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Introduction

The CoolSense™ Chilled Water Sensible Cooling Terminal Units discussed in the catalog are an
integral part of a system that includes a Dedicated Outdoor Air Unit, Water Chiller(s) and Controls.
These CoolSense Chilled Water Sensible Cooling Terminal Units are equipped with an air valve for
controlling the ventilation air provided from the Dedicated Outdoor Air Unit, a chilled water coil intended
to provide sensible cooling of the recirculated air drawn in from the ceiling plenum or space through the
coil, a fan to deliver the mixture of ventilation air and cooled recirculated air to the space and optionally a
hot water coil or electric heater to heat the air discharged from the unit if needed. Additionally, these
CoolSense Chilled Water Sensible Cooling Terminal Units can be equipped from the factory with unit
mounted controls.

Copyright

This document and the information in it are the property of Trane, and may not be used or reproduced in
whole or in part without written permission. Trane reserves the right to revise this publication at any
time, and to make changes to its content without obligation to notify any person of such revision or
change.

Trademarks

All trademarks referenced in this document are the trademarks of their respective owners.

Revision History

* Removed UC400 BACnet®,Controller graphic from the Features and Benefits chapter.
» Added Hydronic Branch Conductor section in the Application Considerations chapter.
» Updated Model Number Description chapter.

* Updated tables in the Performance Data chapter.

* Added small, medium, and large performance data fan curves for 4 row and 6 row in the
Performance Data chapter.

» Removed Unit air valve and cooling coil air pressure drop tables from the Performance Data
chapter.

» Updated Auxiliary Temperature Sensor graphic in the DDC Controls chapter.
» Added Standard height graphics in the Application Consideration chapter.
* Updated Fan electrical performance (ECM) table in the Electrical Data.

* Added VDEG — electric coil kW guidelines, minimum to maximum and Electric heat guidelines
(CFM) — VDxG tables to the Electrical Data chapter.

* Added VDCG, VDWG and VDEG standard height dimensional data drawings in the General and
Dimensional Data chapter.

» Updated the Insulation and Water Coil sections in the Mechanical Specifications chapter.
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Features and Benefits

These CoolSense™ Chilled Water Sensible Cooling Terminal Units have been specifically designed to
be an integral part of a Dedicated Outdoor Air System (DOAS). The unit has been designed with
features to make the jobsite coordination and installation easier and with less risk. One of the many
challenges on a job site is the coordination of the proper unit orientation for electrical connections and
piping connections. An example of a feature to make installation easier, the units have a universal
design so they can be flipped in field.

When using sensible cooling terminals like this, it is critically important that the entire building and
associated DOAS be designed and operated properly to maintain indoor dew point below the
temperature of chilled water supplied to the sensible cooling coils. These units are designed with two
integrated features to protect the building and furnishings from unwanted condensation. First, these
units are constructed with a drip pan located under the sensible chilled water coil to catch any
condensate in the unlikely event that it is produced from the coil. Second, these units are equipped with
a moisture sensor that will disable the cooling coil if moisture is detected in this drip pan.

The key to any system is proper control. Trane controller is a BACnet® certified device that can be
programmed from the factory with the control sequence to properly operate these terminal units as part
of a Dedicated Outdoor Air System. This controller can be mounted, wired, tested and programmed at
the factory with the proper control sequence for operation in this system.

G H

D

A Technologically Advanced Units—New fan/motor/wheel assemblies are engineered as an air delivery system to provide the most efficient design
available in the industry. For quiet comfort, you can trust and rely on Trane units.

B Tough Interlocking Panels—Ruggedness and rigidity are assured with Trane’s patent-pending interlocking panel construction.

C Superior Metal Encapsulated Edges—All Trane chilled water sensible cooling units are complete with metal encapsulated edges to arrest cut
insulation fibers and prevent erosion in the airstream.

D Full Range of Insulation—Whether seeking optimal acoustical performance or cleanability, Trane has a complete line of insulation options, including
double-wall, matte-faced, foil-faced, closed cell, etc.

E Service Friendly:
. Internal shaft visible through control box cover sight hole for blade orientation verification.

. Same-side NEC jumpback clearance provides all high-voltage and low-voltage components on the same side to minimize field labor.

F Control Flexibility—Trane factory installs more controllers than any other manufacturer in the industry. In addition to Trane DDC controls and simple
factory-mounting of non-Trane controllers, Trane now offers a BACnet® controller that is completely factory commissioned to maximize installation
quality and system reliability. Labor savings are maximized with Trane factory-commissioned controllers.

