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Principles of Fluid Flow in Pipes

• In laminar flow , the fluid travels as parallel layers 
(known as streamlines) that do not mix as they move in 
the direction of the flow. 

• If the flow is turbulent, the fluid does not travel in parallel 
layers, but moves in a haphazard manner with only the 
average motion of the fluid being parallel to the axis of 
the pipe.

• If the flow is transitional , then both types may be present 
at different points along the pipeline or the flow may 
switch between the two.

• In 1883, Osborne Reynolds performed a classic set of 
experiments that showed that the flow characteristic can 
be predicted using a dimensionless number, now known 
as the Reynolds number.



Principles of Fluid Flow in Pipes

• The Reynolds number Re is the ratio of the inertia 
forces in the flow to the viscous forces in the flow and 
can be calculated using:

• If Re < 2000, the flow will be laminar. 

• If Re < 4000, the flow will be turbulent. 

• If 2000<Re<4000, the flow is transitional 

• The Reynolds number is a good guide to the type of flow



Principles of Fluid Flow in Pipes



The Orifice Plate

• The orifice plate is the simplest and cheapest.

• The increase that occurs in the velocity of a fluid as it passes 
through the hole in the plate results in a pressure drop being 
developed across the plate. After passing through this restriction, 
the fluid flow jet continues to contract until a minimum diameter 
known as the vena contracta is reached.

• The equation to calculate the flow must be modified to



The Orifice Plate



The Venturi Tube

• The classical or Herschel Venturi tube is the oldest type of differential 
pressure flowmeter (1887). 

• The restriction is introduced into the flow in a more gradual way

• The resulting flow through a Venturi tube is closer to that predicted in theory 
so the discharge coefficient C is much nearer unity (0.95). 

• The pressure loss caused by the Venturi tube is lower, but the differential 
pressure is also lower than for an orifice plate of the same diameter ratio.



• The transducer is usually part of a transmitter, which 
converts differential pressure, static pressure, and 
ambient temperature measurements into a standardized 
electrical output signal.

• Smart transmitters use a local, dedicated microprocessor 
to condition signals from the individual sensors and 
compute volumetric or mass flow rate. These devices 
can be remotely configured, and a wide range of 
diagnostic and maintenance functions are possible using 
their built-in “intelligence.”

• The transmitter should be located as close to the 
differential producer as possible. 

• This ensure a fast dynamic response and reduces 
problems caused by vibration of the connecting tubes. 

Differential Pressure measurement



Variable Area Flowmeters

• The term variable area flowmeters  refers to 
those meters in which the minimum cross-
sectional area available to the flow through the 
meter varies with the flow rate. 

• Meters of this type include the rotameter and the 
movable vane meter used in pipe flows, and the 
weir or flume used in open-channel flows. 

• The measure of the flow rate is a geometrical 
quantity such as the height of a bob in the 
rotameter, the angle of the vane, or the change 
in height of the free surface of the liquid flowing 
over the weir or through the flume.



Rotameter

• Rotameter consists of a conical 

transparent vertical glass tube 

containing a “bob”. 

• The flow rate is proportional to the 

height of the bob.

• The rotameter is characterized by:

– Simple and robust construction

– High reliability

– Low pressure drop



Rotameter

• Applicable to a wide variety of gases and liquids

• Flow range 0.04 L/h to 150 m3/h for water

• Flow range 0.5 L/h to 3000 m3/h for air 

• Uncertainty 0.4% to 4% of maximum flow

• Insensitivity to nonuniformity in the inflow (no 
upstream straight piping needed)

• Typical maximum temperature 400°C

• Typical maximum pressure 4 MPa (40 bar)

• Low investment cost

• Low installation cost



Positive Displacement Flowmeters

• A positive displacement flowmeter, commonly called a 
PD meter, measures the volume flow rate of a 
continuous flow stream by momentarily entrapping a 
segment of the fluid into a chamber of known volume 
and releasing that fluid back into the flow stream on the 
discharge side of the meter. 

• By monitoring the number of entrapments for a known 
period of time or number of entrapments per unit time, 
the total volume of flow or the flow rate of the stream can 
be ascertained. 

• The total volume and the flow rate can then be displayed 
locally or transmitted to a remote monitoring station.



Sliding-vane type PD meter.

Tri-Rotor Type PD Meter

Birotor PD Meter

Piston Type PD Meter

Oval Gear PD Meter



Advantages PD Meters

• Advantages PD Meters

• High-quality, high accuracy, a wide range, and 

are very reliable, insensitive to inlet flow profile 

distortions, low pressure drop across the meter.

• Until the introduction of electronic correctors 

and flow controls on other types of meters, PD 

meters were most widely used in batch loading 

and dispensing applications. All mechanical 

units can be installed in remote locations.



Disadvantages PD Meters

• bulky, especially in the larger sizes. 

• the fluid must be clean for measurement accuracy and 
longevity of themeter. 

• More accurate PD meters are quite expensive.

• Have high inertia of the moving parts; a sudden change 
in the flow rate can damage the meter. 

• Only for limited ranges of pressure and temperature

• Most PD meters require a good maintenance schedule 
and are high repair and maintenance meters. 

• Recurring costs in maintaining a positive displacement 
flowmeter can be a significant factor in overall flowmeter 
cost.
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