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Professional Certificate in Indoor Air Quality Assessment

Ventilation Systems and Design

Ventilation systems are the backbone of indoor air quality management, and a solid grasp of the
terminology used by engineers, architects, and indoor-air-quality professionals is essential for effective
design, operation, and assessment. The following glossary-style explanation covers the most frequently
encountered terms, providing definitions, contextual examples, typical applications, and common
challenges associated with each concept. The content is organized thematically to aid memory retention
and to facilitate quick reference during coursework, field work, or professional practice.

Ventilation Rate — The quantity of outdoor air introduced into a space over a specified period, usually
expressed as cubic feet per minute (CFM) or liters per second (L/s). A higher ventilation rate generally
improves contaminant dilution but also increases energy consumption. For example, a classroom that seats
30 students might be required to receive 10L/s per person, resulting in a total ventilation rate of 300L/s.
The main challenge is balancing adequate dilution of pollutants such as carbon dioxide and volatile organic
compounds (VOCs) against heating, cooling, and fan power costs.

Air Changes per Hour (ACH) — The number of times the total volume of air within a space is replaced in one
hour. ACH is calculated by dividing the ventilation rate (in cubic meters per hour) by the room volume (in
cubic meters). A typical office space may be designed for 4-6 ACH, whereas a laboratory handling
hazardous chemicals may require 12 ACH or more. The difficulty lies in ensuring that the calculated ACH
corresponds to real-world performance, which can be affected by system leakage, filter clogging, and
variations in occupancy.

Supply Air — Air that is conditioned (heated, cooled, humidified, or dehumidified) and delivered from the
mechanical system to the occupied zone. Supply air is often introduced through diffusers, grilles, or linear
slots. In a displacement ventilation system, supply air is delivered at low velocity near the floor, creating a
stratified temperature profile that enhances thermal comfort. The primary design challenge is achieving
uniform distribution without creating drafts or excessive noise.

Exhaust Air — Air removed from a space and expelled to the outdoors, typically after passing through filters
or heat recovery devices. Exhaust air removes contaminants generated within the space, such as moisture,
odors, and pollutants. In a kitchen, exhaust fans must handle high moisture loads and grease particles; this
requires selecting materials resistant to corrosion and ensuring adequate duct sizing to prevent
back-pressure that could impair cooking equipment performance.

Make-up Air — The outdoor air that replaces exhaust air to maintain pressure balance within a building.
Make-up air can be pre-conditioned to reduce heating or cooling loads. For instance, in a high-rise office
tower, a dedicated make-up air unit (MAU) may preheat outdoor air using waste heat from a nearby
industrial process. A common challenge is ensuring that make-up air is free of outdoor pollutants such as
pollen or industrial fumes, which may necessitate high-efficiency filtration or air cleaning technologies.
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Mixed-Flow Ventilation — A system that supplies air at a moderate velocity and temperature, promoting
mixing of supply and room air throughout the occupied zone. Mixed-flow systems are widely used in
commercial buildings because they are simple to design and install. However, they can be less
energy-efficient than displacement systems, as the entire space must be conditioned to the same
temperature, potentially leading to over-conditioning in occupied zones.

Displacement Ventilation — A ventilation strategy that supplies air at low velocity near the floor, allowing the
air to rise naturally as it warms, carrying heat and contaminants upward. This method creates a stratified
environment where the occupied zone remains cooler and cleaner. In a laboratory with high heat loads from
equipment, displacement ventilation can reduce the need for recirculation and improve thermal comfort.
The principal difficulty is ensuring that the supply air temperature is carefully controlled to avoid excessive
stratification that could leave the upper occupied zone uncomfortable.

Spot (or Local) Exhaust — A system that captures contaminants at or near their source, typically using hoods,
enclosures, or extraction devices. Spot exhaust is essential in environments where high concentrations of
pollutants are generated, such as welding stations or chemical labs. Proper design must consider hood
capture velocity, capture efficiency, and the location of duct connections. A common pitfall is undersizing
the hood, which can lead to leakage of contaminants into the general workspace, compromising overall
IAQ.

