
 



 
Course Description 
This course explores the advanced principles, strategies, and system configurations 
involved in designing air distribution systems for large-scale buildings, including 
commercial, institutional, and high-rise structures. Emphasis is placed on balancing 
thermal comfort, energy efficiency, ventilation effectiveness, noise control, and 
architectural integration.  
 
Engineers will examine the performance criteria and technical constraints that inform 
ductwork layout, terminal unit selection, diffuser placement, and zone control 
strategies. Both conventional and modern distribution approaches, including variable 
air volume (VAV), underfloor air distribution (UFAD), and displacement ventilation 
systems, will be examined in detail. 
 
 
Course Objectives 
Upon completion of this course, participants will be able to: 

• Understand the engineering principles guiding air distribution system 
performance in large-scale environments. 

• Analyze airflow balancing, duct design, and diffuser configurations for various 
space types and ceiling layouts. 

• Evaluate the merits and limitations of common air distribution strategies (e.g., 
overhead, underfloor, displacement, hybrid systems). 

• Design zoning systems that address load variability, occupancy patterns, and 
indoor air quality requirements. 

• Identify design parameters influencing system pressure, static loss, acoustic 
control, and energy usage. 

• Explore control strategies for maintaining occupant comfort while optimizing 
system efficiency. 

 
 
Intended Audience 
This course is applicable to licensed mechanical engineers, HVAC system designers, 
building services engineers, energy consultants, and professionals engaged in the 
design and commissioning of mechanical systems for large facilities. It is also relevant 
for engineers involved in retrofit and energy-efficiency upgrades of existing commercial 
structures. 
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Chapter 1: Principles of Air Distribution in Large Buildings 
 
In large-scale building environments—such as commercial office towers, hospitals, 
academic campuses, and airports—the delivery of conditioned air is more than a 
matter of temperature control. Effective air distribution must reconcile thermal comfort, 
energy efficiency, ventilation, and architectural coordination. These goals are 
challenged by spatial variability, occupant diversity, and highly dynamic load 
conditions.  
 
This chapter introduces the foundational principles that govern air distribution design for 
large structures.  
 
Thermodynamic Fundamentals and Airflow Behavior 
Air distribution design in large buildings begins with an understanding of the basic 
physics of air movement. Air behaves as a compressible fluid and responds to 
temperature differences, pressure gradients, and mechanical forcing through fans and 
ducts.  
 
A key design consideration is the Bernoulli principle, which relates pressure and velocity 
in flowing air. As air speeds up through a constriction (such as a narrowed duct), its 
static pressure drops. This relationship is fundamental in duct design, where balancing 
total pressure loss with fan energy consumption determines system viability. 
 
Additionally, engineers must account for the thermodynamic properties of air as it gains 
or loses heat during transport. Enthalpy, specific heat capacity, and humidity ratio all 
influence how much energy is required to condition the air to the desired state. In 
cooling-dominant environments, high latent loads (from occupant respiration or outside 
humidity) can necessitate deeper cooling and dehumidification, impacting duct sizing 
and diffuser placement. 
 
Ventilation Demand and Air Change Calculations 
Large buildings require substantial outside air to maintain acceptable indoor air quality 
(IAQ), particularly in zones with high occupant density. Ventilation standards such as 
ASHRAE 62.1 specify minimum ventilation rates in terms of air changes per hour (ACH) or 
cubic feet per minute per person (CFM/person). Proper calculation of these rates is not 
merely a code compliance issue—it is essential for occupant health and productivity. 
 
In high-rise buildings, ventilation becomes more complex due to stack effect, where 
pressure differences caused by temperature differentials between indoor and outdoor 
air drive vertical airflow. If unmanaged, stack effect can cause unwanted air 
movement between floors and impair system performance. Air distribution systems must 
be zoned appropriately and controlled to resist such natural tendencies, using pressure 
zones, vestibules, and vestibule pressurization strategies. 
 
Thermal Comfort and Psychrometrics 
Thermal comfort is influenced by temperature, humidity, radiant heat exchange, 
clothing insulation, and occupant activity. For practical purposes, HVAC engineers aim 



to keep indoor air within a psychrometric envelope that satisfies at least 80% of 
occupants, based on ASHRAE Standard 55. The psychrometric chart helps map these 
relationships and is an essential tool for understanding the interplay between sensible 
and latent heat control. 
 
Large buildings often contain multiple microclimates—regions with different solar 
exposures, internal gains, or occupancy types. For example, the perimeter zones of a 
building might receive high solar heat gain, while interior zones have relatively stable 
temperatures. Distribution systems must accommodate these zones independently, 
using terminal units that can modulate airflow, reheat cooled air, or bypass conditioned 
air as needed. 
 
Load Diversity and Temporal Variation 
Unlike small buildings, which may experience relatively uniform load profiles, large 
buildings have diverse thermal loads. Occupancy patterns, equipment schedules, and 
lighting systems vary across time and space. This temporal and spatial diversity can lead 
to simultaneous heating and cooling needs in different parts of the building. Engineers 
must design air systems that can address such conditions without energy waste—
typically through reheat coils, dual-duct systems, or variable air volume (VAV) zoning. 
 
A key analytical concept in this context is diversity factor, which accounts for the fact 
that not all zones require full load capacity simultaneously. Accurate use of diversity 
allows engineers to size systems more economically without sacrificing performance. 
However, overestimation can lead to underperforming systems, while underestimation 
can drive up capital costs and reduce efficiency. 
 
Energy Considerations in Air Distribution 
Air movement accounts for a significant portion of HVAC energy consumption in large 
buildings—both from fan power and from losses in distribution. Static pressure losses 
accumulate through duct friction, fittings, and terminal devices. Minimizing these losses 
requires careful duct layout and appropriate selection of velocities. Energy codes such 
as ASHRAE 90.1 impose limits on allowable fan power per CFM of delivered air, 
incentivizing efficient distribution strategies. 
 
In addition, airside economizers—systems that introduce outside air for free cooling—
can significantly reduce energy use in suitable climates. However, economizers must be 
coordinated with distribution layouts and controls to avoid over-ventilation or humidity 
problems. Similarly, demand-controlled ventilation (DCV) using CO₂ sensors can 
optimize airflow based on real-time occupancy, but must be integrated into a zoned 
air distribution strategy. 
 
Indoor Air Quality and Filtration 
Air distribution also plays a critical role in controlling pollutants and maintaining 
acceptable IAQ. Effective design ensures that contaminants are not recirculated and 
that fresh air is delivered to occupied zones. Return air paths, filtration, and airflow 
directionality (e.g., from clean to dirty zones) are central to achieving this goal. MERV-
rated filters must be appropriately selected based on the type of building and the 



contaminants of concern, and the pressure drop across these filters must be accounted 
for in system sizing. 
 
