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UNIT III  
ACOUSTICS AND WIND FLOW MEASURES 

 
Pressure measurement 
Pressure measured can be absolute, gauge or differential depending on type of reference 
Types of pressure transducers 

• Gravitational 
                 eg : manometer 

• Elastic – force converted to strain 
               eg. Diaphragm, capsule, bellows, bourdon tubes 
Diaphragm 

 Common pressure sensing  elastic element 
 Thin circular plate stretched & fastened at its periphery 
 Made of  elastic alloys of bronze,phosphor bronze, stainless steel or alloys like Monel, Nickel 

span –C 
 Structure – flat or corrugated 
 Flat type – high natural frequency  

 Corrugated – for large deflections 

 

 
 

Capsule 

 
• Two corrugated metal diaphragms sealed together at periphery 
• Forms a shell like structure 
• One diaphragm has a port at centre to admit pressure to be measured 
• Other diaphragm linked to a moveable mechanical part. 
• Displacement proportional to difference b/w outer & inner pressure. 

Bourdon tubes 
• Curved or twisted metallic tubes with elliptical cross section 
• Sealed at one end 
• Tends to straighten when pressure applied. 
• Angular sensitivity proportional to pressure applied 
• More sensitive to shock & vibrations 
• Good repeatability 
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Spirals bourdon tubes 

 

 
Bourdon tubes –C type 

 
Helical type - Tube in the form of helix 

Bellows 

 Thin walled cylindrical sheets with deep convolutions  sealed at one end 

 Sealed end moves axially when pressure is applied 

 No. of convolution s – vary from- 2 to 50 – depends on range, operating temp 

 Used for low pressure measurement 

Displacement y = 2nAaPRx
2
 

/( Et
2) 

 where 
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 n –  no. of convolutions 

  Aa - 
  
effective area  

Et -   young‟s modulus of elasticity 

Rx -  radius of diaphragm 

P –  Pressure 
 

Introduction to Pressure Transducers  
 

What is a pressure transducer? 
A pressure transducer is a transducer that converts pressure into an analog electrical signal. 

Although there are various types of pressure transducers, one of the most common is the strain-gage 

base transducer.  

The conversion of pressure into an electrical signal is achieved by the physical deformation of strain 

gages which are bonded into the diaphragm of the pressure transducer and wired into a wheatstone 

bridge configuration. Pressure applied to the pressure transducer produces a deflection of the 

diaphragm which introduces strain to the gages. The strain will produce an electrical resistance 

change proportional the pressure. 

 

 

 

   The Electrical Output of Pressure Transducers  

Pressure transducers are generally available with three types of electrical output; millivolt, amplified 

voltage and 4-20mA.  

Millivolt Output Pressure Transducers 
Transducers with millivolt output are normally the most economical pressure transducers. The output 

of the millivolt transducer is nominally around 30mV. The actual output is directly proportional to the 

pressure transducer input power or excitation. If the excitation fluctuates, the output will change also. 

Because of this dependence on the excitation level, regulated power supplies are suggested for use 

with millivolt transducers. Because the output signal is so low, the transducer should not be located in 

an electrically noisy environment. The distances between the transducer and the readout instrument 

should also be kept relatively short.  

Voltage Output Pressure Transducers 
Voltage output transducers include integral signal conditioning which provide a much higher output 

than a millivolt transducer. The output is normally 0-5Vdc or 0-10Vdc. Although model specific, the 

output of the transducer is not normally a direct function of excitation. This means unregulated power 

supplies are often sufficient as long as they fall within a specified power range. Because they have a 

higher level output these transducers are not as susceptible to electrical noise as millivolt transducers 

and can therefore be used in much more industrial environments.  

4-20 mA Output Pressure Transducers 
These types of transducers are also known as pressure transmitters. Since a 4-20mA signal is least 

affected by electrical noise and resistance in the signal wires, these transducers are best used when the 

signal must be transmitted long distances. It is not uncommon to use these transducers in applications 

where the lead wire must be 1000 feet or more.  
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   Styles of Pressure Transducers   

PC Board Mountable Pressure Transducers 

PC board mountable pressure transducers are generally compact economical 

pressure transducers designed to mount on an electrical PC board and be 

integrated into other products.  

