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Engineers Update

NEW
Compact design for lower installed costs
ra n e Efficient choice delivers operational savings
— Reliability that means greater uptime and lower
A I I It ™ maintenance costs
Environmental benefits to meet sustainability goals
Centrifugal
Chiller

MNNNMsWauuia:sSnuUs:ansniwagnvdaltiov insu IaTnswauunwaasiour
In320rAWIBUIUUISYIKIEY (centrifugal chillers) SUTKL Trane Agility ™
Centrifugal Chiller AduuNan:nasa aanwdudaulunsdadv mikdadvve
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Trane AgilityTM Key Features



Compact Design

Bolt-Together Design

Easy Disassembly

* Field separable - 2 section 36" wide
Fast a simple installations

Overall Dimensions

* Length 156" (130" w/o water boxes)

«  Width 71"

*+ Height 78"

Lower Installed Costs

/ AgilityTM Compressor

Robust Compressor Design

+ Multi-stage, Direct drive

* Magnetic Bearings

* Speed optimized for refrigerant
* Balance thrust design

* Wide-operating map, high-lift

* Permanent magnet motor

* Qil-free design

B By

Multi-Stage provides stable
operation over a wider
operating map delivering
efficiency AND reliability

Specific Speed delivers
optimized performance

15k
Ek Med Pressure
L ow Pressure

100 500 1000 Tons

Hybrid Drive

* Best of air-cooled and liquid cooled technology
* Fits within chiller footprint

+ Easy access for serviceability

« Optional Harmonic Attenuation

* Optional transformer to provide for 208 and 575 voltages
* Integrated UPS Back-Up - design for 25 year life

2 2 RPM

Glycol

Evaporator

Power Electronics EXW
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the magnetic bearings

and other anomalies

D' g

Back to inter-stage
e of the compressor

-

Sub-Cooler

_. ._ [ Condenser

EXV

>

Primary EXV
Evaporator

6 Evaporator Technology

« Suction Duct & Distributor design allows for higher vapor velocity
- Reduces total refrigerant charge by up to 25%
- Reduces evaporator footprint by up to 25%
- Improves efficiency over traditional falling film or flooded designs
- Reduces risk for carryover for increased reliability

« 2-Pass reversible water boxes

7 Acoustic Performance

‘A" Weighted Sound Pressure Level (dBA)

* Backs up the control board for

* Completely isolates the cabinet
from utility power enabling error-free |
operation during power sags, spikes, o'

Engineers Update

4 Integrated UPS Back-up

5 Economizer & Sub-Cooler

Economizer
* Refrigerant to refrigerant Brazed Plate Design
* Small portion of condensed liquid is flashed to
inter-stage pressure
* Primary liquid flow is delivered to heat exchanger
Integrated Sub-Cooler
* Lowers the enthalpy and pressure prior to economizer
- Improved chiller performance
- Higher chiller capacity
- Smaller heat exchangers
* Intermediate sub-cooling baffles induce mixing and
guide/support tubes

88

Acoustic Considerations
* Designed with sound in mind

86

- Optimized Speed
- Direct Drive

* |deal for sound sensitive environments
- Schools

- Hotels

- Office buildings
- Museums

74

Screw Centrif Ceantrif Coenfrif

- Condominiums




Pressure
Vessel

Engineers Update

drsunvifiuthsouluonAmsus:innisvisufiodndumsussunsodu doduluns
29NIIVUAISEVDY ASME Section VIII BvldTenusnnsu:Awoseur31u

ABUSUIISLAU Ad T3V IURAIUAUZLN3USSENMAIAUNDT 15 psi (1.042 bar)
TularkuaaruknOnuugovlddaanthuniarine:ds:uidukuneiavaiusudiunun

UJs:nou
MATERIAL SPECIFICATION

SHELL, HEAD, PADS SA516 Gr.60
SADDLE SA285 Gr. C
FORGED NOZZLES, FLANGES AND COVERS| SA105
NOZZLE NECK PLATE SA516 Gr.60
NOZZLE NECK PIPE SA106 Gr. B
INTERNAL SUPPORTS WELDED TO SHELL SA516 Gr.60
EXTERNAL SUPPORTS WELDED TO SHELL SA516 Gr.60
PLATE FLANGES AND COVERS -

GRATING, BAFFLE SA516 Gr.60
SCREENS, WIRE MESH DEMISTERS -

INTERNAL PIPE SA106 Gr. B

INTERNAL BOLTS/NUTS A193 Gr.B8 CL2/A194 Gr.8
EXTERNAL BOLTS/NUTS A193 Gr.B7 CL2/A194 Gr.2H
INTERNAL GASKETS .

