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HVAC - Overview of Underfloor Air-conditioning Systems

Course Content

Introduction

Underfloor air distribution (UFAD) is a method of delivering air through supply outlets located at
floor level, with the intent of maintaining comfort levels only in the occupied lower portion of
space. This technology uses the open space (underfloor plenum) between the structural concrete
slab and the underside of a raised access floor system to deliver conditioned air directly into the
occupied zone of the building. This approach is an increasingly popular alternative to the
traditional overhead, which attempt to condition the air in the whole volume of space from the top.

An underfloor air distribution system may also be referred to as “raised-access” flooring system or
displacement ventilation. This innovative approach to heating, ventilating and air conditioning
offers the utmost in occupant comfort, improved air quality and energy savings.

In this course we briefly describe the significant features, potential advantages, and design issues
associated with underfloor air distribution.

Brief History

UFAD systems were originally introduced in the 1950s typically for the computer rooms and data
control centers of the time. These systems were primarily designed for dissipating extremely high
heat loads associated with the electronic equipments and were not intended for human comfort.
These systems were subsequently modified with high aspiration swirl diffuser in 1970s for comfort
applications. Statistical data indicates that the raised floor systems currently comprise an
estimated 58% of new commercial building projects in Japan and about half of all new
commercial projects in Europe and the United Kingdom. In North America, the market for raised
floor systems is much smaller; including only about 10% of new commercial floor area, however,
the proponents of the UFAD estimate that raised floor installation in North America will increase
exponentially in coming years.

Technology Description

Buildings that use underfloor air distribution have a raised panel flooring system that is supported
on vertical pedestal supports approximately 12 inches above the slab floor. The underfloor space
delivers conditioned air through small, floor-mounted diffusers located in individual workspaces.
High-induction swirl diffusers quickly mix the supply air as it enters the occupied zone. Air is
circulated in an upward motion similar to natural convection and is exhausted through return
grilles in the ceiling. The characteristics of an underfloor air distribution system include:

1) By delivering air directly to each workspace, the HVAC system eliminates “dead zones” of
airflow.

2) Electrical power, telephone, data cable and other portions of the building’s infrastructure are
located in the underfloor space.
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3) Plug-in electrical boxes, power/data outlet boxes and air diffusers are flush-mounted in the
floor panels and can easily be moved to accommodate reconfiguration of the workspace or
floor plan.

4) The surface of the floor panels can be made of a variety of materials, including carpet tiles,
decorative concrete, linoleum, finished metal or wood composite.

Traditionally, access floor systems have been widely used in clean rooms and in spaces with
large amounts of electronic equipment, such as control rooms and computer rooms. With the
arrival of the technologically laden office environment, demand for access floors is rising rapidly
because it provides the flexibility to the owners to easily reconfigure the spaces in short time.
Floor plenum heights for underfloor air distribution systems in office buildings are typically 12 to
18 inches, depending on the amount of cabling and ventilation requirements. Generally, a floor
plenum height of 12 inches is adequate for most office situations.

UNDERFLOOR AIR DISTRIBUTION v/s CONVENTIONAL OVERHEAD SYSTEM DESIGN

Conventional overhead air distribution supply conditioned air at the ceiling level through an array
of evenly spaced ceiling diffusers connected to extensive networks of ducting. The return is also
taken from higher levels either using a ducted or plenum system (refer fig 1 below). Overhead
systems promote complete mixing of supply air with room air, thereby maintaining the entire
volume of air in the occupied space at the desired setpoint temperature and evenly distributing
ventilation air. Supply air is typically introduced in space at 50 -55°F and after mixing the room
conditions achieve a uniform temperature of 72 -75°F. Indoor air quality is maintained by diluting
the contaminated air in the space with the required amount of outdoor air. However, these
systems tend to suffer from dumping and short-circuiting, especially when low aspiration diffusers
are used, resulting in poor temperature distribution, complaints about draughts, and low indoor air
quality (IAQ) in the occupied space.

Underfloor aid distribution (UFAD) turns air supply upside down, allowing a floor plenum to deliver
conditioned air to the space via floor grilles in the raised floor system. The floor plenum typically
consists of pedestals and removable floor panels that can be rapidly reconfigured. Supply air is
introduced through diffusers at floor level and is exhausted at the ceiling through return or relief
grilles (refer fig 2 below).
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Fig -1  Conventional System Fig -2  Underfloor Air Distribution System
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An underfloor air distribution (UFAD) system delivers air at low velocity and relatively high
temperature compared to traditional overhead distribution systems. The UFAD systems use
special design floor diffuser (swirl type) that provides greater mixing in the occupied zone (up to 6
ft). If the diffuser throw exceeds the stratification height ( ~ 6 ft), the cooler supply air will
penetrate into the warmer upper layer before dropping back down into the lower region and
bringing warm air down with it, thus influencing the temperature in the occupied zone.

