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Final Report

Purpose

The Outline Requirements and Performance Specification Report (D-2.8b) described requirements
for a new product for DV. The primary requirement that cannot be met by current product offerings
is the tight control of supply air temperature (SAT) as the loads and outdoor air conditions vary.
Systems are also designed to meet design conditions in more humid climates, and provide
unnecessary dehumidification in California climates.

Architectural Energy Corporation approached several manufacturers with a product concept that
utilizes the Copeland DigitalScroll™ compressor technology. The compressor is a variable-capacity
compressor that is able to “turn down” cooling output to as low as 10% of full capacity. This allows
the cooling output of the unit to match the load. The cooling capacity modulation allows for close
control of the discharge air temperature, and provides a means to maintain the SAT above the
minimum SAT required for comfort (around 62F).

Carrier Corporation responded to the design challenge by developing a custom unit that uses the
DigitalScroll compressor. While the system design is not the only one that can meet system
requirements for displacement ventilation, it is the only unit of its size and cooling capacity that
meets the demanding control requirements for displacement ventilation. This report documents the
development of this unit, and the steps that the manufacturer has taken towards making it a
production unit. Carrier has invested significant time and funds in the development of this unit. As
the unit is not yet a commercially available product, this report respects the confidential nature of the
manufacturer’s product development efforts. This report provides an evaluation of the unit with all
available data, and identifies the steps required to make this a production unit.
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Product Specification

The displacement ventilation unit was developed in the spring of 2005, and installed at Kinoshita
Elementary over the summer. Testing of the unit began during the start of classes in August and
continued throughout the school year. This report refers to the unit as the “DV prototype unit”. The
unit is a packaged rooftop unit with a nominal 4 ton cooling capacity, with variable cooling capacity
and variable air volume capabilities. Design requirements for the unit are documented in the
Equipment List and Performance Specification report for this project (PIER deliverables D-2.8a and
D-2.8D).

DigitalScroll ™ Technology Description

Variable capacity compressors offer a great potential to provide a much tighter supply air
temperature control and energy savings during part-load conditions. The Copeland digital scroll
compressor has a capacity modulation down to 10%, and has been used in air-conditioning split
systems in Korea. AAON also has direct experience in using this technology in their premium
humidity control product. The technology allows for a “turn down” in cooling output down to 10% of
full capacity. More information about this technology may be found at the manufacturer’s website,
http://www.digitalscroll.com.

Unit Description
The displacement ventilation demonstration unit is based on a Carrier 4-ton packaged rooftop unit
with gas heating, model 48HJGO05H-651RY. The base unit has the following features:
Nominal 4 ton unit
460-3-60 voltage
Downflow configuration
13 SEER
Single compressor
Belt drive fan
2 inch disposable filters
Air side economizer with differential dry-bulb changeover
Hinged access panels
Unit mounted disconnect
115 volt convenience outlet
Low Fire low NOX Gas heat
In addition to the base unit, the following accessories were provided by Carrier:

CRPWREXH021A01- Power Exhaust System
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33ZCT55C02 — Space temperature sensor with CO, Sensor. Although demand controlled ventilation

was not used, the unit is capable of this control.
The following modifications were made to the unit:

Replace the current compressor with a 4 ton Copeland DigitalScroll™

Add an ABB 3 HP 3 phase inverter to the indoor fan

compressor and controller

Replace the control system with the Carrier Comfortlink Control System from the larger VAV 48A series

rooftops

Develop control sequences for VAV control with SAT reset and make special software modifications for

supply air temperature control

Add suction and discharge pressure transducers and supply air, return air and outside air temperature

Sensors

Add a TXV for refrigerant flow control

Although the unit did not have a UL listing, all unit components are standard components have

standalone UL listings.

The unit was installed and tested in July 2005 at Kinoshita Elementary during the school’'s summer

break. Installation of the unit proceeded smoothly and startup was successful.

Figure 1: DV Prototype Unit at Kinoshita Elementary

Controls

The Comfortlink control system from a larger VAV rooftop unit was used with the system. Much of the
development time for the unit was spent developing and testing custom control sequences for the unit.

The control system is designed to do the following:

Architectural Energy Corporation, June 19, 2006
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Control the cooling leaving air temperature through capacity control.

Control an airside economizer and integrate it with the compressor capacity control.
Control outside air through a minimum position damper position

Control the fan speed through a variable frequency drive to maintain space temperature
Control the power exhaust fans to maintain space pressure

Morning warm-up with gas heat based on configurable return air or space temperature.