In sensitive environments such as hospitals or laboratories, air distribution must support 
infection control, requiring laminar flow, negative or positive pressure zones, and 
frequent air changes. While these applications go beyond the typical commercial 
building, the principles remain useful for advanced applications in clean offices, data 
centers, or research facilities. 
 
Conclusion  
Advanced air distribution design in large buildings is not a matter of simply sizing ducts 
or choosing diffusers. It requires a systems-level view of airflow dynamics, thermal 
zoning, ventilation needs, and energy optimization. Each decision—from the shape of a 
duct branch to the placement of a terminal unit—cascades through the building's 
thermal environment, impacting both comfort and efficiency.  
 
With this foundation, subsequent chapters will explore how these principles are 
implemented through system architecture, ductwork design, diffuser integration, zoning, 
noise control, and performance evaluation. 
 
 
  



Chapter 2: System Architectures and Distribution Strategies 
 
Air distribution system architecture refers to the overall configuration and delivery 
method by which conditioned air is supplied, recirculated, and exhausted in a building. 
For large structures, the system must address multiple priorities simultaneously: zone-
specific temperature control, scalable energy use, occupant comfort, maintainability, 
and integration with structural and architectural constraints.  
 
This chapter explores the major system configurations used in large building HVAC air 
distribution, with a focus on how and why specific strategies are selected for different 
building types and use cases. 
 
Constant Volume versus Variable Air Volume Systems 
Historically, constant volume (CV) systems were standard in many commercial 
buildings, delivering a fixed airflow to each zone while modulating temperature using 
reheat coils. While CV systems offer simplicity and predictable operation, they are 
inherently inefficient because airflow does not adjust to changes in load. This often 
results in unnecessary fan energy use and reheat penalties, especially in lightly loaded 
spaces. 
 
In contrast, variable air volume (VAV) systems dynamically adjust the supply airflow 
based on real-time thermal demands in each zone. Central air handling units (AHUs) 
supply cooled air at a constant temperature, and VAV terminal units modulate the 
volume of air reaching each zone. This reduces energy usage while maintaining 
thermal comfort and has become the standard architecture for most large commercial 
buildings. VAV systems can support reheat configurations, fan-powered boxes, and 
advanced control sequences to accommodate complex zoning needs. 
 
VAV system advantages include: 

• Significant fan energy savings due to reduced airflow during part-load conditions 
• Reduced reheat energy demand compared to CV systems 
• Better ability to zone spaces individually without overcooling 

 
However, VAV systems require careful balancing, coordination of controls, and 
monitoring of minimum airflow rates to prevent under-ventilation and cold air dumping. 
 
Dual-Duct Systems 
In buildings with wide-ranging thermal demands—such as facilities with deep cores and 
high-exposure perimeter zones—dual-duct systems offer another solution. These systems 
use two separate ducts (one cold and one hot) supplied from a central plant. Mixing 
boxes in each zone proportionally blend air from both ducts to achieve the desired 
supply temperature. 
 
Dual-duct systems provide excellent zone-level control but are typically more energy-
intensive due to simultaneous heating and cooling, especially when heating occurs 
alongside cooling at the air handling unit level. For this reason, dual-duct systems are 



generally reserved for specialty applications where load variability is extreme or where 
legacy systems are already in place. 
 
Terminal Unit Configurations: Reheat and Fan-Powered Boxes 
Terminal units represent the point of interface between the central system and each 
conditioned zone. Two common configurations are terminal reheat units and fan-
powered terminal boxes. 
 
Reheat units use electric or hot water coils downstream of a cooling-only VAV box to 
reheat air that has been overcooled to ensure sufficient dehumidification. Though 
energy-intensive, this method provides precise temperature control in moisture-sensitive 
or thermally unstable zones. 
 
Fan-powered boxes are used where additional airflow is needed beyond what is 
provided by the central AHU. These terminal boxes draw plenum return air or zone 
return air and mix it with supply air using a local fan. Parallel fan-powered boxes cycle 
the fan on as needed, while series boxes maintain constant fan operation for consistent 
airflow. These configurations help stabilize air motion, mitigate stratification, and enable 
better control in perimeter or swing zones. 
 
Underfloor Air Distribution (UFAD) 
UFAD systems supply conditioned air through a raised floor plenum and release it 
through floor-level diffusers directly into the occupied zone. As warm air rises, it is 
exhausted at the ceiling level, forming a stratified ventilation pattern. This design 
reduces mixing, improves ventilation effectiveness, and can be more efficient under 
certain conditions. 
 
UFAD systems are especially advantageous in spaces with high ceilings, such as 
auditoriums or trading floors, where overhead air distribution may be less effective. They 
also provide excellent flexibility for open-plan offices with frequent layout changes, as 
diffusers can be repositioned with minimal disruption. 
 
Challenges with UFAD systems include: 

• More complex commissioning and balancing 
• Thermal decay of supply air through the floor plenum 
• Humidity control issues in humid climates 
• Integration with fire protection and IT cable routing in the plenum space 

 
Displacement Ventilation Systems 
Displacement ventilation introduces cool air at low velocities near the floor level, 
allowing it to spread across the floor and rise gradually as it absorbs heat from 
occupants and equipment. This approach enhances air quality by encouraging 
pollutants and heat to rise and be exhausted above the breathing zone. 
 
These systems excel in high-occupancy or indoor air-sensitive environments such as 
classrooms, theaters, and laboratories. Their primary benefits are improved IAQ and 
reduced fan energy due to lower supply velocities. However, displacement systems 
require larger diffusers and precise thermal load balancing to avoid draft discomfort. 



 
Hybrid Air Distribution Strategies 
Some modern buildings employ hybrid systems combining elements of multiple 
strategies. For example, a facility might use UFAD in its open office areas, overhead 
VAV in private offices, and displacement ventilation in a conference center wing. 
These solutions are tailored to the thermal and functional profiles of different building 
zones. 
 
Hybrid systems demand sophisticated control logic and careful commissioning but 
allow optimization of performance across varying conditions. They also often integrate 
with dedicated outdoor air systems (DOAS) to decouple ventilation from thermal 
conditioning, further improving system responsiveness and efficiency. 
 
