
Measurements in 
Fluid Mechanics



The purpose of this chapter is to provide the reader with a 
basic introduction to the concepts and techniques applied by 
engineers who measure flow parameters either in the 
laboratory or in an industrial environment.

Methods and instrumentation employed to measure pressure, 
velocity, and discharge are presented.
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Dynamic Response and Averaging

Pressure
• Manometer
• Bourdon Gage
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Pressure Transducer

Measurement of Local Flow Parameters



Velocity

• Particle Velocity Measurement
• Pitot-Static Probe
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Velocity

• Cup or Propeller Anemometer
Cup or propeller anemometers are employed to measure the 
velocity of either gases or liquids.

• Thermal Anemometer
The thermal (hot wire) anemometer is employed to measure 
velocity in air.
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• Laser-Doppler Velocimeter
A device that can be used advantageously when it is desired 
not to have the probe immersed in the flow is the laser-doppler
velocimeter (LDV).
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Velocity–Area Method

In a manner that does not require calibration and for steady 
flow, a velocity distribution can be measured by systematically 
moving a velocity probe throughout the flow cross section, or 
by using a so-called “rake” where local velocities are measured 
simultaneously.
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Differential Pressure Meters

Downstream of the restriction, the streamlines converge to 
form a minimal flow area Ac, termed the vena contracta.
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Orifice Meter
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Venturi Meter

The venturi meter has a shape that attempts to mimic the flow 
patterns through a streamlined obstruction in a pipe.

Flow Nozzle

The flow nozzle consists of a standardized shape with 
pressure taps typically located one diameter upstream of the 
inlet and one-half diameter downstream.
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Elbow Meter
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Other Types of Flow Meters

Turbine Meter
The turbine meter consists of a propeller mounted inside a duct 
that is spun by the flowing fluid.

Rotameter 
The rotameter consists of a tapered tube in which the flow is 
directed vertically upward.
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Target Meter
The target meter consists of a disk suspended on a support 
strut immersed in the flow.
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Electromagnetic Flowmeter
The electromagnetic flowmeter is a nonintrusive device that 
consists of an arrangement of magnetic coils and electrodes 
encircling the pipe.
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Acoustic Flowmeter
Based on one of two principles:
- ultrasonic transmitters/receivers beamed across a flow path
- the Doppler effect.
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Vortex-Shedding Meter
This flow-metering device consists of a single strut or series of 
struts placed chord-like inside a pipe normal to the flow 
direction.

Coriolis-Acceleration Flowmeter
These are meters that are based on the Coriolis acceleration 
principle.

Open-Channel Flowmeters
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Examples include particles used to visualize pathlines in liquid 
flows around submerged objects, dye released to study the 
mixing process in a stream, smoke released at the upwind end 
of a wind tunnel to study the development of a boundary layer, 
and airflow patterns above a solid surface visualized by 
coating that surface with a viscous liquid.

A pathline is physically generated by following the motion of an 
individual particle such as a bubble or small neutrally buoyant 
sphere over a period of time.
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Tracers
An effective tracer does not alter the flow pattern but is 
transported with the flow and is readily observable.

Hydrogen Bubbles: A very thin metallic wire can be placed in 
water to serve as the cathode of a direct-current circuit, with 
any suitable conductive material acting as an anode.

Usually, the hydrogen bubbles are used as the tracer since 
they are smaller than the oxygen bubbles and more of them 
are formed.
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Chemical Indicators
A change in pH caused by the injection of a base solution 
changes the color of the liquid. The lifetime of the colored 
water depends on the molecular diffusion of the hydrogen ions 
and the turbulence.

Particles in Air
The method can be applied to flows where the Reynolds 
number based on the wire diameter is less than 20.
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Velocimetry:
Velocimetry methods are 
particularly useful in the 
studies of explosions, 
transients in channels and 
ducts, flow in internal 
combustion engines, bubble 
growth and collapse, fluid-
solid interaction, and the 
structure of turbulent flow.
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Tufts and Oil Films
Flow visualization along a surface can be accomplished by
attaching tufts to the surface, or if flow away from the surface is 
to be observed, they may be supported on wires.
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Photography and Lighting

Flow Visualization



Flow Visualization



Flow Visualization



Flow Visualization



Index of Refraction Methods
The three index of refraction techniques are schlieren, 
shadowgraph, and interferometry.

The methods depend on the variation of the index of refraction 
in a transparent fluid medium and the resulting deflection of a 
light beam directed through the medium.

The index of refraction is a function of the thermodynamic state 
of the fluid and typically depends only on the density.
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Digital Recording of Data

Examples include reading a manometer attached to an
orifice flowmeter, monitoring a digital rpm readout of a vane 
anemometer, and recording the pressure indicated on a 
Bourdon gage.

The advent of the personal computer has revolutionized 
automated acquisition of flow data.

Data Acquisition and Analysis



Uncertainty Analysis

An error is the fixed, unchangeable difference between the true 
value and the recorded value, whereas an uncertainty is the 
statistical value that an error may assume for any given 
measurement.

Uncertainty can be divided into three categories: (1) 
uncertainty due to calibration of instruments, (2) uncertainty 
due to acquisition of data, and (3) uncertainty as a result of 
data reduction.
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Precision is alternatively termed repeatability; it is found by 
taking repeated measurements from the parameter population 
and using the standard deviation as a precision index. 

The parameter xi is one particular measured variable, or 
measurand, <xi> is the average of all the measured variables, 
and δxi is the uncertainty interval, or precision, associated with 
xi.

Data Acquisition and Analysis



In addition to defining uncertainties in the data, it is necessary 
to propagate those uncertainties into the results.
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Regression Analysis

Y is the derived result, X is the measurand, and C and m are 
constants.
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The monitoring of pressure and velocity at discrete locations in 
flow fields was discussed, followed by descriptions of 
integrated flow rate or discharge measurements.

Flow visualization is an important technique that is employed in 
both industrial and research laboratories to study complex flow 
fields, especially turbulent ones.

Today, a significant number of measurements are automated 
and may require analog or digital interfacing with data loggers 
or personal computers.

Summary