EXTERNAL GASKETS

INSULATION MINERAL WOOL

FOUNNDATION BOLTS 7 NUTS SA307 Gr. C/SA563 Gr A (GAL V.)
EARTH LUGS 3045S.5S

NAME PLATE 304 5.5

ms0A 1 1davwiasgududsudvAtiubunisu:suIsudau
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dKSUIWUIKANAUNUIDOURIWUD (shell) na:nWutdakonie (Head)

ausns:umuuiasguIaqdodalut
2 « SA-212: Specification for High Tensile Strength Carbon-Silicon
Steel Plates for Boilers and Other Pressure Vessels.
« SA-285: Specification for Pressure Vessel Plates, Carbon Steel,
Low and Intermediate-Tensile Strength.
* SA-299; Specification for Pressure Vessel Plates, Carbon Steel,
Manganese- Silicon.
* SA-433: Specification for Leaded Carbon Steel Plates for
Pressure Vessels.
* SA-442 . Specification for Pressure Vessel Plates, Carbon Steel,
Improved Transition Properties.
» SA-455 : Specification for Pressure Vessel Plates, Carbon Steel,
High-Strength Manganese.
« SA-515: Specification for Pressure Vessel Plates, Carbon Steel,
for Intermediate and Higher-Temperature Service.
* SA-516: Specification for Pressure Vessel Plates, Carbon Steel,
for Moderate and Lower-Temperature Service.
« SA-537 ; Specification for Pressure Vessel Plates, Heat-Treated,

Carbon- Manganese-Silicon Steel

* CEN 10028-2 : Specification for Flat Products Made of Steels for
Pressure Purposes. Non-Alloy and Alloy Steels with
Specified Elevated Temperature Properties.

« CEN 10028-5 : Specification for Flat Products Made of Steels for
Pressure Purposes. Wieldable Fine Grain Steels, Thermos
mechanically rolled.

«JISG3103: Carbon Steel and Molybdenum Alloy Steel Plates for
Boilers and Other Pressure Vessels.,

*JISG3115:  Steel Plates for Pressure Vessels for Intermediate
Temperature Service

D:WUIINNUIASTIUALNUAIGD:S:uFNS
AULIUSUNSLAUALAU IAA19:103V
Unasyiu ASME SECTION VI, dovidu
SaqRdududde SA Indu dKkSunWu
IKan $S400 ogluunasyu JIS G3101:
Rolled Steels for General Structure [
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~ Dedicated Outdoor Air System

1/2

with Sensible-Cooling Terminal Units

Figure 1. DOAS with chilled-water, sensible-cooling terminal units

As buildings continue to be 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. Examples include
radiant cooling panels (or tubing
embedded in the building structure),
chilled beams, and terminal units with
sensible-only cooling coils. The common
function of these devices is that they are
used to provide sensible cooling only, and
are not able to provide any
dehumidification (no condensation).

This Engineers Newsletter describes one
such system that uses chilled-water,
sensible-cooling terminal units.

System Overview

In this system, the outdoor air required for
ventilation is conditioned by a dedicated
outdoor-air unit. This unit filters, cools,
dehumidifies, heats, and may even humidify
this outdoor air before distributing it through
a duct system to a terminal unit serving each
zone (Figure 1).

Each terminal unit is equipped with a fan and
a chilled-water coil mounted at the inlet from
the ceiling plenum. The conditioned outdoor
air (CA) from

dedicated OA unit

the dedicated OA unit enters each
terminal unit through a flow-measuring
damper (similar to, but smaller than used
in a conventional VAV terminal), where

it then mixes with recirculated air (RA)
from the zone that has passed through
the cooling coil. Finally, the terminal fan
delivers this mixed supply air (5A) to the
zone through downstream ductwork and
diffusers (Figure 2). This fan is equipped
with an electronically-commutated motor
(ECM), which allows the fan speed, and
therefore the supply airflow, to be varied
as the zone load changes. For those zones
that may require heating, a separate
electric or hot-water coil may be added
ta the terminal unit.

