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Course Description

This course examines the engineering principles and practical methods used to identify,
analyze, and mitigate noise and vibration in HVAC systems. It provides a technical
overview of the sources of sound and mechanical vibration in heating, ventilation, and
air conditioning equipment, and infroduces proven control strategies including
isolation, damping, absorption, and acoustic shielding.

The course explores both airborne and structure-borne pathways of sound transmission,
the influence of ductwork and support structure design, and how to meet applicable
noise control standards in residential, commercial, and industrial applications. Emphasis
is placed on engineering design considerations for quiet, efficient, and code-compliant
HVAC system installations.

Course Objectives
Upon completion of this course, participants will be able to:
e |dentify the primary sources of noise and vibration in HVAC systems.
o Distinguish between airborne and structure-borne fransmission mechanisms.
e Understand fundamental acoustic and vibration principles as applied to
mechanical systems.
e Evaluate methods for isolating and reducing vibration at the source.
o Apply strategies for attenuating duct-borne noise and resonances.
o Select appropriate materials and mounting configurations to mitigate unwanted
system noise.
e Analyze the impact of equipment placement and building structure on sound
propagation.
e Understand applicable standards and regulations for noise levels in building
environments.

Intended Audience

This course is appropriate for mechanical engineers, HYAC designers, building systems
engineers, acoustical engineers, and facilities professionals involved in HVAC system
design, construction, and maintenance. It is also applicable to general confractors and
consultants concerned with indoor environmental quality and occupant comfort.
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Chapter 1: Fundamentals of Sound and Vibration in HVAC
Systems

Sound and vibration are inherent byproducts of mechanical system operation, and
HVAC systems are no exception. Every moving part—from motors and compressors to
fans and pumps—produces mechanical energy that is transmitted through the air and
solid structures. While some level of noise is inevitable, the goal of the HVAC design
engineer is to minimize these disturbances to levels acceptable for the specific
environment, whether a residence, office, hospital, or industrial facility.

Understanding the foundational physics of sound and vibration is essential before
attempting to control them. Sound is a pressure wave that travels through a medium,
typically air, while vibration is the mechanical oscillation of a structure or component. In
HVAC systems, sound and vibration are tightly coupled; vibrating machinery can
generate airborne noise, and conversely, airborne noise can induce vibration in nearby
structures.

Nature of Sound
Sound is produced when an object vibrates, causing surrounding air particles to
oscillate. These oscillations propagate in the form of longitudinal waves.

The three primary characteristics of sound relevant to HVAC design are frequency,
amplitude, and wavelength:

e Frequency is measured in hertz (Hz) and represents how many cycles per second
the sound wave completes. Low-frequency sounds, such as those produced by
large fans or compressors, tend to travel farther and penetrate structures more
effectively.

o Amplitude refers to the sound pressure level, measured in decibels (dB). This
quantifies the perceived loudness of the sound.

e Wavelength is inversely proportional to frequency and determines how sound
interacts with physical structures. For instance, longer wavelengths (low
frequency) are less easily absorbed by acoustic materials.

Sound may be classified as either continuous or impulsive. In HVAC systems, most
sources produce continuous sound—such as humming motors or flowing air—although
some may generate intermittent impulsive noise during startup or valve actuation.

Nature of Vibration

Vibration is a repetitive oscillatory motion of an object around an equilibrium point. In
HVAC equipment, rotating machinery (e.g., fan blades, pumps) often initiates this
motion. If unaddressed, vibration can be transmitted through equipment mounts into
surrounding structures, resulting in structural-borne noise and potential fatigue damage.

Vibration is characterized by three main descriptors:
o Displacement (typically in micrometers or mils) indicates how far a point moves
from its rest position.



e Velocity (usually in mm/s or in/s) reflects how fast the displacement occurs.
e Acceleration (measured in g or m/s?) expresses the rate of change of velocity.

In HVAC systems, most concerns center on vibration velocity, as it correlates well with
energy fransmitted into structures. Excessive vibration not only generates undesirable
noise but can also degrade system performance and increase maintenance
requirements.

Airborne vs Structure-Borne Transmission
Understanding how noise propagates is essential for devising control strategies.

HVAC noise is fransmitted in two fundamental ways:

1. Airborne Transmission
This occurs when sound waves travel through the air from a source (like a fan or
air terminal) to a receiver (such as an occupant or adjacent room). Airborne
sound can pass through ductwork, plenum spaces, and even light construction
materials.

2. Structure-Borne Transmission
This involves the transmission of vibration energy through solid materials, such as
building supports, floors, or wall assemblies. When vibration is transmitted into a
wall, it can re-radiate as airborne noise on the other side, often perceived as a
low-frequency hum or rattle.

In many HVAC systems, both transmission paths coexist. For instance, a rooftop air
handling unit may generate airborne noise through supply ducts and transmit structure-
borne vibration through mounting supports to the building frame.

Resonance and Amplification

One of the most problematic phenomena in HVAC acoustics is resonance. Resonance
occurs when the natural frequency of a component or structure aligns with the
frequency of a vibratory source. When this happens, even small forces can produce
large amplitude oscillations. Ducts, walls, ceilings, and floors can all act as resonators
under the right conditions.

Avoiding resonance is a critical part of HVAC system design. This can be accomplished
by shifting the natural frequencies of components, altering support conditions, or
damping the system with specialized materials.

Octave Bands and Frequency Analysis

In engineering acoustics, sounds are often analyzed in terms of octave bands, which
group frequencies into segments where the highest frequency is twice the lowest. For
HVAC design, particular attention is given to octave bands between 31.5 Hz and 8,000
Hz. Equipment manufacturers often provide sound power or sound pressure level data
within these bands, allowing engineers to assess compliance with design criteria.

Low-frequency sounds (below 250 Hz) are generally more difficult to control due to their
long wavelengths and structural penetrability. Mid- and high-frequency sounds are



easier to attenuate but may still require design considerations such as sound traps, duct
lining, or silencers.

Perception and Psychological Impact

Noise affects not only acoustical performance but also occupant well-being. Excessive
or fluctuating HVAC noise can disrupt sleep, reduce concentration, and confribute to a
perception of poor building quality. In environments like hospitals and schools, the
implications of poor noise control can be especially significant.