Dilution Ventilation — A strategy that reduces contaminant concentrations by mixing outdoor air with indoor
air, thereby diluting pollutants. Dilution ventilation is the most common approach in residential and office
settings. While effective for low-to-moderate contaminant loads, it can be inefficient when contaminant
sources are highly localized, as it requires moving larger volumes of air to achieve acceptable
concentrations.

Airflow Distribution — The pattern of air movement within a space, including velocity, direction, and
turbulence. Uniform airflow distribution is critical for both occupant comfort and contaminant removal.
Designers use computational fluid dynamics (CFD) simulations or smoke tests to evaluate distribution.
Challenges include dealing with obstacles such as furniture, partitions, and varying ceiling heights that can
cause dead zones where air stagnates.

Static Pressure — The resistance to airflow within the ductwork and ventilation components, measured in
inches of water column (inwc) or pascals (Pa). Static pressure determines the fan power required to
overcome system resistance. High static pressure can result from long duct runs, excessive bends, or
undersized filters. Selecting a fan with the appropriate pressure curve and optimizing duct layout are
essential to avoid excessive energy use and inadequate airflow delivery.

Dynamic Pressure — The pressure associated with moving air, calculated using the air density and velocity. In
ventilation design, dynamic pressure is considered when sizing diffusers and grilles to ensure that the
airflow velocity does not exceed comfort thresholds, typically 0.2-0.5M/s for occupied zones. Overly high
dynamic pressure can cause drafts, while too low a value may lead to insufficient mixing.

Fan Curve — A graphical representation of a fan's performance, showing the relationship between airflow
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(CFM) and static pressure (inwc). Engineers use fan curves to select a fan that can deliver the required
ventilation rate at the system’s total static pressure. The curve also indicates the fan's power consumption
and efficiency at various operating points. A common challenge is that real-world conditions (e.G., Filter
loading) can shift the operating point away from the design point, necessitating periodic performance
verification.

Coefficient of Performance (COP) — A ratio that expresses the efficiency of a heating or cooling device,
calculated as the useful heating or cooling output divided by the electrical energy input. While traditionally
applied to heat pumps, COP is relevant to ventilation fans equipped with variable-frequency drives (VFDs). A
higher COP indicates lower operating costs. However, achieving a high COP may require more sophisticated
control strategies and higher upfront investment.

Variable-Frequency Drive (VFD) — An electronic device that controls the speed of an electric motor by
varying the frequency of the power supplied. In ventilation systems, VFDs enable fan speed modulation to
match real-time demand, reducing energy consumption during periods of low occupancy. For example, a
conference room may use a VFD to lower ventilation rates when the room is unoccupied, then ramp up
airflow before a scheduled meeting. The main challenge is ensuring that the VFD's control algorithm
maintains sufficient airflow for IAQ while avoiding rapid speed changes that could cause noise or wear.

Heat Recovery Ventilator (HRV) — A device that transfers heat between exhaust and supply air streams,
reducing the heating load in winter and the cooling load in summer. HRVs typically achieve 60-80 % heat
recovery efficiency. In a cold-climate office building, an HRV can cut heating energy use by up to 30 % while
still providing fresh air. The design challenge is preventing moisture transfer between streams, which can
lead to condensation and mold growth within the heat exchanger.

Energy Recovery Ventilator (ERV) — Similar to an HRV but also transfers moisture between exhaust and
supply air, helping to control indoor humidity levels. ERVs are especially useful in mixed-climate regions
where both heating and cooling seasons are significant. For instance, an ERV can pre-humidify incoming air
during winter, reducing the need for supplemental humidification. The main difficulty is selecting a control
strategy that avoids over-humidification in humid climates, which could increase the risk of mold.

Air Filtration Efficiency — The ability of a filter to remove particles from the air, expressed as a percentage or
as a MERV (Minimum Efficiency Reporting Value) rating. Higher MERV ratings capture smaller particles but
also increase pressure drop across the filter. In a hospital operating room, a MERV 14 filter may be required
to remove 90 % of particles as small as 0.5 Mm. The trade-off is higher fan energy consumption and more
frequent filter replacement.

HEPA Filter — High-Efficiency Particulate Air filter capable of removing at least 99.97 % Of particles 0.3 Mm in
size. HEPA filters are mandated in environments where airborne infection control is critical, such as isolation
rooms. Installing HEPA filters often necessitates redesigning the ductwork to accommodate the increased
pressure drop, and regular maintenance is essential to prevent airflow reduction that could compromise
ventilation effectiveness.