Protect the compressor and system by monitoring supply air temperature, outside air temperature,
return air temperature, compressor status, and discharge and suction pressure for the compressor

Alpha numeric display on unit

Communications thru the Carrier Comfort Network

For cooling operation the compressor capacity is controlled to maintain a leaving air temperature and the supply
cfm to maintain the space temperature. The control software was modified to perform the following:

For leaving air temperature control first use the economizer if the outside air had a lower leaving air
temperature than the return air

If the economizer is not available or is fully open, then turn on the compressor and modulate the
capacity to maintain the supply air setpoint

Vary the indoor cfm between a configurable minimum and maximum to maintain the space temperature

We would have some limits that are adjustable on the supply air temperature as well as the fan motor
rpm (fan cfm)

Supply air temperature reset control occurs if the minimum airflow provides more cooling than needed (i.e., the
space is below the cooling setpoint). This is illustrated in the control schematic below. Heating and cooling
setpoints, supply air temperature setpoints and SAT reset can all be configured through the front control display
on the unit.
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Figure 2: DV Prototype Unit Control Schematic

The economizer is factory assembled and includes the following:

A minimum position for outside air ventilation. The unit features an adjustable minimum damper
position so that the outside air damper can be opened as the supply air cfm decreases, to ensure that
the minimum outside air required by code is introduced.

The economizer includes differential dry bulb changeover and will use 100% outside air if the outside air
temperature is lower than the return air temperature. Differential enthalpy is available as an option.

The compressor capacity and economizer are integrated so that economizer is first used and then
supplemented.

There is a low ambient lockout below which the compressor will not be used.

The unit is equipped with a low NOX low heat gas section.

The gas will be used to precondition the air for a morning warm-up cycle but it can also be used for
periods beyond the morning warm-up if required, but the displacement ventilation system is not well
suited for heating.

The need for heat can be configured to be based on a return air temperature or a space temperature.

Once the unit is in heat the fan will be driven to the maximum speed. Note that there is a lower limit for
the fan cfm that must be adhered to for the gas heat.
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Performance Evaluation

The DV prototype unit was manufactured by Carrier in the spring of 2005. Custom control logic was
developed and tested before its installation at Kinoshita Elementary. The system was installed in
July 2005, and its performance monitored for an entire school year (between August 2005 and May
2006). The Capistrano Research Report developed for Task 2.7 of this project provides additional
performance monitoring details and an evaluation of the displacement ventilation system. This
report focuses on the HVAC system performance.

The performance of the system was evaluated in terms of:

Thermal Comfort — the system’s ability to control space temperature, and maintain a consistent
pattern of stratification that meets ASHRAE 55-2004 comfort criteria

Cooling Capacity Control — the system’s ability to control supply air temperature (SAT) to the SAT
setpoint. This is the principal system requirement that is unique to displacement ventilation. The
system must have the capability to “turn down” cooling output, to maintain the supply air temperature
within 2-3F of the setpoint. Small packaged HVAC syst ems currently available do not have this
capability.

Energy Efficiency - energy performance was compared against a control unit that uses overhead
mixing ventilation to condition a classroom with similar schedules and load conditions. There were
some difficulties in obtaining a good energy comparison, but the system compared favorably with the
control unit.

System Data — system data on supply air temperature, supply air flow rate and cooling capacity
control and power usage can provide insights on system performance. Although a communications
link to the unit was installed, system data was unavailable for much of the monitoring period. This
report discusses the data collected on supply and return temperatures, electricity usage, and results
of functional testing.

Thermal Comfort — Temperature and Humidity Data

Thermal comfort in the displacement ventilation classroom is evaluated by continuous
measurements of temperature and relative humidity. Air temperature is measured at four different
heights, and at three different locations in each classroom, to evaluate thermal stratification in the
space. Displacement systems should achieve a consistent level of stratification to allow effective
removal of heat and contaminants, while maintaining the stratification level to within limits defined by
ASHRAE 55-2004.

Figure 3 shows air temperatures on the same interior wall, about 10 feet from the exterior door.
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Figure 3: DV Classroom SE Temperatures (near ext door), Sept 15, 2005

The air temperature plots show a temperature difference between the T1 and T2 measurement
heights (4" and 40") of about 1.5F to 2.0F, within the 3.6F limit recommended by ASHRAE 55.
The temperature difference between T1 and T3 (4" and 66") locations is approximately 3.0 ¥ to 3.5
T, within the comfort stratification limit of 5.4F r ecommended by ASHRAE 55-2004.