The chilled water supplied to the terminal
unit's cooling coil is controlled to a
temperature above the zone dewpoint—
typically between 56°F and 58°F —so
that the cooling coil operates dry and
providesonly sensible cooling (no
dehumidification or condensation).

Therefore, the dedicated OA unit must
dehumidify the outdoor air to a dew point
that is dry enough to offset the entire
zone latent load (due to people and
infiltration, for example) and maintain the
zone dew pointat or below a defined
threshold —typically 55°F.

Figure 2. Example sensible-
cooling terminal unit

recirculated air

condmoned from plenum (RA)

auToaor &ir [(Ca)

<. sensible-only
B e chilled-water
& g ':DI

5

suppky air
[SA)

flowe-rneasuring
damper
fan with ECM

hot-watar coil
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Control of Sensible-Cooling
Terminal Units

Each terminal unit provides independent
control of the temperature in the zone it
serves, while ensuring sufficient outdoor
air for ventilation. Figure 3 depicts an
example of the terminal unit control
sequence during Occupied Mode.

Occupied Mode, Deadband. When
the zone temperature is satisfied (in the
deadband between its heating and
cooling setpoints, depicted by the
vertical grey bar in the center of the
chart), the terminal fan operates at its
minimum fan airflow setpoint, with both
the chilled-water and hot-water valves
closed (or electric heater off). The
ventilation air damper is controlled to
the minimum OA setpoint.

Occupied Mode, Cooling. When the
zone temperature rises to its cooling
setpoint, both the terminal fan speed
and chilled-water valve are modulated to
maintain zone temperature at setpoint,
while the hot-water valve remains closed
(or electric heater remains off). Moving
from the deadband in Figure 3 to the
right;

» 1% stage cooling: First, the chilled-
water valve is modulated further open
to maintain zone temperature at its
cooling setpoint, while the fan remains
operating at its minimum fan airflow
setpoint and the ventilation air damper
remains at its minimum OA setpoint.

- 2™ stage cooling: When the requested
cooling capacity has increased to the
point where the chilled-water valve is
100% open, the fan speed is increased
to maintain zone temperature at its
cooling setpoint, while the chilled-
water valve remains fully open and the
ventilation air damper remains at its
minimum OA setpoint.

. 3 stage cooling ("boost” mode): If the
fan reaches its maximum fan airflow
setpoint, but even more cooling
capacity is required, the ventilation air
damper can be modulated further
open (increasing the flow rate of cool,
dehumidified air) to maintain zone
temperature at its cooling setpoint,
while the chilled-water valve remains
fully open and the fan continues
operating at its maximum airflow
setpoint.

Engineers Update

Figure 3. Example of sensible-cooling terminal unit control
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Occupied Mode, Heating. When the
zone temperature drops to its heating
setpoint, both the terminal fan speed
and hot-water valve (or electric heater)
are modulated to maintain zone
temperature at setpoint, while the
chilled-water valve remains closed and
the ventilation air damper is controlled
to the minimum QA setpoint. Moving
fn?rn the deadband in Figure 3 to the
left:

- 1*" stage heating: First, the hot-water
valve (or SCR electric heater) is
modulated to maintain zone
temperature at its heating setpoint,
while the fan remains operating at its
minimum fan airfflow setpoint.

» 2™ stage heating: When the discharge
air temperature (DAT) has reached
the desired maximum limit (90°F, in
this example), the fan speed is
increased to maintain zone
temperature at its heating setpoint,
while the hot-water valve (or SCR
electric heater) modulates to maintain
DAT at this maximum limit.

- 3" stage heating: If the fan reaches
its maximum fan airflow setpoint, and
more heat is still required, the hot-

dead band

151 stage
cooling

2ndd stage
cooling

Jrcl stage
cooling

water valve (or SCR electric heater)
can modulate further open to
maintain zone temperature at its
heating setpoint.