ASHRAE and other standards organizations provide noise criteria curves (e.g., NC, RC,
and dBA values) that establish acceptable levels for various spaces. Engineers are
responsible for ensuring that HVAC designs meet these comfort thresholds without
compromising airflow performance or energy efficiency.

Conclusion

Sound and vibration in HVAC systems are complex phenomena with both physical and
perceptual dimensions. By understanding how noise is generated, transmitted, and
perceived, engineers can lay the groundwork for effective control strategies. This
foundational knowledge is essential before diving into the specific mechanisms and
methods for mitigation, which will be explored in the following chapters.



Chapter 2: Common Sources of Noise and Vibration in
HVAC Equipment

HVAC systems are composed of various components that work together to manage
the indoor environment. While they fulfill critical thermal and ventilation roles, these
components are also primary contributors to mechanical noise and vibration.

Understanding the individual sources helps in selecting appropriate control strategies
and preventing cumulative acoustic issues.

Rotating Equipment

One of the most prevalent causes of both noise and vibration is rotating machinery.
Fans, blowers, compressors, and pumps all operate through rotational motion, and
imperfections in balance, bearing wear, or misalignment can produce significant
mechanical disturbances. Rotational imbalance in fans, for instance, can create
periodic forces that resonate with nearby structures or ductwork, amplifying both
vibration and radiated noise.

Cenftrifugal and axial fans are particularly noteworthy. Centrifugal fans tend to produce
broadband noise due to furbulence and blade passage effects. Axial fans, on the
other hand, often emit tonal noise resulting from the interaction between fan blades
and stationary guide vanes, which can be particularly noticeable if the fan operates at
a resonant frequency of its mounting structure or air path.

Compressors and Condensers

Compressors—especially reciprocating types—are sources of both low-frequency
vibration and pulsating noise. Scroll and screw compressors, while smoother in
operation, still emit cyclical vibrations and radiated sound. Condensing units, often
placed on rooftops or slabs, can tfransmit both airborne noise through the casing and
structure-borne vibration through the building frame if not properly isolated.

Additionally, refrigerant gas pulsations within compressor discharge lines can create
pressure waves that result in pipe resonance and audible hum. Without proper support
and damping, these effects can travel far into the building.

Air Handling Units (AHUs)

Air handling units integrate multiple noise sources, including fans, motors, belts, and
dampers. Belt-driven motors contribute to both broadband noise from friction and tonal
noise from belf resonance or misalignment. Motor hum, typically at 60 Hz and its
harmonics, is another common contributor to low-frequency sound.

AHU casings can also act as secondary sound radiators, especially if made from
lightweight sheet metal. Without internal acoustic lining or external dampening, these
surfaces can vibrate in response to internal turbulence or motor-induced vibration,
radiating additional sound into occupied spaces.



Ductwork and Diffusers

Duct systems not only carry air but also serve as tfransmission pathways for sound and
vibration. Rigid ductwork can carry structure-borne vibration if directly connected to
vibrating equipment without flexible connectors. Turbulent airflow, particularly around
bends, dampers, or poorly sized transitions, generates broadband noise that is readily
transmitted through thin duct walls or radiated at diffusers and grilles.

Grilles, registers, and diffusers can also become noise generators if air velocity is
excessive or if components are improperly sized. Whistling, rattling, or booming can
result from pressure drops, high turbulence, or loose hardware. Volume control
dampers, when only partially open, are a known source of air hissing and high-
frequency noise.

Piping Systems and Valves

Hydronic and refrigerant piping can transmit vibration from connected pumps and
compressors into structural elements. Pipe hangers and supports, if overly rigid or poorly
damped, act as conduits for vibration fransfer. In long piping runs, thermal expansion
and confraction can lead to shifting and knocking noises if proper allowances are not
made in support spacing or material flexibility.

Solenoid valves and pressure regulators can produce intermittent clicking or
hammering sounds, partficularly during system cycling. Water hammer, caused by
sudden changes in flow velocity, is another source of high-impact noise that can
resonate through plumbing and chilled water lines.

Expansion Devices and Control Equipment

Thermal expansion valves (TXVs), electronic expansion valves (EEVs), and zone dampers
all include moving parts that actuate based on system demand. While these
components are small, they can produce audible noises such as ticking, buzzing, or
clicking, especially in quiet environments like bedrooms or offices.

Building automation confrols, particularly older relays and motorized actuators, can also
generate incidental noise during state changes or mechanical cycling. While less of a
concern in large mechanical rooms, such noises can be intrusive in smaller spaces or
retrofit applications where equipment is installed near occupied areas.

Structural Atachments and Mounting Points

Improper equipment mounting is a common cause of unnecessary noise. If machinery
is installed directly onto rigid structural members—such as steel beams or concrete
pads—without the use of vibration isolators, energy from the equipment can be
conducted into the building framework, radiating as structural noise.

Lightweight framing, metal studs, or suspended ceilings can act as amplifiers if they
resonate with transmitted vibrations. Poor coordination between HVAC installers and
structural engineers often leads to the omission of required isolation measures,
particularly in retrofits or space-constrained designs.



Environmental Factors and System Load Variability

HVAC noise is not always constant. System loading, weather conditions, and user
settings all affect equipment performance. For example, inverter-driven compressors or
variable frequency drive (VFD) motors vary their speed, and thus their acoustic profile,
based on load demand. While this often results in energy savings, the variable-speed
operation may produce low-frequency modulating noise or harmonics, particularly if
electrical interference is present.

Ambient conditions—such as temperature and humidity—also impact sound

propagation. High humidity can reduce sound absorption by air, making certain
frequencies more perceptible. Wind conditions around rooftop units may induce
vibrational flutter or turbulence that creates tonal whines or intermittent thumps.

Conclusion

Every component in an HVAC system conftributes to the overall acoustic environment of
a building. From fans and compressors to ductwork and valves, the interplay of
mechanical motion, airflow dynamics, and structural attachment defines the system'’s
noise and vibration characteristics. Understanding these sources in detail provides the
basis for applying specific mitigation techniques, which will be explored in the
subsequent chapters.