G Accurate Flow Ring—Housed and recessed within the air valve to provide flow ring handling and shipping protection. The patented flow ring provides
unmatched airflow measurement accuracy.

H Rugged Air Valve—Trane air valves are heavy gage steel with a continuously welded seam to limit inlet deformation.This provides consistent and
repeatable airflow across the flow ring with performance you can count on.

DOAS-PRCO01L-EN



% TRANE

Features and Benefits

Construction

UL-Listed Products

All Trane CoolSense™ Chilled Water Sensible Cooling Terminal Units are listed in accordance with UL
as terminal units. This listing includes the terminal with electric heaters. Additionally, all insulation
materials pass UL 25/50 smoke and flame safety standards.

Performance in Accordance with AHRI Standards

Casing Design

This standard sets forth classifications, performance testing requirements and test reporting
requirements for air terminal units. The standard contains very detailed procedures that are to be
followed for the testing and certification program associated with this standard. CoolSense™ Chilled
Water Sensible Cooling Terminal Units are currently not included in any AHRI certification program,
however, all the applicable performance data are obtained and represented in accordance with AHRI
880. The operating characteristics tested include discharge and radiated sound power, wide-open
pressure drop and fan motor amp draw.

Interlocking Panels — Patent-pending interlocking panels are designed using integral I-beam
construction technology. This minimizes deformation and creates tremendous product rigidity. An
additional benefit is a smooth unit exterior with few exposed screws - ideal for exposed ceiling
applications. Trane CoolSense™ Chilled Water Sensible Cooling Terminal Units are designed for use in
systems that operate up to 5-inch w.c. of inlet static pressure.

Metal Encapsulated Edges— All Trane
CoolSense Chilled Water Sensible Cooling
Terminal Units are complete with encapsulated
edges to arrest cut fibers and prevent insulation
erosion into the airstream. This is important for
applications concerned with fiberglass erosion or
projects with either double-wall or externally
wrapped duct work.

Trane Air Valve— Primary airflow is measured
and controlled here for VariTrane™ units.
VariTrane™ products are the most rugged and
reliable available.

18-gauge Cylinder—The 18—gauge cylinder limits deformation or damage during shipment and job site
handling, and provides even airflow distribution across the flow ring for unmatched airflow measurement
accuracy.

Flow Ring—The Trane flow ring is time tested to
perform under the most demanding conditions.
Trane’s patented flow ring is recessed within the
air valve cylinder to reduce the potential for
damage during job site handling and installation.

External Shaft—This simple design provides
controller flexibility and is designed to facilitate
actuator field replacement.

Position Indicator—The position indicator shows current air valve position to aid in system
commissioning. Many times this can be seen from the floor without climbing a ladder.

External Actuator—This feature increases serviceability, control system compatibility, and actuator
clutch access for simplified commissioning.

DOAS-PRCO001L-EN
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Features and Benefits

Indoor Air Quality (IAQ) Features

Access is made easy on Trane CoolSense™ Chilled Water Sensible Cooling Terminal Units, as shown
below. Top and bottom access for the unit in either orientation.

Trane CoolSense™ Chilled Water Sensible Cooling Terminal Units are designed with simplified access
and a full line of insulation options including:

Matte-faced—Typical industry standard with reduced first cost.

Closed-cell—This insulation has an R-value and performance equivalent to matte-faced insulation. The
main difference is the reduction of water vapor transmission. Closed-cell is designed for use in
installations with a high chance of water formation. (It has been used to coat the exterior of chiller
evaporator barrels for many years.)

Foil-faced—A fiberglass insulation with a thin aluminum coating on the air stream side to prevent fibers
from becoming airborne. The aluminum lining is acceptable for many applications, however it is not as
rugged as double-wall.

Double-wall—Premium insulation often used in many health care applications with insulation locked
between metal liners. This eliminates the possibility for insulation entering the airstream and allows for
unit interior wipe-down as needed.

Tracer Building Automation System

DOAS-PRCO01L-EN

Tracer® Building Automation Systems ensure comfort within your building.

Building controls have a bigger job description than they did a few years ago. It is no longer enough to
control heating and cooling systems and equipment. Sophisticated buildings require smarter technology
that will carry into the future. Tracer controls provide the technology platform — mobile, easy-to-use,
cloud-based, scalable and open - for the next generation of data-driven, technology-enabled services
that are creating high performance buildings.