For terminal units equipped with
staged electric heat, the heating
sequence is reversed (depicted by
dashed lines in Figure 3). First, fan
speed is increased while the electric
heater remains off. Then, when the
fan has reached its maximum fan
airflow setpoint, the electric heater
is staged on to maintain zone
temperature at its heating setpoint.

Demand-Controlled Ventilation.
Since the dedicated OA unit delivers
100 percent outdoor air to a flow-
measuring damper in each terminal
unit, implementing demand-controlled
ventilation (DCV) is quite
straightforward. By installing a CO,
sensor (or an occupancy sensor),
outdoor airflow delivered to the
terminal unit is adjusted by
modulating the ventilation air damper
(Figure 3)—between the outdoor
airflow required at design population
(OAdesign) and the minimum
allowable outdoor airflow with DCV
(OADCVmin)—based on the current
CO, concentration in the zone.
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This DCV sequence can be overridden, however,
if additional cooling capacity is needed (see
previous discussion of 3rd stage cooling), or if
additional dehumidification is needed. If a zone
humidity sensor is installed and the measured
zone dew point rises above the desired
threshold—55°F, for example —the ventilation
air damper can be modulated further open
(overriding DCV and increasing the flow rate of
dehumidified air) until the zone dew point drops
back below this threshold.

Condensate Avoidance. While the cooling coil
in the terminal unit is intended to operate dry
(no condensation), a drip pan is installed
underneath this coil in the event that
unintended condensation does occur.

If the moisture sensor installed in this drip pan
detects the presence of condensate, the chilled-
water valve is closed while the terminal fan and
ventilation air damper continue to operate as
normal, through the 2" and 3 stages of
cooling. The chilled-water valve is allowed to
open again when condensate is no longer
detected.

In addition, if a zone humidity sensor is installed
and the measured zone dew point rises above
the entering chilled-water temperature, the
chilled-water valve is closed while the terminal
fan and ventilation air damper continue to
operate as normal, through the 2" and 3"
stages of cooling. The chilled-water valve is
allowed to open again when the zone dew point
drops back below the entering chilled-water
temperature.

Filtration. ASHRAE® Standard 62.1-2016
requires a filter, with a MERV rating of at least
8, be installed upstream of all wetted surfaces:

5.8 Particulate Matter Removal.

Particulate matter filters or air cleaners having a
minimum efficiency reporting value (MERV) of not
less than 8 when rated in accordance with ASHRAE
Standard 52.2 shall be provided upstream of all
cooling coils or other devices with wetted surfaces
through which air is supplied to an occupiable space.
Exception: Cooling coils that are designed, controlled,
and operated to provide sensible cooling only.

For this system, however, the terminal
unit cooling coils are designed and
operated to provide sensible cooling
only. Therefore, as stated in the
exception above, Standard 62.7 does
not require a filter upstream of the
terminal unit cooling coils.

While not required by Standard 62.1,

it has the option to be equipped with

a filter to clean the locally-recirculated
air before it passes through the cooling
coil. This provides an air cleaning
benefit and keeps the coil cleaner, but
it would require periodic replacement.

Determining Leaving-Air Dew Point (example:

Engineers Update

Dedicated OA Unit
Configurations

As mentioned previously, all the
outdoor air required for
ventilation is conditioned by a
dedicated OA unit and then
distributed to a terminal unit
serving each zone. To enable
the chilled-water coils in the
terminal units to operate dry
(no condensation), the
dedicated OA unit must
dehumidify the outdoor air to

a dew point that is dry enough
to offset the entire space latent
load and maintain the zone dew
point at or below 55°F.

office space)

To compare various dedicated OA unit configurations, consider an example office
building lacated in Jacksonville, Florida. The desired space conditions are 75°F dry
bulb with 50 percent relative humidity, which equates to a 55°F indoor dew point

and a humidity ratio of 4.7 gr/lb (Wspace)-

Using the default occupant density for an office (S5 people/1000 ft?) from ASHRAE
Standard 62.1-2016, the minimum required outdoor airflow (Vyz) for an office space
is 17 cfm/person [(5 cfm/person) + (0.06 cfm/ft?) / (5 people/1000 ft2)].
Assuming the only latent load in the space is due to people, then the space latent
load (Qepaca latent] 15 200 Btuh/person (2017 ASHRAE Handbook of Fundamentals,

page 18.4, Table 1).