      

 

General Purpose Transducers 

 

General purpose pressure transducers are the most common since they are 

signed to fit the broadest set of applications.  

     

 

Heavy Duty/Industrial Pressure Transducers 

 

Heavy Duty/Industrial Pressure transducers feature a much more rugged 

enclosure than other transducers. They are designed to accommodate heavy 

industrial environments. They also often feature a scalable 4-20mA output 

that provides much greater immunity to electrical noise which is not 

uncommon in industrial environments. 

         

 

High Stability/High Accuracy Pressure Transducers 

 

Most pressure transducers feature an accuracy of 0.25% of full scale or 

higher. High stability and high accuracy pressure transducers can offer errors 

as low as 0.05% of full scale, depending on model. Although more expensive 

than general purpose transducers, they may be the only option if high 

precision is required.  

      

 

Flush Diaphragm Pressure Transducers 

 

With flush diaphragm pressure transducers, the diaphragm is flush to the 

process. This eliminates a cavity above the diaphragm that could collect fluid 

matter from the process. In certain applications, this may be very undesirable. 

Those applications include monitoring the pressure of foods or liquids that 

have very high viscosity.  
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Special Purpose Transducers 

These include pressure transducers designed for pressure measurement in 

very high or low temperatures, submersible pressure transducers, barometric 

pressure transducers and pressure transducers with digital communications 

output or wireless outputs. 

 

Need for Measuring Noise in the Workplace 
 Measuring noise levels and workers' noise exposures is the most important part of a 

workplace hearing conservation and noise control program.  

 It helps identify work locations where there are noise problems, employees who may be 

affected, and where additional noise measurements need to be made.  

For occupational hygiene purposes, the sound pressure level is measured to determine noise 

exposures. Various instruments and techniques may be used.  

The choice depends on the workplace noise and the information needed. However, the first step is to 

determine if there is a noise problem in the workplace. 

Identification of Noise Problems in the Workplace 

The first step is to determine whether or not noise is a potential problem in your workplace. A 

walk-through survey helps in making this decision. The indicators of potentially hazardous noise level 

include: 

• Noise is louder than busy city traffic,  

• People have to raise their voice to talk to someone at one meter (3 feet) away  

• At the end of work shift people have to increase the volume of their radio or TV to a level too 

loud for others, and  

• After working for a few years at that workplace, employees find it difficult to communicate in 

a crowd or party situation where there are other sounds or many voices.  

Important Points when planning noise measurement 

Before taking field measurements, it is important to determine the type of information required. The 

person making the measurement must understand: 

• The purpose of measurement: compliance with noise regulations, hearing loss prevention, 

noise control, community annoyance etc.  

• The sources of noise, and times when the sources are operating.  

• The temporal pattern of noise - continuous, variable, intermittent, impulse, and Locations of 

exposed persons.  

• The initial measurements are noise surveys to determine if  

• Noise problem exists and  

• Further measurements are needed. 

http://www.omega.com/pptst/PX1004.html
http://www.omega.com/pptst/PX1004.html
http://www.omega.com/pptst/PX1004.html
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• The second step is to determine personal noise exposure levels; that is, the amounts of noise 

to which individual employees are exposed. If the workplace noise remains steady, noise 

survey data can be used to determine employee exposures. However, noise dosimeter is 

necessary if the workplace noise levels vary throughout the day or if the workers are fairly 

mobile.  

TYPES OF INSTRUMENTS ARE USED FOR MEASURING NOISE 

The most common instruments used for measuring noise are the  

• sound level meter (SLM) 

•  The integrating sound level meter (ISLM), and  

• The noise dosimeter  

It is important to understand the calibration, operation and reading the instrument.  

SOUND LEVEL METER (SLM) 

Sound level meters measure sound pressure level and are commonly used in noise 

pollution studies for the quantification of almost any noise, but especially for industrial, 

environmental and aircraft noise 

                                  
       Sound Level Meter               Components 

 

The Sound Level Meter consists of a microphone, amplifier, frequency weighting filter and 

readout meter. 

 Three types of sound level Meter 

1)  Type1 - Precision Sound level meter 

2)  Type-2  - General purpose sound level meter 

3)  Type-3  - Survey sound level meter 

The distinguishing factor among the three types of meters is the tolerance allowed on 

frequency response and directional response, which are controlled by the microphone.  

