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Dedicated Outdoor Air System
with Sensible-Cooling Terminal Units

Chiller Plant Configurations

As explained previously, the chilled water
supplied to the terminal unit cooling coils
must be controlled to a temperature above
the zone dew point, typically in the range of
56°F to 58°F, to avoid condensation on
these coils. To maintain the zone dew point
at or below 55°F, the dedicated OA unit
must dehumidify the outdoor air to a very
low dew point— 47°F for our example office
space. This requires chilled water supplied

to the cooling/dehumidifying coil in the
dedicated OA unit to be much colder-typically
in the range of 38°F to 45°F.

For the following discussion of chiller plant
configurations, we will assume 57°F water is
supplied to the terminal units and 40°F water
is supplied to the dedicated OA unit. (See the
previous EN, titled "Dual-Temperature Chiller
Plants," for further discussion and comparison
of various dual-temperature chiller plant
configurations.?)

Plant with a Single Chiller. Many
small chilled-water systems include only one
water chiller. (While the diagrams in this
section show an air-cooled chiller, a water-
cooled chiller could be used instead.)

Intermediate heat exchanger. In the first
configuration (Figure 9), the water chiller
produces 40°F fluid (water or brine).

Some of this fluid is distributed to the cooling
coil in the dedicated OA unit; while the rest
passes through a plate-and-frame heat
exchanger that is controlled to produce 57°F
water for the sensible-only terminal units.

Figure 9. Single-chiller, dual-temperature plant
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The benefit of this configuration is simplified
hydronics and control. But it precludes any
efficiency benefit of operating a chiller at the
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warmer leaving-water temperature
for space sensible cooling during
outdoor conditions when
dehumidification is required.

During drier weather, when the
DOAS dehumidifying coil is no
longer needed (when the outdoor
dew point is below 47°F, in this
example), the leaving-water
temperature setpoint for the chiller
can be reset up from 40°F to near
57°F

Adding ice storage. One way to
regain this efficiency advantage in
a single-chiller plant is to add ice
storage and configure the system
as shown in Figure 10.

During daytime operation, the ice
in the tanks is melted to produce
the 40°F fluid needed by the
DOAS dehumidifying coil. This
allows the water chiller to raise its
leaving-water setpoint (thereby
increasing its efficiency) to make
57°F water for the sensible-cooling
terminal units. (Note that the
chiller will need to make slightly
colder fluid—55°F in this example
—due to the "approach” of the
intermediate heat exchanger.)
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When the building is unoccupied
at night, the water chiller switches
to ice-making mode and lowers its
leaving-water setpoint to freeze
the water inside the ice tanks for
the next day (Figure 11). This
configuration provides the added
benefit of shifting the "cold-water"
chiller load to the nighttime hours,
when the cost of electricity
(including demand charges) is
likely to be lower.

Adding a diverting valve and connecting
pipe (Figure 12), along with using two
cooling coils in series in the dedicated
OA unit, enhances the flexibility of this
plant arrangement and allows it to:

- Operate the chiller only during the
daytime, if ice is not available for some
reason

- Use the melting ice to satisfy some of
the terminal unit cooling loads also, on
days when not all the ice is needed for
DOAS dehumidification

- Provide zone sensible cooling at night,
while concurrently making ice

- Provide zone dehumidification at night,
while concurrently making ice

Finally, if waterside economizing is
desired, it is typically provided using
either air-to-water heat exchangers
integrated into the air-cooled chiller
(typically mounted on the outside of the
air-cooled condenser coils) or a separate
"dry cooler" piped into the system.

Plant with Multiple Chillers

Many chiller plants are designed to
include more than one chiller, to improve
plant efficiency and/or to provide
redundancy if one of the chillers were to
fail or require service. (While the diagrams
in this section show water-cooled chillers,
air-cooled chillers could be used instead.)

In this case, the most efficient
configuration is likely to use dedicated
chillers with interconnecting pipes and
shutoff valves to provide redundancy
(Figure 13).
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Figure 10. Single-chiller, dual-temperature plant with ice storage (daytime)
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Figure 11. Single-chiller, dual-temperature plant with ice storage (nighttime)
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In this configuration, the "warm-water"
chiller #1 is selected and optimized to
supply 57°F water to the sensible-cooling
terminal units, while the "cold-water"
chiller #2 is selected and optimized to
supply 40°F water to the DOAS
dehumidifying coils. Chiller #3 is then
selected so that it is capable of providing
either 57°F or 40°F water, in the event
that one of the other two chillers is in
need of service. (An operator could
choose to rotate operation of chillers to
"give some runtime" to the backup chiller
#3.)

If waterside economizing is desired, it is
typically provided using either a separate
plate-and-frame exchanger connected to
the condenser-water loop (as shown in
Figure 13), or by using a "free-cooling”
centrifugal chiller (i.e., a thermosiphon)
as the "warm-water" chiller #1.

Summary

As buildings are designed for lower energy use,
the resulting reduction in sensible cooling loads
presents an economically feasible opportunity
for systems that use zone-level, sensible-only
cooling equipment. Reasons for using a
dedicated OA system with sensible-cooling
terminal units include:

Efficiency.

- Variable-speed fan control in both the
terminal units and dedicated OA unit

- Zone sensible cooling is provided with warmer
chilled water (typically 56°F to 58°F)

- Each terminal unit is equipped with a flow-
measuring damper, making it easy to
implement demand-controlled ventilation.

Comfort.

- Each terminal unit is controlled by a zone
temperature sensor, and contains a cooling
coil and (optionally) either a hot-water coil or
electric heater, allowing each zone to receive
either cooling or heating as needed.

- Dehumidification is provided by the
centralized, dedicated OA unit; and, when
equipped with a humidity sensor, the terminal
unit actively adjusts dehumidified airflow
from the dedicated OA unit to limit space
humidity.
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Figure 12. Single-chiller, dual-temperature plant with ice storage (enhanced)
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Figure 13. Multiple-chiller, dual-temperature plant
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Flexibility and space required.

» The dedicated OA unit and its associated ductwork are
typically sized for only the minimum ventilation airflow
required, in turn requiring less ceiling plenum height and
allowing for more usable space inside the building.

- Re-configuring a zone often requires moving only the
downstream flex duct and supply-air diffusers; the
sensible-cooling terminal units and water piping may not
need to be moved.

- The sensible-cooling terminal units can be equipped with
either a hot-water coil or electric heater, if necessary.
Electric heat offers a lower installed cost option, avoiding
the need to install a hot-water boiler, piping, pumps, and
valves.

Maintenance.

- No condensation occurs at the zone-level terminal units,
meaning no drain pans to clean and no condensate drain
traps and piping lines to install and maintain.

- Since the cooling coil in each terminal unit operates dry,
no filter is required upstream.

By John Murphy, applications engineer, Trane.

You can find this and previous issues of the Engineers Newsletter
at trane.com/engineersnewsletter. To comment, e-mail us

at ENL@trane.com.
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