Design Considerations in System Architecture Selection 
The selection of a distribution architecture depends on multiple interrelated factors: 

• Building height and floor area 
• Functional zoning and occupancy types 
• Available ceiling plenum or floor cavity space 
• Required acoustic performance 
• Capital and operational cost constraints 
• Climate, especially humidity load and economizer potential 
• Flexibility needs for future layout changes 

 
It is essential to match the system design to the building’s lifecycle use and expected 
occupancy patterns. In many retrofit scenarios, space constraints may limit the 
implementation of advanced strategies, while in new construction, architects and 
engineers have greater freedom to optimize layouts for performance and 
maintainability. 
 
Conclusion  
System architecture selection is a foundational step in HVAC air distribution design for 
large buildings. Each configuration—whether traditional VAV, dual-duct, UFAD, or 
displacement—offers distinct benefits and trade-offs. Engineers must evaluate system 
options holistically, considering thermal, spatial, acoustic, and control factors. 
Subsequent chapters will build upon these systems to explore duct layout design, airflow 
management, and diffuser placement to achieve precise environmental control. 
 
 
  



Chapter 3: Duct Design and Sizing for Complex Layouts 
 
Ductwork is the circulatory system of any air distribution network. In large buildings, 
ducts must span long distances, navigate structural constraints, maintain static pressure, 
and serve multiple zones across different floors. The design and sizing of ductwork have 
direct implications on air velocity, pressure loss, energy efficiency, acoustic 
performance, and even space planning.  
 
This chapter focuses on the methodologies, design standards, and analytical 
techniques involved in creating effective duct systems for large-scale HVAC 
applications. 
 
Fundamentals of Duct Design 
A well-designed duct system ensures that the right quantity of air reaches each zone at 
the proper velocity and pressure. At its core, duct design involves balancing three 
primary parameters: air velocity, static pressure, and friction loss.  
 
Air velocity determines the energy required to move air and contributes to acoustic 
performance. Static pressure must be managed to maintain airflow delivery across 
branches and terminals. Friction loss is caused by air rubbing against the internal 
surfaces of duct walls and is influenced by duct length, material, cross-sectional area, 
and fittings. 
 
ASHRAE and SMACNA (Sheet Metal and Air Conditioning Contractors' National 
Association) guidelines provide accepted standards for duct sizing, layout, 
construction, and installation. These standards govern aspects such as velocity limits, 
material gauges, hanger spacing, and fitting design to ensure consistent system 
performance and constructability. 
 
Duct Sizing Methods 
There are three main methods used in sizing duct systems: the equal friction method, 
the static regain method, and the velocity reduction method. Each has its own merits 
depending on the building configuration and design priorities. 
 
The equal friction method maintains a constant pressure drop per 100 feet of duct 
across the system. It is simple to apply and widely used for typical commercial 
installations. This method promotes balanced pressure but may result in oversizing or 
undersizing branches if not properly adjusted for velocity transitions. 
 
The static regain method is used in high-performance systems and attempts to equalize 
the pressure at all terminal outlets. It accounts for the pressure regain when velocity 
decreases downstream and is more precise but requires iterative calculations or 
software modeling. This approach is preferred for systems with multiple branches of 
unequal lengths. 
 
The velocity reduction method involves starting with a high velocity at the fan outlet 
and systematically reducing duct velocity as the air branches off toward terminal 



devices. This technique minimizes energy loss but can lead to oversized ducts and 
space inefficiencies. 
 
Material Selection and Duct Geometry 
Ducts may be constructed from galvanized sheet metal, aluminum, stainless steel, or in 
some cases, fiberglass-reinforced plastic (FRP) or flexible ductwork. For large buildings, 
rectangular sheet metal ducts are most common due to their rigidity and ease of fitting 
into structural cavities. However, round ducts provide superior pressure characteristics 
and lower friction loss per unit area, often resulting in quieter and more efficient systems 
when space permits. 
 
The aspect ratio of rectangular ducts—defined as the ratio of width to height—should 
ideally be close to 1:1. High aspect ratio ducts (e.g., 36"x6") increase surface area and 
friction loss, making them less efficient and more prone to noise and insulation 
challenges. Duct geometry also impacts static pressure and available headroom, 
particularly in congested ceiling plenums or shafts. 
 
Fittings, Transitions, and Airflow Behavior 
Bends, offsets, reducers, and other duct fittings significantly influence system 
performance. Poorly designed fittings can introduce turbulence, increase friction, and 
create noise. Elbows should use radiused turns where possible, and transitions between 
duct sizes should be gradual, with a taper angle of less than 15 degrees to minimize 
pressure drop. 
 
Volume dampers, fire/smoke dampers, and access doors must be integrated without 
disrupting airflow. These components should be placed in accessible locations to allow 
for balancing and maintenance. 
 
In large systems, duct branch take-offs are critical to balancing flow. Improper take-off 
angles or lack of balancing dampers can lead to over-delivery in some zones and 
under-delivery in others. Airflow modeling tools and SMACNA tables provide design 
data to evaluate pressure drops across these fittings. 
 
Pressure Class and Leakage Considerations 
Ducts in large buildings are often classified according to pressure class, which defines 
the maximum allowable internal pressure and corresponding construction 
requirements. High-pressure ducts (e.g., 3" w.g. or more) must be sealed and braced 
more rigorously than low-pressure systems. Leakage control is also vital, as even small 
percentages of air loss can lead to significant energy waste in large systems. 
 
Sealing ducts to SMACNA Class A or B leakage standards using mastic or sealant tape 
improves efficiency and helps comply with energy codes. Pressurized duct testing is 
often required in new construction and commissioning phases to verify integrity. 
 
Thermal Insulation and Vapor Barriers 
To prevent heat gain or loss during transport, ducts must be properly insulated, 
especially those that traverse unconditioned spaces. Insulation thickness depends on 
climate, duct temperature, and energy code requirements. For supply ducts carrying 



cooled air, vapor barriers are required to prevent condensation, which could lead to 
mold or material degradation. 
 
In certain applications such as return ducts in unconditioned areas, code exceptions 
may apply, but failure to insulate return air systems can reduce system efficiency and 
increase load on the HVAC plant. 
 
Routing Strategies for Complex Buildings 
Large buildings often require vertical and horizontal duct runs to navigate mechanical 
rooms, utility chases, risers, and ceiling plenums. Careful coordination with structural 
engineers, architects, and fire protection designers is required to avoid clashes and 
ensure clearances. 
 
Vertical risers may be dedicated to supply or return air and must accommodate 
pressure differences due to stack height. Pressure relief and balancing strategies may 
include the use of booster fans, barometric dampers, or zoning with multiple AHUs. 
Horizontal ducts must be supported using trapeze hangers or threaded rods, and the 
spacing must conform to duct gauge and weight. 
 