CLASSIFICATION OF UFAD SYSTEMS

Underfloor air distribution systems fall into two general categories distinguishable from one
another by the temperature and velocity profiles they create in the occupied space. The first type
is a displacement ventilation system; the second type is a hybrid underfloor system.

Displacement Ventilation (DV) Systems

Displacement ventilation systems deliver air at floor level into the space at very low velocity,
typically less than 100 feet per minute (fpm). At this velocity, the air coming out of the diffuser can
barely be felt and the fresh air “pools” onto the floor and rises slowly as it picks up heat. Heat
sources create plumes that improve air circulation. Displacement ventilation systems are
generally applied to spaces that require cooling, but are essentially a ventilation system with
limited cooling (12 — 20 Btu/sg-ft); it does not fully meet the definition of air-conditioning.
Conventional European design practice limits the use of displacement ventilation systems to
spaces with peak cooling loads of 12 Btu/hr-ft® or less. In spaces with higher cooling loads,
radiant cooling systems are used in combination with displacement ventilation. Recent U.S.
research suggests that displacement ventilation systems can be applied to spaces with cooling
loads up to 38 Btu/hr-ft.

Displacement systems have logical applications in open areas, industrial spaces or for spaces
with high pollutant loads (such as smoking lounges). Draft is usually not an issue in spaces
served by displacement ventilation systems, but the temperature difference between the floor and
head levels (the temperature gradient) is an important design issue. Displacement systems can
be installed without a raised floor, using large low-wall grilles or pedestals to let the air flow out
onto the floor.) Heat sources in the conditioned space (such as people, computers, or copy
machines) convect supply air upward in well-defined plumes that provide cooling where it is
needed.

L

A comparison of system characteristics for conventional air-conditioning v/s UFAD system is
tabulated below:
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Conventional Displacement
System Characteristics System System
Supply Air Flow 1.000 - 1,500 CFM 400 - 600 CFM
Diffuser Air Velocity 600 - 800 FPM <100 FPM
Cooling Supply Air
Temperature o2 - 5OF 63 - 6BF

Outside Air Flow

400 - 500 CFM (30%)

400 - 600 CFM (100 %)

Typical Parameters

AC Size 3 Tons 2t02.5Tons
Cooling Demand 3.3 kW 2.5 kW
Fan Demand 0.3 kW 0.2 kW
Total Demand 3.6 kW 2.7 kW

Hybrid Underfloor System:

The second general type of underfloor air distribution system can be characterized as a hybrid
underfloor system, a combination of displacement ventilation and conventional mixing systems.
Like the displacement ventilation system, the hybrid underfloor system attempts to condition only
the occupied lower portion of space, producing two distinct zones of air, one cool and relatively

fresh, the other hot and stale.

Hybrid systems differ from true displacement ventilation systems primarily in the way that air is
delivered to the space. The primary differences are:

1) Air is supplied at higher velocity through smaller-sized supply outlets distributed across the
floor plate. Unlike the displacement ventilation system, the hybrid underfloor system aims to
reduce the stratification in the occupied lower portion by delivering air at higher velocity (200
to 400 fpm).This results in a more mixed and turbulent vertical flow profile and a smaller

temperature gradient.

2) Local air supply conditions are generally under the control of a nearby occupant, allowing the
possibility for some degree of personal comfort control.

3) The greater mixing (similar to overhead systems) provided by turbulent floor supply outlets
used in UFAD systems increases the temperature near the floor compared to DV systems
(for the same supply air temperature and volume).

4) Hybrid underfloor systems can handle higher cooling loads than displacement ventilation
systems; the cooling load capacity is limited only by the number of diffusers used and the

number of clear areas created.
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5) At higher elevations in the room, the overall airflow performance of hybrid systems is
expected to be very similar to that of DV systems.
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Supply Diffuser

The airflow pattern in a hybrid underfloor system is shown above. The supply diffuser
entrains room air, creating a layer of mixed air in the occupied zone. This system type is
attracting increasing interest because it has the potential to save energy and to provide a
high degree of individual comfort control. Generally there are two types: floor void supply
- ceiling return (zonal displacement systems); and floor void supply - floor void return
(zonal mixing systems). This is discussed in detail in subsequent sections.

BENEFITS OF UFAD

UFAD systems have several potential advantages over traditional ceiling-based air distribution
systems. The key benefits of an underfloor air distribution system are: improved occupant
comfort, indoor air quality gains, energy cost savings, first cost savings, space planning flexibility
and individual productivity gains.

1) Improved Comfort & Indoor Air Quality: The comfort and indoor air quality improvements
are due to

» Underfloor-airway systems introduce fresh air directly into the occupants’ breathing zone.
Heat, pollutants, and stale air rise to the ceiling level, where they are exhausted. Fresh
air replaces the old air rather than diluting it. The net effect is to improve the ventilation
effectiveness, which improves the air quality.