Chapter 3: Vibration Isolation Techniques and Mounting
Systems

Vibration isolation is a critical element in HVAC design, particularly when equipment is
located near sensitive spaces or within structures prone to amplifying vibratory energy.
The goal of vibration isolation is to prevent mechanical energy generated by HVAC
equipment from transmitting into building structures, where it can re-radiate as noise or
cause material fatigue.

This chapter explores the engineering principles of vibration control, types of isolators
and mounts, and practical guidance on selection and implementation.

Principles of Vibration Isolation

Vibration isolation works by infroducing a compliant or energy-absorbing interface
between the source of vibration and the structure it is mounted to. By creating a
mechanical discontinuity, the fransmission of vibrational energy is interrupted, allowing
the amplitude of the vibration to diminish rapidly across the isolating element.

The key concept in vibration isolation is the natural frequency of the isolation system.
When equipment is mounted on an isolator, the system behaves as a mass-spring
system. The natural frequency of this system must be substantially lower than the
dominant forcing frequency of the equipment to achieve effective isolation.

Isolation effectiveness is typically expressed in terms of transmissibility, which is the ratio
of output vibration (transmitted to the structure) to input vibration (generated by the
equipment). For optimal performance, the isolator should reduce transmissibility to well
below 1.0, ideally in the range of 0.1 to 0.3.

Types of Vibration Isolators

There are various types of vibration isolators, each suited to specific equipment and
operating conditions. Selection depends on load, frequency content, environmental
conditions, and spatial constraints.

1. Elastomeric Isolators

Made from rubber or neoprene, these isolators are suitable for lightweight
equipment such as small fans or air handlers. They provide good high-frequency
isolation and are typically used where space is limited and where oil or chemical
exposure is not severe. Elastomeric pads may be flat or molded into spring-like
shapes to enhance compliance.

2. Spring Isolators

Helical steel springs are used to isolate heavy HVAC machinery such as chillers,
pumps, and large rooftop units. Spring isolators are highly effective for low-
frequency vibrations, often down to 3-5 Hz. To prevent resonance, they are
frequently paired with damping materials or housed within steel frames or
housings. Springs must be selected based on static deflection requirements,
ensuring proper system natural frequency.



3. Inertia Bases

An inertia base consists of a steel frame filled with concrete, to which the HVAC
equipment is mounted. The added mass lowers the system’s natural frequency
and reduces equipment movement. When combined with spring isolators, inertia
bases offer both high isolation efficiency and structural stability, particularly for
compressors and large fans.

4. Wire Rope Isolators

Used in high-vibration or mobile applications, wire rope isolators use stainless steel
cable formed into loops. They provide resistance to vibration in multiple axes and
can withstand severe environmental conditions. Though more common in
industrial or military contexts, they can be applied in seismic HVAC applications.
5. Air Springs

These isolators use compressed air in rubber bellows to provide very low natural
frequencies and adjustable damping. They are suitable for precision
environments such as laboratories or hospitals where vibration control is critical.
However, they require active air supply systems and periodic maintenance.

Application of Isolators in HVAC Systems
Each HVAC equipment type has unique vibration characteristics, and isolation
strategies must be tailored accordingly:

e Fans and Blowers benefit from spring isolators placed beneath mounting bases
or directly under the fan housing. Isolation hangers may be used for suspended
systems.

e Pumps often require inertia bases combined with springs to handle unbalanced
forces and pulsating loads.

e Compressors generate strong cyclical vibrations and are best isolated using
spring systems with supplemental snubbers or limit stops to control excessive
motion.

e Ductborne Equipment, such as terminal units and VAV boxes, should be
decoupled from structure using flexible duct connectors and resilient hangers.

Flexible Connections and Expansion Joints

In addition to isolating the base of equipment, it is essential to prevent vibration
transmission through connected piping and ductwork. This is achieved using flexible
connectors, which are short sections of flexible material (such as canvas or neoprene)
installed between vibrating equipment and rigid ducts.

For piping systems, expansion joints or flexible braided hoses are used to absorb
movement and reduce the transfer of pump or compressor vibration into wall
penetrations or hangers.

These components must be properly aligned and installed under minimal pre-stress, as
forced installation can create new fransmission paths or reduce isolation performance.

Hanging and Suspended Equipment
For equipment suspended from ceilings—such as fan coil units or duct silencers—
vibration isolation hangers are used. These consist of a spring and/or elastomer



encased in a steel housing that is integrated into the hanger rod. The hanger's spring is
selected based on the suspended load and desired natural frequency.

It is important fo avoid direct contact between hangers and structural members, as
metal-to-metal connections can compromise the effectiveness of the isolator.

Installation Considerations
Proper installation is as critical as correct selection. Key considerations include:
e Ensuring even load distribution across all isolators to avoid overloading individual
mounts.
e Providing restraint systems for seismic or wind load protection while maintaining
vibration isolation.
e Avoiding rigid connections between isolated equipment and adjacent
structures, including conduit, piping, or supports.
e Maintaining clearance gaps between moving components and adjacent
structural elements.
o Verifying static deflection of springs post-installation to confirm performance.

Maintenance and Long-Term Performance
Over time, isolators may degrade due to environmental exposure, creep, or
mechanical fatigue.

Periodic inspection is necessary to confirm that:
e Springs have not settled or bottomed out.
e Elastomeric mounts have not cracked, hardened, or failed due to chemical
exposure.
e Flexible connectors remain intact and leak-free.
e No hard contacts or bypass paths have developed due to equipment shifting or
renovations.

Conclusion

Effective vibration isolation begins with a thorough understanding of system dynamics
and appropriate selection of isolators tailored to the specific HYAC application. When
properly applied, mounting systems and flexible connections significantly reduce noise
transmission, improve equipment longevity, and enhance occupant comfort. In the
next chapter, we will explore how to control noise propagation through ductwork,
including strategies for internal lining, silencers, and design geometry.