Routing decisions must consider future maintenance, fire-rated penetrations, and 
access for inspection. Sound attenuation strategies must also be incorporated early to 
prevent noise propagation through long duct runs. 
 
Computational Tools and Modeling 
Manual calculations have largely given way to digital modeling in large projects. Duct 
modeling tools integrated within BIM platforms such as Revit, AutoCAD MEP, and third-
party software like TRACE or HAP allow engineers to simulate airflow, pressure loss, and 
velocity throughout complex layouts. These tools can optimize duct routes, detect 
interferences, and verify code compliance prior to construction. 
 
Advanced modeling may also include computational fluid dynamics (CFD) simulations 
to analyze airflow distribution, stratification, and thermal gradients in particularly 
sensitive environments such as operating rooms or auditoriums. 
 
Conclusion  
The performance of an HVAC system in a large building hinges on its ductwork design. 
From the selection of sizing methodology to the geometry of duct fittings, each design 
decision affects the efficiency, comfort, and maintainability of the entire air distribution 
system. Proper duct sizing and layout require both theoretical understanding and 
practical integration with architectural, structural, and energy considerations.  
 
The next chapter will focus on the terminal end of the air distribution process—airflow 
balancing and diffuser placement. 
 
 
  



Chapter 4: Airflow Balancing and Diffuser Placement 
Techniques 
 
The final delivery of conditioned air into a space is where the theoretical meets the 
practical. Regardless of the sophistication of an HVAC system’s upstream design—
whether ductwork, zoning, or controls—thermal comfort and ventilation effectiveness 
are ultimately determined at the point of air discharge. In large buildings, this point-of-
delivery occurs via carefully selected and positioned diffusers, grilles, and registers.  
 
Balancing the volume of airflow to each zone and diffuser ensures that designed loads 
are met without over-ventilation, drafts, or comfort complaints. This chapter details the 
principles and practices associated with airflow balancing and the proper placement 
of air terminal devices in large-scale building environments. 
 
Understanding Airflow Distribution Dynamics 
Proper airflow distribution is dependent on delivering the correct volume of air at the 
right velocity, direction, and diffusion pattern. As air exits a diffuser or register, it enters 
the occupied zone, where it mixes with room air through a process known as induction.  
 
The degree and pattern of induction affect both thermal comfort and perceived 
airflow. Engineers must account for throw distance, drop (vertical fall of cool air), and 
spread (horizontal dispersion), all of which vary based on diffuser type, mounting height, 
and supply air temperature. 
 
Designing for comfort requires limiting air velocity in the occupied zone to avoid draft 
discomfort. ANSI/ASHRAE Standard 55 recommends air velocities in occupied zones 
remain below 50 feet per minute (fpm) for cooling and below 30 fpm for heating. 
 
Types of Air Terminal Devices and Their Applications 
Air terminal devices fall into several categories, each suited for specific applications 
based on airflow volume, ceiling height, room geometry, and architectural integration. 
Ceiling diffusers are the most common type in commercial buildings and include square 
plaque diffusers, perforated face diffusers, and slot diffusers. These are typically placed 
in suspended ceilings and offer a horizontal discharge pattern that spreads across the 
ceiling before dropping into the occupied zone. 
 
Linear slot diffusers provide continuous airflow distribution and are often used along 
perimeters or architectural features. They offer good aesthetic integration and can be 
zoned in sections, though they require precise balancing to avoid uneven delivery. 
Sidewall registers are used in locations where ceiling access is unavailable or undesired. 
These discharge air either straight out or at an angle, depending on blade 
configuration. They are less common in large buildings due to limited throw capacity 
and higher visual impact. 
 



Displacement diffusers release air at low velocity near the floor and are used in systems 
that depend on stratified airflow, such as underfloor or displacement ventilation 
systems. 
 
Floor diffusers are common in underfloor air distribution (UFAD) systems and allow for 
flexible distribution in open-plan spaces. These must be carefully positioned to avoid 
airflow disruption by furniture or occupant movement. 
 
Diffuser Selection Criteria 
Selecting the appropriate diffuser involves consideration of the following factors: 

• Airflow rate (CFM): Each diffuser type has a performance range; exceeding or 
undershooting this range results in poor diffusion and occupant discomfort. 

• Ceiling height: Higher ceilings require longer throw distances to reach the 
occupied zone. 

• Space type: Conference rooms, lobbies, offices, and auditoriums each have 
different airflow and acoustic requirements. 

• Aesthetics and integration: Diffuser appearance and compatibility with lighting, 
fire protection, and ceiling layout are often architectural considerations. 

• Noise criteria (NC): Diffusers contribute to background noise. Most office 
environments aim for NC levels below 35. Proper selection ensures the terminal 
does not exceed these limits. 

 
Performance data for diffusers, including throw, noise level, and pressure drop, are 
published by manufacturers and can be incorporated into selection software or 
tabulated manually for comparison. 
 
Zoning, Diversity, and Load Matching 
Airflow balancing begins with appropriate zoning. Zones are defined by load 
characteristics, such as solar exposure, occupancy, and internal gains. Each zone 
should be served by one or more VAV boxes or terminal units that can independently 
regulate airflow. Poor zoning leads to simultaneous heating and cooling demands, 
system instability, and occupant dissatisfaction. 
 
Engineers must account for load diversity and ensure that maximum airflow demands 
do not occur simultaneously. Diversity factors help prevent oversizing of systems while 
maintaining adequate capacity for peak demand zones. Balancing across zones 
involves modulating damper positions and airflow setpoints in coordination with control 
systems and occupancy patterns. 
 
Balancing Procedures and Test-and-Balance (TAB) 
Once a system is installed, it must be tested, adjusted, and balanced. TAB is a process 
that verifies design airflow quantities at each terminal device and adjusts dampers to 
ensure even and accurate delivery. 
 
The TAB process includes: 

• Verifying fan speed and static pressure 
• Measuring total system airflow using flow hoods, pitot tubes, or flow stations 
• Adjusting zone dampers and terminal unit controls to meet design values 



• Verifying diffuser airflow and throw patterns 
• Documenting measurements and variances 

 
In large buildings, TAB is conducted using digital airflow measurement tools and often 
coordinated with building automation systems (BAS) for real-time feedback. 
Rebalancing may be needed after occupancy changes or layout modifications. 
 
Preventing Short-Circuiting and Stratification 
Improper diffuser placement can lead to short-circuiting, where supply air is drawn 
directly into the return before mixing with room air. This wastes energy and creates 
pockets of stagnant air. Preventing short-circuiting requires maintaining sufficient throw 
distance, placing return grilles away from supply diffusers, and avoiding obstruction of 
airflow by architectural features or furnishings. 
 