« UFAD system use floor swirl diffusers, which improve indoor air quality by supplying air
directly into a low-level occupancy microclimate. Air contamination produced within the
office (occupants, copiers, fax machines, etc) rises upwards by convection and away
from the occupied zone.

»  Floor swirl diffusers also ensure high IAQ when the space is being heated, since they
strongly mix the warm supply air into the occupancy microclimate.

» Floor swirl diffusers are equipped with removable baskets that capture dirt and spills
before they enter the underfloor space.
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1 —k

The ventilation effectiveness is greater for air supply from floor level than for air
distribution from the ceiling. Studies indicate that the localized ventilation effectiveness
near people for air supply from floor level is greater by 44% to 106% for seated persons
and by 36% to 72% for standing persons than the ventilation effectiveness for air
distribution from ceiling swirl diffusers.

Since they operate at lower pressure and velocity, underfloor systems generally produce
less noise than traditional overhead systems. However, fan-powered terminals used in
neutral pressure systems may cause a small increase in noise levels.

UFAD provides operation flexibility. Since the diffusers are housed in a modular access
floor, it is easier to reposition the diffuser to another location. Each person has individual
control over his or her own air supply. With the diffusers at floor level, the occupants can
easily redirect or modulate the airflow into their own space and to their own liking, a
benefit that is inconceivable with the conventional overhead system.
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2) Energy Impacts: Higher energy efficiency is possible because:

The supply air of an underfloor system is typically delivered at a higher temperature (62°
F) than a conventional HVAC system (55° F). This means that the chilled-water
temperature no longer will need to be distributed in the 44°F to 49°F ranges. 50 F to 54°F
water is more than adequate to provide 62°F supply air. With higher supply
temperatures, the leaving chilled water temperature is also raised, which reduces the lift
on the chiller. Higher lift means the higher coefficient of performance for the chiller
typically to the tune of 3 to 15%. COP improvements, however, can be substantially
reduced or eliminated if moisture control in humid climates requires the use of
conventional coil leaving temperatures.

Although underfloor systems operate at higher flow rates (5 to 20%) than conventional
overhead systems, the static pressure is much lower due to minimal ductwork on the
supply side of the system. Underfloor systems only need approximately 0.1 inch w.g of
external static pressure for proper floor-diffuser performance; overall external fan delivery
static pressure can be reduced to approximately 0.5 inch- w.g (compared to 1.5 to 2 inch
w.g with overhead systems). This results in reduced fan horsepower and energy
consumption, not to mention reduced first electrical and mechanical installation costs.
The fan power energy savings have been estimated at 5-30%. Note that the fan energy
consumption is given by equation:

BHP = Q x SP / (6356 x Fan ggf)
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3)

Where

« BHP = Break Horsepower

* Q= Airflow rate in CFM

e SP = Static pressure in-WG

» Fan g = Fan efficiency usually in 65-85% range

» The higher supply air temperature of displacement diffusers extends the free cooling
capabilities of the HVAC system, significantly reducing mechanical cooling requirements
in climates where this free cooling potential can be harnessed. Moreover, in arid climates,
63 to 65° F supply air may be dry enough during most hours of operation to avoid
elevating the relative humidity in the space. In temperate climates, where high humidity is
not a problem, the warmer supply air temperatures associated with UFAD system design
increase the potential for economizer use, and allow higher cooling coil temperatures to
be set, if desired. The fact that the number of hours of economizer operation is typically
greater for UFAD systems also contributes to overall increased ventilation effectiveness.

Increased Flexibility: UFAD systems provide improved flexibility for building services,
allowing for fast and inexpensive reconfigurations, and accommodating the high “churn” rates
of the modern workplace. Churn refers to the facility management activities associated with
relocating and reconfiguring of worker space. The plenum is typically used not only for UAD,
but also as a conduit for cabling systems such as power cables, telephone lines and data
systems, as well as a pathway for services such as sprinkler mains, drains, water piping,
perimeter heater piping, central vacuum cleaning, etc. Many services, including telephone
and data jacks, power outlets, and ventilation diffusers, are mounted directly in floor panels,
providing "plug-and-play" adaptable workplace flexibility to tenants.
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Reconfiguration of raised floor systems does not involve demolition and construction
activities, reducing downtime and construction expenditures that have significant economic
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and environmental impacts. Since the plenum is designed to be easily accessible through
removable floor plates, office spaces can be reconfigured in a matter of hours instead of days
or weeks. Although the first costs of underfloor air distribution systems are typically higher
than conventional overhead distribution, the incremental investment is quickly re-cooped,
typically with the first reconfiguration of building services.

4) Impacts on Building Design: Underfloor air distribution permits a much more open ceiling
design. It is possible to reduce floor-to-floor heights by 6 to 12 inches while maintaining the
same floor-to-ceiling dimensions, especially for buildings that do not have hung ceilings. This
can result in significant cost savings for multi-story buildings. The increased height also
makes it easier to include indirect lighting, day lighting, light shelves and other design
features in the ceiling.