Chapter 4: Duct-Borne Noise and Attenuation Strategies

In HVAC systems, ductwork serves a dual purpose: delivering conditioned air and,
unintentionally, conducting sound. Duct-borne noise can originate from the HVAC
equipment itself, from turbulent airflow within the ducts, or from external mechanical
vibrations transmitted into the duct system.

Once sound enters the ductwork, it can propagate over significant distances, radiate
through duct walls, or emerge at terminal devices such as diffusers and grilles. Effective
control of duct-borne noise is crucial in maintaining acceptable indoor sound levels,
particularly in acoustically sensitive environments.

Sources of Duct-Borne Noise
Duct systems carry both airborne noise and structure-borne vibration, depending on
their configuration and connection to equipment.

Primary sources of airborne duct noise include:
e Fan furbulence and blade passage noise entering the duct inlet.
e High-velocity airflow through improperly sized ducts or sharp transitions.
e Obstructions such as turning vanes, dampers, or improperly adjusted balancing
devices.
o Noise regenerated by diffusers or grilles due to high throw velocities or
turbulence.

Structure-borne duct noise arises from:
e Direct connection of ducts to vibrating equipment without flexible connectors.
e Poorly isolated duct hangers or supports that conduct mechanical vibration into
building structures.
e Resonant vibration of duct panels or seams under fluctuating pressure.

Understanding Duct Acoustics

Ducts behave as waveguides, allowing certain frequencies to propagate while
attenuating others. The behavior depends on the duct dimensions, cross-sectional
shape, air velocity, and acoustic lining.

e Rectangular ducts can support modes of propagation where different
frequencies bounce between walls or corners.

e Low-frequency noise tends to travel farther due to minimal attenuation by duct
walls and linings.

e High-velocity air can carry sound more efficiently but also generates turbulence
that adds to the total noise level.

To control sound transmission, designers must account for both in-duct propagation and
radiated noise through duct surfaces.



Strategies for Controlling Duct-Borne Noise

1. Internal Duct Lining
One of the most effective and widely used methods of attenuating duct noise is
the use of internal acoustic lining, typically consisting of fiberglass board or
blanket faced with a protective coating. Lining works by absorbing acoustic
energy, especially in the mid- to high-frequency range.
e Common lining thicknesses range from 1 to 2 inches.
e Lining is most effective when installed in the first 10 to 15 feet of ductwork
downstream of a noisy fan.
e Linings must be installed per SMACNA guidelines to prevent insulation
erosion and maintain airflow hygiene.
Special coatings may be required in healthcare or food environments where air
cleanliness is a priority. Additionally, liners must meet fire-resistance standards
and be protected against erosion in high-velocity ducts.

2. Duct Silencers (Sound Attenuators)
Duct silencers are factory-fabricated components inserted into duct runs to
absorb sound while allowing airflow. They consist of parallel baffles containing
sound-absorbing materials, arranged within a duct casing.

e Rectangular silencers are common in supply and return ducts.

e Circular silencers are used in round duct applications.

e The selection is based on insertion loss (the amount of noise reduction

across the silencer) and pressure drop limitations.

Silencers are particularly useful when space is limited, or when high-frequency
fan noise needs afttenuation beyond what duct lining can achieve. They are
frequently applied near fan discharge or in rooftop unit outlets.

3. Flexible Duct Sections

Short lengths of flexible duct can be used to decouple rigid ductwork from
equipment or structural elements. These sections provide a break in the
transmission path of structure-borne vibration.

However, excessive use of flexible ducts should be avoided, as they can
infroduce high resistance, sagging, and poor airflow conftrol. Flexible sections
should be straight, taut, and as short as practical (typically not more than 5 feet).

4. Duct Geometry and Sizing
The shape and size of ductwork significantly impact sound propagation:
e Oversized ducts reduce air velocity and turbulence, lowering self-
generated noise.
e Gradual transitions, rather than abrupt changes, minimize flow separation
and turbulence-induced sound.
e Turning vanes can guide airflow through elbows while minimizing eddy
formation.
Where sound fransmission between spaces is a concern, duct length and bends
can serve as passive attenuators. Sound loses energy at each bend or change in
direction, particularly if the duct walls are lined.



5. Terminal Devices and End Treatments
Grilles, registers, and diffusers are often the final outlet for sound in an HVAC
system. Their design affects both noise generation and fransmission.
e Devices with adjustable dampers or internal deflectors can create
whistling or rattling noises if air velocity is excessive or blades are loose.
o Low-noise diffusers with engineered vanes can distribute air more quietly
and evenly.
e Use of plenum boxes or acoustic backpans behind ceiling diffusers can
buffer fan noise before it enters occupied spaces.

6. Cross-Talk and Plenum Noise
In systems that share ceiling plenums or duct returns across multiple rooms, cross-
talk noise—where sound travels from one room to another via shared duct
paths—can be a major issue. This is particularly relevant in open office layouts or
classrooms.
Mitigation strategies include:

e Installing cross-talk silencers or baffle-lined transfer ducts.

e Using return air boots with acoustic insulation.

e Avoiding direct openings between acoustically separate zones.

7. Duct Wall Construction and Lagging

In some cases, duct walls themselves can radiate noise, especially if constructed
from lightweight sheet metal. Vibrating panels can act as secondary sound
sources, amplifying noise created by internal turbulence or equipment vibration.
To mitigate this:

e Use heavier gauge ductwork to increase stiffness and reduce vibration.

e Apply acoustic lagging—a composite material combining mass-loaded
vinyl with decoupling foam—to the duct exterior. This dampens wall
vibration and blocks radiated sound.

o Implement stiffeners on long duct runs to reduce panel resonance.

Coordination with Architectural and Structural Elements
Proper placement and routing of ducts are important for minimizing acoustic issues.

Key practices include:

Avoid routing ducts near noise-sensitive rooms, such as conference areas or
sleeping quarters.

Provide sufficient spacing between ductwork and structural elements to allow for
insulation, lagging, or suspension.

Coordinate with structural engineers to ensure that hangers and supports do not
short-circuit vibration isolation efforts.

Conclusion

Ductwork is both a pathway and a source of noise in HVAC systems. Without thoughtful
design, the duct system can tfransmit and amplify sound throughout a building. By
applying principles of duct acoustics, selecting appropriate materials and silencers, and
coordinating with architectural systems, engineers can create HVAC systems that
deliver air quietly and efficiently.