Stratification—especially in high-ceiling spaces—can result in temperature gradients 
where the occupied zone remains cold while warm air collects near the ceiling.  
 
Solutions include: 

• Using destratification fans or high-induction diffusers 
• Raising supply air temperature to reduce buoyancy differential 
• Implementing displacement systems with upward thermal flow 

 
Architectural and Structural Integration 
Balancing thermal performance with architectural aesthetics is a common challenge in 
large-scale air distribution design. Diffuser layout must integrate with lighting, ceiling 
grids, sprinkler systems, and structural beams. Coordination with the architectural team 
during design phases prevents conflicts and ensures optimal placement. 
 
Large open spaces often benefit from symmetrical diffuser layouts to avoid uneven 
temperature zones. In contrast, perimeter zones may require asymmetrical layouts to 
address solar gain, glass walls, or equipment heat rejection. 
 
Conclusion  
Proper diffuser selection, placement, and balancing form the final step in delivering 
efficient and comfortable HVAC performance in large buildings. Attention to air 
motion, thermal zoning, spatial integration, and the TAB process ensures that the 
designed system operates as intended under real-world conditions. The next chapter 
will examine thermal control mechanisms, sensor integration, and adaptive zoning 
strategies that further enhance HVAC responsiveness to changing internal conditions. 
 
 
  



Chapter 5: Thermal Control, Sensors, and Occupant-Centric 
Zoning 
 
In large building HVAC systems, the ability to dynamically regulate temperature, airflow, 
and ventilation based on real-time conditions is essential for maintaining comfort and 
minimizing energy waste. Central to this capability is the integration of thermal controls, 
sensors, and zoning strategies that respond to both environmental factors and 
occupant behavior.  
 
This chapter explores the technical elements behind modern HVAC control systems and 
highlights strategies for occupant-centric zoning and demand-based airflow 
management. 
 
Thermal Control Fundamentals 
Temperature regulation in large buildings is more complex than in small-scale structures 
due to zoning variability, internal heat gains, solar exposure, and differing occupancy 
schedules. To manage these variables, HVAC systems employ a hierarchy of control 
mechanisms, from local thermostats to building-wide automation platforms.  
 
Control strategies typically modulate: 

• Airflow volume through VAV terminal units or dampers 
• Air temperature using reheat coils, chilled beams, or terminal devices 
• Supply air temperature at the air handling unit (AHU) level 
• Ventilation rates based on occupancy and CO₂ levels 

 
Each control loop is governed by sensors—temperature, humidity, occupancy, 
pressure, or IAQ—which provide feedback signals that drive actuator adjustments. 
 
Thermostatic Control and Temperature Sensing 
Local thermostats or digital wall sensors measure zone-level temperature and 
communicate with terminal units or the building automation system (BAS). In VAV 
systems, the thermostat controls the damper position within the VAV box to regulate 
airflow. If space temperature remains below setpoint, the box closes. If it rises above 
setpoint, the damper opens or activates a reheat coil, depending on system 
configuration. 
 
Sensors must be placed in locations representative of the space's thermal conditions—
away from supply air paths, direct sunlight, or heat-generating equipment. Multi-sensor 
averaging or zone-weighted algorithms may be used for large or irregularly shaped 
rooms. 
 
Occupancy Sensing and Adaptive Zoning 
Occupancy sensors, whether infrared, ultrasonic, or dual-technology, detect human 
presence and adjust HVAC operation accordingly.  
 
 



These sensors can: 
• Trigger ventilation only when a space is occupied 
• Reset temperature setpoints during unoccupied periods (setback or setup) 
• Adjust airflow minimums to conserve energy in vacant zones 

 
Adaptive zoning takes this concept further by grouping or reassigning thermal control 
zones based on usage patterns. For example, in a flexible office layout, mobile 
partitions and hot-desking arrangements may require reconfigurable zoning strategies. 
Wireless sensor networks and reconfigurable BAS logic are increasingly employed to 
facilitate such flexibility. 
 
Demand-Controlled Ventilation (DCV) 
DCV is a strategy that adjusts the amount of outside air introduced into a space based 
on real-time occupancy or air quality measurements. Most commonly, CO₂ sensors are 
used to estimate the metabolic activity and respiration rate in a room. Higher CO₂ 
concentrations indicate higher occupancy and prompt increased ventilation. 
 
In large buildings, DCV is most beneficial in spaces with variable and intermittent 
occupancy—such as conference rooms, auditoriums, or classrooms. When paired with 
zoning and BAS integration, DCV can significantly reduce the energy burden 
associated with conditioning outdoor air, particularly in hot or humid climates where 
dehumidification is costly. 
 
Key elements of DCV include: 

• CO₂ sensors with calibrated accuracy and low drift 
• Minimum ventilation override limits to ensure code compliance 
• Integration with economizer modes, if available 
• Reset of ventilation setpoints based on sensor feedback 

 
Smart Controls and Integrated BAS Platforms 
Modern HVAC systems in large buildings are typically governed by building automation 
systems. These platforms integrate HVAC, lighting, security, and fire protection systems 
into a unified interface.  
 
Key features of BAS relevant to HVAC zoning and control include: 

• Graphical dashboards and trend logging for temperature, humidity, and airflow 
• Scheduling and override capabilities for specific zones 
• Integration of energy usage data for optimization analysis 
• Fault detection and diagnostics (FDD) to identify sensor drift, actuator failures, or 

override conflicts 
 
Advanced control sequences may also include supply air temperature reset (adjusting 
AHU output based on load), static pressure reset (adjusting fan operation based on 
damper positions), and chilled water temperature optimization. These strategies reduce 
fan and cooling energy while maintaining comfort. 
 
 
 



Individual Comfort Systems and Localized Controls 
In occupant-sensitive environments, individual control is increasingly becoming a 
feature of HVAC zoning.  
 
Examples include: 

• Personal environmental modules, where users control airflow, temperature, and 
lighting at their desks 

• Variable geometry diffusers that modulate direction and volume based on user 
preference 

• Smart thermostats with app-based interfaces for personal comfort settings 
 
These approaches are especially valuable in open-plan offices, where uniform zone 
control may lead to overcooling or overheating for certain individuals. By decentralizing 
control, engineers can improve satisfaction and reduce the volume of post-occupancy 
complaints. 
 
Energy Implications and Control Strategy Selection 
While the deployment of sensors and controls adds complexity to system design, the 
payoff in terms of energy savings and improved performance is significant. Studies have 
shown that intelligent zoning and occupancy-based control can reduce HVAC energy 
usage by 15% to 40%, depending on climate, building type, and baseline system 
efficiency. 
 