Vertical dimensions of
conventional and underfloor air-
conditioning systems
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5) Savings in Capital & Operating Costs: In new construction, first costs of underfloor air
systems are equal to or lower than ceiling HVAC systems. Once a raised floor has been cost-
justified for connectivity, the introduction of underfloor air should be cost neutral or a cost
savings. The full list of variables that have resulted in lower first costs for numerous
underfloor air systems include:

v" Reduction in HVAC construction sequencing and installation costs
v Reduction in power, data/voice networking installation costs
v" Reduced ductwork, lighter duct materials

v" Reduction in HVAC controls
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v' Smaller chillers

v Building height reduction
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v Construction time and materials cost savings
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v Floor-to-floor height does not need to be increased in underfloor air projects, and can in
fact be decreased due to the more deliberate systems integration efforts within the

plenum.

v Reduction of installation costs due to all work being performed at the floor level instead of

above the ceiling.

v Increased safety for construction workers (less climbing, ladders, etc.)

v' VAV-box maintenance, repair, and controls are simplified.

v' The system is self-balancing, since the entire system, in theory, will operate at the same

pressure.

UFAD SYSTEM DESIGN PROCESS

Underfloor air distribution systems involve a considerably different process when calculating
supply flow rates and temperature, along with selecting the size and number of diffusers. Since
this technology is still in nascent stag in US, finding the optimal design values are mainly based
on the experience of European countries and the studies carried out by CBE and ASHRAE. The
design process requires expert opinion on the following:

1)
2)

3)

9)

Building Design Considerations
Identification of Zones

Space Cooling Loads
Ventilation Air Requirements
Supply Air Temperatures
System Design Air Flow Rates
Supply Air Layout

Return Air Configuration

Primary AC Equipment

10) Select and Locate Diffusers

11) Control Strategy

BUILDING DESIGN CONSIDERATIONS
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Architectural:

1) The first item to coordinate with the architect is the location of the AC units, which will
distribute the supply air to the raised-floor plenum space. Normally these AC units are ducted
until the duct reaches beyond the “core” or center area of the floor or otherwise these units
simply supply air directly to the raised-floor plenum, with no ductwork. Depending on the floor
area and the location of the core, either the middle of the core or the end of the core is the
ideal location. With this method, AC-unit quantities usually are in multiples of two.

2) Second, a raised-floor height must be established. Typical raised-floor heights are usually 12
to 18”. Published test data performed by the Center for the Built Environment (a University of
California at Berkeley) recommend a minimum raised-floor height of 7” with 3” clear of any
obstructions (cables, conduits, etc.) for ideal system performance and distribution.

3) The third item that must be determined is the type of secondary AC equipment and
miscellaneous auxiliaries.

e Floor grilles and plug in panels to be used must be heavy duty to withstand foot traffic.
These can come with an actuator and damper that can modulate depending on space
conditions and can be either ducted or non-ducted.

» Space planning for electrical power, telephone, data cable and other elements of the
building’s infrastructure.

» Location of plug-in electrical boxes, power/data outlet boxes and air diffusers. Usually
these are flush-mounted in the floor panels, which can easily be moved to accommodate
reconfiguration of the workspace or floor plan.

IDENTIFYING ZONING

A zone is a space or group of spaces in a building having similar heating and cooling
requirements throughout its occupied area. Large buildings include both peripheral and interior
spaces. The peripheral space can extend from 8, 10 or 12 ft from the exterior wall/glazing. This
space is usually reserved for offices that are occupied by the corporate elite or open for outside
view. Since the wall usually has a large glass area, these zones have variable loads that are
dependent on the time of year, time of day, glass construction, shading coefficients, and weather.
During the winter, heating is required in these spaces; during the spring and fall, one side of the
building may require heating while the other side requires cooling; and in the summer, full cooling
is the norm.

Perimeter zones

The peripheral areas have varying loads and largest loads typically occur near the skin of the
building. Since these areas are influenced by climatic variations, rapid fluctuations in heating and
cooling demands can happen, with peak loads often occurring only for several hours per day and
relatively few days of the year. Energy-efficient envelope design is always the first stage of
defense against excessive perimeter loads.

While occupant control of relatively constant interior loads is reasonable, manual control for the
ever-changing perimeter loads is not, and therefore underfloor plenums may need to be zoned
based on building exposure, especially when using passive diffusers. Perimeter zone
considerations often lead to hybrid system designs in which active, fan-powered supply units are
used to increase the rate at which the system can respond to changes in load. These boxes can
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be supplied with integral heating coils to provide perimeter heating as well. Displacement
ventilation systems do not function well in the heating mode.

Typical perimeter zone size (occupied area): 12—-15 ft deep, from the external wall.