The next chapter will address how sound and vibration interact with the broader
building structure and how to manage those transmission paths effectively.



Chapter 5: Building Structure Interactions and Sound
Transmission Paths

Noise and vibration generated by HVAC systems do not remain confined to the
immediate vicinity of mechanical equipment. Instead, they often find transmission
paths through the structural elements of a building, leading to widespread acoustic
disturbances. Understanding how these interactions occur—between equipment,
ducts, piping, and structural components—is essential for designing quiet, comfortable
indoor environments.

Mechanisms of Structure-Borne Transmission

When vibration from an HVAC component enters a building’s structural framework, it
may travel across long distances and emerge as audible noise far from the original
source.

The energy follows various structural paths, primarily through:
e Floor slabs and joists
e Beams and girders
e Walls and partition systems
e Ceilings, particularly drop ceilings and plenum spaces
The phenomenon of structure-borne transmission involves mechanical contact points
that allow energy to cross from vibrating machinery into adjacent structural system:s.

These contact points include:
e Direct mounting of HVAC units onto floors or platforms without isolation
e Rigid duct or pipe supports fastened directly to beams or walls
e Improperly decoupled hangers, conduit, or accessories that bridge vibration
paths

Once in the structure, this energy may be re-radiated into occupied spaces as low-
frequency hums, rattles, or booming sounds. Structural members act like conductors
and, in some cases, resonators—amplifying specific frequencies depending on their
mass, stiffness, and geometry.

Critical Locations in Structural Transmission
HVAC-related noise often propagates most noticeably through:

e Ceiling Systems
Drop ceilings or acoustic tile systems often conceal HVAC ductwork, fans,
and diffusers. These ceilings can serve as both pathways and amplifiers for
mechanical noise. Additionally, if HVAC components are suspended from the
overhead structure without isolation, vibrations may pass directly into ceiling
grids and tile panels, which can then radiate sound into rooms below.



¢ Mechanical Rooms and Rooftop Units
HVAC equipment located in mechanical rooms, rooftops, or mezzanines
often transfers energy through structural steel or concrete. If the building’s
superstructure lacks proper decoupling at connection points, noise may
travel into floors, beams, and even curtain walls. The problem is exacerbated
when rooftop units are directly bolted to the deck or if rooftop curbs are
rigidly attached without resilient interfaces.

e Partitions and Walls
Shared partition walls can conduct vibration and sound between spaces.
Lightweight wall systems—especially those framed with metal studs—are
highly transmissive to structure-borne vibration. Ductwork or piping run inside
these walls may further exacerbate the issue, especially if supports or sleeves
are rigidly fastened.

e Penetrations and Sleeves
Where ducts or pipes pass through walls or floors, these penetrations may act
as mechanical bridges if not properly isolated. Even when acoustical sealant
is used, rigid contact can still fransmit vibration energy. Oversized sleeves with
flexible gaskets or vibration-dampening collars are necessary in sensitive
installations.

Equipment Platforms and Vibration Ampilification

Large HVAC components are often installed on steel or concrete platforms. These
platforms may be either elevated or slab-on-grade and can influence vibration
behavior depending on their mass and stiffness.

o Lightweight platforms with high flexibility may amplify vibration through
resonance.

o Stiff platforms transfer vibration more efficiently into surrounding structures if not
isolated.

o Floating slabs or isolated inertia blocks can effectively reduce transmission if
properly designed and separated from the main floor system using elastomeric
bearings or air gaps.

Designers must consider the natural frequency of platforms and supports to avoid
coinciding with operating frequencies of mounted equipment. A platform's ability to
either absorb or fransmit energy depends on its damping ratio, mass, and how it is tied
info adjacent structural members.

Mitigating Transmission Through Structure
Several strategies exist to prevent or attenuate the movement of sound and vibration
through building structure:

1. Vibration Isolation at Source

This remains the first line of defense and includes resilient mounts, inertia bases,
and spring isolators as described in Chapter 3. Proper mounting dramatically
reduces the infroduction of energy into the building structure.



2. Floating Floors and Suspended Ceilings

In sound-sensitive areas, floating floors—constructed atop isolation pads or
resilient mats—create a mechanical break between the floor finish and the
structural slab. Isolated ceiling grids using resilient hangers also prevent vibration
from traveling from above into occupied spaces.

3. Wadll Isolation Techniques

Walls can be made more resistant to sound fransmission using double-stud
framing, resilient channels, or sound isolation clips that decouple gypsum board
from the structural frame. Mass-loaded vinyl or damping layers may be added to
improve performance in the low- fo mid-frequency ranges.

4. Flexible Penetrations

Ducts and pipes should pass through walls and floors using oversized sleeves filled
with flexible, vibration-absorbing material. Non-hardening acoustic sealants and
grommeted supports are essential to prevent metal-to-metal contact at
penetrations.

5. Avoiding Short-Circuit Paths

Accessory systems such as conduit, gas lines, cable tfrays, or condensate lines
can create unintended fransmission paths. These should be independently
supported or isolated where they intersect with vibrating equipment or structures.

6. Coordination Between Disciplines

Noise control in buildings is not solely the responsibility of the HVAC designer.
Close collaboration between the mechanical, structural, and architectural
teams is essential to maintain acoustic integrity. Coordination drawings should
reflect isolation requirements and avoid shared structural elements for
mechanical and occupied space boundaries.

7. Acoustical Consultants and Modeling Tools

For complex structures such as performing arts centers, laboratories, or medical
buildings, it is advisable to engage acoustical consultants early in the design.
Advanced modeling software can simulate structure-borne transmission paths
and predict sound levels in occupied spaces, allowing for proactive mitigation.

Conclusion

The interaction between HVAC systems and building structure is a significant
determinant of the overall acoustic environment. Even the best equipment and duct
silencers cannot compensate for poor structural design or rigid connection points. By
understanding how noise and vibration fravel through floors, walls, ceilings, and
frames—and applying proven decoupling and isolation methods—engineers can
ensure that building systems perform quietly, safely, and in compliance with comfort
standards.