However, poorly calibrated or over-sensitive sensors can cause instability. For example, 
overly aggressive occupancy detection can result in short-cycling of HVAC equipment. 
Likewise, inadequate feedback integration can cause zones to experience 
simultaneous heating and cooling—an indication of poor zoning logic. 
 
Control strategy design must therefore: 

• Include robust commissioning procedures 
• Be tailored to the functional profile of each zone 
• Allow for override and diagnostic visibility to the facility management team 

 
Conclusion  
Thermal control and zoning are no longer static features of HVAC design. With the rise 
of smart sensors, digital control systems, and occupant-centric strategies, modern 
HVAC systems are more responsive and efficient than ever. Engineers must understand 
the logic behind control sequencing, sensor placement, and adaptive zoning to deliver 
systems that are not only functional but intelligent.  
 
The next chapter will explore the related area of acoustic design—how airflow, 
ductwork, and equipment contribute to noise, and what steps can be taken to reduce 
acoustic disruption in large building environments. 
 
 
  



Chapter 6: Noise Control, Vibration Isolation, and Acoustic 
Design 
 
Air distribution systems in large buildings are inherently mechanical in nature and, as 
such, produce noise and vibration that can intrude upon the acoustic environment. 
Without proper attention to noise control and vibration isolation, even the most efficient 
HVAC system can undermine occupant comfort and the functional use of a space—
particularly in settings such as offices, classrooms, hospitals, or performance venues.  
 
This chapter addresses the engineering strategies used to manage HVAC-induced 
noise and vibration, with a focus on duct design, terminal equipment, and architectural 
coordination. 
 
Sources of Noise in HVAC Systems 
HVAC systems produce noise through several mechanisms, often acting in 
combination: 

1. Fan-generated noise: Fans within air handling units (AHUs), rooftop units, and 
terminal boxes produce broadband noise that can transmit through ducts and 
radiate into spaces. Fan blade tip speed, motor vibration, and airflow turbulence 
are primary contributors. 

2. Air turbulence and velocity noise: Rapid airflow through fittings, dampers, 
elbows, and diffusers can produce aerodynamic noise. High-velocity transitions 
and abrupt directional changes increase turbulence and contribute to whistling 
or hissing sounds. 

3. Vibration transmission: Mechanical equipment can transmit vibration into the 
building structure, which can then radiate sound through walls, ceilings, and 
floors. This is particularly problematic in buildings with lightweight framing or poor 
isolation design. 

4. Ductborne noise: Sound energy produced at the fan or equipment source can 
travel down the ductwork and radiate through duct walls or escape through 
terminal devices. Large ducts act as conduits for low-frequency noise. 

5. Radiated noise from diffusers and registers: Improperly sized or installed air 
terminal devices can generate or amplify sound as air exits at high velocity or 
strikes internal baffles and vanes. 

 
Acoustic Performance Targets and Design Standards 
Acceptable background noise levels for different spaces are typically specified in terms 
of Noise Criteria (NC) or Room Criteria (RC) curves. These are measured using decibels 
(dB) across octave frequency bands and are interpreted based on human sensitivity to 
sound at various frequencies. 
 
Target NC values for various spaces include: 

• Open offices: NC 35–40 
• Private offices: NC 30–35 
• Classrooms: NC 25–30 
• Hospitals and laboratories: NC 25 or lower 



• Theaters and performance spaces: NC 20 or lower 
 
ASHRAE and ANSI standards provide guidance on achieving these targets, while the 
Architectural Acoustics Committee of ASHRAE offers best practices for noise control 
integration into HVAC system design. 
 
Ductwork Noise Mitigation Techniques 
To reduce ductborne noise, engineers employ several tactics: 

• Lining ducts with acoustic insulation: Fiberglass duct liner absorbs sound energy, 
particularly in mid to high frequencies. Liner thickness and length must be 
selected based on noise spectrum and airflow conditions. For example, 1-inch 
liner may suffice for office applications, while 2-inch liner may be required near 
mechanical rooms or fan outlets. 

• Specifying acoustically rated duct silencers: Also known as sound attenuators, 
these are specialized devices installed within ducts to absorb low-frequency 
noise without significantly impacting airflow. They are particularly effective at 
attenuating fan hum and motor harmonics. 

• Avoiding abrupt duct transitions: Gradual changes in duct size, smooth-radius 
elbows, and properly spaced take-offs reduce turbulence and associated noise. 

• Utilizing plenum spaces for acoustic separation: Return air plenums can act as 
acoustic buffers between zones if properly isolated from supply ducts and 
outfitted with absorptive materials. 

 
Vibration Isolation and Structural Decoupling 
Mechanical vibration from equipment can travel through mounting frames, piping, and 
duct connections into the building structure. Once coupled, this energy re-radiates as 
sound and can disturb sensitive spaces such as offices, medical suites, or recording 
studios. 
 
Key methods for vibration control include: 

• Spring or neoprene isolators: These devices are placed beneath fans, pumps, 
and AHUs to decouple them from structural supports. Selection depends on 
equipment weight, frequency, and expected motion. 

• Flexible duct connectors: Canvas or neoprene joints are used at the connection 
point between equipment and ductwork to absorb vibration without rigid 
transfer. 

• Floating floors or inertia bases: In noise-critical applications, mechanical rooms 
may be built on floating slabs to minimize low-frequency structure-borne 
transmission. Large air handlers may be placed on inertia blocks to stabilize mass 
and dampen motion. 

• Pipe and conduit isolation: Mechanical lines such as chilled water or refrigerant 
piping should use vibration isolating hangers or grommets where they pass 
through walls and floors. 

 
Air Terminal and Diffuser Noise Control 
Noise at the diffuser level typically results from excessive airflow, undersized devices, or 
poorly balanced systems.  
 



Strategies for minimizing terminal noise include: 
• Selecting diffusers with appropriate noise ratings: Manufacturers publish Noise 

Criteria (NC) or Sound Power Level (PWL) data for each diffuser model at varying 
airflow rates. Selecting a diffuser that operates in the middle of its performance 
range reduces sound generation. 

• Avoiding high face velocities: Air discharged at excessive velocity increases 
turbulence and noise. Engineering recommendations suggest keeping diffuser 
face velocities below 500 feet per minute (fpm) in acoustically sensitive areas. 

• Using silencers or lined boots for sidewall terminals: Where sidewall registers are 
used, lined boots can absorb discharge noise and reduce room-level sound. 

• Ensuring proper balancing and damper tuning: Over-throttling a terminal with a 
damper can cause whistling or vibration. Balancing airflow by adjusting 
upstream VAV box setpoints or using volume dampers placed farther upstream 
reduces this effect. 