Interior zones

Interior zones (defined as areas located further than 15 ft from exterior walls) are usually exposed
to relatively steady and lower (compared to perimeter zones) thermal loads with little or no
variations all year round. These loads are usually due to lighting, equipment, and people. Typical
values used for cooling-load calculations are 1 to 2 watts per sq ft for lighting, 3 to 5 watts per sq
ft for equipment (depending on use), and a population density of one person per 100 sq ft
(assuming 8-by-8- ft workstations). The sensible loads are fairly constant and therefore, these
zones are well served by a constant volume or constant pressure in a pressurized system, control
strategy.

The interaction between interior and perimeter systems needs careful consideration. For
example, if plenum air is used to supply cooling for perimeter zones, reset of supply air
temperatures for the core zones may militate against being able to satisfy perimeter load
conditions.

Other special zones

Other special zones having large and rapid changes in cooling load requirements, such as
conference rooms or lecture halls, should incorporate fan-powered or VAV air supply solutions.
This can require underfloor partitioning for these areas. Automatic controls to these zones should
be capable of meeting both peak demand and significant turndown during periods of little or no
occupancy. Manual control of these zones has also been used in some installations.

Schematic Examples

In the scheme above, interior zones are operated as a constant air volume-variable temperature
(CAV-VT) system. The supply air temperature is varied in response to an average of interior
temperatures measured by a series of temperature sensors linked to an energy management
control system (EMCS).
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Perimeter zones are served by a CAV-VT Fan coil units draw return air through specially built
duct chases located on the outer walls, allowing air to be drawn from near the ceiling. A room-air
temperature sensor controls the coil water supply to fan coil unit in case of CAV — VT system.
Round swirl diffusers supply variable volume air or variable temperature air to the perimeter zone.
The proximity of swirl diffusers serving the interior zone augments the high demand for supply air
typical of perimeter zones. Under normal operating conditions, air is returned to the AHU via
return grilles and lighting fixtures located in the ceiling.

In contrast to the open plan work areas described above, the conference rooms are enclosed
spaces served by a VAV system. Responding to signals from a room thermostat, supply air is

drawn from within the interior plenum and supplied to a partitioned space and then through
diffusers to the room using a variable speed fan, as illustrated in figure below:

Fartition
(typ)

1 1 1
> = s

Confershoce Boorms

This system as depicted below exemplifies one system type commonly used in early UFAD
installations. It is essentially a VAV overhead system installed in the underfloor plenum space.
Underfloor ducting supplies VAV boxes that deliver air into partitioned underfloor perimeter and
core zones. Perimeter partitions are 30 ft from the exterior walls. Zone sizes vary from about 900
ft in perimeter corner offices to about 4500 ft in the interior. One or two VAV boxes typically
serve a zone. Service areas in the central core are treated in a similar manner. Each zone
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contains swirl diffusers that are uniformly laid out; a row of diffusers is located along the exterior
walls as shown in figure below:
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SPACE COOLING LOADS

Cooling loads for a building with an UFAD system are calculated in much the same manner as for
a conventional overhead system with few minor differences.

In UFAD system, the space is divided into two zones, an occupied zone extending from the floor
to head level, and an unoccupied zone extending from the top of the occupied zone to the ceiling.
The systems are designed to condition the lower occupied zone only; temperature conditions in
the upper zone are allowed to float above normal comfort ranges. The fact that conditioned air is
delivered at or near floor level, creates stratification which results in most convective heat gains
(from sources outside the occupied zone [up to 6 ft]) to be exhausted directly at ceiling level.
These loads are therefore not to be included in cooling load calculations; lighting load is one such
example.

Air supply volumes therefore only consider heat sources that enter and mix with air in the
occupied zone. Heat sources must be analyzed based on their convective and radiative
components. Depending on the location of the heat source in the space, some amount of the
convective portion can be neglected in this calculation.

Other issues that can affect load calculations include the heat exchange between the concrete
slab and the supply air as it flows through the underfloor plenum. Most of this heat transferred
through the floor into the supply air stream will reenter the conditioned space, although not
instantaneously due to the mass of the floor panels. This adds another component to the space
cooling load calculation — estimated to be as high as 3.4 Btu/ft’.

In most applications, reheat is primarily needed only near the building envelope where cold
downdrafts from perimeter glass may cause discomfort. Heating may also be needed in some top
floor interior zones and during periods of low occupancy (e.g. nights and weekends). Effective
heating systems isolate the source of warm air from the thermal lag effect of the concrete slab
(which is usually slightly cooler than room temperature). This can be done, for example, by
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ducting from an underfloor fan coil unit, or by using baseboard radiation or convection units.
Quick response on heating can be very important during morning startup.

VENTILATION AIR REQUIREMENTS

Standard 62-99 provides guidelines for the determination of ventilation rates for acceptable indoor
air quality. Standard 62 sets minimum ventilation rates for office space and conference rooms at
20cfm per person and reception areas at 15c¢fm per person.