Chapter 6: Acoustic Materials, Enclosures, and Design
Practices

Effective noise and vibration control in HVAC systems depends not only on isolating
mechanical equipment or altering duct geometry, but also on the strategic use of
acoustic materials and physical barriers. These materials serve to absorb, block, or
dissipate sound energy and can be deployed within the HVAC system or as part of the
architectural environment.

This chapter explores the types, functions, and applications of acoustic materials and
enclosures, alongside design practices that integrate these elements for maximum
sound control.

Categories of Acoustic Materials
Acoustic materials used in HYAC and building design fall intfo three broad categories:
absorptive, reflective (or blocking), and damping materials.

Each type addresses sound in a different way:
1. Absorptive Materials
These materials reduce noise by converting sound energy into heat through friction
within a porous medium. Their purpose is to reduce reverberation and echo within a
space or duct.

o Fiberglass Insulation is the most common absorptive material used inside
ducts and mechanical enclosures. It is lightweight, inexpensive, and effective
across a broad frequency range.

e Mineral Wool (Rockwool) has similar acoustic properties but offers higher
density and fire resistance.

e Foam Panels, particularly melamine or polyurethane, are used in mechanical
rooms or around noisy terminal units.

e Acoustic Ceiling Tiles, though not HVAC-specific, play an essential role in
absorbing reflected noise from supply outlets or return grilles in open-plan
environments.

Absorptive materials are particularly useful in duct linings, plenums, and wall panels
adjacent to mechanical systems. They must be protected from airflow erosion and
meet code requirements for flame spread and smoke development.

2. Reflective and Blocking Materials
These are dense, non-porous materials designed to block or reflect sound waves
rather than absorb them. They are crucial for creating sound barriers or enclosures
around noisy equipment.
e Mass-Loaded Vinyl (MLV) is a flexible but dense material that adds substantial
mass without bulk. It is used on duct exteriors or in layered wall assemblies.
o Lead Sheeting and constrained-layer composites are used in high-
performance applications but are expensive and heavy.
e Gypsum Board Assemblies with staggered studs or double layers increase
mass and reduce sound transmission between rooms.



e Concrete or Masonry Partitions provide high sound transmission loss and are
often used to isolate mechanical rooms from occupied spaces.
Blocking materials work best when paired with proper sealing fechniques. Even small
gaps can compromise their effectiveness, so acoustic caulking, sealant tapes, and
gasketed access panels are necessary.

3. Damping Materials
Damping materials reduce the vibration of metal panels, duct walls, and enclosures,
thereby decreasing secondary noise radiation.
o Constrained Layer Damping Pads, which consist of a viscoelastic core
sandwiched between rigid materials, are adhered to vibrating surfaces.
o Bituminous or Butyl Coatings, often applied to duct exteriors or equipment
panels, absorb vibratory energy and dissipate it as heat.
e Spray-On Acoustic Coatings may be used in custom applications or where
access for rigid panel installation is limited.
Damping is especially important for thin-gauge metal panels or large mechanical
housings prone to resonance. Unlike absorptive materials, damping targets the
vibration source rather than the airborne sound.

Enclosures and Mechanical Isolation
Beyond materials, physical enclosures are often used to contain noise and vibration,
especially when equipment must be located near sensitive areas.

Mechanical Enclosures
Custom-fabricated acoustic enclosures can surround noisy components such as
compressors, blowers, or air handling units. These enclosures typically include:

e Interior absorptive lining to reduce internal reflections.

e Rigid or composite walls to block sound transmission.

e Vibration-isolated base frames or pads.

e Soundproof access doors and ventilation openings fitted with acoustic

baffles.

It is critical to allow for airflow and heat dissipation inside the enclosure while
maintaining acoustic performance. Failure to address thermal buildup can lead to
equipment overheating.

Barrier Walls and Screens

When full enclosures are not feasible, partial sound barrier walls can be constructed
between noise sources and occupied spaces. Rooftop units, for example, may be
shielded from residential windows using masonry or metal panel walls with
absorptive backing.

Baffle Systems

In ceiling plenums or large mechanical rooms, acoustic baffles suspended from
above can reduce echo and reverberant build-up. These are often fabricated from
acoustically absorptive materials in rigid or semi-rigid formats.



Design Practices for Effective Noise Control
Integrating acoustic materials and enclosures info HVAC system design requires
planning and coordination across trades.

Key practices include:
1. Early Integration in Design
Acoustic treatment is far more effective and economical when planned during
schematic and design development phases. Late-stage fixes often lead to
compromised performance and increased cost.

2. Consideration of Frequency Spectrum

Different materials and assemblies perform best at specific frequencies. For
example, fiberglass insulation is highly effective at mid- and high-frequency noise
but less so for low-frequency hums. Dense barriers and damping layers are better
for lower-frequency vibration and resonance control.

3. Addressing Flanking Paths
Sound can bypass barriers through alternative routes, such as under raised floors,
above suspended ceilings, or through duct penetrations. Flanking path control
requires:

o Sedling of penetrations with flexible acoustic sealant.

e Use of acoustically rated access doors and backdraft dampers.

o Coordination of mechanical, electrical, and plumbing routes to avoid

unintentional acoustic bridges.

4. Material Durability and Fire Safety

All acoustic materials used within HVYAC systems must meet relevant fire codes
(typically ASTM E84 or UL 723 for flame spread and smoke development).
Materials exposed to moving air must also resist erosion, microbial growth, and
chemical degradation.

5. Compatibility with System Performance

Acoustic treatments must not interfere with airflow, pressure drop limits,
maintenance access, or thermal insulation performance. This is especially critical
in systems serving laboratories, cleanrooms, or medical spaces.

6. Verification Through Modeling or Testing

In complex or high-performance buildings, acoustic modeling may be employed
to predict sound levels and optimize tfreatments. In some cases, field sound
testing may be required to confirm compliance with design criteria or code.

Conclusion

Acoustic materials and enclosures form the core toolkit for controlling noise and
vibration in HVAC systems. Through the careful selection and placement of absorptive,
blocking, and damping materials—and by designing physical barriers and enclosures—
engineers can dramatically improve acoustic performance without compromising
system efficiency.



