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UFAC/UFAD in North America

• Earliest systems date from mid 80s

• Interest re-fuelled by increased use of raised
access floors mid 90s on

• Design practice differs from Europe and
UK

• Featured in LEED low energy projects

• Increasingly popular at ASHRAE meetings
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Sidewall displacement supply

Underfloor Mixing Supply



Reality v. Hype (J. Woods)

65 buildings identified with UFAD systems
Size from 2K to 3M sq ft, but % UFAD generally

less than total floor area
30% new construction
Non-compliance with relative humidity and air

movement frequently reported,
System problems included insufficient latent heat

capacity, lack of controllability of temperature,
pressurization, and compartmentalization,

Energy and first cost justifications were not
validated,



Types and Variations of Current
UFAD Systems

Supply AirSupply Air Return AirReturn Air

Positive Pressure Plenum
 Unducted, “Push” Type
 Diffusers & Grilles
 VAV Units

“Neutral” Pressure Plenum
 Ducted to VAV or FC Units
 Unducted, “Pull” Type
 Fan-powered VAVs
 Fan Coil Units
  Fan-powered diffusers &

Grilles

Ceiling Plenum
 Ducted
 Partially Ducted
 Unducted

Floor Plenum
 Ducted from Kiosk to VAV or FCU
 Ducted from Grille to VAV or FCU
 Membrane to separate floor 
plenum for supply and return

High Sidewall Grilles
 Ducted or unducted to Ceiling
 Ducted to VAV or FCU in Floor



Hardware in N. America



Design Process

• http://www.cbe.berkeley.edu/underfloorair/Default.htm

• Underfloor air distribution (UFAD) design guide. Bauman, F.
(2003). Atlanta: American Society of Heating, Refrigerating, and
Air-Conditioning Engineers.



Design Process

• Building Design Considerations 
• Select System Configuration 
• Space Cooling and Heating Loads 
• Zoning 
• Ventilation Air Requirements 
• Zone Supply Air Temperature & Flow Rate 
• Return Air Configuration 
• Cooling Coil Load 
• Layout ducts and plenum configuration
• Select Primary HVAC Equipment 

Select and Locate Diffusers 
Develop a Control Strategy 



Building Design Considerations

• Slab floor to floor heights

• Ceiling void required?

• Plenum depth available

• Air tightness of building



Select System Configuration

• Pressurised plenum - central air handlers

• Low pressure plenum - displacement

• Zero pressure plenum – local fan units

• Ducted outlets



Zoning 

• Perimeter < 5.0m x 6m

• Interior < 80m2

• Smoke Barriers <400m2



Return Air Configuration 



Construction Phase Guidelines



Construction Phase Guidelines

• Underfloor air distribution (UFAD) systems require
good coordination between all building trades
throughout the design and construction process.

• It is essential that the implications of the raised
access floor be considered early in the design
process.

• It is important to lay out underfloor equipment
requiring regular maintenance to be located in
accessible areas, such as corridors, not underneath
furniture and partitions.



Construction Phase Guidelines

• Determine areas in the building with no access floor
and allow for transitions to areas with access flooring.

• In pressurized underfloor air distribution systems,
greater care must be taken during construction to
seal the underfloor plenum to prevent uncontrolled air
leakage.

• The main structural slab, the traditional working
platform, will not be available continuously during
construction, and therefore a well coordinated
construction sequence is necessary



Testing and Balancing



Testing and Commissioning

• CIBSE Commissioning Code A: Air distribution
systems

• CIBSE Commissioning Code W: Water distribution
systems

• CIBSE Commissioning Code W: Water distribution
systems

• BSRIA Commissioning HVAC Systems: Guidance on
the division of responsibilities

• BSRIA Commissioning air systems. Application
procedures for buildings

• BSRIA Air tightness testing



Testing and Balancing

• Design Supply air Temperatures 16 to 21OC

• Typical Temperature Pick Up 3 K*

• Range: 1.0 to 3.7K

• Plenum Pressure 10 to 20 Pascal

• Leakage:
–5Pa13.5 - 16%

–15Pa - 41%

* If supply – return DT = 6K and above temperature pick up and leakage
apply then cooling capacity at outlets will be (6 –3)/6 * (100-41)/100 =
29.5% of design.



Plenum Air Leakage
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Plenum Air Leakage

Floor Voids (Ventilation Plenums)

Where floor voids are used for ventilation plenums as used in displacement
ventilation systems, the BSRIA recommended air tightness criteria should remain as
1 litre per second per square metre of floor area.

NB. This rate of air leakage is ten times that allowed for low pressure ductwork in
DW 144



Plenum Air Leakage

• Testing plenums once installed is relatively
easy.

• This may be too late in practical terms – the
Building Leakage should be satisfied before
the raised access floor is laid



Temperature Pick up

• Temperature pick up in underfloor voids is largely
related to distance.

• US advice varies between maximum distances of
7 to 15m. The shorter the distance the better.

• When the underfloor void is an air duct the
temperature rise can be calculated easily.

• In open plenums it is more difficult to predict.
CFD could be used.

• Rule of thumb – 1 to 2K per 10m



Who is responsible?

• Specifying ventilation related performance
requirements of plenum?

• Management of sequence of installation?

• Construction quality of underfloor plenums
and air pathways?

• Testing and Balancing underfloor plenums
and air pathways?



Maintenance of UFAD

• Duct Hygiene
– Dirt traps

– Higher rate of dust collection
Dsc_0078.jpg



Energy Efficiency

• Lower fan energy

• Higher mean temperature in space

• Thermal storage (exposed ceiling)

• Overnight cooling?

• Plenum losses?



UFAD in the UK



Reality v. Hype (D.Arnold)