The microphone detects the small air pressure variations associated with sound and changes 

them into electrical signals.  

•  These signals are then processed by the electronic circuit of the instrument.  

http://en.wikipedia.org/wiki/Noise_pollution
http://en.wikipedia.org/wiki/Noise_pollution
http://en.wikipedia.org/wiki/Aircraft_noise
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• The readout displays the sound level in decibels. The SLM takes the sound pressure 

level at one instant in a particular location.  

(a) Microphone:  

The microphone responds to sound pressure variations and produces an electrical signal 

that is processed by the sound level meter.  

• The most suitable type of microphone for sound level meters is the condenser 

microphone, which combines precision with stability and reliability. The electrical signal 

produced by the microphone is quite small and so it is amplified by a preamplifier 

before being processed. 

• The electrical signal produced by the microphone is quite small and so it is amplified by 

a preamplifier before being processed.  

(b) Attenuator:  

Sound level meters are used for measuring sounds that differ greatly in level. A small 

portion of this range is covered by the relative deflection of the needle on the indicating 

meter, the rest of the range is covered by an adjustable attenuator, which is an electrical 

resistance network inserted in the amplifier to produce known ranges of signal level.  

(c) Amplifier:  

The amplifier in a sound level meter must have a high available gain so that it can measure 

the low-voltage signal from a microphone in a quiet location. It should have a wide 

frequency range, usually on the order of 20-20,000 Hz.The range of greatest interest in 

noise measurement is 50-6,000 Hz. The inherent electronic noise floor and hum level of 

the amplifier must be low.  

(d) Weighing Network: 

Several different types of processing may be performed on the signal. The signal may pass 

through a weighing network. It is relatively simple to build an electronic circuit whose 

sensitivity varies with frequency in the same way as the human ear, thus simulating the 

equal loudness contours. This has resulted in three different internationally standardized 

characteristics termed the „”A”,”B” and “C” weightings. 

(e) Metering system: 

After the electrical signal from the microphone is amplified and sent through the 

attenuators and weighting networks, the signal is used to drive a metering circuit. This 

metering circuit displays a value that is proportional to the electrical signal applied to it.  

The SLM takes the sound pressure level at one instant in a particular location.  

MEASUREMENT METHODS: 

• To take measurements, the SLM is held at arm's length at the ear height for those 

exposed to the noise.  
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• With most SLMs it does not matter exactly how the microphone is pointed at the 

noise source. The instrument's instruction manual explains how to hold the 

microphone.  

• The SLM must be calibrated before and after each use. The manual also gives the 

calibration procedure.  

• With most SLMs, the readings can be taken on either SLOW or FAST response. The 

response rate is the time period over which the instrument averages the sound level 

before displaying it on the readout. Workplace noise level measurements should be 

taken on SLOW response.  

A Type 2 SLM is sufficiently accurate for industrial field evaluations. The more accurate and 

much more expensive Type 1 SLMs are primarily used in engineering, laboratory and 

research work. Any SLM that is less accurate than a Type 2 should not be used for workplace 

noise measurement.  

• An A-weighting filter is generally built into all SLMs and can be switched ON or OFF. 

Some Type 2 SLMs provide measurements only in dB(A), meaning that the A-weighting 

filter is ON permanently.  

• A standard SLM takes only instantaneous noise measurements. This is sufficient in 

workplaces with continuous noise levels. But in workplaces with impulse, intermittent or 

variable noise levels, the SLM makes it difficult to determine a person's average 

exposure to noise over a work shift. One solution in such workplaces is a noise 

dosimeter.  

How to Use of Sound Level Meters 
The following steps must be taken successively: 

1. Batteries must be checked before use and during long measuring sessions. 

2. A wind shield must be used if the air velocity is noticeable. It should anyway be used all 

the time as a dust shield. 

3. The microphone should be oriented as described previously. 

4. All intruding objects such as the body of the sound level meter (SLM) or the operator 

itself will degrade the frequency response of the microphone at high frequencies and 

directivity effects will appear at much smaller frequencies. Therefore, the SLM should 

be, whenever possible, installed on a stable and sturdy tripod equipped with resilient 

blocks to isolate the sound level meter from vibration and consequent spurious 

readings. The operator should be at a reasonable distance (2-3 m) behind the sound 

level meter.  