Therefore, to offset this space latent load (Qspace, latent) With the minimum required
outdaor airflow (Viz), and maintain the space humidity ratio (Waspace) at 64.7 gr/lb,
the dedicated OA unit must dehumidify the ocutdoor air to 47.6 gr/lb (Wra), which

equates to a 47°F dew point:

Qspace, latent = 0.069 x Vi X {W;qu- - Wea)

200 Btuh/person = 0.69 x 17 cfm/person x (64.7 gr/lb - Wca)
Wea = 47.6 grflb {(approximately 47°F dew point)

Mote: The value 0.69 in the abowve agualtion is not a constant, but /s derived from the
propariies of air ab "standard” conditions. Alr ab other conditions and slevations will causs

this factor te change.

Of course, an alternate approach could be to increase the airflow delivered by the
dedicated OA unit, which would allow for a higher leaving-air dew point. But this
would increase the size of the dedicated O& unit and the ductwaork.

For further discussion, see the Trane "Dedicated Outdoor Air Systems”

application guide {SYS-APGO01-EN).1

Figura 4. Determining DOAS leaving-air dew point
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In this section, we will examine a few dedicated
OA unit configurations than might be used to
dehumidify the outdoor air to the required 47°F
dew point in our example (see inset below). For
the purpose of this EN, we will assume that a
chilled-water coil in the dedicated OA unit is
supplied with 40°F water to dehumidify the
outdoor air to a 47°F dew point, while the
sensible-cooling terminal units are supplied with
57 °F water to provide sensible cooling for the
zones and avoid condensation (zone dew point
of 55°F plus a margin of safety).

Cooling Coil + Reheat Coil. The first
configuration includes a chilled-water cooling/
dehumidifying coil plus a reheat coil (Figure 5).
Note that a total-energy wheel is included in all
configurations, as well.

After the total-energy wheel preconditions the
incoming outdoor air (transfers sensible heat
and latent heat from the incoming outdoor air
to the cooler, drier exhaust air), the cooling coil
dehumidifies this air to the required 47°F dew
point. In this example, with the exception of a
few degrees of heat gain from the downstream
fan, this dehumidified air is not reheated at
design conditions.

Delivering this cold air (49°F) to the terminal
units offsets part of the zone sensible cooling
load. In this example, 20,000 cfm of this 49°F
air offsets

47 tons of space sensible-cooling load, allowing
the terminal fan airflows to be reduced and
possibly allows for smaller cooling coils. This also
allows for smaller pipes and pumps, and lower
pumping energy, due to the need for less GPM
to provide the remaining sensible cooling at the
zone terminals.

This configuration provides the simplest and
smallest footprint of the three configurations
discussed in this EN, It also delivers the coldest
air— 49°F, compared to 55°F or 64°F with the
other two configurations—allowing for the
zone-level terminals to be downsized the most
(Table 1). However, delivering this cold of air
requires careful attention to downstream duct
insulation to prevent condensation.

A variation of this configuration is to use two
separate chilled-water coils in series (Figure 6).
The upstream coil is supplied with the same
water produced for the

Engineers Update

Figure 5. Dedicated OA unit #1 (cooling coil + reheat)

78°F DBET
65°F DFT
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e =
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5
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f5°F DBT  49°F DBT
58°F DPT  47°F DPT
16,000 ctm

Figure &. Dedicated OA unit #1 with two cooling coils in series

76°F DPT
20,000 cfm

Figure 7. Dedicated OA unit #2 (cooling coil + series desiccant wheal)
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needed to dehumidify the outdoor

air to the required 47°F dew point.

The benefit of using series coils is that

it shifts some of the DOAS load to the
"warm-water" chiller. For
this example, 30 tons of cooling load is

more-efficient,

provided by the

5"F

wWater or

ghcal

60°F

"warm-water" chiller, reducing
the load on the "cold-water"
chiller from 107 tons to 77 tons.

