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Measurement Flow Rate



Volumetric 
Flow Rate

Volumetric flow rate (also known as volume flow rate, rate of 
fluid flow or volume velocity) is the volume of fluid which 
passes per unit time; usually represented by the 
symbol Q(sometimes V̇). 

The SI unit is m3/s (cms i.e. cubic metres per second). 
Another unit used is sccm (standard cubic centimeters per 
minute).

In US customary units and imperial units, volumetric flow 
rate is often expressed as ft3/s (cubic feet per second) 
or gallons per minute(either US or imperial definitions).



Flow Rate 
Measurement

In many engineering applications, either mass flow rate or
volume flow rate must be measured.

Mass flow rate is denoted by ṁ(pronounced "m-dot) and
volume flow rate is denoted by Q.

If the density ρ of the fluid is known, mass flow rate and
volume flow rate are related by ṁ = ρQ .

Most of the instruments discussed here measure volume flow
rate. Mass flow rate measurements are more common in gases
[gas density varies more than does liquid density].

Instruments that measure volume flow rate are called
flowmeters.

There are two broad categories of flowmeter:

End-line flowmeter
In-line flowmeter



End-line 
Flowmeter



End-line 
Flowmeter

An end-line flowmeter, also called a discharge flowmeter, is
used at the outlet or discharge of the flow – at the end of the
line.

To measure volume flow rate, we measure how much time t it
takes to fill up a container of known volume, and calculate

Q =
�

�
(m3/s or L/s)

A simple example of an end-line flowmeter is measurement of
the volume flow rate through a garden hose using a bucket and
stopwatch, as shown in figure.

There are some variations of the bucket and stop-watch
approach – for example, we may weigh the fluid instead, and
calculate the mass flow rate instead of the volume flow rate.

End-line flow measurement is quite accurate, and is often used
to calibrate in-line flowmeters.



In-line 
Flowmeter

An in-line flowmeter is a device that is placed in line
with the pipe or duct rather than at the outlet.

An in-line flowmeter is necessary when the outlet or
discharge is not available or splits into many separate
outlets.

For example, the water company must measure the
volume of water used in your home or apartment.
Obviously, an end-line technique would not work
here.



In-line 
Flowmeter

There are five main categories of in-line flowmeters:

Obstruction flowmeters - measure the pressure drop across an 
obstruction placed in the flow.

Positive displacement flowmeters - fill up a known volume 
and then pass it on down the line.

Turbine flowmeters or paddlewheel flowmeters - spin a shaft 
and measure its rpm.

Rotameters - raise an object due to aerodynamic drag, and 
measure its height.

Miscellaneous flowmeters - use magnetic, optical, sonic, 
ultrasonic, vortex shedding, or various other means to measure 
volume flow rate.



Obstruction 
Flowmeters

The operating principle of an obstruction flowmeter is as
follows:

A pressure drop is created in the pipe or duct by adding some
kind of obstruction, as sketched below.

The pressure drop associated with the obstruction is measured.

The volume flow rate is calibrated as a function of measured
pressure drop.

Examples of obstruction flowmeter – orifice, flow nozzle, and
Venturi, Notch Weir

V VV DObstruction V



Orifice 
Plate/Meter



Orifice 
Plate/Meter

This flow device is created by inserting an obstructing plate,
usually with a round hole in the middle, into the pipe and
measuring the pressure on each side of the orifice.

This is a very simple device that has been in use for measuring
both gas flow and liquid flow for decades.

These plates are generally installed by trapping it between two
pipe flanges. Pressure taps on each flange allow you to easily
measure the pressure differential across the plate.

This pressure differential, along with the dimensions of the
plate, are combined with certain fluid properties to determine
the flow through the pipe.



Nozzle 
Flow Meter



Nozzle 
Flow Meter

A flow nozzle consists of a restriction with an elliptical
contour approach section that terminates in a cylindrical throat
section.

Pressure drop between the locations one pipe diameter
upstream and one-half pipe diameter downstream is measured.

Flow nozzles provide an intermediate pressure drop between
orifice plates and venturi tubes.

The flow calculations for the long radius nozzle are similar to
that of the orifice plate, with the exception of the values of the
discharge coefficient.



Venturi 
Flow Meter



Venturi 
Flow Meter

A Venturi flowmeter (usually called simply a Venturi meter)
works under the same operating principle as the other two
obstruction flowmeters – pressure drop through an obstruction.

The obstruction in a Venturi meter is not only rounded on the
upstream side, as in a flow nozzle, but also has a gradual
expansion (a diffuser) on the downstream side from throat
diameter d to pipe inner diameter D, as shown in figure.

The flow is efficiently guided through the opening, just as in
the flow nozzle flowmeter, and thus the discharge coefficient is
similar to but slightly larger than that of a flow nozzle.

To maximize sensitivity, the downstream (low pressure)
pressure tap is located in the smallest diameter portion of the
Venturi meter – the throat, where the pressure is a minimum and
the velocity is a maximum.



Notch weir



Notch Weir

Notch weirs are classified by the shape of their notch;
rectangular weirs, triangular, or V-notch weirs, trapezoidal
weirs, and parabolic weirs.

