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Poor environments in schools influence the health,
performance and attendance of students. Many
existing school space conditioning systems using
conventional mixed ventilation systems fail to provide
the indoor air quality, acoustics, and comfort that can
produce optimal student and teacher performance.

Displacement ventilation (DV) is a cost effective
means of providing and optimal indoor environment
by delivering cool supply air directly to the occupants
in a space. The air is heated or cooled so that it
enters the room at about 65 °F, considerably warmer
than with a conventional air conditioning system. The
fresh air, supplied near the floor at a very low
velocity, falls towards the floor due to gravity and
spreads across the room until it comes into contact
with heat sources. The cool supply air slowly rises
as it picks up heat from occupants and equipment.
The warm, stale air rises towards the ceiling where it
is exhausted from the space. This vertical airflow
pattern near each occupant often referred to as a
thermal plume, makes it less likely that germs will
spread. The air distribution system provides for
effective ventilation, since the fresh supply air is
delivered directly to each occupant. All this can be
provided at a first cost that is comparable to that of
less effective conventional mixed ventilation systems
that rely on creating fully mixed air in the room.

The learning environment will be improved in a way
that delivers more fresh air to the students and
teacher, while controlling noise and providing
comfort. These healthy surroundings should result in
improved health, (lowered absentee rates) and better
productivity (higher test scores)

e Indoor air quality - is improved since the rising
thermal plumes also carry away contaminants
towards the ceiling exhaust. This air pattern also
inhibits transfer of pollutants from one student to
another and between the students and the
teacher. Improved ventilation effectiveness with
displacement ventilation provides better pollutant
removal and enhanced indoor air quality than
achieved with a mixed ventilation system.

e Acoustics — the low air velocities and the
remotely located cooling and delivery equipment
aid in designing to ANSI recommendations. This
is of particular advantage when compared to unit
ventilators or wall-mounted equipment.

e Maintenance Benefits- displacement ventilation
systems provide servicing benefits compared to
systems using mixed ventilation and should
result in reduced down-time and service calls

Source: Architectural Energy Corporation

e Energy Benefits — displacement ventilation
systems provide several energy benefits
which are discussed below. A cooling
energy savings of 25% to 50% is possible.
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The low velocity air leaving the diffuser is very
quiet compared to the noisy, inrush of air often
experienced with mixed ventilation system
diffusers.

As a result, building acoustic standards are more
easily achieved with displacement ventilation
systems. It will no longer be necessary to turn off
the air conditioner in the classroom to be able to
hear the students and teachers.

Displacement ventilation systems use remote
central or semi-central cooling systems reducing
the number of fans and compressors compared
to decentralized systems that may use wall
mounted units or unit ventilators or dedicated
packaged rooftop units for each classroom. The




presence of these many fans and compressors
increases the potential frequency of service calls and
their proximity to the teaching space increase the
chance of classroom disruptions.

Other issues such as poor indoor air quality, drafts
and equipment noise that may result in frequent

service calls with mixed ventilation systems should
not frequently occur with mixed ventilation systems

There are several reasons behind the cooling energy
savings with TDV. First and foremost, the higher
supply air temperature (SAT) of 65°% greatly
increases potential for free cooling. In some
California climates, there are 2,000 hours annually
when the outside temperature is between 55 F and
65°F. This benefit is especially evident in coastal
California climates.

Secondly, the higher SAT also increases the
efficiency of mechanical cooling equipment. There is
less “lift” — less work required for the compressor to
raise the refrigerant pressure and temperature before
it reaches the condenser.

Finally, since warmer air is exhausted from the
ceiling return, DV systems reduce cooling coil loads.
There are two zones in the classroom, a stratified
occupied zone and a mixed upper room zone. Much
of the heat from the upper part of the room never
enters the occupied zone and thus does not have to
be removed by the cooling system.

Each of these savings contributes to a large cooling
energy savings.
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Displacement ventilation can be directly responsible
for additional points under the LEED-rating system
for superior energy performance. Cooling energy
savings potential can result in additional points for
exceeding energy code requirements. Credit can also
be captured for improvements in ventilation
effectiveness that LEED recognizes can be achieved
with DV. The Collaborative for High Performance
Schools (CHPS) encourages schools to be more
efficient than minimum Title 24 requirements. If the
school is already designed for energy efficiency, the
use of DV, in conjunction with other energy efficiency
measures will allow for up to 5 additional CHPS
energy credit points. CHPS additionally recognizes
the importance of acoustics; and while acoustic
design involves many issues, DV can help the
designer receive credit for superior acoustic
performance.