Carbon Dioxide (CO,) Monitoring — The practice of measuring indoor CO, concentrations as an indicator of
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ventilation adequacy. Typical indoor CO;, levels should not exceed 1000 ppm, and many IAQ guidelines
recommend a target of 600-800 ppm for occupied spaces. CO, sensors can be integrated with building
automation systems to adjust ventilation rates dynamically. A practical challenge is sensor drift and
calibration, which can lead to inaccurate readings and inappropriate ventilation control.

Volatile Organic Compounds (VOCs) — Organic chemicals that vaporize at room temperature, including
solvents, cleaning agents, and off-gassing from building materials. VOCs can affect health and odor
perception. Ventilation design often incorporates source control, dilution, and, where necessary, active air
cleaning (e.G., Adsorption or photocatalytic oxidation). The difficulty lies in identifying emission sources and
quantifying their rates, which can be highly variable.

Particulate Matter (PM) — A mixture of solid particles and liquid droplets suspended in air, categorized by
aerodynamic diameter (e.G., PM,.5, PM1). PM can originate from outdoor sources (traffic, wildfires) or
indoor activities (cooking, smoking). Effective ventilation reduces indoor PM concentrations, but high
outdoor PM levels may require filtration or air cleaning before intake. The design challenge is balancing
filtration efficiency with pressure drop and energy use.

Air Changes per Minute (ACM) — A less common metric that expresses the number of air changes occurring
each minute, useful for high-turnover spaces such as operating rooms where rapid air renewal is required.
An operating room may be designed for 20 ACM, equivalent to 1200 ACH. Implementing such high rates
demands robust fan capacity and careful noise control.

Duct Sizing — The process of determining the appropriate diameter or cross-sectional area of ductwork to
deliver the required airflow with acceptable pressure loss. Duct sizing equations (e.G., The Darcy—Weisbach
equation) consider factors such as air velocity, material roughness, and length. Oversized ducts can increase
installation cost and occupy valuable space, while undersized ducts cause excessive static pressure, reducing
fan efficiency.

Duct Insulation — The application of thermal insulation to duct surfaces to prevent heat loss or gain, thereby
improving energy efficiency. In a chilled-water system, insulated ducts can reduce cooling loads by up to
15%. However, improper insulation can trap moisture, leading to condensation and corrosion within the
ductwork. Selecting insulation with the correct R-value and moisture barrier is essential.

Pressure Balancing — The adjustment of airflow rates throughout a ventilation system to achieve designed
pressure differentials, ensuring that supply and exhaust air are delivered as intended. Balancing is typically
performed with dampers, flow measuring devices, and pressure gauges. In a multi-zone building, improper
balancing can cause some spaces to be under-ventilated while others experience over-pressurization,
resulting in drafts or infiltration of outdoor pollutants.

Supply Air Temperature (SAT) — The temperature of air delivered by the HVAC system to the occupied zone.
SAT influences occupant comfort, energy consumption, and the effectiveness of displacement ventilation.
For instance, a low SAT (e.G., 18°C) in a displacement system can enhance stratification, while a higher SAT
(e.G., 22°C) may be needed for mixed-flow designs. The challenge is maintaining a stable SAT despite
variable outdoor conditions and internal heat gains.
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Return Air Temperature (RAT) — The temperature of air returning from the occupied zone to the HVAC
system. RAT is used in control strategies to modulate heating or cooling output. In a demand-controlled
ventilation (DCV) system, RAT can be compared to SAT to determine whether additional outdoor air is
required to meet thermal loads. A frequent issue is that RAT sensors may be placed in locations that do not
represent the average room temperature, leading to suboptimal control actions.

Demand-Controlled Ventilation (DCV) — A control method that varies ventilation rates based on real-time
occupancy or IAQ indicators such as CO, concentration. DCV can reduce energy use by up to 30% in office
buildings. Implementation requires reliable sensors, a control algorithm, and a communication network that
can adjust fan speeds or damper positions. Challenges include sensor accuracy, latency in response, and
ensuring that IAQ never falls below acceptable thresholds during rapid occupancy changes.

