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Magnetic Flowmeter
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 Faraday’s Law of electromagnetic 
induction.

 A voltage will be induced in a 
conductor moving through a magnetic 
field.

 E = kBDV

 E = magnitude of induced voltage
 V = velocity of the conductor
 D = width of the conductor
 B = strength of the magnetic field
 k = proportionality constant

As the conductive process liquid moves through the field with 
average velocity V, the electrodes sense the induced voltage.
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Velocity Meter
Magnetic Flowmeter
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Advantages:
 Obstructionless flow
 Unaffected by viscosity, 

pressure, temperature 
and density

 Good accuracy
 No RD constraints
 Suitable for slurries and 

corrosive, 
nonlubricating, or 
abrasive liquids

 Wide rangeability (30:1)

Disadvantages:
• Liquid must be 

electrically conductive
• Not suitable for gases
• Can be expensive, 

particularly in small 
sizes

• Must be installed so that 
the meter is always full



Velocity Meter
Turbine Meter
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 Consist of multi-blade rotors supported 
by bearings and enclosed in a pipe 
section. perpendicular to fluid flow.

 Fluid flow drives the rotor.
 Rotor velocity is proportional to overall 

volume flow rate.
 Magnetic lines of flux created by a 

magnetic coil outside the meter.

An alternating voltage is produced as each blades cuts the 
magnetic lines of flux. Each pulse represents a discrete volume 
of liquid.
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Velocity Meter
Turbine Meter
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Advantages:
 High accuracy
 Rangeability 10:1
 Very good 

repeatability
 Low pressure drops
 Can be used on high 

viscosity fluids (but 
with lower turndowns)

Disadvantages:
• Moving parts subject to wear
• Can be damaged by 

overspeeding
• High temperature, 

overspeeding, corrosion, 
abrasion and pressure transient 
can shorten bearing life

• Rather expensive
• Filtration required in dirty fluids



Velocity Meter
Vortex Flowmeter
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 von karman effect (vortex 
shedding)
 As fluid pass a bluff body, it 

separates and generates small 
eddies/vortices that are shed 
alternately along and behind 
each side of the bluff body.

 This vortices cause areas of 
fluctuating pressure that are 
detected by a sensor.

 The frequency of vortex 
generation is directly 
proportional to fluid velocity. Shedder Bar
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Velocity Meter
Vortex Flowmeter
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Advantages:
 Good accuracy
 Usually wide flow 

range
 Used with liquids, 

gases and steam
 Minimal maintenance 

(no moving parts)
 Good linearity over the 

working range

Disadvantages:
• Not suitable for abrasive or 

dirty fluids
• Straight upstream pipe 

required equal to 30 times 
pipe diameter or longer

• Limited by low velocity (RD 
< 10,000)



Velocity Meter
Ultrasonic Flowmeters
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 uses sound waves to determine flow rates of fluids.
 Transit-Time Method
 2 piezoelectric transducers mounted opposing, to focus sound 

waves between them at 45° angle to the direction of flow 
within a pipe. In a simultaneous measurement in the opposite 
direction to fluid flow, a value (determined electronically) is 
linearly proportional to the flow rate.
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Velocity Meter
Ultrasonic Flowmeters
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 uses sound waves to determine flow rates of 
fluids.
 Doppler Effect Method
 One of the 2 transducer mounted in the same case on one 

side of the pipe transmits sound waves (constant frequency) 
into the fluid. Solids or bubbles within the fluid reflect the 
sound back to the receiver element. Frequency difference is 
directly proportional to the flow velocity in the pipe.



Velocity Meter
Ultrasonic Flowmeters
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Advantages:
 Non-intrusive, 

obstructionless
 Wide rangeability (10:1)
 Easy to install (especially 

for clamp-on version)
 Cost virtually 

independent of pipe size
 The flow measurement is 

bi-directional

Disadvantages:
• Maximum temperature 150°C
• Particular fluid conditions are 

required (TOF-type: clean 
liquids; Doppler-type: particles 
or impurities in the stream)

• Not very high accuracy (about 
±2%)

• Doppler flowmeter clamp-on 
type requires a pipe of 
homogeneous material 
(cement or fibreglass linings 
must be avoided)



Mass Meter
Coriolis Meter
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 Operating Principle
 Uses a obsructionless U-shaped tube as a sensor
 Applies Newton’s 2nd Law of Motion to determine flow rate.
 Force = mass x acceleration
 The flow tube vibrates at its natural frequency by an 

electromagnetic drive system.



Mass Meter
Coriolis Meter
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 Coriolis Effect
 Fluid flowing through the upward moving tube, pushes downward 

against the tube.
 Fluid flowing out through the downward moving tube, pushes 

upward against the tube.
 The combination of upward and downward resistive forces causes 

the sensor tube to twist (coriolis effect).



Mass Meter
Coriolis Meter
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 Signal Transmission
 The amount the tube twist is proportional to the mass flow rate 

of the fluid flowing through it.
 Electromagnetic sensors located at each side of the tube 

measures the respective velocity of the vibrating tube at these 
points.

 The sensor sends this information to the transmitter which gives 
an output signal directly proportional to mass flow rate.



Mass Meter
Coriolis Meter
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Advantages:
 High accuracy: ±0.25%
 Relatively low pressure 

drops
 Suitable for liquid and 

gas flow
 Easy to install
 Flow range (10:1)

Disadvantages:
• Expensive
• Mounting is critical (no 

vibration)
• Heat-tracing is required 

in some applications



Mass Meter
Thermal Meter
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 Works on the principle of heat transfer by the fluid 
flow
 Made up o 3 elements arranged along the direction of motion.
 high accurate temperature sensor at upstream
 an electrical heater in between
 high accurate temperature sensor at downstream

 The difference between the two temperature readings is 
proportional to the mass flow rate. (if the thermal properties of the 
fluid being metered are constant and known).



Mass Meter
Thermal Meter
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Advantages:
 No moving parts
 Suitable for large size 

pipe (insertion type)
 Good rangeability 

(50:1)
 Accuracy: ±1% FS
 Low permanent 

pressure losses

Disadvantages:
• Meter sensitive to fluid heat 

conductivity, viscosity, and 
specific heat

• Mostly gas service (only rare 
liquid service)

• Specific heat of the fluid 
must be known and constant 
i.e. the gas must have a 
constant composition

• Proper operation requires no 
heat losses due to 
conductive exchanges 
though the pipe walls



Displacement flowmeter
Oval Gear Meter

18

 An example of positive displacement meter
 Two meshing oval gears rotate as fluid flows through them
 Gears trap a known quantity of fluid as they rotate
 Each complete revolution of both the gears = 4 * amount of fluid 

that fills the space between the gear and the meter body
 volumetric flow rate is directly proportional to the rotational 

velocity of the gears



Exercise
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1. Which of the following would generally provide the best turndown ?
(A) DP - Orifice Plate (C) Magnetic Flowmeter
(B) V.A.Meter (D) Turbine Meter

Which of the following directly measures mass flow rate, and which
volume flow rate. Indicate “M” or “V”
2. Magnetic Flowmeter [ ]
3. Vortex Meter [ ]
4. Coriolis Meter [ ]
5. Non-compensated DP Flowmeter [ ]
6. Fully-compensated DP Flowmeter [ ]
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7. The following flowmeters all create some pressure loss. Number 
them in order, beginning with that which create the least loss.
(A) Venturi tube [ ]
(B) Positive displacement meter [ ]
(C) Magnetic flowmeter [ ]
(D) Vortex Meter [ ]
(E) Annubar [ ]
(F) Orifice plate [ ]
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