In the next chapter, we will explore the performance standards and noise criteria that
define acceptable sound levels in buildings and guide engineering decision-making.



Chapter 7: Performance Standards and Noise Criteria
Guidelines

To ensure that HVAC systems meet acceptable levels of acoustic performance,
engineers must rely on well-established noise criteria and performance standards. These
standards are used to guide design decisions, specify acceptable sound levels in
different spaces, and evaluate compliance after installation. Noise criteria provide a
quantifiable framework to judge whether an environment will be perceived as quiet,
tolerable, or uncomfortably noisy.

This chapter explores the primary types of acoustic performance guidelines relevant to
HVAC systems, how to interpret them, and how to integrate these criteria into the
design and commissioning process.

Understanding Sound Level Metrics
Before discussing specific standards, it is essential fo understand the metrics by which
sound is quantified.

The most commonly used measures in HVAC noise evaluation include:

o Sound Pressure Level (SPL): Measured in decibels (dB), this expresses the
magnitude of pressure fluctuations relative to a reference pressure. SPL readings
can be taken in specific octave bands or reported as overall levels (e.g., dBA).

e A-Weighted Decibels (dBA): This is a single-number rating that adjusts the raw
decibel measurement to reflect human hearing sensitivity, which is less
responsive to low and very high frequencies. It is the most common metric used
in general noise assessment.

e Noise Criterion (NC) Curves: A set of curves that relate sound pressure levels
across octave bands to perceived room noise. Widely used in commercial
building design.

e Room Criteria (RC): An alternative to NC that focuses more on low-frequency
content and the spectral shape of background noise, useful in critical spaces.

e Sound Transmission Class (STC) and Impact Insulation Class (IIC): Though more
applicable to architectural acoustics than HVAC directly, these ratings are
important when HYAC components penetrate or abut room partitions.

ASHRAE Guidelines

The American Society of Heating, Refrigerating and Air-Conditioning Engineers
(ASHRAE) provides the most widely recognized standards and guidance for noise
control in HVAC systems.

ASHRAE's Applications Handbook, Chapter on “Sound and Vibration Control,” outlines
recommended Noise Criterion (NC) levels for various spaces. These recommendations
are infended to create environments where background noise does not interfere with
communication, sleep, concentration, or comfort.



Example NC Guidelines from ASHRAE:

Space Type Recommended NC Level

Private offices NC 25-30

Conference rooms NC 25-30

Classrooms NC 25-30

Hospital patient rooms NC 25

Operating rooms NC 20 - 25

Open-plan offices NC 30 -40

Corridors and lobbies NC 35-45

Mechanical rooms NC 45 - 55

Lower NC values are necessary in spaces where speech clarity or quiet environments
are essential. Higher values may be tolerable in circulation areas or industrial settings.

Interpreting NC Curves

NC curves represent a family of sound pressure level profiles across the frequency
spectrum (typically 63 Hz to 8,000 Hz in octave bands). A measurement set that remains
under a specific NC curve throughout all bands is said to meet that NC rating. If any
single band exceeds the curve, then the space does not qualify for that rating.

For example, if the SPL in a space tracks under NC-30 in all bands except for 250 Hz
(where it rises above the curve), the effective NC rating will be defined by that highest
deviation—often referred to as a “spectral imbalance.”

Room Criteria (RC) Metrics

RC is similar fo NC but places more emphasis on the low-frequency content of HVAC
noise, which can be particularly intrusive and difficult to mask. It includes the RC Mark Il
system, which allows designers to assess whether a room’s noise profile is balanced,
rumbly (excess low frequency), or hissy (excess high frequency).



RC measurements include three components:
e RC-Vadlue: Overall loudness (like NC).
e Spectral Quality: Described as neutral, rumbly, or hissy.
o Shape Slope: Indicates whether the spectrum is rising or falling across frequency
bands.

RC is preferred over NC in sound-sensitive environments like sound studios, medical
imaging rooms, or executive boardrooms, where frequency balance matters as much
as overall level.

Sound Power Ratings and Equipment Selection

Most HVAC equipment manufacturers publish sound power data for their products,
typically in octave bands. This is distinct from sound pressure and allows engineers to
calculate how much noise an item will confribute at a known distance and in a specific
room.

e Equipment sound data may be expressed in LWA (sound power level, A-
weighted).

e Published data must be interpreted based on location (e.g., indoors or rooftop),
directionality (inlet, outlet, casing), and transmission paths.

Using this data, designers can predict the expected sound pressure levels in rooms and
compare them against NC or RC targets using modeling software or spreadsheet-
based acoustic calculations.

Duct and Plenum Sound Ratings

Silencers, duct linings, and terminal boxes also have published insertion loss and
radiated sound ratings. These are critical in ensuring that the system as a whole meets
the design criteria:

e Insertion loss quantifies how much noise reduction a device provides when
installed in the path of airflow.

e Radiated sound is noise emitted into the ceiling plenum or room from the casing
of the device itself.

ASHRAE and AHRI (Air-Conditioning, Heating, and Refrigeration Institute) provide test
standards for verifying these values, such as AHRI 885 and AHRI 260.

Codes and Building Standards
In addition to ASHRAE, other codes and guidelines govern HVAC noise levels:
e International Building Code (IBC) and local mechanical codes may impose
maximum noise thresholds in residential and mixed-use buildings.
e LEED v4.1 (Leadership in Energy and Environmental Design) awards points for
projects that maintain NC-40 or lower in regularly occupied spaces.
e WELL Building Standard emphasizes acoustic comfort, recommending lower NC
ratings and integration of acoustic zoning.



In hospitals, compliance with FGI Guidelines and ANSI/ASA $12.60 may dictate
maximum permissible background levels in operating and patient care spaces.

Commissioning and Verification
To ensure compliance, final acoustic testing is often required. This involves measuring
SPL or NC values in occupied spaces after installation:

e Testers use precision sound level meters in calibrated octave bands.

e Measurements should be taken with the HVAC system running under design load
conditions.

e Datais compared to design criteria and may require remedial freatment if found
non-compliant.