Airflow Measurement Devices — Instruments used to quantify airflow, including anemometers, pitot tubes,
hot-wire probes, and ultrasonic flow meters. Accurate measurement is critical for commissioning and
troubleshooting. For example, a hot-wire anemometer can measure low velocities in displacement
ventilation diffusers, while a pitot tube is suitable for higher velocities in supply ducts. The main difficulty is
selecting the appropriate device for the flow regime and ensuring proper calibration.

Airflow Balancing Hood — A device placed over a diffuser or grille to measure the volume of air flowing
through it, often used during commissioning. Balancing hoods provide real-time readouts of CFM, enabling
technicians to adjust dampers until the design airflow is achieved. A common pitfall is improper placement
of the hood, which can lead to inaccurate readings due to turbulence or blockage.

Airflow Visualization — Techniques such as smoke testing, particle tracing, or CFD simulation used to observe
and analyze airflow patterns. Visualization helps identify dead zones, short-circuiting, and areas of high
velocity that could cause drafts. In a laboratory, smoke testing may reveal that a supply diffuser is being
short-circuited by a nearby exhaust vent, prompting redesign. The challenge is translating visual data into
actionable design changes without excessive reliance on trial-and-error.

Thermal Comfort — A subjective condition of satisfaction with the thermal environment, often quantified
using the Predicted Mean Vote (PMV) and Predicted Percentage Dissatisfied (PPD) indices. Ventilation
design influences thermal comfort by affecting temperature, humidity, and air movement. For instance, a
well-designed displacement system can maintain a comfortable temperature at the occupant level while
allowing the upper zone to be slightly warmer. The difficulty is that comfort thresholds vary among
occupants, and achieving a universally acceptable environment may require adaptive control strategies.

Humidity Control — The regulation of indoor moisture levels, typically targeting a relative humidity (RH)
range of 30-60 %. Ventilation systems can incorporate humidifiers, dehumidifiers, and ERVs to maintain this
range. In a museum, precise humidity control is vital to preserve artifacts; even small fluctuations can cause
material deformation. The primary challenge is that outdoor humidity can change rapidly, demanding
responsive control and often increasing system complexity.

Airborne Infection Risk — The probability that an infectious aerosol will be inhaled by a susceptible person,
influenced by ventilation rate, occupancy, and pathogen characteristics. The Wells—Riley equation is
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commonly used to estimate risk in indoor environments. Increasing ventilation reduces infection risk, a
principle that gained prominence during the COVID-19 pandemic. However, higher ventilation rates
increase heating and cooling loads, and in some settings, the risk reduction may be limited by other factors
such as close proximity or inadequate filtration.

Filtration Bypass — The condition where unfiltered air circumvents a filter, reducing overall filtration
efficiency. Bypass can occur due to poor seal installation, damaged filter frames, or improper filter sizing. In
a high-efficiency laboratory, bypass can compromise the containment of hazardous particles. Preventing
bypass requires meticulous installation, regular inspection, and the use of gaskets or sealants where
appropriate.

Pressure Differential (AP) — The difference in pressure between two points, often measured between supply
and exhaust, or between indoor and outdoor environments. Maintaining a slight positive pressure in
cleanrooms prevents infiltration of contaminants, while negative pressure in isolation rooms contains
pathogens. Accurate AP measurement is essential for verifying that the ventilation system meets design
specifications. Common challenges include sensor drift, leaks in the building envelope, and fluctuating fan
speeds that alter the pressure balance.

Airflow Uniformity Index (AUI) — A metric that quantifies the variation of airflow across a diffuser or grille,
expressed as a percentage of the average flow. An AUI of less than 10% is typically desired for occupant
comfort. Non-uniform airflow can cause drafts in some areas while leaving others stagnant, leading to
uneven temperature distribution. Achieving low AUI values may require careful diffuser selection, proper
duct sizing, and thorough balancing.

Noise Criteria (NC) and Sound Pressure Level (SPL) — Standards used to assess the acoustic performance of
ventilation systems. NC values provide a range of acceptable background noise levels for different spaces
(e.G., NC-35 for classrooms). SPL is measured in decibels (dB) and indicates the perceived loudness of fan
operation, duct vibration, or airflow noise. Designing a quiet system often involves selecting low-speed fans,
adding acoustic liners to ducts, and using diffusers that minimize turbulent noise. Trade-offs include
increased cost and potential reductions in ventilation efficiency.