Cooling Coil + Desiccant
Dehumidification Wheel.
Because of the low leaving-air
dew point required, this may be
a good application for a series

desiccant dehumidification
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wheel (Figure 7). In this configuration, after the
incoming outdoor air is preconditioned by the
total-energy wheel, it passes through the
upstream side of the desiccant wheel, then
through the cooling coil—which need to
dehumidify this air to only a 52°F dew point—
and finally through the downstream side of the
desiccant wheel where the air is further
dehumidified to the required 47°F leaving-air
dew point.

One benefit of this configuration is that it does
not require the dedicated OA unit to cool the air
all the way down to approximately 47°F dry
bulb in order to dehumidify it to the required
47°F dew point. Therefore, the chilled water
supplied to the cooling coil may not need to be
as cold—only 45°F in this example, compared
to 40°F without the desiccant wheel.

Another benefit is that the leaving-air dry-bulb
temperature is not as cold, which may help
reduce the risk of condensation on uninsulated,
downstream ductwork. In this example, the
conditioned outdoor air (CA) leaves the unit at
55°F dry bulb, compared to 49°F in the first
configuration without a series desiccant wheel.
Note, however, that delivering this air to the
zone-level terminals at a warmer temperature
offsets less of the zone sensible cooling load —
36 tons, compared to 47 tons without the
desiccant wheel—which requires higher terminal
fan airflows and possibly larger cooling coils.
Of course, the desiccant wheel increases the
physical size of the dedicated OA unit and it
adds pressure loss in the airstream, which
increases fan energy use.

This configuration could also use two chilled-
water coils in series, which would shift some of
the dedicated OA unit load to the more-efficient,
"warm-water" chiller. In this example, this
configuration allows for the smallest design load
on the less-efficient, "cold-water” chiller with
the other two configurations (Table 1).

Cooling Coil + Fixed-Plate Heat Exchanger.
The final configuration includes a fixed-plate
(sensible) heat exchanger located downstream
of the cooling coil (Figure 8). After the total-
energy wheel preconditions the incoming
outdoor air, the cooling coil dehumidifies this
air to the required 47°F dew point. This
dehumidified air then passes through the heat
exchanger where it is reheated (sensible heat is
transferred from the warmer exhaust air) to
62°F dry bulb, in this example.

As the fixed-plate heat exchanger transfers heat
to reheat the dehumidified air, it cools the
exhaust airstream from 75°F to 57°F, in this
example. This improves the performance of the

Engineers Update

Figure &. Dedicated O8& unit #3 {cooling coil + fixed-plate heat exchanger)
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Table 1. Comparison on dedicated OA unit configurations
unit #1 unit #2 unit #3
{coolimg + reheat) {with desiccant wheel]  [with fixed-plate HX)
upstream cooling coil
dasign e, Tons Ja a3 A
supphy-weater temperature 55"F S5°F 557F
downstream cooling coil
dasign losd, tons 107 N 96 59 Bh rr
sUppy-eatEr Temperatung 40°F 40°F 45°F 45% 40°F 40°F
leaving-air conditions
drytoull tempsraturs d5°F 49¢F i BE (2 BA"F
daw podnt tarmaaratura 4TF 47k 47°F 47 4TF 47°F
sangzible cooling by CA, tons 47 a7 36 36 20 20
total DOAS design loads
on “warm-water” chiller, tons 30 37 B
an “cold-watar” chilar, tons 07 I 98 h &5 17

total-energy wheel, allowing it to pre-cool
the incoming outdoor air even further.
This added benefit results in the smallest
design cooling load on the dedicated OA
unit— 85 tons compared 107 or 96 tons
with the other two configurations (Table 1).

With this heat exchanger, the leaving-air
dry-bulb temperature is warmer, 64°F in
this example, which avoids any risk of
condensation on downstream ductwork.
But this warmer air does not allow the
zone-level terminals to be downsized as
much as the other two configurations

(Table 1).

However, the fixed-plate heat exchanger
does increase the physical size of the unit,
and adds pressure loss that increases fan
energy LUse.

Finally, as with the others, this configuration
could use two chilled-water coils in series.

to be continued...
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