The picture above shows a V-notch weir. The edge the water
cascades over is called the crest and the overflowing water
sheet is called the nappe.

Today weirs are still used to determine flows from open water
sources such as streams. A typical 900 V-notch will be beveled
at 450.

Water flow over the weir is calculated by the equation:
Q=2.49*H2.48

where H = head on the weir in m and Q = discharge over weir
in m3/s.



Notch Weir



Positive 
Displacement 
Flowmeters

The operating principle of a positive displacement flowmeter 
is as follows:

Fluid flows into a chamber or compartment of known volume 
and is “trapped” there.

The fluid in the chamber is displaced from the upstream to the 
downstream side, where it is discharged. 

The number of discharges is counted per unit time to calculate 
the volume flow rate.

Positive displacement flowmeters are quite similar to positive 
displacement pumps (PDPs) – in fact, you can think of a 
positive displacement flowmeter as a PDP running backwards.



Positive 
Displacement 
Flowmeters

Two typical examples are shown below.

On the left is a photograph of a double helical three-lobe
impeller positive displacement flowmeter, which is similar
to a gear pump running backwards.

In the middle and on the right is a nutating disk flowmeter,
commonly used as a water or gasoline meter.



Nutating Disk 
Flowmeter



Nutating Disk 
Flowmeter

The operation of the nutating disk flowmeter is as follows, as
labeled on the diagram:

The fluid enters the nutating disk meter into chamber (A).

The offset (tilt) of the geometry causes the nutating disk (B) to
nutate or wobble. This results in the rotation of a spindle (C).

The rotation excites a magnet (D) that is on a rotating disk
housed within the fluid. The signal is transmitted through the
casing of the meter to a second magnet (E).

The volume flow rate is obtained by counting the number of
these periodic signals per unit time.

These are useful as water meters in homes and gasoline meters
in gas stations.

Positive displacement flowmeters are extremely accurate, but
create a relatively large pressure drop.



Nutating Disk 
Flowmeter



Double 
Helical Three-
lobe Impeller 
Flowmeter



Turbine or 
Paddlewheel 
Flowmeters

Self Study



Rotameters 
(Variable-area 
Flowmeters)



Rotameters 
(Variable-area 
Flowmeters)

The operating principle of a rotameter is as follows:

The fluid flows vertically through a transparent diverging
channel.

A floating mass (usually a sphere or a loose-fitting cylindrical
piston) called a float rises due to aerodynamic drag.

Since the cross-sectional area of the channel increases with
height, the average fluid speed decreases with height, and the
floating mass therefore hovers at a vertical location where the
float weight, drag force, and buoyancy force balance each other
(the net force acting on the float is zero).

The flow rate is determined by matching the float position to a
calibrated vertical scale.

“Rotameter” is derived from ROTA, the European company
that invented the device.



Rotameters 
(Variable-area 
Flowmeters)



Miscellaneous 
Flowmeters

Engineers have invented a fascinating variety of
other instruments to measure mass flow rate and/or
volume flow rate.

Ultrasonic flowmeter
Doppler-effect ultrasonic flowmeter 

Vortex flowmeter
Electromagnetic flowmeter



Ultrasonic 
Flowmeter

An ultrasonic flowmeter uses sound waves to infer 
volume flow rate.

Ultrasonic means that the frequency is higher than 
the range of human hearing - the frequency used in 
these instruments is typically around 1 MHz.

There are two basic kinds of ultrasonic flowmeter: 
transit-time and Doppler-effect.



Ultrasonic 
Flowmeter
(Transit-time ultrasonic 
flowmeter )



Ultrasonic 
Flowmeter
(Transit-time ultrasonic 
flowmeter )

 A transit-time ultrasonic flowmeter operates as follows:

 An upstream transmitter transmits sound waves downstream,
and a downstream transmitter transmits sound waves
upstream, as sketched. The downstream sound waves are
carried along by the flow and therefore travel faster than the
upstream waves.

 Receivers near the transmitters measure the sound waves
reflected by the pipe wall, and built-in electronic circuitry
measures the difference in travel time to calculate the average
flow velocity.

 Finally, since the diameter of the pipe is known, the volume
flow rate is calculated as average velocity times cross-
sectional area of the pipe



Ultrasonic 
Flowmeter
(Transit-time ultrasonic 
flowmeter )



Ultrasonic 
Flowmeter
(Doppler-effect ultrasonic 
flowmeter )

Self Study



Vortex 
Flowmeter



Vortex 
Flowmeter

A vortex flowmeter operates on the principle that a bluff body,
such as a disc or a stubby cylinder or a body of square or
triangular cross section, sheds vortices periodically, and the
shedding frequency is proportional to the flow velocity.

A vortex flowmeter contains three basic components:

The bluff body, that serves as the vortex generator.

A detector, placed a short distance downstream on the inner
surface of the casing, that measures the shedding frequency. The
detector can be any sensor that picks up and transmits an
oscillating signal due to the vortex shedding.

Electronics that measure the shedding frequency and calculate
average velocity, which is then converted to volume flow rate in
the usual fashion.

The vortex flowmeter has no moving parts; typical accuracy is
too high.
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