Airflow Resistance — The opposition to airflow caused by components such as filters, coils, and dampers.
Resistance is expressed in terms of pressure drop (Pa or inwc). High resistance can lead to reduced airflow
and increased fan power consumption. For example, adding a high-efficiency filter may increase static
pressure by 0.5Inwc, requiring a larger fan or a VFD to maintain the required ventilation rate. Regular
maintenance, such as filter replacement, is essential to keep resistance within design limits.

Heat Load — The amount of thermal energy that must be added or removed to maintain desired indoor
temperatures. Heat loads arise from external sources (solar gain, outdoor temperature) and internal sources
(people, equipment, lighting). Ventilation contributes to heat load because conditioning outdoor air often
requires heating in winter and cooling in summer. Accurately estimating heat load is critical for sizing HVAC
equipment and selecting appropriate ventilation rates that balance IAQ with energy efficiency.

Cooling Load - The portion of the total heat load that must be removed by the cooling system. In humid
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climates, part of the cooling load includes latent heat associated with moisture removal. Ventilation design
can influence cooling load by controlling the amount of humid outdoor air introduced. For instance, in a
tropical office, a high ventilation rate without dehumidification can substantially increase the cooling load,
necessitating larger chillers or more powerful fans.

Heating Load — The portion of the total heat load that must be added to maintain indoor temperatures
during cold weather. Introducing cold outdoor air increases heating load, which can be mitigated using heat
recovery devices. In a building with a heat recovery ventilator, the recovered heat can offset up to 80 % of
the heating load associated with ventilation, resulting in significant energy savings.

Energy Efficiency Ratio (EER) — A measure of cooling efficiency, defined as the cooling output (in British
thermal units per hour) divided by the electrical power input (in watts). While EER is primarily used for

air-conditioning units, it also applies to ventilation fans equipped with cooling coils. Higher EER values
indicate lower energy consumption for a given cooling effect. Selecting components with high EER can
reduce operating costs, though they may have higher upfront prices.

Seasonal Energy Efficiency Ratio (SEER) — An average rating of cooling efficiency over a typical cooling
season, taking into account varying outdoor temperatures. SEER is relevant when evaluating the overall
performance of HVAC systems that include ventilation. A higher SEER rating can result in lower electricity
bills, but the benefit must be weighed against installation complexity and cost.

Indoor Air Quality (IAQ) Index — A composite metric that aggregates multiple IAQ parameters (e.G., CO,,
VOCs, PM, temperature, humidity) into a single score. IAQ indices can be displayed on building dashboards
to provide occupants with real-time feedback. For example, an IAQ index of 85% might indicate good air
quality, while a drop below 60 % could trigger an automatic increase in ventilation rate. The challenge lies in
selecting appropriate weighting factors and ensuring that the index reflects actual health outcomes.

Air Quality Standards — Regulatory or guideline documents that define acceptable limits for indoor
pollutants. Notable standards include ASHRAE 62.1 (Ventilation for acceptable I1AQ), ISO 16890 (filter
classification), and WHO guidelines for indoor pollutants. Compliance with these standards guides design
decisions, such as selecting minimum ventilation rates, filter efficiencies, and control strategies. However,
interpreting standards can be complex because they often contain multiple options and performance
criteria that must be balanced against project constraints.

ASHRAE Standard 62.1 — The American Society of Heating, Refrigerating and Air-Conditioning Engineers’
guideline for ventilation and acceptable indoor air quality in commercial and institutional buildings. The
standard defines minimum ventilation rates based on occupancy type, floor area, and contaminant source
strength. It also introduces the concept of Outdoor Air Percentage (OAP) and provides equations for
calculating required airflow. Applying the standard requires accurate occupancy data and an understanding
of building use patterns.

ASHRAE Standard 62.2 — The residential counterpart to 62.1, Focusing on low-rise residential buildings. It
prescribes a baseline ventilation rate of 0.35L/s per person plus 0.018 L/s per square meter of floor area. The
standard also emphasizes the importance of exhaust ventilation for kitchens and bathrooms. A common
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difficulty is retrofitting existing homes to meet 62.2 Requirements without extensive ductwork
modifications.