With a Trane Tracer® Building Automation System, you will:

* Reduce operating costs through energy management strategies.

» Consistently provide occupant comfort.

« Enjoy reliable operation with standard, pre-engineered, and pretested applications.
« Easily troubleshoot and monitor either on site or from a remote location.

* Reduce installation time and simplify troubleshooting.
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Features and Benefits

Tracer BACnet Controllers

Trane offers a full line of programmable BACnet® controllers designed for simple integration into any
system which can communicate via the BACnet® protocol. These controllers are factory-programmed,
commissioned, and shipped ready to be installed.

Symbio™ 500 Controller
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See DDC Controls chapter for additional control options and sequence-of-operations.

Air-Fi® Wireless System

For more detailed information on Air-Fi® Wireless systems and devices, see:

» Air-Fi® Wireless Systems Installation, Operation, and Maintenance (BAS-SVX40*-EN )
* Air-Fi® Wireless Product Systems Product Data Sheet (BAS-PRD021*-EN )

» Air-Fi® Network Design Installation, Operation, and Maintenance (BAS-SVX55*-EN)

Air-Fi® Wireless Communications Interface (WCI)

A factory-installed Air-Fi® Wireless Communications Interface
/Px} (WCI) provides wireless communication between the Tracer®
SC, Symbio™ 500 VAV unit controllers and optionally, Air-Fi®
Wireless Communication sensors.
The Air-Fi® WCI’s wireless mesh network is the perfect
alternative to a wired communication link. Eliminating the low-
voltage wire between the zone sensor and the terminal unit
controller, and between the unit controllers and the system
controller will:

» Reduced installation time and associated risks.
é TRANE

» Completion of projects with fewer disruptions.

+ Easier and more cost-effective re-configurations,
expansions, and upgrades.

8 DOAS-PRCO001L-EN
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Features and Benefits

Air-Fi® Wireless Communication Sensor (WCS)
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The Wireless Communications Sensor (WCS) communicates
wirelessly to a Tracer® BACnet® unit controller that has an Air-
Fi® WCl installed. A WCS is an alternative to a wired sensor
when access and routing of communication cable are issues. It
also allows flexible mounting and relocation. Also available are
a non-display version of the WCS with a temperature setpoint
knob, an occupancy / CO, sensor / zone temperature version of
the WCS, and a relative humidity (RH) sensor add-on daughter

board accessory.

Factory-installed vs. Factory-commissioned

The terms factory-installed and factory-commissioned are often used interchangeably. Trane takes
great pride in being the industry leader in factory-commissioned DDC controllers. The following table

differentiates these concepts.

Factory-commissioned controllers provide the highest quality and most reliable units for your system.
Additional testing verifies proper unit operation including occupied/unoccupied airflow and temperature
setpoints, communication link functionality, and output device functionality. The benefits of factory-
commissioning are standard on VariTrane™ terminal units with Trane DDC controls. This means that
factory-commissioned quality on VariTrane™ units is now available on ANY manufacturer’s control
system that can communicate using BACnet® protocol. (See Controls section for complete listing of

variables which are communicated.)

Table 1. Factory-installed vs. factory-commissioned

Factory-installed Factory-commissioned
Transformer installed (option) X X
Wires terminated in reliable/consistent setting X X
Controller mounted X X
Electric heat contactors and fan relay wired X X
Controller addressing and associated testing — X
Minimum and Maximum airflows settings (occupied/unoccupied) — X
Minimum and Maximum temperature setpoints (occupied/unoccupied) — X
Minimum ventilation requirements — X
Heating offset — X
Trane Air-Fi® wireless communications modules (WCI) X X
Trane Air-Fi® Wireless Communications Sensor (WCS) —_ —

DOAS-PRCO01L-EN
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Features and Benefits

Indoor Air Quality Management During Construction

LEED wrap option is a pressure sensitive
covering that prevents contamination of the
terminal unit during the construction phase. Itis
utilized to seal all openings without constraining
the installation process.

Trane Systems — Proven Performance

Trane continues to be an industry leader in the development and implementation of effective systems
strategies. A Dedicated Outdoor Air System coupled with these chilled water sensible cooling units in no
different.

At the unit level, these units can be equipped with DDC controllers that follow the successful strategy of
factory commissioning. At the terminal unit level, the unit controller will be mounted, wired, tested and
programmed with the appropriate operating setpoints and sequences needed for proper operation. This
can drastically reduce the system start-up time.

