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Measurement of Linear & Angular Velocity
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Distance  = 
Displacement??

Distance is the actual path covered by a body in any direction while
the displacement is the shortest path between the initial and final
position of a body.

Distance is a scalar quantity while displacement is a vector quantity.

A scalar quantity means a physical quantity which have only
magnitude but no direction while a vector quantity means a quantity
which have both magnitude as well as direction.

In some cases, it is also possible that the distance and displacement are
same and that happen when something is moving on a straight path and
only in one direction.

Also, displacement is always equal or less than distance. In addition to
this, distance can only be zero or positive while displacement can be
zero, positive as well as negative.



Speed = 
Velocity??

Speed is the distance covered by a body per unit time.

Speed =
distance
time

As distance is a scalar quantity, therefore, speed is also a scalar
quantity.

Velocity is the displacement covered by a body per unit time.

Velocity =
displacement

time

Similarly, since displacement is a vector quantity , so velocity is also
vector.

Likewise distance and displacement, velocity is always smaller than or
equal to speed. Also, like distance, speed can only be zero or positive.
Likewise displacement, velocity can be negative, zero or positive.



Measurement of 
Linear and 
Angular 
Velocity

Linear speed expressed in meters per second (m/s), and the
angular speed of a rotating machine usually expressed in radians per
second (rad/s) or revolutions per minute (rpm).

Measurement of rotational speed has acquired prominence
compared to the measurement of linear speed.

Continuous measurement of linear speed is nearly always made in
terms of angular speed.

Knowledge of the rotational speed then permits the calculation of the
linear speed of the reciprocating parts of a mechanical device.

Angular measurements are made with a device called tachometer.



Linear & 
Angular Velocity 
Measuring 
Instruments

Angular Velocity

Revolution Counter And Timer

Tachoscope

Stroboscope

Hand Speed Indicator

Slipping Clutch Tachometer

Centrifugal Force Tachometers

Vibrating Reed Tachometer

Linear Velocity

Thermal Anemometry

Pitot and Pitot Static Probes

Rotating velocimeters

Laser Doppler Velocimetry

Particle Image Velocimetry
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Revolution 
Counter And 
Timer

The revolution counter, sometimes called a speed counter, consists of a
worm gear which is also the shaft attachment and is driven by the speed
source.

The worm drives the spur gear which in turn actuates the pointer on a
calibrated dial.

The pointer indicates the number of revolutions turned by the
input shaft in a certain length of time.

The unit requires a separate timer to measure the time interval.
The revolution counter, thus, gives an average rotational speed
rather than an instantaneous rotational speed.

Such speed counters are limited to low speed engines which permit
reading the counter at definite time intervals. A properly designed and
manufactured revolution counter would give a satisfactory speed
measure up to 2000-3000 rpm.
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Tachoscope

The difficulty of starting a counter and a watch at exactly same time
led to the development of tachoscope, which consists of a revolution
counter incorporating a built-in timing device.

The two components are integrally mounted, and start simultaneously
when the contact point is pressed against the rotating shaft.

The instrument run until the contact point is disengaged from the
shaft.

The rotational speed is computed from the readings of the counter
and timer.

Tachoscopes have been used to measure speeds up to 5000 rpm.
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Stroboscope
(Mechanical)

The stroboscope utilizes the phenomenon of vision when an object is
viewed intermittently.

The human sense of vision is so slow to react to light stimuli
that it is unable to separate two different light impulses reaching
the eye within a very short period of time (less than 0.1 second).

Successions of impulses following one another at such brief intervals
are observed by the eye as a continuous unbroken sequence.

A mechanical disk type stroboscope consists essentially of a
whirling disk attached to a motor whose speed can be varied and
measured.

A reference mark on the rotating shaft is observed through an opening
in the rotating disk. The speed of disk is adjusted until the mark on the
shaft appears to be stationary.
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Thermal 
Anemometry
(Hot Wire 
Anemometer)

A thermal anemometer works under the principle that the rate of
convective heat transfer from a hot object to the surrounding fluid
increases as the speed of the fluid flowing around the object increases.

These instruments are particularly useful in the airways with low
velocity air streams. They are quite accurate till a velocity of
0.1m/s.

The hot wire anemometer is used to measure fluid velocities by
measuring heat loss by convection from a very fine wire which is
exposed to the fluid stream.

The wire is electrically heated by passing an electrical current
through it. When the heated wire is cooled by a fluid stream its
electrical resistance decreases, because the resistance of metal wire
varies linearly with its temperature.



Thermal 
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Modes of HWA

Constant current anemometer
In this case, the current through the wire is kept constant. When the flow takes place over the 

hot  wire,  changes  in  temperature  and  resistance  occur.  The  resultant  change  in  voltage  is 

calibrated against velocity.



Modes of HWA

Constant temperature anemometer
In  constant  temperature (resistance)  method,  the  velocity  is  determined  in  terms  of  current  
needed  to  maintain  a constant temperature of the wire.



Specification of 
a Typical HWA
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Pitot-static Tube

The Pitot-static tube is an instrument which uses the principle of
pressure exerted by flowing air and is suitable for measurements of
high velocity.

Unlike an anemometer it is not capable of measuring average velocity
directly but measures the velocity at a given point in the
airway/duct.

The instrument consists of two concentric tubes

Out of which the outer tube, which contains perforations in the
form of small holes drilled at right angles to its periphery, measures the
static head

While the inner tube measures the total head.



Rotating 
Velocimeters

Rotating velocimeters are devices that infer velocity by measuring the
rotation rate of a rotating shaft, and there are several varieties.

The most common rotating velocimeters used are cup type
anemometer and Turbine(Fan type) anemometer

Cup Type Anemometers Turbine Anemometers
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Cup Type
Anemometer

The most common rotating velocimeter used by weather stations is the
cup type anemometer

The one shown here has three cups, but four-cup anemometers are also
common.

Cup type anemometers work on the principle that the open (concave)
side of the cup experiences a higher drag force than does the closed
(convex) part. Thus, when the wind blows, the shaft rotates in a
preferred direction.

To infer the wind speed, some type of mechanism converts shaft
rotation speed into a voltage, a current, or a series of pulses that is
calibrated to display the wind speed in the desired units (mi/hr, m/s,
km/hr, knots, etc.).

Some handheld cup type anemometers are also commercially available.



Cup Type
Anemometer
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Turbine
Anemometer

Another very popular type of rotating velocimeter is the turbine anemometer,
also called a vane anemometer. This device employs a rotating turbine to infer
velocity.

A turbine anemometer works on the same principle as the cup anemometer,
except that the turbine looks like a small ducted window fan (running backwards).

The more accurate turbine anemometers usually have a separate turbine portion
and electronics portion, as shown to the near right, but the “all in one” units are
more convenient to use.

A temperature sensor (thermistor or thermocouple) is typically included with a
turbine anemometer so that both air temperature and air speed are measured
simultaneously. Such devices are called thermo-anemometers.

Turbine anemometers are smaller and more convenient to use than cup
anemometers, and they can be turned in any direction to face the air flow – even
vertically if necessary.

Turbine anemometers are often used by HVAC (heating, ventilation, and air
conditioning) engineers to measure the air flow in ducts and out of air supply
diffusers, etc.



Turbine
Anemometer



Self Study

Particle Image Velocimetry

Laser Doppler Velocimetry
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