ISO 16890 — An international standard that classifies air filters based on their ability to capture particles in
three size ranges: E1 (0.3-1Mm), E2 (1-3 um), and E3 (3—10 um). Filters are rated as “ePM1,” "ePM2.5,” Or
"ePM10" depending on the percentage of particles captured in each range. ISO 16890 replaces the older
MERV system in many regions, providing a more transparent performance metric. Selecting filters based on
ISO 16890 can improve indoor air quality, but higher efficiency filters increase pressure drop, requiring
careful fan selection.

Building Automation System (BAS) — A networked system that monitors and controls building services,
including HVAC, lighting, and security. In ventilation design, the BAS can receive inputs from CO, sensors,
temperature probes, and occupancy detectors to adjust fan speeds, damper positions, and heating/cooling
setpoints. Integration with a BAS enables advanced strategies like demand-controlled ventilation and
predictive maintenance. However, ensuring reliable communication between devices and preventing
cyber-security vulnerabilities are significant challenges.

Occupancy Sensors — Devices that detect the presence or number of occupants in a space, often using
infrared, ultrasonic, or video analytics. Occupancy data can be used to modulate ventilation rates, reducing
energy use when spaces are unoccupied. For example, a sensor in a conference room may detect that a
meeting has ended, prompting the system to lower ventilation to the baseline level. Sensor placement,
calibration, and false-positive/negative rates are critical factors influencing performance.

Outdoor Air Quality (OAQ) Monitoring — The practice of measuring outdoor pollutant levels (e.G., Particulate
matter, ozone, nitrogen dioxide) to determine whether outdoor air can be used directly for ventilation or
requires pre-filtration or treatment. In urban environments with high OAQ, a building may employ an
air-cleaning system that includes pre-filters, activated carbon, and UV germicidal irradiation before
introducing air indoors. The challenge is that OAQ can fluctuate rapidly, requiring real-time monitoring and
adaptive control strategies.

Air Cleaning Technologies — Methods used to remove or inactivate contaminants from the airstream,
including filtration, electrostatic precipitation, photocatalytic oxidation, and UV germicidal irradiation. Each
technology has specific strengths: HEPA filters excel at particle removal, UV systems are effective against
microorganisms, and activated carbon adsorbs odors and VOCs. Selecting the appropriate technology
depends on the contaminant profile, desired removal efficiency, and budget. Integration with the ventilation
system must consider additional pressure drop and maintenance requirements.

Heat Exchanger Effectiveness — A measure of the performance of a heat recovery device, expressed as the
ratio of actual heat transfer to the maximum possible heat transfer. Effectiveness values of 0.6-0.8 Are
typical for plate-type heat exchangers. Higher effectiveness improves energy savings but may increase size
and cost. In some designs, a higher effectiveness can lead to condensation on the heat exchanger surface if
the exhaust air is very humid, necessitating drainage provisions.

Supply Duct Leakage — The unintended loss of conditioned air from supply ducts, which can reduce delivery
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efficiency and increase energy consumption. Leakage is often caused by poor connections, damaged
insulation, or aging materials. Detecting and sealing supply leaks is part of the commissioning process;
methods include blower door testing and duct pressurization. A well-sealed supply system can improve
ventilation effectiveness by up to 15% and reduce operating costs.

Exhaust Duct Leakage — The escape of exhaust air to unintended locations, potentially causing negative
pressure in the building envelope and drawing in outdoor pollutants through cracks. Exhaust leaks are
especially problematic in spaces that require negative pressure, such as labs handling hazardous chemicals.
Proper sealing, regular inspection, and the use of fire-rated ducts are essential to maintain system integrity.

Fan Power Consumption — The electrical energy required to drive a fan, typically measured in kilowatts (kW).
Fan power is proportional to the cube of the fan speed, meaning that small reductions in speed can lead to
substantial energy savings. For example, reducing fan speed by 20 % can lower power consumption by
roughly 50 %. However, lowering speed must not compromise required airflow rates, so variable-frequency
drives are often employed to fine-tune fan performance.

