
Mechanical Acoustics 
  



GOALS FOR THIS 

PRESENTATION 

- Acoustical Terms and Myths. 
 

- Acoustical Design Criteria. 
 

- Basic acoustical concepts. 



ACOUSTICAL CONCERNS 

- Mechanical noise 

- Vibration isolation 

- Supply and Return air 

- Interior shaping 

- Reverberant sound 

- Machinery exhaust 

- Walls, windows & doors 



THE BASICS OF SOUND 

                       What is Sound? 

- A dynamic disturbance of the static 
atmospheric pressure 

- Speed of Sound in Air ~ 1100 ft/s 

- Wavelength in Feet  ~ 1100/Frequency 

- Human range of hearing                              
 20 to 20,000 Hz 

  55 to 0.06 ft wavelength 



THE DECIBEL (dB) 

- The range of Sound too huge for a linear 

scale, and the human ear responds in a 

somewhat logarithmic way 

- A logarithmic ratio of the actual pressure to 

the reference pressure 

 e.g. 20Pa for Sound Pressure 

   20 dB background noise sound studio 

   50 dB conversational speech 5 feet 

   80 dB curbside busy street 



A weighting dBA 



SOUND PRESSURE LEVEL 

(Lp) 

- Can be measured with a microphone 

- Used to calculate sound power levels 

- Sound pressure depends on: 

• strength of source 

• distance to source 

• reflective and absorptive surfaces 

• obstacles 



SOUND POWER LEVEL (Lw) 

- A measure of the total amount of sound  

power produced by a source  

- Cannot be measured directly from the 

source but can be calculated from sound 

pressure measurements 

- The data most desired for predicting 

noise levels 



Analogy Sound - Heat 

- The Sound Power of a source 

corresponds to the heat output of a 

source in Btu/h. 

 Both depend only on Source Characteristics. 

- The Sound Pressure level corresponds 

to the temperature in the room. 
 Both depend upon space and room properties. 



HUMAN SENSITIVITY  

2 

6 

10 

Just Noticeable Difference 

Significant Difference 

Twice/Half as Loud 



OCTAVE BAND SPECTRUM 
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Establish Design Criteria 

 THE FIRST STEP IN ANY DESIGN PROCESS IS 

TO ESTABLISH A SET OF DESIGN CRITERIA.   

 

SOUND DOES NOT APPEAR ON A SET OF PLANS 

 

A-weighted maximum allowable sound levels, 

most frequently encountered in environmental 

noise limits, community noise ordinances,… 

NC-criteria are most frequently used to establish 

permissible noise limits for indoor applications. 

 



TOP  

HVAC NOISE ISSUES 

   Almost any mechanical system 

within a building has the potential to 

generate unwanted noise.  

 

    



COMPONENTS  

OF FAN NOISE 



Fan / Duct Layout 



ROOFTOP UNITS 



Volume Damper 



EQUIPMENT VIBRATION 



CROSS-TALK 



Good Acoustical Design 

- Equipment Selection – Quiet Equipment 
(Built in Silencers, Vibration Control, Oversize Fans) 

- Equipment, Mechanical Room Location 
(No noise sensitive adjacencies, correct size of spaces) 

- Duct Size and Layout 
 (Prevent regenerated noise inside the duct) 

- Vibration Isolation 



CORE LAYOUT 



STC RATINGS 

n  Identifies the sound 

insulating properties of a 

structure as a function of 

frequency. 

n The higher the number, the 

better the performance. 

n Sound isolation is frequency 

dependent. 

n STC measurement and rating 

is standardized by the 

American Society for Testing 

and Material (ASTM)  



ABSORPTIVE SURFACES 

n When a sound wave hits a surface, the 

amount absorbed and reflected 

depends on the nature of the material. 

(Frequency dependant) 

n The absorption coefficient (       ) of any 

material can vary from 0 - 1.  If all the 

sound is absorbed, the coefficient = 

1.0.  If three-quarters of the sound is 

absorbed,        = .75 

  



NOISE REDUCTION COEFFICIENT 

(NRC) 

n single number rating 

n indicates the absorption of a material 

n (NRC), is the average of its       at the four middle   

test frequencies. 

125       .10 

250       .30 

500       .70 

1000       .60 

2000       .40 

4000       .35 

FREQUENCY 

NRC = 

2.00 = .50 

   4 



Vibration Isolation 

- Springs with correct 

static deflection 

- Use vibration isolated 

pipe hangers 

- Housekeeping pads 

and short beam spans 

adds stiffness and mass 

to structure 

- Flex connectors 



Horizontal Penetration 

 



Vertical Penetration 

 



MANUFACTURERS DATA  

CAN BE CONFUSING 

- Is the data provided sound power or sound 

pressure? 

- If it is sound pressure, at what distance are the 

predicted values? 

- If octave band data is provided, what is the 

first band, 63 Hz or 125 Hz and why? 

- Lab data, how does it compare to the field? 



 

 

 

Thank you for your attention. 



THE FINAL PRODUCT 

  Design 

“thinking” 

   noise 

  control 