 
Architectural Coordination and Acoustic Zoning 
Close collaboration with the architectural design team is necessary to ensure that 
acoustic goals are not undermined by ceiling layouts, partition gaps, or structural 
discontinuities.  
 
Key considerations include: 

• Avoiding shared return plenums across acoustically sensitive zones 
• Using ceiling tiles with high CAC (Ceiling Attenuation Class) ratings 
• Ensuring wall partitions extend above the ceiling grid to the structure 
• Separating noisy mechanical spaces from quiet-use zones by distance or mass 

 
Additionally, acoustical engineers may use predictive modeling tools to simulate sound 
propagation and resonance in complex spaces, enabling preemptive mitigation 
through material selection and system layout. 
 
Conclusion  
HVAC noise and vibration are not merely nuisances—they are critical design factors 
that affect the usability and comfort of large buildings. By applying proven acoustic 
strategies throughout the air distribution system, from fan to diffuser, engineers can 
ensure that thermal control does not come at the cost of environmental quality.  
 
The next chapter will turn to system testing and performance validation, focusing on 
energy optimization and the commissioning of air distribution systems. 
 
 
  



Chapter 7: Performance Evaluation and Energy Optimization 
 
Even the most well-designed HVAC system can fall short of expectations without 
thorough testing, performance validation, and ongoing optimization. In large 
buildings—where systems are complex and interdependent—fine-tuning the air 
distribution network is essential for achieving design intent, meeting energy 
performance targets, and maintaining occupant comfort over time.  
 
This chapter explores the methods used to evaluate system performance, optimize 
energy usage, and integrate air distribution systems into broader building energy 
management strategies. 
 
Commissioning and Testing, Adjusting, and Balancing (TAB) 
The first step in performance evaluation is the commissioning process, which ensures 
that the HVAC system performs as intended and that all components have been 
installed, configured, and calibrated correctly.  
 
For air distribution systems, commissioning includes Testing, Adjusting, and Balancing 
(TAB), a process by which airflow rates, static pressures, and terminal device 
performance are verified and tuned to match design values. 
 
Key TAB activities include: 

• Measuring total system airflow using flow hoods, anemometers, or duct traverses 
• Verifying static pressure at fan discharge and critical system branches 
• Adjusting dampers at VAV boxes and terminal units to achieve specified zone 

airflow 
• Recording airflow and pressure data at each diffuser or register 
• Calibrating sensors and controllers to reflect actual conditions 

 
Proper TAB ensures that over-supplied or under-ventilated zones are corrected and that 
the fan system is not operating under excessive pressure due to system imbalance. 
 
Static Pressure Management and Fan Energy Optimization 
Static pressure in ductwork must be carefully controlled to ensure that air reaches the 
most remote zones without overloading the fan system. In large buildings, over-
pressurized systems waste energy and create noise, while under-pressurized systems fail 
to deliver adequate air. 
 
To manage this, engineers implement: 

• Static pressure sensors at critical downstream points (e.g., farthest VAV box) 
• Pressure reset logic, which modulates fan speed (typically via variable frequency 

drives) based on damper positions or zone demand 
• Duct layout optimization, including short, straight runs and gradual transitions to 

reduce friction losses 
 
The use of variable air volume (VAV) systems coupled with variable-speed drives (VSDs) 
on supply fans allows for continuous modulation of airflow and pressure in response to 



real-time needs. This strategy dramatically reduces energy use during partial load 
conditions and extends equipment life. 
 
Airflow Metrics and Key Performance Indicators 
Several key metrics are used to evaluate the performance of air distribution systems: 

• CFM per ton of cooling: Indicates system airflow efficiency relative to capacity 
• CFM per watt: Measures fan system efficiency and is commonly used for 

benchmarking under ASHRAE 90.1 and IECC standards 
• Ventilation effectiveness: Assesses how well supply air reaches the breathing 

zone, often evaluated through tracer gas testing or CFD simulations 
• Zone thermal responsiveness: Evaluates the speed and accuracy of 

temperature control in each zone following a load change 
• Pressure differential control: Particularly in clean rooms, laboratories, and 

healthcare spaces, maintaining positive or negative pressure gradients is 
essential for contaminant control 

 
These metrics are gathered through a combination of direct measurement, BAS data 
logging, and periodic audit. 
 
Energy Conservation Strategies in Air Distribution 
To reduce the energy footprint of air distribution in large buildings, several conservation 
strategies can be applied: 

1. Supply Air Temperature (SAT) Reset 
Adjusting the supply air temperature setpoint upward during low cooling loads 
reduces the need for reheat and minimizes chiller load. In multi-zone VAV 
systems, SAT reset is often controlled based on average zone cooling demand or 
outdoor air temperature. 

2. Demand-Controlled Ventilation (DCV) 
Integrating CO₂-based control into zoning strategies allows the system to reduce 
ventilation rates during periods of low occupancy, decreasing fan and 
conditioning energy. 

3. Night Purge and Free Cooling (Economizers) 
When outdoor conditions are favorable, outside air can be used for space 
cooling or building flush-out during unoccupied hours. This economizer strategy is 
especially effective in dry or temperate climates. 

4. Fan Pressure Optimization 
Using zone damper positions to inform fan speed reduces static pressure to the 
minimum required level. This “trim and respond” strategy adjusts in real time as 
load conditions change. 

5. Leakage Reduction 
Ensuring duct sealing integrity minimizes energy waste. Even small leaks in high-
pressure ducts compound into significant losses over time, requiring additional 
fan power to compensate. 

 
Integration with Building Automation Systems 
Modern large buildings rely on Building Automation Systems (BAS) to monitor, control, 
and optimize HVAC operation.  
 



BAS platforms provide: 
• Trend logging and alarm history to identify inefficiencies or failures 
• Scheduling tools to align system operation with occupancy periods 
• Diagnostic reports to detect stuck dampers, sensor drift, or override conflicts 
• Performance dashboards that display key indicators such as airflow, zone 

temperature deviation, fan power, and damper positions 
 
Engineers and facility managers can use BAS analytics to identify zones with chronic 
imbalance, isolate underperforming equipment, and implement sequence-of-
operation changes without major mechanical intervention. 
 
Monitoring-Based Commissioning (MBCx) 
Traditional commissioning occurs during the construction phase, but Monitoring-Based 
Commissioning (MBCx) extends performance evaluation into the operational life of the 
building. Using real-time data from the BAS, engineers analyze trends and uncover 
opportunities for system improvement. 
 