Fan Affinity Laws — A set of relationships that describe how changes in fan speed affect airflow, pressure,
and power. The three primary laws state that airflow varies linearly with speed, pressure varies with the
square of speed, and power varies with the cube of speed. These laws are fundamental when designing
VFD-controlled systems, allowing engineers to predict how adjusting speed will influence system
performance. Misapplication of the laws can lead to undersized fans or insufficient ventilation.

Fan Static Pressure Curve — The graphical representation of a fan's capability to overcome system resistance
at various flow rates. The curve is used alongside the system curve (which plots system resistance versus
flow) to find the operating point where the two intersect. Selecting a fan that operates near its
best-efficiency point (BEP) reduces energy consumption and prolongs equipment life. In practice, the
operating point may shift due to filter loading or changes in duct configuration, requiring periodic
reassessment.

Fan Blade Design — The geometry of fan blades, which influences airflow characteristics, noise generation,
and efficiency. Axial fans, centrifugal fans, and mixed-flow fans each have distinct design attributes. Axial
fans are compact and suitable for low-pressure applications, while centrifugal fans handle higher pressures
and are often used in exhaust sections. Selecting the appropriate blade type aligns with the required static
pressure and noise constraints.

Airflow Velocity — The speed of air movement, typically expressed in meters per second (m/s) or feet per
minute (fpm). Velocity must be controlled to avoid drafts (excessive velocity) and to ensure effective mixing
(insufficient velocity). In occupied zones, velocities below 0.2 M/s are generally considered comfortable,
while supply ducts may operate at 5-10 m/s depending on the system. Velocity measurement is essential
during balancing and commissioning to verify compliance with design intent.

Airflow Directionality — The orientation of air movement relative to occupants and equipment. Proper
directionality ensures that contaminants are carried away from breathing zones and that thermal
stratification is maintained. For instance, in a cleanroom, supply air is directed from ceiling diffusers
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downward, while exhaust is taken from floor-level grilles to prevent particle accumulation at the work
surface. Misaligned directionality can lead to recirculation of contaminants and reduced IAQ.

Airflow Pathway — The route that air follows from intake, through conditioning equipment, into the
occupied space, and finally to exhaust. Mapping airflow pathways helps identify potential
cross-contamination points, leaks, and short-circuiting. In a hospital, a well-defined airflow pathway is
critical to isolate infectious patients from other areas. Designing a clear pathway often requires coordination
with architectural layouts and fire-protection requirements.

Airflow Balancing Procedure — The systematic process of measuring, adjusting, and verifying airflow rates
throughout a ventilation system to ensure compliance with design specifications. Typical steps include
measuring airflow at each diffuser, adjusting dampers, verifying static pressure, and documenting results.
Balancing is usually performed after construction but may be repeated during occupancy changes or after
major maintenance. Challenges include accessing diffusers in tight spaces, dealing with variable outdoor
conditions, and ensuring that balancing does not inadvertently create pressure imbalances.

Airflow Verification — The post-installation testing phase that confirms that the ventilation system delivers
the intended performance. Verification may involve flow measurements, pressure testing, and IAQ sensor
readings. It is a prerequisite for commissioning and often required for compliance with building codes.
Inadequate verification can lead to hidden deficiencies that only become apparent after occupancy,
resulting in occupant complaints or health issues.

Airflow Regulation — The ongoing control of airflow rates to respond to dynamic changes in occupancy,
outdoor conditions, or IAQ parameters. Regulation can be achieved through VFDs, motor-controlled
dampers, or variable-air-volume (VAV) boxes. An effective regulation strategy reduces energy consumption
while maintaining IAQ. However, it requires reliable sensor inputs, robust control algorithms, and proper
maintenance to avoid drift or failure.

Airflow Measurement Accuracy — The degree to which measured airflow values reflect the true flow.
Accuracy is influenced by instrument calibration, operator skill, and environmental conditions such as
temperature and humidity. Maintaining high accuracy is vital for commissioning, as errors can lead to
under-ventilation or over-ventilation, both of which have cost and health implications. Regular calibration
against known standards and adherence to measurement protocols mitigate accuracy concerns.

