained as the slip velocity between particles and fluid will be small. 

There are two distinct approaches in vogue to explain the working of an LDA. 

These are: 

i. Reference beam mode, and 

ii. Interference fringe mode. 

5.4.10.1 Reference beam mode 

In this mode, laser light is split into two beams which are directed at the point 

of measurement in the field at an angle θ. The light scattered in the direction of 

reference beam is picked up and photo-mixed in the Photo-Multiplier Tube (PMT) 

with the reference beam propagating in the same direction as shown in fig. 

https://theteche.com/float-technique-for-other-flow-measurements/
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The photo multiplier tube yields a signal at the Doppler frequency. The reference 

beam need not traverse through the same volume but it can be added to the scattered 

beam at PMT. The reference beam strength is considerably smaller than that of the 

other beam so that scattered beam is relatively stronger and a good heterodyne signal 

from PMT is obtained. 

This mode of operation can be used with advantages when the suspension 

density is fairly high. Further, the alignment tolerance required for the heterodyne 

process is not so critical. Thus, this mode of operation is relatively easy to use. 

 

Fig. 5.45 Reference beam mode of LDA 

[source: https://theteche.com/laser-doppler-anemometer-lda/] 

5.4.10.2 Interference fringe mode 

Working principle of the interference fringe mode gives a better insight of the 

appearance of Doppler signal. Fig. shows the diagram of fringe mode anemometer. In 

this anemometer, the laser beam is split into two equal intensity such as parallel beams 

with the help of two coated optical flat (called beam splitter). A lens focuses the beams 

at a point where the velocity of flow fluid is to be measured. The scattered beam of 

light moving through the fringe pattern is selectively collected by a combination of 

lens and the hole aperture. It is then detected by a PMT. The light intensity verses time 

is displayed on a display device. 

In both the cases, the laser source employed is usually helium-neon (He-Ne) gas 

laser although argon ion lasers provide a more intense beam output. 
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Fig. 5.46 Interference fringe mode of LDA 

[source: https://theteche.com/laser-doppler-anemometer-lda/] 

Advantages 

1. It measures only the velocity. 

2. Volume of sensing part is very small. 

3. There is no addition of physical object to avoid disturbances. 

4. It has very high accuracy. 

5. It has a high frequency response. 

6. It is used to measure both the flow of liquids and gases. 

Disadvantages 

1. It involves the use of transparent channels. 

2. There is no using of tracer particles to divert the light beam. 

3. Cost is high and it has a high degree of complexity. 

Applications 

1. For investigating the boundary layers and shock wave interaction. 

2. For determining the 3-D wing tip vortices near tips of wings of aircrafts. 

http://www.wings3d.com/
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3. For measuring the flow between blades of a turbine. 

4. Combustion and flame phenomena in gas turbines. 

5. Jet propulsion systems. 

6. For measuring the blood flows. 

7. In remote sensing of wind velocities. 