5. If the temperature of the instrument is significantly different from the ambient 

temperature where it will be used, it should be first warmed up before calibration and 

use. The calibration must be checked at the end of the session. If the instrument is not 

calibrated anymore, the data might have to be discarded and the reasons for this 

calibration change should be investigated as this might indicate an important 

malfunctioning of the instrument. 
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VENTURIMETER 

Principle of venturi meter operation 

The venturi meter consists of two conical pipes connected as shown in the figure. The 

minimum cross section diameter is called throat. The angles of the conical pipes are 
established to limit the energy losses due to flow separation. The flow obstruction produced by 
the venturi meter produces a local loss that is proportional to the flow discharge. 
 

Pressure taps are located upstream and downstream of the venturi meter, immediately 
outside the variable diameter areas, to measure the losses produced through the meter. 
Flow rate measurements are obtained using Bernoulli equation and the continuity 
equation (see below the derivation). An experimental coefficient is used to account for the 

losses occurring in the meter (Va and Vb are the upstream and downstream velocities and  is 
the density. (Aa and Ab are the cross sectional areas). 
 

  
 

 

The Venturi meter is a device for measuring discharge in a pipe. It consists of a rapidly converging 

section which increases the velocity of flow and hence reduces the pressure. It then returns to the 

original dimensions of the pipe by a gently diverging 'diffuser' section. By measuring the pressure 

differences the discharge can be calculated. This is a particularly accurate method of flow measurement 

as energy loss are very small.  



ST9222 - Experimental Techniques and Instrumentation 
 

 

10 

 
A Venturi meter 

Applying Bernoulli along the streamline from point 1 to point 2 in the narrow throat of the Venturi 

meter we have  

 

By the using the continuity equation we can eliminate the velocity u2,  

 

Substituting this into and rearranging the Bernoulli equation we get  

 

To get the theoretical discharge this is multiplied by the area. To get the actual discharge taking in to 

account the losses due to friction, we include a coefficient of discharge  
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This can also be expressed in terms of the manometer readings  

 

Thus the discharge can be expressed in terms of the manometer reading::  

 

Notice how this expression does not include any terms for the elevation or orientation (z1 or z2) of the 

Venturimeter. This means that the meter can be at any convenient angle to function.  

The purpose of the diffuser in a Venturi meter is to assure gradual and steady deceleration after the 

throat. This is designed to ensure that the pressure rises again to something near to the original value 

before the Venturi meter. The angle of the diffuser is usually between 6 and 8 degrees. Wider than this 

and the flow might separate from the walls resulting in increased friction and energy and pressure loss. 

If the angle is less than this the meter becomes very long and pressure losses again become significant. 

The efficiency of the diffuser of increasing pressure back to the original is rarely greater than 80%.  

 
Application of venturimeter 

Plumbing - Venturi meters are used in pipelines at wastewater collection systems and treatment plants. 

They are used in wastewater pipes because their overall design structure allows for solids to pass 

through it instead of collecting in front of it. Less buildup in the pipes allows for more accurate readings 

of the pressure of the wastewater and thus its velocity. 

The Flow of Chemicals in Pipelines - The temperatures and pressures of chemicals in a pipeline do not 

affect the accuracy of a Venturi flowmeter and because of this they are used in crude oil pipelines. 

Crude oil pipelines, such as the ones in Alaska, are exposed to extreme temperatures during the long 

arctic winter months. Another advantage of using the Venturi meter in such volatile and frigid 

environments is that it has no moving parts; there is no risk of them freezing and breaking due to 

thermal expansion. 

Carburetors The venturi in carburetors is used to measure airflow in a car engine and to ensure that a 

correct amount of fuel is fed to the gas combustion engine when needed during driving. The air and fuel 

mixture must be evenly distributed to the engine in order for it to work properly. The temperatures of 

air and fuel are constantly changing due to the shift in temperatures that occur in an engine during 

idling, acceleration, high speeds, and low speeds. The venturi meter allows the carburetor to adjust and 

calibrate the distribution of fuel and air to the engine as needed. 
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