Conclusion

Noise criteria standards provide the framework by which engineers design, evaluate,
and froubleshoot HVAC systems for acoustical performance. By understanding and
applying these standards—particularly NC and RC curves—designers ensure that HVAC
systems support comfort, function, and health across building types.

In the next chapter, we will examine real-world applications of these principles through
design case studies and applied mitigation techniques.



Chapter 8: Design Case Studies and Applied Mitigation
Techniques

While theoretical knowledge of HVAC noise and vibration control is essential, its
practical application is where systems succeed or fail in delivering acoustic comfort.
This chapter presents representative design scenarios that highlight the implementation
of mitigation strategies in real-world projects. These examples underscore the
importance of infegrated planning, equipment selection, system layout, and material
use in achieving acceptable sound levels.

Case Study 1: Rooftop Air Handling Unit Above a Conference Room

Problem:

A mid-rise office building installed a large rooftop air handling unit (AHU) o serve the
upper floors. Shortly after occupancy, tenants in the top-floor conference rooms
reported a persistent low-frequency hum and floor vibration, particularly when the
system was operating at peak load.

Investigation and Analysis:

Acoustic consultants measured elevated sound pressure levels in the 63 Hz and 125 Hz
bands, correlating with the compressor and fan frequencies. The AHU had been
mounted directly on a concrete curb with no vibration isolators, and the structural steel
beneath the roof deck transmitted vibration to the interior floor system.

Mitigation Measures:

o Spring isolators were retrofitted beneath the AHU to decouple it from the
structural deck.

o Afloating inertia base was installed beneath the compressor section to damp
low-frequency pulsation.

e The roof curb was modified to include neoprene isolation pads between the
frame and the curb steel.

e The conference room ceiling grid was suspended using acoustic hangers to
break the structure-borne path to the ceiling.

Results:

After implementation, measured NC levels dropped from NC-38 to NC-27, and the
vibration complaint was resolved. The project highlighted the risk of omitting isolation in
rooftop installations, especially above noise-sensitive areas.

Case Study 2: High-Velocity Ductwork in a Hospital Corridor

Problem:

In a new medical wing, staff reported excessive hissing and whistling noises in patient
room corridors. The sound disrupted sleep and made it difficult to communicate during
rounds.

Investigation and Analysis:
Air velocities in main supply ducts exceeded 2,000 fom, and transitions to VAV terminal



units included sharp elbows and undersized inlets. Terminal units lacked acoustic lining
or silencers. The VAV dampers produced audible turbulence when partially open.

Mitigation Measures:

e Air velocities were reduced to 1,200-1,500 fpm through redesign of main ducts
and use of larger diffusers.

e Internal fiberglass acoustic lining was added to the first 10 feet of supply ducts
after the fan discharge.

o Elbow turning vanes were installed at high-angle transitions to reduce
turbulence.

o Terminal silencers were added between the VAV boxes and the room diffusers.

Results:

NC levels in corridors dropped from NC-40+ to NC-30, within ASHRAE recommendations
for patient care areas. The project demonstrated the need for velocity management
and gradual transitions in noise-sensitive healthcare spaces.

Case Study 3: Mechanical Equipment Room Adjacent to Classrooms

Problem:

In a public school, classrooms adjacent to a mechanical equipment room experienced
persistent low-frequency rumbling during HVAC operation. Speech intelligibility was
noticeably reduced.

Investigation and Analysis:

The mechanical room shared a common wall with classrooms. Although equipment
was placed on rubber pads, the wall consisted of lightweight metal studs with a single
layer of gypsum board. Sound and vibration passed easily info the adjacent teaching
spaces.

Mitigation Measures:
e The partition wall was rebuilt using double-stud framing with resilient clips,
creating a structurally decoupled barrier.
e Mineral wool insulation was inserted into the cavity for broadband absorption.
e Mass-loaded vinyl sheeting was applied beneath an additional layer of gypsum
board on the mechanical room side.
o Duct penetrations were sealed with acoustic gaskets and putty pads.

Results:

Post-renovation testing showed NC-25 in classrooms, a reduction of 10 dB from previous
levels. The experience emphasized the importance of structural decoupling and mass
addition when HVAC equipment is placed near sensitive areas.

Case Study 4: Return Air Plenum Cross-Talk in an Open Office

Problem:

In an open-plan office, employees could clearly hear conversations from neighboring
meeting rooms, even with doors closed. This violated acoustic privacy expectations
and caused distractions.



Investigation and Analysis:

The office used a shared ceiling plenum for return air, with no ductwork connecting the
rooms to the central return. This created a direct path for sound transmission between
rooms via the plenum.

Mitigation Measures:
e Return air boots were installed over each room's ceiling return grille, lined with
acoustic insulation.
e Plenum silencers (muffler-style baffles) were added above each return point to
absorb transmitted speech frequencies.
e Acoustic ceiling tiles with higher NRC ratings were retrofitted in problem areas.

Results:

Cross-talk was significantly reduced, with speech intelligibility metrics falling below the
threshold for casual eavesdropping. The retrofit met LEED acoustic comfort
requirements. This case demonstrated the risk of using shared plenums without acoustic
zoning in office layouts.

Design Practice Observations from Field Applications
Across these and similar cases, certain best practices have emerged:
o Isolation should never be omitted at equipment support points, particularly in roof
or structure-shared scenarios.
e Velocity control and smooth transitions in ductwork play a pivotal role in
reducing furbulence-based noise.
o Architectural coordination is essential—walls, ceilings, and penetrations must be
acoustically robust when mechanical systems are nearby.
e Plenums and returns must be acoustically isolated to avoid sound migration.
e Material durability and proper sealing (e.g., avoiding air leaks or hard contact
points) directly affect long-term noise control performance.

Conclusion

Real-world implementation of acoustic control measures illustrates both the complexity
and the necessity of integrated design. While each project poses unique constraints,
the principles of noise and vibration control remain consistent. Addressing noise at its
source, minimizing fransmission paths, and applying tested materials and techniques
can prevent costly retrofits and enhance the quality of indoor environments. This
concludes the technical content of the course.
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