From a system perspective, proper coordination of all aspects of the HVAC system are critical to the
effective operation of the system as well as comfortable occupants of the building. Again, Trane leads
the way, with proven system level strategies to properly coordinate the control of the individual terminal
units with the rest of the HVAC system.

10 DOAS-PRCO001L-EN
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Agency Certifications

There are numerous regulations and standards in the industry that determine the construction and
performance parameters for terminal units. Some of the more important of those standards and
regulations are listed below.

UL-Listed Products

All Trane CoolSense™ Chilled Water Sensible Cooling Terminal Units are listed in accordance with UL
as terminal units. This listing includes the terminal with electric heaters. Additionally, all insulation
materials pass UL 25/50 smoke and flame safety standards.

AHRI Certified

American Society of Heating, Refrigerating and Air-conditioning
Engineers (ASHRAE)

ASHRAE - Standard 41.1

ASHRAE - Standard 41.2

ASHRAE - Standard 41.3

ASHRAE - Standard 62.1

ASHRAE - Standard 111

Air Conditioning and Refrigeration Institute (AHRI)
AHRI Standard 880
AHRI Standard 885-2008

National Fire Protection Association (NFPA)

NFPA 70
NFPA 90A

DOAS-PRCO01L-EN 1
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Application Considerations

Figure 1. Low height- sensible cooling only (LDCF)
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Figure 3. Low height - sensible cooling w/ hot water (LDWF)
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Application Considerations
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Figure 4. Standard height - sensible cooling w/ hot water (VDWG)
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Figure 6. Standard height - sensible cooling w/ electric heat (VDEG)
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Application Considerations

Types of CoolSense™ Chilled Water Sensible Cooling Terminal Units

The function of the Trane CoolSense™ Chilled Water Sensible Cooling Terminal Units is a little different
than traditional VAV Terminal Units. These terminal units are part of a system that uses a dedicated
outdoor-air unit to distribute outdoor air to an air valve on each terminal unit to meet the ventilation
requirements of the zone. Each terminal unit is also equipped with a sensible-only cooling coil mounted
on the plenum inlet. Recirculated air from the plenum (or directly from the occupied space) is drawn in
through this cooling coil by the local fan. This cooled air is then mixed with the conditioned (cooled,
dehumidified, heated, or humidified) outdoor air from the dedicated OA unit, and distributed through the
downstream ductwork to the zone.

In most applications, the water supplied to this local cooling coil is controlled to a temperature above the
dew point in the zone. This avoids moisture in the air from condensing on the coil, so it operates dry and
provides only sensible cooling. All the dehumidification must then be provided by the dedicated outdoor-
air unit. Trane CoolSense Chilled Water Sensible Cooling Terminal Units are built with a drip pan located
beneath the cooling coil, with a moisture sensor installed in it, to detect and prevent any moisture from
getting on the ceiling beneath the units or into the occupied space below. These terminal units can be
configured with either a hot water coil or electric heater mounted at the unit discharge.

Figure 7. Chilled water sensible cooling terminal unit function
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air valve with flow ring, to the zone
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Typical Application of CoolSense™ Chilled Water Sensible Cooling
Terminal Units

CoolSense™ Chilled Water Sensible Cooling Terminal Units can be applied in all the zones of a building
designed with a dedicated outdoor air system capable of delivering sufficiently dehumidified outdoor air
to each of the zones. Typically the chilled water supplied to these terminal units is at a higher
temperature (54 to 59°F, warmer than the dew point in the space) than traditional chilled water systems.
This is similar to other systems with coils in the occupied space intended to perform sensible cooling
only. Additionally the dew point in the space must be controlled to avoid conditions in which
condensation can develop on the sensible cooling coils on these terminal units.

14 DOAS-PRCO001L-EN
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Application Considerations

Figure 8. Typical chilled water sensible cooling terminal unit application
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Table 2. DOAS with chilled water sensible cooling terminal units

Parameter

Chilled Water Sensible Cooling Terminal Unit

Fan Operation

Continuous operation during occupied modes, intermittent operation during unoccupied modes.

Operating Sequence

Variable volume: Fan runs at minimum speed when the zone temperature is satisfied. Fan speed modulates up to
maximum in conjunction with heating or cooling capacity as needed to maintain desired zone temperature.

Fan Energization

Interlocked with the dedicated outdoor air system fan to deliver required outdoor air to the zone during occupied modes.

Terminal Fan Sizing

Fan should be sized to meet the greater of the design cooling or heating airflow to the zone.