In the design and operation of a UFAD system containing a large number of occupant-controlled
supply modules, some means must be provided to ensure that minimum ventilation rates are
maintained, even when people choose to turn off their local air supply. An optimized strategy is to
control supply outlets to allow mixing of supply air with room air up to a height no higher than
head level (6 ft). Above this height, stratified and more polluted air is allowed to occur. The air
that the occupant breathes will have a lower percentage of pollutants compared to conventional
uniformly mixed systems.

SUPPLY AIR TEMPERATURES

The supply air temperatures for UFAD are higher than that that used for conventional overhead
system design. Because the air is supplied directly into the occupied zone, warmer supply air
temperatures prevent overcooling to nearby occupants. For cooling applications, supply air
temperatures at the diffusers should be maintained no lower than in the range of 63 — 68°F with a
recommended minimum ceiling height of 8 feet. This supply temperature can be reset even
higher under partial load conditions.

The supply air must be introduced to the occupied lower space at a high enough flow rate to
prevent an uncomfortable temperature gradient between head and foot, but at a low enough
velocity to prevent the sensation of draft and prevent mixing in the upper stratified zone. A
temperature gradient between head and foot greater than 5°F is considered excessive. A
gradient of 3.5°F is considered to be a good design criterion, not too large by most people’s
standards.

Supply Air Temperature Return Air Temperature
System Type
UFAD Systems 63-68°F 77-86°F
Overhead Systems 55°F 75°F

SYSTEM DESIGN AIR FLOW RATE

The calculation of cooling air supply flow rates for UFAD systems requires different
considerations. This is primarily due to the fact that overhead systems assume a single well-
mixed temperature throughout the space (floor-to-ceiling), while UFAD system assumes that
some amount of stratification occurs. The stratified air flow pattern in UFAD systems allows most

Page 14 of 32




www.PDHcenter.com PDH Course M217 www.PDHonline.org

convective heat gains from sources outside the occupied zone (up to 6 ft) to be exhausted
directly at ceiling level, and therefore to not be included in the air-side load.

How much airflow is needed?

Cooling air quantities for UFAD systems should be carefully determined. Many engineers assume
that UFAD systems, with warmer supply air temperatures (63 to 65° F), will automatically require
higher cooling air quantities in comparison to overhead mixing systems (55°F supply-air
temperature) for the equivalent cooling loads. Their assumption is based on the standard room-
energy-balance equation:

H=1.08xQxAT
Or
Q=H/(1.08 x AT)
Where:
e H=the heat loads in a room, in Btu per hour
* Q= the airflow moving through a room in cubic feet per minute (CFM)

e AT = the temperature difference between the room set point (usually 75° F for comfort
applications) and supply-air temperatures in degrees F.

If this energy-balance equation were also true for UFAD systems, it would require airflow of
nearly twice that for overhead systems. If the set point temperature is 75° F; for overhead system
AT is 75 — 55 = 20°F whereas for UFAD system AT is 75 — 63 = 12°F. Substituting the values in
the equation above will yield higher flow rates for the UFAD system.

However, the above equation is valid only for steady-state and fully mixed room conditions (i.e.
set point temperature equals return-air temperature). Studies indicate that stratification for UFAD
systems can result in overall delta T's (return-supply temperature difference) in the range of 15-
20°F, for properly designed systems. Since the comfort conditions in an underfloor system are
maintained in the lower occupied zone only, the higher return temperatures are created by
stratification. The heat gain to the occupied zone and the air flow required to maintain a given
comfort condition in that zone is what determines the actual air flow requirements, and
consequently the overall delta T that will be developed. Typically this results in air flow rates that
can be equal to or higher by fairly modest amount in order of 5 to 20%. These results have been
corroborated by field tests in which the UFAD design airflow rate in perimeter zones was
estimated to be in the range of 15 percent greater than an equivalent overhead system.

Also with this reason, the thermostats in UFAD systems are always placed in supply air path as
the indoor set point temperature and return air temperatures shall be influenced by stratification.

SUPPLY AIR LAYOUT

Underfloor ducts serving specific zones should be sized to accommodate peak cooling loads. The
design and layout of main ducts from the central plant to plenum inlet locations is similar to that of
conventional overhead systems except that access must be provided for the ducts to reach the
underfloor plenum. The amount of main ductwork can be reduced in designs using medium to
small-sized air handlers (floor-by-floor units) that are located closer to the point of use. However,
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ductwork for ventilation air is still required and must be sized accordingly, if the use of an outside-
air economizer will be an important operating strategy.

The height of underfloor plenums is generally determined by the largest HVAC components
located under the floor. These components can typically be distribution ductwork, fire dampers at
plenum inlets, fan coil units, and terminal boxes. Commercially available HVAC products allow
plenum configurations as low as 8 inches although heights in the range of 12-18 inches are more
common.

