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® Comparison with the daily cost ot heating
hot water for a 100-room hotel (Baht)

1,551
. 1.256

Diesel 0OilGrade A LPG Electric Element Heat Pump

Range of HWHP Available for
Central Heat Pump System

Model: HPAT- 20, 30, 60, 72, 100

e 22 - 100 kW Heating
Capacity

e Produces up to 69,000
Litre/day

e High efficiency @ COP
more than 4.3

e Heavy duty galvanised
casing for all installation
condition

e Compliance with UL
standard
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Spare Parts Updated
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HVAC Parts & Supplies
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e Belimo CCV (Characterised Control Valve)

e Electromagnetic flow sensor

e Advance control options including Belimo
Delta Manager

e Supply and return water temperature
sensors, for energy management

e BACnet MS/TP or BACnet IP network
communication
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DINMSIL Electronic Pressure Independent Valve (EPIV)
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temperature sensors
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Delta-T Manager Activation

T=77.4F, Dewpoint = 67.3F

Features/ Benefits

Power and energy monitoring function:
U temperature sensors 2 Q0 &WSU supply and return lines of the consumer
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providing insights for today’s hvac system designer

% TRANE

Engineers Newsletter

volume 44-3

Part 3 (end)

Dual-Temperature Chiller Plants

Plant with Three or More Chillers

When the plant is designed to include three or more chillers,
the most efficient configuration is likely to use the dedicated-
chillers approach with interconnecting pipes and shutoff valves
to provide redundancy.

In this configuration (Figure 9), one chiller is selected and
optimized to supply 57°F water to the terminal units, while a
separate chiller is selected and optimized to supply 40°F water
to the dehuminidifying coils. The third chiller is then selected so
that it os 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 :

e If the “warm-water” chiller (chiller 1) fails, valve V-1 is closed,
valves V-3 and V-4 are opened, and chiller 3 is operated to
supply 57°F water to the terminal units.

e |f the “cold-water” chiller (chiller 2) fails, valve V-2 is closed,
valves V-5 and V-6 are opened, and chiller 3 is operated to
supply 40°F water to the dehumidifying coils.

Even If the chiller plant was originally conceived to include only
two chillers, it may be desirable to design it for three chillers
instead, so that the plant provides added redundancy in the event
of a chiller failure. This would allow the “warm-water” chiller

to be optimized to supply 57°F water, without sacrificing
efficiency by having to select it to capable of making 40°F in an
emergency (as would be required in a plant with only two chillers)

Incorporating a Water Economizer

Most buildings that include sensible-only terminal units use a
dedicated outdoor air (OA) system for ventilation, so conventional
air economizing is usually not possible. Therefore, a water
economizer may be used to provide “free” cooling during mild
weather.” This can be particularly valuable for systems that use
chilled-water terminal units for space cooling, since interior zones
may require a supply of water for cooling, even when it's cold
outside. In this case, water economizers can allow the chillers
to be turned off during the colder months of the year.

Water economizing with water cooled chillers. If water-cooled
chillers are used, a water economized is typically provided using
either 1) a separate plat-and-frame heat wxchanger, or 2) by
configuring one of the water chillers as a “free-cooling” centrifugal
chiller (i.e., a themosiphon).

Figure 9. Dual-temperature plant with third chiller for redundancy
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exchangar for water economizing

When a plate-and-fram heat exchanger is used, cold water from
the cooling tower passes through one side of the heat exchanger,

which cools the chilled water flowing through the other side. In most
applications, locating this heat exchanger to pre-cool the warm water

returning from the terminal units provides the greatest benefit (see
Figure 3-9). This location is where the chilled-water loop is warmest,
so the water economizer is able to reduce the chiller load any time
the cooling tower is able to produce water that is colder than about

61°F for this example (63°F return water minus a 2°F heat exchanger

approch).

Some engineers express concern that, in this location, the water

economizer can only reduce the cooling load from the terminal units,

but not from the dehumidifying coils. In this example, for the water

economizer to reduce the load from the dehumidifying coils, the

cooling tower must be able to produce water that is colder than 54°F

(56°F return water minus a 2°F approach). This would likely require

the outdoor wet-bulb temperature to be below 47°F (assuming a 7°F

cooling tower approach); meaning that the corresponding outdoor

dew point would be no higher than 47°F (Figure 10).