For air distribution systems, MBCx may involve: 

• Verifying airflow alignment with occupancy 
• Detecting patterns of excessive reheat 
• Identifying persistent zone complaints or overrides 
• Evaluating energy usage per zone relative to expected loads 

 
MBCx programs are particularly valuable for campuses or portfolios of buildings, where 
standardization of performance and fault detection improves long-term outcomes. 
 
Conclusion  
Air distribution design does not end with duct layout and diffuser placement—it must 
culminate in performance that is measurable, verifiable, and continuously optimized. 
Through commissioning, testing, and the application of smart control strategies, 
engineers can fine-tune large building HVAC systems to deliver high comfort and low 
energy use.  
 
The final chapter will examine real-world scenarios and case studies that illustrate the 
challenges and solutions involved in designing advanced air distribution systems for 
complex, high-performance buildings. 
 
 
  



Chapter 8: Case Studies and Design Scenarios 
 
To fully understand the intricacies and demands of advanced air distribution systems in 
large buildings, it is necessary to examine real-world design scenarios where 
engineering strategies are applied, modified, and evaluated under practical 
constraints.  
 
This chapter presents a series of case studies that illustrate the successful (and 
occasionally problematic) implementation of air distribution systems, highlighting lessons 
learned and best practices for future applications. These examples cover a range of 
building types, architectural forms, and HVAC system configurations. 
 
Case Study 1: Office Tower Retrofit with VAV and Reheat Optimization 
A 30-story commercial office tower built in the 1980s was undergoing a mechanical 
systems retrofit to improve energy efficiency and modernize zone control. The original 
constant volume dual-duct system consumed excessive energy due to simultaneous 
heating and cooling. The retrofit replaced the system with a VAV configuration using 
digital controls and fan-powered terminal units. 
 
Challenges: 

• Space limitations in ceiling plenums constrained duct size expansion 
• Mixed-use floors with open plans and private offices required multiple control 

zones 
• Daylighting modifications changed thermal gain profiles 

 
Solutions: 

• Static pressure reset controls were implemented to reduce fan power during 
part-load conditions 

• Reheat coils were tied to occupancy schedules to prevent unnecessary heating 
• Zoning was restructured to better match solar orientation and occupant density 
• Duct lining and terminal attenuators reduced post-retrofit complaints about 

noise 
 
Outcome: 
The building achieved a 27% reduction in HVAC energy use and improved thermal 
comfort scores by 40% in occupant surveys. Adaptive zoning with programmable 
thermostats allowed for greater flexibility and reduced maintenance requests. 
 
Case Study 2: Underfloor Air Distribution System in Institutional Campus Building 
A newly constructed academic building at a university campus incorporated a raised 
floor plenum system to support flexible layouts and improve energy performance. The 
project utilized underfloor air distribution (UFAD) with floor diffusers in open classrooms 
and administrative zones. 
 
Challenges: 

• Air stratification varied with occupancy patterns and time of day 
• Humidity control proved difficult during shoulder seasons 



• Floor-mounted diffusers were occasionally obstructed by furniture placement 
 
Solutions: 

• Active plenum pressurization control was used to maintain consistent airflow 
• Integrated dew point sensors helped modulate supply air temperature to 

prevent condensation 
• Modular diffuser placement guides were provided to facilities staff for consistent 

configuration 
• Supplemental wall diffusers were used in perimeter zones where stratification was 

too great 
 
Outcome: 
Energy modeling showed a 19% decrease in HVAC energy use compared to 
conventional overhead VAV. Post-occupancy monitoring found improved air quality 
and fewer temperature complaints, especially in zones with consistently high 
occupancy. 
 
Case Study 3: Displacement Ventilation System in Conference Center 
A regional convention and conference center implemented displacement ventilation 
in its main assembly halls to improve air quality and reduce operational noise. 
Conditioned air was delivered at low velocity from wall-mounted diffusers near the 
floor. 
 
Challenges: 

• High ceilings and variable occupancy created concerns about ventilation 
effectiveness 

• Event-specific load profiles required dynamic control flexibility 
• Return air pathways had to be coordinated to avoid stagnant zones 

 
Solutions: 

• Return air grilles were placed high above the occupied zone to capture 
thermally buoyant air 

• The BAS used real-time CO₂ feedback to adjust minimum outdoor air rates 
• Floor and wall surfaces were modeled to ensure that stratified air columns were 

not interrupted by heat sources or lighting 
 
Outcome: 
The system met stringent IAQ standards and reduced fan energy by 35%. Subjective 
surveys indicated enhanced occupant comfort, particularly in low-activity seated 
environments such as lectures and presentations. 
 
Design Scenario 1: High-Density Data Center with Pressurized Plenum System 
In this scenario, a data center required high-capacity cooling and strict control over 
airflow paths. A pressurized raised floor plenum was used to deliver chilled air directly to 
equipment rows. 
 
Considerations: 

• System required containment strategies (hot aisle/cold aisle) to prevent mixing 



• Airflow balance was critical to avoid over-pressurization of adjacent spaces 
• Static pressure sensors were placed at floor level and at equipment intakes 

 
Design Measures: 

• Zonal dampers adjusted airflow to each equipment row 
• Redundant pressure control loops ensured backup in case of sensor failure 
• All duct branches were sealed to SMACNA Class A standards 

 
Design Scenario 2: Mixed-Use High-Rise with Zoned Fan Coil Units and Centralized 
Ventilation 
A high-rise building with retail, office, and residential floors used decentralized fan coil 
units (FCUs) in conjunction with centralized outdoor air delivery through vertical shafts. 
Air distribution on each floor had to be designed to serve both shared and individual 
tenant needs. 
 
Design Responses: 

• Shared spaces used overhead VAV with diffusers zoned by occupancy 
• Individual tenant units had independent FCU control with local thermostats 
• Dedicated outdoor air system (DOAS) preconditioned ventilation air and 

distributed it via duct risers 
• Floor-level pressure balancing avoided stack effect issues across zones 

 
Lessons Learned: 

• Coordination of airflow paths across different occupancies required careful early 
planning 

• Return air strategy had to account for code-based compartmentalization 
• Energy recovery was implemented at the DOAS level to reduce conditioning 

load 
 
Conclusion  
The diversity of large building types—each with unique usage patterns, constraints, and 
performance demands—demands a flexible yet disciplined approach to air distribution 
design.  
 
The case studies and design scenarios in this chapter demonstrate how engineering 
strategies must be adapted to real-world variables, and how performance outcomes 
hinge on both technical rigor and multidisciplinary coordination. With a well-integrated 
system, advanced air distribution becomes a cornerstone of building performance, 
resilience, and user satisfaction. 
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