There are two basic approaches to configuring the supply-air side of an UFAD system:

1) Pressurized underfloor plenum with a central air handler delivering air through the plenum
and into the space through passive grills/diffusers;

2) Zero-pressure plenum with air delivered to the space through local fan-driven supply outlets
in combination with the central air handler; and

In some arrangements the supply air is ducted through the underfloor plenum to the supply
outlets. In this approach configuration certain energy and cost benefits may be reduced
compared to the above two approaches.

Pressurized Underfloor Plenum

Pressurized plenums have been the most commonly installed UFAD configuration. In this
approach, the system design is controlled to maintain a small positive pressure (0.05 to 0.1
inches w.g) in the underfloor plenum relative to the conditioned space. The characteristics of the
system are:

1) Pressurized floors operate with a small positive static pressure in the floor plenum - about
one-tenth of an inch water gauge (0.10 inches w.g). This pressure drives the supply air
through simple diffusers placed as necessary in the floor - typically, one for each 100 square
feet.

2) Even with so little static pressure, air can be moved to diffusers at least 30 feet from a supply
riser or duct without creating temperature inconsistencies in the space. Even longer "throw"
distances are possible with deep floor plenums.

3) Pressurized plenums are designed to deliver supply air at constant temperature and volume
to all outlets of the same size and control setting within the conditioned space.

4) The system uses a minimum amount of ductwork and typically maximum floor area served by
each free-discharge supply air duct is 3,200 ft>. The number of plenum inlet locations is a
function of the size of control zones, access points available in the building, amount of
distribution ductwork used under the floor, and other design issues. Within the underfloor
plenum, it is always desirable to the extent possible to have the supply air flow freely to the
supply outlets.

5) Almost all available floor diffusers allow some amount of individual control (usually volume
and in some cases direction) by nearby occupants.

6) Because the supply air in the underfloor plenum is in direct contact with the concrete
structural slab, the underfloor thermal mass has the effect of providing a consistent cool air
temperature reservoir (for cooling applications), making UFAD systems extremely stable in
their operation.

Page 16 of 32



www.PDHcenter.com PDH Course M217 www.PDHonline.org

In some system designs, using multiple medium or small-sized (floor-by-floor) air-handling
units (AHUs) can minimize or totally eliminate ductwork; and improve zone control when AHU
capacities correspond to the specific requirements of each plenum zone.

7) Where differences between interior loads and perimeters are not significant, a common
pressurized plenum with a greater number of floor diffusers along the perimeter may be used
to deal with the increased load density along the building fagade. This is often combined with
perimeter radiant or convective heating coils. Alternatively, the plenum can be partitioned with
separate perimeter air supply as needed or perimeter zones can be equipped with fan-
powered terminal boxes (usually VAV) with reheat in the underfloor plenum or as fan coll
units located in the space against the perimeter walls beneath glazing.

The concerns
1) The airflow performance can be impacted by uncontrolled air leakage and when floor panels

are removed for access to the underfloor plenum. The two primary types of uncontrolled air
leakage from pressurized plenums include: a) Leakage due to poor sealing or construction
quality of the plenum and b) Leakage between floor panels. Although due to the relatively low
pressure (0.05 - 0.2 inches w.g.) used in pressurized plenums, the leakage into adjacent
zones is minimal and much of the leakage will be into the same conditioned zone of the
building. The amount of expected leakage can be calculated from the following:

Lv = 4005 x (R,) *

L=4005xAx(R,)”

Where
* Lv =Leakage velocity in FPM
e L =Airleakage in CFM
* R, =Room pressure in in-WG
e« A =0Opening area

Assuming 0.05 inches —w.g plenum pressures the leakage velocity is

=0.223 x 4005 = 895 feet per minute

With a total of 1 sg-inch opening size

Leakage air volume =1 x895/144 =6.2 CFM per sg-inch
These amounts can be a substantial fraction of the total required cooling, especially in the
interior zones. If access panels are removed for long periods of time or the distance between
primary air inlets and supply diffusers is too great, control of air flow will be diminished. A
higher plenum pressure of the order of (0.5 inches w.g) could result in problems with over-
conditioning, lifting of carpets, and problems with diffusers. It is therefore important that
proper attention be given to the sealing of junctions between plenum partitions, slab, access
floor panels, and exterior or interior permanent walls during the construction phase of the

project.