That is, at conditions when the cooling tower is capable of producing
water that is cold enough to reduce the load from the dehumidifying

coils, the outdoor dew point is likely below the setpoint of the
dedicated OA systems, so the dehumidifying coils would be off
(Figure 10). Therefore, in most applications where sensible-only
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Dual-Temperature Chiller Plants

terminal units are used, there is likely little or no load
from the dehumidify coils when water economizing is
available. (The exception is a system with many
operating hours when it is hot and dry outside, such
that the coils in the dedicated OA units still need to
cool the outdoor air.)

In many applications, its may be more desirable to use
a free-cooling chiller, which would avoid the added
cost of the plate-and-frame heat exchanger and added
maintenance required to clean it. In a centrifugal chiller,
heat can be transferred inside the chiller via refrigerant
migration without needing to operate the compressor
(i.,e., a thermosiphon).

When the temperature of the water entering the
condenser (from the cooling tower) can be colder than
the desired temperature leaving the evaporator, the
compressor is turned off and values inside the chiller
refrigeration circuit are opened.® Refrigeration vapor from
the evaporator migrates directly to the condenser, where
the temperature is cooled and, thus, the refrigerant
pressure is lower. After the refrigerant pressure is lower.
After the refrigerant condenses, another opened valve
allows the liquid refrigerant to flow, by gravity, back into
the evaporator. This allows the refrigerant to circulate
between the evaporator and condenser without needing
to operate the compressor.

A free-cooling chiller may be able to produce up to 45
percent of its design capacity without compressor
operation, particularly in systems that use warmer
leaving-evaporator temperatures. Therefore, in a plant
with dedicated chillers (Figures 8 or 9), configuring the
“warm-water” chiller (chiller 1) for free cooling would
provide the most benefit. Or in plant with chillers in
series (Figure 4, 5 or 7), configuring the upstream chiller
(chiller 1) for free cooling would provide the most benefit.

Water economizer with air-cooled chillers. If air-cooled
chillers are used, a water economizer Is typically provided
using either 1) an air-to-water heat exchanger incorporated
into the air-cooled chiller (typically mounted on the outside
of the air-cooled condenser coils), or 2) a separete air-to-
water heat exchanger (“dry cooler” or closed-circuit
cooling tower).

The benefit of incorpoating the heat exchanger into the
air-cooled chiller is that it usually comes factory-assembled
with integrated controls. The drawback is that if the plant
includes only one chiller, the water economizer is not

able to provide any energy-saving benefit until is cold

and dry enough outside that the dehumidifying coils are
shut off and the chiller setpoint is reset up to 57°F.

Figure 10. Water economizing likely not useful for dehumidifying coils
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Using a separate dry cooler, piped in to pre-cool the warm water returning
from the terminal units (see Figure 2), typically results in more cooling
energy savings since it can reduce the cooling load from the terminal units
whenever the outdoor dry-bulb temperature is about 10°F cooler than the
water returning from the terminal units (63°F-10°F = 53°F). Plus, the dry
cooler fans only operate when water economizing occurs; whereas if the
air-to-water heat exchanger is incorporated into the air-cooled chiller, the
condenser fans have to overcome the added pressure drop of those coils
any time the chiller is operating.

For a single-chiller plant that uses a glycol-isolation heat exchanger (see
Figure 1), a separate dry cooler would likely be piped into the glycol side
of the heat exchanger for freeze protection. This would likely result in less
cooling energy savings than if it were piped in ther terminal units. But once
it's dry enough outside that the dehumidifying coils are shut off, the chiller
setpoint can be result up to 55°F (57°F supply water to terminal units minus
a 2°F heat exchanger approach) and the water economizer more efficiently
reduces the cooling load from the terminal units. In this case, incorporating
the water economizer into the air-cooled chiller may be preferred, since
there is less benefit frm using the separate dry cooler.

Summary

In systems that use sensible-only, chilled-water terminal units, a dual-
temperature chiller plant that uses separate water chillers can efficiently
provide different water temperatures for both space sensible cooling and
dehumidification. Interconnecting pipes and valves can allow the same plant
to provide redundant capacity if either of the chillers needs to be repaired,
replaced, or serviced. Including more than two chillers allows for more
optimal chiller selections and can provide efficient operation at low loads.

By John Murphy applications engineer, Trane. You can find this and prevoius
issues of the Engineers Newsletter at www.trane.com/engineersnewsletter.
To comment, send to ENL@trame.com
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