To accurately predict energy savings with
displacement ventilation, the engineers on the design
team must recognize the differences in system
operation possible when using DV systems in
employing building simulation programs such as

EnergyPro. The models used should account for
the facts that DV systems reduce cooling coil
loads and with DV systems warmer air is
exhausted from the ceiling return permitting less
air flow to be used than with a fully mixed, non-
stratified room air distribution.

As mentioned above, displacement ventilation
can yield up to a 25-50% savings in cooling
energy. Incentives can be calculated based on
typical electric and gas rates using the whole
buildings approach to compute the savings.
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Better energy utilization, indoor air quality and
acoustics add up to higher school performance
that can provide LEED and CHPS recognition for
the neighborhood school that will attract the
attention of potential residents.  Better
attendance due to an improved environment will
increase revenue to the school providing
increased teaching resources. Improved
classroom environment and increased
attendance will result in improved learning and
higher test scores. Higher test scores will
provide positive recognition for the school,
helping to create the accurate impression that
the neighborhood has good schools. The result
will likely be an increase in property values in the
neighborhood served by the high performance
school.

The primary requirement for displacement
systems is a high ceiling. This allows heat and
contaminants to be carried away effectively to
the ceiling exhaust. A nine-foot ceiling is
adequate, but a high ceiling (12 ft) will enhance
the benefits of stratification. Air is typically
delivered thru two sidewall diffusers installed at
the interior corners of the classroom. Each
diffuser takes up approximately 6 ft* of wall
space and about 1 ft° of floor space. Shapes
and designs are available that integrate
seamlessly into the space with diffusers
mounted in a corner, positioned under
casework or recessed into the wall,
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Displacement ventilation allows for simplification of
ductwork. For multi-story structures, the floor-to-
floor ceiling height does not need to increase for
displacement ventilation. If the suspended ceiling
is eliminated, this may allow for a reduced floor-to-
floor height.

DV Classroom Installation at Kinoshita
Elementary School in San Juan Capistrano

Any school that meets the minimum requirements — a
ceiling height of at least 9 feet — is a suitable
candidate for a DV system. One unique requirement
for displacement ventilation is a steady supply of cool
65F air to remove heat and contaminants from the
space. Smaller packaged rooftop units typically do
not provide the cooling capacity control to maintain a
steady supply air temperature. Central systems
using either a central chiller or packaged VAV cooling
system may be more suitable for a retrofit, since the
systems often can be used with only adjustments to
the controls.

Relocatables often have issues with noise, and could
well benefit from displacement ventilation. However,
since these are usually conditioned by individual
packaged units, these are less suitable for a DV
installation. = As DV technology becomes more
commonplace, manufacturers may offer a
displacement ventilation-compatible cooling system
as an option.
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The primary requirement that is unique to DV is the
warmer 65F supply air. A central plant system and
hydronic coil is the easiest means to control supply
air temperature. A three-way valve controls the flow
to the coil at the air handler or terminal unit to
maintain a steady SAT. A packaged variable-air

volume system with multiple cooling stages will
also provide for good control of supply air
temperature.

Packaged rooftop units serving single
classrooms generally do not have the
temperature or air flow control required for TDV.
However, a system with multiple compressors or
a variable-capacity compressor should provide
the necessary control.

Heating can be provided through the low-velocity
displacement diffusers, but in heating, the goal is
a well-mixed space. A morning warm-up
sequence that heats the space to the set point
prior to occupancy will minimize heating
requirements during occupied hours. For colder
mountain climates such as Lake Tahoe, a
supplemental perimeter heating system may be
required to maintain comfort during the colder
months.

What about indoor humidity?

Some designers point out that with a higher SAT,
the system will not provide for dehumidification.
This is correct, but in most California climates,
the outside air humidity level (in Ib of moisture
per Ib of dry air) is lower than indoor design
conditions throughout the year. Thus, providing
outside air ventilation will also serve to
dehumidify the space during the cooling season.
For some coastal climates, a psychometric
analysis should be performed at design wet-bulb
conditions, to see if dehumidification is required.

There are several options for removing moisture
without lowering the supply air temperature.
Return air bypass lowers the SAT off the coil by
having a portion of the return air bypass the
cooling coil. The warmer bypassed air is mixed
with the dehumidified air to achieve the desired
65F supply. Another option is to use a “run-
around” coil, to capture waste heat rejected from
the condenser and heat the air downstream of
the cooling coil.

Yes. Displacement ventilation has been used in
schools in the Northeast and Midwest since the
1990s, and has been installed in demonstration
schools in California. Several school examples
have been documented where DV systems have
made a significant difference in changing the
culture, providing fresher air, relief from asthma
and other disorders, creating a fresher
environment with fewer absences. A teacher in
Boscawen, NH suffering from asthma and other
complaints with the previous systems had perfect
attendance after the displacement ventilation
systems were installed. Student absentee rates