Airflow Distribution Uniformity — The consistency of airflow across a diffuser or vent, often expressed as a
coefficient of variation. Uniform distribution prevents localized drafts and ensures that all occupants receive
comparable ventilation. Non-uniform distribution can cause some occupants to experience stagnant air,
increasing the risk of pollutant buildup. Engineers may use multiple diffusers, adjust duct lengths, or
incorporate flow straighteners to improve uniformity.

Airflow Noise Control — Strategies employed to reduce noise generated by moving air, such as using
low-velocity diffusers, acoustic lining in ducts, and vibration isolation for fans. In a library, maintaining a low
NC rating is essential to preserve a quiet study environment. Noise control measures must be balanced
against airflow requirements; for example, reducing velocity too much may impair mixing, while adding
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excessive acoustic material can increase pressure loss.

Airflow Pressure Drop — The reduction in pressure as air passes through components like filters, coils, and
dampers. Pressure drop is quantified in pascals (Pa) or inches of water column (inwc). Excessive pressure
drop can overload fans, leading to higher energy consumption. Designers often calculate pressure drop
using manufacturer data and incorporate it into the total system resistance when selecting fans. Regular
maintenance, such as filter replacement, helps keep pressure drop within acceptable limits.

Airflow System Curve — A plot that represents the relationship between system resistance (static pressure)
and airflow rate for a given ventilation system. The system curve is derived from duct sizing, component
pressure drops, and leakage. It is used in conjunction with the fan curve to determine the operating point.
Modifications to the system, such as adding a new filter, shift the curve upward, potentially moving the
operating point away from the fan's BEP.

Airflow Balancing Dampers — Adjustable devices installed in ductwork to regulate airflow to individual zones
or diffusers. Balancing dampers can be manual (rotary or wedge) or automatic (motorized). In a multi-zone
office, automatic dampers linked to a BAS can modulate airflow in response to occupancy sensor data. The
challenge with manual dampers is ensuring that they remain in the correct position over time, while
automatic dampers require reliable power and communication.

Airflow Measurement Instruments — Devices used to quantify airflow, including anemometers, flow hoods,
pitot tubes, and thermal anemometers. Each instrument has specific operating ranges and accuracy levels.
For example, a hot-wire anemometer is suitable for low-velocity measurements in displacement ventilation
diffusers, whereas a pitot tube is better suited for high-velocity duct measurements. Selecting the
appropriate instrument and following standard measurement procedures are essential for reliable data.

Airflow Calibration — The process of adjusting measurement instruments to ensure that their readings align
with known reference standards. Calibration is typically performed annually or after significant impact
events. Inaccurate calibration can lead to systematic errors in airflow measurement, affecting balancing,
verification, and performance monitoring. Calibration facilities must follow recognized standards such as
ISO 17025 to guarantee traceability.

Airflow Commissioning — The comprehensive set of activities performed to verify that a ventilation system
meets design intent, code requirements, and performance specifications. Commissioning includes
documentation review, functional testing, airflow measurement, IAQ monitoring, and handover to the
building owner. A well-executed commissioning process reduces the likelihood of post-occupancy issues
and can provide a basis for warranty claims. The main difficulty lies in coordinating among multiple
contractors, ensuring sufficient time for testing, and managing the extensive documentation required.

Airflow Maintenance — Ongoing activities that preserve system performance, such as filter replacement, coil
cleaning, fan inspection, and duct sealing. Preventive maintenance schedules are often based on
manufacturer recommendations and operational data (e.G., Pressure drop trends). Neglecting maintenance
can result in reduced airflow, increased energy consumption, and degraded IAQ. Implementing a
computerized maintenance management system (CMMS) can streamline scheduling and record keeping.
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Airflow Energy Recovery — The process of capturing waste heat from exhaust air and transferring it to
incoming make-up air, thereby reducing heating or cooling loads. Energy recovery devices include plate
heat exchangers, rotary heat wheels, and enthalpy wheels. The selection depends on desired heat transfer
efficiency, space constraints, and moisture considerations. In humid climates, enthalpy wheels that also
transfer moisture can improve comfort but require careful control to avoid condensation.

Airflow Control Strategies — The overarching methods used to manage ventilation rates, such as
constant-volume (CV), variable-air-volume (VAV), demand-controlled ventilation (DCV), and scheduled
ventilation.
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