Air Valve Sizing

Sized to meet the design outdoor airflow requirement for the zone.

Minimum Inlet Static Pressure
Required for DOAS Fan Sizing

Sufficient to overcome air valve pressure loss only.

Hydronic Branch Conductor

DOAS-PRCO01L-EN

The Hydronic Branch Conductor is a self-contained valve assembly with integrated controls. This
innovative system features advanced controller logic that detects both hot and cold water temperatures,
seamlessly directing flow from the appropriate heat pump loops to either heat or cool specific thermal
areas.

Trane Hydronic Branch Conductor revolutionizes building climate control by enabling the use of dual-
purpose coils within a four-pipe distribution system, while efficiently delivering heating or cooling through
just two pipes. Unlike traditional two-pipe changeover systems that switch between hot and cold water
seasonally for the entire building, this advanced system can adapt to varying heating and cooling
demands in different areas multiple times throughout the day.

With a central four-pipe distribution system providing the benefits of year-round heating and cooling,
and area branches utilizing a two-pipe setup, the Hydronic Branch Conductor offers reduced piping
complexity and enhanced efficiency. Experience the best of both worlds with a heat pump system that
combines the advantages of four-pipe and two-pipe configurations for optimal climate control.

Application Considerations for the Hydronic Branch Conductor:

» Hydronic Branch Conductors are for use in hydronic heat pump systems where the cooling fluid and
heating fluid are the same fluid from the same central plant. It is not for use in systems with a chiller
plant for cooling and a traditional boiler system for heat.

*  The Hydronic Branch Conductor conducts commands valves to provide the appropriate fluid to meet
the received thermal area HEAT/COOL mode. It also monitors and reports the status of the hydronic
flows for the thermal area.

»  The Hydronic Branch Conductor is placed between the main building pipe chase and a thermal
area’s branch piping.

* The Hydronic Branch Conductor does not take the place or function of zone control valves.

15
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Application Considerations

» The Hydronic Branch Conductor does not take the place of any necessary shut off or balancing
valves.

» Systems with Hydronic Branch Conductors have airside equipment with dual purpose coils. These
coils work well using hot water supply temperature of 100F(+/-10F) and traditional chilled water
temperatures.

» See Hydronic Brand Conductor Application Guide (APP-APG024*-EN) for more information on
system design.

Energy Savings and System Controls

Electrically Commutated Motor

Electrically Commutated Motors (ECM) are standard on CoolSense™ terminal units. ECMs provide
premium unit efficiency, quiet unit operation and optimized space comfort control.

Fan-Pressure Optimization

With Trane's Tracer® building automation system, the information from terminal units can be used for
other energy-saving strategies. Fan-pressure optimization is the concept of reducing the DOAS supply
fan energy usage based on the position of the terminal unit dampers.

The control system polls the terminal units for the air valve damper position on each unit. The duct static
pressure setpoint for the DOAS supply fan is reset downward until the furthest-open damper is nearly
wide open. The correct airflow is still being sent to each zone since the air valve controls in the terminal
units are pressure-independent, but the supply fan uses less energy since it is able to generate less
pressure, which results in fan energy savings.

Control Types
Direct Digital Control (DDC) Systems

DDC controls are the industry standard for terminal unit control systems. DDC systems use electronic
field devices such as a flow transducer, a primary air modulating damper, and an electronic temperature
sensor. These field devices report software instructions of how the outputs are positioned in relation to
the inputs to a controller.

DDC controls provide flexibility and considerable diagnostic capability. DDC controllers can be
connected together to form a network of controllers which can be can be monitored from a remote
location to ensure proper operation. Commands and overrides can be sent for groups of controllers at
one time to make system-wide changes. Commands and overrides can be sent to individual unit
controllers to allow problem diagnosis, temporary shutdown, startup schedules or other specialized
changes. When integrated into a building automation system, the operation of the terminal units can be
coordinated with other components of the overall system to ensure comfortable, efficient operation and
even reduce energy use.

DDC control of terminal units is a key element in providing intelligent and responsive building
automation. Precision control, flexible comfort, and after hours access are all available with the DDC
control system for Trane CoolSense™ Chilled Water Sensible Cooling Terminal Units.

Key features of the system include:
* Anadvanced unit controller

* Flexible system design

» User-friendly interaction

16 DOAS-PRCO001L-EN
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Application Considerations

Flow Measurement and Control

One of the most important characteristics of a terminal unit is its
ability to accurately sense and control airflow. The patented, multiple-
point, averaging flow ring measures the velocity of the air at the unit
ventilation air inlet.