2) Zoning and partitioning of the underfloor plenum should be kept to the minimum necessary to
optimize UFAD performance and efficiency. This ensures the system's ability to avoid
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unacceptable variations in supply air temperature (due to heat gain from or loss to the
concrete slab and raised floor structure) and quantity (due to pressure loss, obstructions, or
friction) within the zone. There are several approaches to address zones with significantly
different thermal loads:

* Plenum partitioning with ducted VAV devices supplying air to each zone;
* Plenum partitioning with fan-powered terminal devices supplying air to each zone;

» Thermostatically controlled VAV diffusers may be used in both partitioned and open
plenums;

» Local fan-driven supply outlets may be used in both partitioned and open plenums;

e Open plenums with mixing boxes and ducted outlets

Zero Pressure Plenum

Primary air supply to the underfloor plenum is similar to the above; however each plenum is
maintained at very nearly the same pressure as the conditioned space. Local fan air terminals
under local thermostatic control draw air from the plenum and supply it into the occupied space.
By relying on both a primary air handler and local fan-powered outlets to draw air from the
plenum into the space, zero-pressure configurations can more reliably maintain some amount of
cooling effect even if the chillers are off due to the thermal inertia of the concrete slab. Localized
manual fan speed control also improves individual control of occupant thermal comfort. The
characteristics of zero pressure plenum are:

1)

3)

Zero-pressure floors rely on small fan-powered distribution boxes to push air up into the
conditioned space. Some designs with fan-powered boxes in the floor keep the plenum at
negative pressure relative to the space, to draw return air back into the supply air and
moderate its temperature.

The plenum is maintained at very nearly the same pressure as the conditioned space,
meaning that zero-pressure plenums pose no risk of uncontrolled air leakage through any
crack or opening to the conditioned space, adjacent zones, or outside. While fan-powered
outlets provide improved control of the supply airflow rate compared to passive diffusers,
potential first cost and energy use premiums must be carefully considered. The removal of
floor panels does not disrupt overall supply-air flow.

Local fan-powered outlets under thermostatic or individual control allow supply air conditions
to be controlled over a wide range as necessary. This controllability can be used to handle
zones with significantly different thermal loads without underfloor partitioning. The use of
partitioning for zone control can also be applied in a similar way as for pressurized plenums.
The greater ability of zero-pressure systems to provide localized cooling suggests their
suitability in projects involving high and diversified heat loads.

General Design Guidelines

1)

2)

Effective plenum heights for underfloor air are pervasively set at 12 to 18 inches, with no
penalty for even higher plenums.

Distances from the vertical riser to air supply zone can be as long as 80 feet; however, 30-40
feet are preferable to ensure no thermal decay and controllable pressure conditions.
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3) For delivering combined cooling and ventilation in office environments 0.1 inch-w.g (25 Pa)
static pressure for plenum is usually satisfactory. Given this low pressure and limited
distances from risers, air tightness is not a major issue; however carpet tiles could be offset
50% over access floor tiles to support air tightness of the plenum.

4) Perimeter air-conditioning is typically ducted and plenum subdivisions are common to service
different tenants or high demand spaces such as conference rooms. The internal zones
typically use un-ducted air supply.

RETURN AIR CONFIGURATION

For optimal cooling, it is important to locate return grills above the occupied zone, which is around
6 ft above floor level. The recirculation air must return at higher elevations through grilles located
in a suspended ceiling or through high sidewall grilles if no ceiling plenum is present. This
supports an overall floor-to-ceiling airflow pattern and takes advantage of efficient removal of heat
load & contaminants through the natural buoyancy produced by heat sources in the space. Two
schemes are generally used:

Return air mixed with primary air in AHU: A certain portion of return air could be mixed with
primary air from the AHU to achieve desired air temperatures and humidity and enable reduced
energy costs. In many climates to achieve proper humidity control, conventional cooling coil
temperatures must be selected (producing a coil leaving temperature of 55°F). In this situation, a
return air bypass control strategy can be employed in which a portion of the return air is bypassed
around the cooling coil and then mixed with the air leaving the coil to produce the desired warmer
supply air temperature (63-68°F).

Return air is routed directly to the underground plenum: When the return air is routed
directly back into the underfloor plenum, the amount of re-circulation ductwork can be significantly
reduced. The return air is not taken back to the air handler and is brought down through the
induction shafts formed with furring spaces along structural columns. It is important that the
supply and return air streams must be well mixed within the underfloor plenum before delivery to
the conditioned space. This can usually be achieved by distributing the primary air at regularly
spaced intervals throughout the plenum, and/or employing fan-powered local supply units to aid
mixing of primary supply air with the return air.

DESIGN OPTIONS
Option #1 Floor Void Supply — Ceiling Return

Zonal displacement systems: Zonal displacement systems use the floor void as a
supply channel and the ceiling void as a return channel. Zones may be 1000-2500 sqg-ft.
They usually work with minimum fresh air rates offering savings in fan power and
seasonal peak energy demand. The supply air velocity under the floor may be low and
designers should take care to check temperature pick up. Simulation shows that lengths
of paths under the floor should be less than 45 feet.

Underfloor requirements: Such systems can make use of swirl grilles when the cooling
load is small (20 — 25 Btu/sq-ft) and the supply temperature is limited to 65°F, but with
higher loads, swirl grilles should be replaced by fan-assisted terminals with vertical
distribution. The vertical distribution avoids draughts as warmer 