Air Distribution Strategies for Arenas and
Stadiums

A comparative review including perforated “pulsion”
systems such as Sintra MIX-IND®

Introduction

Large indoor arenas and stadiums present unique challenges in air distribution. The
combination of high ceilings, variable occupancy, and diverse event type requirements
makes it difficult to maintain uniform temperature and air quality across the entire
volume. Traditional methods often address only part of the problem, resulting in uneven
comfort or inefficient energy use.

This paper reviews common approaches to air delivery in large-volume sports facilities
and examines how perforated high-induction (pulsion) duct systems, such as Sintra MIX-
IND®, compare in performance, control, and maintainability

Environmental Objectives

Air distribution systems in arenas and stadiums should meet the following objectives:

1. Thermal Uniformity — Maintain stable temperatures at both spectator and
playing levels, minimizing vertical gradients (less than 2 °F or 1 °C).

2. Low Draft Sensation — Maintain local air velocity near occupants below
approximately 40 fpm (0.2 m/s).

3. Acoustic Compatibility — Limit airflow noise and turbulence that can interfere
with announcements, music, or broadcast audio.

4. Ventilation Compliance — Deliver the outdoor-air rates required for both the
field of play and spectator seating.

5. Operational Flexibility — Adapt to different occupancy modes such as practice,
competition, or partial attendance without compromising comfort.
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Overview of Common Air-Distribution Methods

1. Long-Throw Jet Nozzles

Jet or ball nozzles are often used to supply air from catwalks or upper trusses. They are
effective for projecting supply air long distances (up to 150ft) but tend to create
concentrated streams with noticeable drafts and variable comfort levels, specifically
when multiple air streams converge. Rebalancing becomes complex when seating layouts
change or temporary stages are added. They also have very low entrainment, not moving
a significant amount of air existing in the space.

2. High-Volume, Low-Speed (HVLS) Fans, or similar technologies

HVLS fans promote vertical mixing and help reduce temperature stratification in large
volumes. They are effective for destratification in warehouses and concourses but can
produce unwanted air motion over courts or stages. They are not a replacement for
mechanical ventilation and can interfere with supply-air patterns during cooling seasons.
Careful design must limit interferences with lighting design. These systems are
ineffective at heights exceeding 60ft. Similar jet fans can operate at greater heights, but
do not address horizontal uniformity, and pose the same challenges at jet nozzels.

3. Fabric Duct Systems

Fabric “sock” ducts distribute air evenly through perforations and are frequently used in
large-span buildings. While this approach provides good coverage, via traditional
dispersion, fabric ducts typically require periodic cleaning and eventual replacement in
high-bay environments. Geometry of these ducts also change when not receiving airflow
and can produce “popping” sounds during system startup, requiring constant airflow.

4. Under-Seat or Displacement Supply

Displacement systems deliver conditioned air at low velocity near the occupied zone,
often below seats or along concourses. This method offers excellent spectator comfort
and air quality but has limited influence over the large upper volume above the field of
play. Integrating such systems into existing seating layouts can also be complex.
Humidity control is especially challenging with this approach as humidity is not restricted
to following the direction of airflow.

5. Perforated High-Induction (Pulsion) Metal Ducts

Perforated metal ducts release air uniformly along their length. Each perforation entrains
surrounding room air, rapidly reducing velocity while improving overall mixing. This
method balances thermal uniformity with low noise and low maintenance. Metal ducts
retain their geometry, are easily cleaned, and provide architectural flexibility for exposed
installations.
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Comparative Observations

Long- Fabric Perforated
Characteristic | Throw | HVLS Fans Displacement || Pulsion
Ducts
Jets Ducts
Air Velocity Variable, |Broad air Low and
Control often high |motion Moderate Very low uniform
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npera without pr . Good Local only throughout
Uniformity : stratification
tuning volume
Noise Potential Moderate Au.dlble fan | Low to Low Low
to high noise moderate
Maintenance ||Periodic |Mechanical |Cleaning and ||Occasional Minimal,
Requirements |re-aiming |[servicing replacement ||grille service ||cleanable
Adaptability to || . . Independent - .
Event Modes Limited of HVAC Moderate Limited High

Design Considerations for Large Venues

o Airflow Layout: Perforated or high-induction mains can be installed along
structural trusses or catwalks, supplying air evenly into the bowl. Returns are
typically located in roof plenums or end zones to maintain smooth circulation.

e Zoning: Separate control for the playing surface and spectator areas allows
precise comfort management and energy savings.

o Airspeed Target: Maintain average air velocity below 40 fpm (0.2 m/s) at the
field of play, or less for critical sports such as badminton or table tennis.

o Temperature Differential: Keep vertical temperature differences within 2 °F (1
°C) under normal operation for maximum efficiency and comfort.

e Acoustics: Design to achieve a background level of NC-35 to NC-40 during

events.

o Ventilation Control: Apply occupancy-based ventilation turndown to reduce
energy use during setup or partial attendance.

Adaptive ventilation control, using variable-flow systems to adjust outdoor-air intake
during events and off-hours while maintaining comfort throughout large, enclosed
concourses is complex and requires a detailed evaluation of space geometry, but also

event types.
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Performance Verification
Commissioning should include:

e Velocity Mapping: Measure air velocity at multiple grid points at player height
and across spectator areas.

o Temperature Profiling: Record vertical temperature gradients to confirm
destratification performance.

e Acoustic Measurement: Verify background noise levels under typical load.

e Ventilation Testing: Confirm outdoor-air delivery rates for each zone and
occupancy condition.

In the space, not at the diffuser, mixing and movement should be demonstrated during
commissioning and post-occupancy to refine supply and return configurations in large-
volume enclosures. Such work highlights the role of computational and field verification
in modern sports-venue design.

Summary Evaluation

Each air-distribution method offers distinct advantages and limitations:

o Jet nozzles deliver reach but often require careful tuning to avoid drafts.

e HYVLS fans aid in destratification but can disrupt controlled conditions.

o Fabric ducts offer even flow but require consistent airflow and maintenance.

o Displacement systems improve spectator comfort but have limited reach.

o Perforated high-induction ducts combine uniform temperature, low sound
levels, and durable construction, offering a balanced option for both retrofit and
new-build facilities.

Conclusion

Arenas and stadiums require systems that maintain thermal stability, minimize
perceptible airflow, and operate quietly across a wide range of events. Measuring air
movement in the space, not just at the diffuser is critical to commissioning, and
successful long term operation.

Perforated high-induction duct systems represent one of the more adaptable and
predictable approaches available today, providing consistent comfort and efficient
operation within the demanding context of modern sports and entertainment architecture.

M IX I N D mix-ind.us, Pub. Dec 2025

TECHNOLOGIES