The differential pressure signal output of the flow ring provides the
terminal unit controller a measurement of the ventilation airflow
through the inlet. The terminal unit controller then opens or closes
the inlet damper to maintain the controller airflow setpoint.

Flow Measurement

Accuracy

DOAS-PRCO01L-EN

Most of these terminal units contain a differential pressure airflow measurement device, mounted at the
ventilation air inlet, to provide a signal to the terminal unit controller. Numerous names exist for the
differential pressure measurement device—flow sensor, flow bar, flow ring. The differential pressure
measured at the inlet varies according to the volumetric flow rate of ventilation air entering the inlet.

The total pressure and the static pressure are measurable quantities. The flow measurement device in a
terminal unit is designed to measure velocity pressure. Most flow sensors consist of a hollow piece of
tubing with orifices in it. The air valve contains a flow ring as its flow measuring device. The flow ring is
two round coils of tubing. Evenly spaced orifices in the upstream coil are the high-pressure taps that
average the total pressure of air flowing through the air valve. The orifices in the downstream ring are
low-pressure taps that average the air pressure in the wake of flow around the tube. By definition, the
measurement of static pressure is to occur at a point perpendicular to the airflow. The low-pressure taps
on the flow ring measure a pressure that is parallel to the direction of flow but in the opposite direction of
the flow. This “wake pressure” that the downstream ring measures is lower than the actual duct static
pressure. The difference between the “wake pressure” and the static pressure can be accounted for so
that the above relationship between flow and differential pressure remain valid. The difference also
helps create a larger pressure differential than the velocity pressure. Since the pressures being
measured in terminal unit applications are small, this larger differential allows transducers and
controllers to measure and control at lower flow settings than would otherwise be possible.

The average velocity of air traveling through the inlet is expressed in the equation:

FPM = 1096.5 | vP
DENS

Where:

* FPM = Velocity of air in feet per minute

1096.5 = A constant

* VP =The velocity pressure of the air expressed in inches of water
» DENS = The density of the air expressed in pounds per cubic foot

Often, the density is assumed to be a constant for dry air at standard conditions [68°F (20°C)] and sea
level pressure of 14.7 psi (101.4 kPa). These conditions have a density of 0.07496 Ibs/cubic foot and
yield the following commonly used equation:

FPM = 4005 /VvP

The amount of air traveling through the inlet is related to the area of the inlet and the velocity of the air:
AIRFLOW (cubic feet per minute, cfm) = AREA (square feet) x AVERAGE VELOCITY (feet per minute)

The multiple, evenly spaced orifices in the flow ring of the terminal unit provide quality measurement
accuracy even if ductwork turns or variations are present before the unit inlet. For the most accurate
readings, a minimum of 1% diameters, and preferably 3 diameters, of straight-run ductwork is
recommended prior to the inlet connection. The straight-run ductwork should be of the same diameter
as the air valve inlet connection. If these recommendations are followed, and the air density effects
mentioned below are addressed, the flow ring will measure ventilation airflow within £5% of unit nominal
airflow.

17
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Application Considerations

Figure 9. Air pressure measurement orientations
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Air Density Effects

Changes in air density due to the conditions listed below sometimes create situations where the
standard flow sensing calibration parameters must be modified. These factors must be accounted for to
achieve accuracy with the flow sensing ring. Designers, installers, and air balancers should be aware of
these factors and know of the necessary adjustments to correct for them.

Elevation

At high elevations the air is less dense. Therefore, when measuring the same differential pressure at
elevation versus sea level the actual flow will be greater at elevation than it would be at sea level. To
calculate the density at an elevation other than standard conditions (most manufacturers choose sea
level as the point for their standard conditions), you must setup a ratio between the density and
differential pressure at standard conditions and the density and differential pressure at the new
elevation.

AP Standard Conditions  _ _ AP New Conditions
DENS Standard Conditions DENS New Conditions

Since the data from the manufacturer is published at standard conditions, this equation should be
solved for the differential pressure at standard conditions and the other quantities substituted to
determine the ratio for the differential pressure measured at the new conditions.

Duct Pressure and Air Temperature Variations

While changes in these factors certainly affect the density of air, most operating parameters which
systems need keep these effects very small. The impact on accuracy due to these changes is less than
one half of one percent except in very extreme conditions. Extreme conditions are defined as those
systems with inlet static pressures greater than 5 in. wg (1245 Pa) and inlet air temperatures greater
than 100°F (37.8°C). Since those types of systems occur so infrequently, we assume the effects of duct
pressure and air temperature variations to be negligible.

Linearity

With the increased use of DDC controls instead of pneumatic controls, the issue of linearity is not as
great as it once was. The important aspect of flow measurement versus valve position is the accuracy of
the controller in determining and controlling the flow. Our units are tested for linearity and that position
versus airflow curve is downloaded and commissioned in the factory to ensure proper control of the unit.

Cooling/Heating Options
Chilled Water Cooling Coil Valve

A chilled water cooling coil is included in this terminal unit, and is mounted at the induction air inlet of the
unit. When applying these coils it is important to make sure that they are operating in the proper airflow
and water flow range. (See tables in Performance Data chapter for airflow and water flow rates.) Either
a two-way or a three-way water valve can be used to control the coil. It is important to size the valve
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correctly, to ensure minimal pressure loss and maximum controllability. See Hot Water Heating Coil
section below for details in properly selecting a valve.

Hot Water Heating Coil

Electric Heat

DOAS-PRCO01L-EN

A hot water heating coil can be included in this terminal unit, and is mounted at the discharge of the unit.
When applying these coils it is important to confirm they are operating in the proper air flow and water
flow range. (See tables in Performance Data chapter for airflow and water flow rates.) Either a two-way
or a three-way valve controls the coils.

The most important factor when sizing valves is the coefficient of velocity or C,. This coefficient of
velocity, which is commonly called the flow coefficient, is an industry standard rating. Valves having the
same flow coefficient rating, regardless of manufacturer, will have the same waterside performance
characteristics.

The preferred method is to size the valve for 3 to 5 psi for pressure drop when full open. Generally the
rule of thumb is to use 4 psi.

Cy,=GPM/2or GPM =2 *C,, (since square root of 4 = 2)

This formula is very easy to use and is as accurate as any other method. Size the valve fora C,, = 1/2
the GPM it must pass in modulating applications

The equation that governs valve sizing is:

GPM
C =
v JAP
Where

* C, = Flow coefficient
*  GPM = The maximum water flow rate through the valve in gallons per minute
» AP = The maximum allowable differential pressure across the valve in psi

The flow and differential pressure are generally the known quantities. The equation is solved for the flow
coefficient. The flow coefficient is then compared to the published Cy, values for the control valves that
are available. The control valve with the Cy, that is the closest, but greater than, the calculated flow
coefficient is the correct choice for the control valve. This choice will keep the valve pressure drop below
the maximum allowable valve pressure drop. The valve pressure drop should then be checked against
the coil pressure drop. If the coil pressure drop is appreciably larger than the valve pressure drop, a
valve with a smaller Cy; should be selected to produce a larger control valve pressure drop. If this new
valve has a pressure drop that is much larger than the maximum allowable pressure drop for valves, the
system designer should be consulted to make sure that the system hot water pumps can deliver the
water at the new conditions.

An electric heater can be included in this terminal unit, and is mounted at the discharge of the unit.
Electric heat coil capacity is rated in kilowatts (kW). Heaters are available with magnetic contactors for
staged control, where total capacity is divided among the stage(s). Heaters are also available with SCR
control.

Electric heat coils are available in single-phase or three-phase models. This refers to the type of power
source connected to the heater. Single-phase models have resistance elements internally connected in
parallel. Three- phase models have resistance elements internally connected in a delta or a wye
configuration.

The current draw for the electric heater will depend upon whether it is a single-phase or three-phase
heater. The current draw is necessary for determining what size wire should be used to power the
electric heater and how big the primary power fusing should be. The equations for current draw for
these heaters are:

kWx 1000

lgamps = 22X = ¥V
pamp PrimaryVoltage

kWx 1000
PrimaryVoltageJ3

3pamps =
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Insulation

Acoustics

Three-phase electric heat is available in balanced configurations. For example, a 9 kW three-phase coil,
each stage would carry 1/3 or 3 kW of the load.

It is important to note that these heaters have certain minimum airflow rates for each amount of kW heat
the heater can supply to operate safely. These airflow values are based upon a maximum rise across
the electric heater of 50°F (28°C).

The equation that relates the airflow across an electric heater to the temperature rise and the coil
change in temperature is:

kWx 3145

CFM = AT

Where

¢ CFM = Minimum airflow rate across the coll

* kW = The heating capacity of the electric coll

* 3145 =a constant

* AT = The maximum rise in air temperature across the coil, usually 50°F (28°C)

Insulation in a chilled water sensible cooling terminal unit
is used to avoid condensation on the outside of the unit,
to reduce the heat transfer from the cold ventilation air
entering the unit, and to reduce the unit noise. The chilled
water sensible cooling terminal product line offers four
types of unit insulation. The type of facing classifies the
types of insulation. To enhance IAQ effectiveness, edges

P of all insulation types have metal encapsulated
edges.

Acoustical Best Practices

Sizing of Units

20

Acoustics with terminal units is sometimes more confusing than it needs to be. As we know, lower
velocities within a unit leads to improved acoustical performance. Additionally, lower RPM provides
better acoustical performance. It is as simple as that—there are some catches, however.

Additional considerations will be discussed in more detail throughout this portion of Application
Considerations, such as unit size and type, appurtenance affects (due to insulation, attenuation, etc.),
certification, and computer modeling. Let us take a look at the first consideration, sizing of units.

Before blindly increasing the size of units, we must first understand what is setting the acoustics within
the space. In general, over 95% of acoustics in these terminal units, which set the sound pressure levels
and ultimately the NC within the space, is from radiated sound. Radiated sound emanates from the unit
and enters the occupied space via means other than through the supply ductwork. The most typical path
is through the plenum space, then through the ceiling, then into the occupied space. While discharge
sound should never be ignored, radiated sound is the most dominant and usually the most critical sound
source.

When increasing air valve sizes, BE CAREFUL. Oversizing an air valve can adversely impact the
ability to modulate and properly control ventilation. In extremely oversized situations, the air valve
will operate like a two-position controlled device, with air either being “on”, or “off”, and not really much
in between. The best way to avoid this is to understand that the minimum air velocity for most air valves
is 300 FPM. This is a function of the flow sensing device and the ability of the pressure transducer and
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Insulation Types

controller to properly read and report flow. This is not manufacturer specific, as physics applies to all.
Therefore, when sizing air valves, minimum velocity for proper pressure independent flow is 300 FPM.

Modulation capability and range is vital for proper operation of the air valve in these terminal units. A
good rule of thumb is to size maximum ventilation airflow for around 2000 FPM.

Insulation is a factor to consider when dealing with the acoustics of terminal units. Most insulation types
will provide similar acoustical results, but there are exceptions. Double-wall and closed-cell foam
insulation will generally increase your sound levels because of the increased reflective surface area that
the solid inner-wall and closed-cell construction provides. This increase in sound will have to be
balanced with the IAQ and cleanability considerations of the dual-wall and closed-cell construction.

Placement of Units

Unit placement in a building can have a significant impact on the acceptable sound levels. Locating
units above non-critical spaces (hallways, closets, and storerooms) will help to contain radiated sound
from entering the critical occupied zones.

Certification and Testing

Terminal units should be submitted based on the same criteria. There are several ways to ensure this by
certification and testing.

Raw unit sound data can be good measurement criteria for evaluation. In using this as a basis for
comparison, the designer needs to make sure that the information is based on the AHRI Standard 880-
2017 that gives the procedure for testing.

Specifying NC or RC sound levels is a possible comparison, but the designer needs to be sure the
comparison is fair. Two options are to specify the attenuation effect on which you would like the units to
be evaluated or to specify that AHRI Standard 885-2008 transfer functions be used. The importance of
AHRI Standard 885-2008 is that it is the first AHRI Standard that specifies exact transfer functions to be
used for evaluation. Previous versions of the standard gave guidelines, but the manufacturers could
choose their own set of factors.

Path Attenuation

Sound generated by a terminal unit can reach the occupied space along several paths. The terminal unit
generated sound will lose energy — i.e. the energy is absorbed by path obstacles—as it travels to the
occupied space. This acoustical energy dissipation as it travels to the occupied space is called path
attenuation. The amount of energy lost along a particular path can be quantified and predicted using the
procedure outlined in AHRI-885. Each path must be considered when determining acceptable sound
power generated by a terminal unit.

The term “transfer function” is often used to describe the entire path attenuation value for each octave
band (i.e., the sum of all components of a particular path).

Examples of path attenuation include locating the terminal unit away from the occupied space,
increasing the STC (sound transmission classification) of the ceiling tile used, internally lining ductwork,
drywall lagging the ceiling tiles or enclosing the terminal unit in drywall. All of these choices hav