Figure 4 shows relative humidity measurements in the displacement ventilation classroom and the
control classroom (with standard overhead mixing ventilation). The control classroom has a lower
relative humidity, but the humidity varies between 45% and 56% as the unit frequently cycles on and
off to meet the space sensible load. The displacement ventilation relative humidity peaks at just
below 59% RH on this day. An interesting result is that the relative humidity in the DV classroom is
higher at the return than in the occupied space. Since the dry-bulb temperature is also higher at the
return in the displacement classroom, this indicates a stratification of moisture in the displacement
classroom. The humidity ratio in the occupied zone is much lower than at the return.
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Figure 4: Indoor Relative Humidity, Sept 15, 2005

Cooling Capacity Control

The DV prototype unit performed very well at controlling supply air temperature to the supply air
temperature setpoint. The SAT setpoint was nominally set at 65F for this installation. The system
controls the supply air temperature by adjusting the cooling capacity output of the Copeland
DigitalScroll™ compressor. This compressor has the capability to modulate cooling capacity down to
10% of full output. The system power decreases as the cooling capacity decreases, allowing for
energy efficiency at part-load conditions.

Figure 5 shows monitored supply temperatures at one-minute intervals. On this day, the economizer
provided cooling until 10:30 AM. When the outdoor air temperature exceeded the supply air
temperature setpoint, the supply air temperature was maintained at 62F to 63F. At this point, the
compressor turned on to control the supply air temperature to the setpoint. Monitored data for this
day show that the SAT was controlled to within 1-2F o f the setpoint.
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Figure 5: SAT and RAT, September 15, 2005

A typical small DX unit with a single compressor will cycle on and off frequently to meet the space
sensible load. The lower SAT (typically, 55F) and fl uctuations in SAT as the unit cycles is expected
to be unsuitable for displacement ventilation. In April 2005, the prototype DV unit was not yet ready
for installation. As an interim solution, the displacement diffusers were installed and connected to
the existing four-ton packaged rooftop unit in the middle of April. Displacement ventilation was
tested with the existing unit for the last 8 weeks of the 2004-2005 school year.

Figure 6 shows the vertical temperature distribution along the interior wall, at about a distance of
eight feet from one of the diffusers. The data for this day show a temperature stratification level
between 4”and 40” of 3.5F - 6F. This exceeds the AS HRAE 55-2004 comfort recommendation of
a maximum stratification level of 3.6F between head and foot level of seated occupants. Moreover,
the cool air temperatures near the floor may cause discomfort.
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Figure 6: DV Space Temps (SW) with DX unit, May 19, 2005

The cool air temperatures near the floor and high thermal stratification are attributed to the cooler
SAT with the DX unit. On this day, the SAT dropped as cool as 57F, and fluctuated throughout the
day (see Figure 7).

The performance monitoring data of a conventional single-compressor system confirm that
additional cooling capacity control measures are needed to control supply air temperature.
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Figure 7: Supply and Return Temps, DV with Standard DX Unit
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Energy Efficiency

Monitored data of HVAC kWh show how the power consumption of the two systems compares over
the course of a day in the cooling season. Figure shows power consumption, averaged over 1-
minute intervals, for both the DV unit and control unit. On this day, during daytime hours, the DV unit
consumed 14.2 kWh, compared to 16.3 kWh for the control unit. The cycling of the control unit is
easily seen. The DV unit’'s compressor runs at part-capacity for most of the day. The system also
has a reduced daily peak demand (2.5 kW), since the system is able to run at part-capacity to
maintain space conditions.

6:00 8:00 10:00 12:00 14:00 16:00 18:00

—e— Ctrl KW (1-min avg) —e— DV kW (1-min avg)

Figure 8: HVAC Electricity Consumption, September 15, 2005

The energy efficiency of this unit is most prevalent during mild outdoor conditions, when the system
can take full advantage of the increased opportunities for free cooling. Monitored data at Kinoshita
on November 9, 2005 shows a dramatic reduction in daily energy use (4.9 kWh for the DV unit,
compared to 19 kWh for the control unit). A large portion of the energy savings is attributed to the
use of a variable-speed drive on the supply fan.
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Figure 9: HVAC Electricity Use, Nov. 9, 2005

The displacement ventilation classroom was compared with an adjacent mixing ventilation
classroom. Each of the two classrooms has an occupancy level of 20 students, and has the same
orientation. However, there are still factors that affect a direct comparison of the two classrooms:

1. Initially, the two classrooms were set to the same cooling setpoints. With cooling setpoints of
72F, the displacement ventilation classroom had significa ntly lower temperatures in the
lower portion of the room, with cool air near the floor. The setpoint was raised to 74F in the

fall.

2. The DV prototype system has a variable-speed drive on the supply fan. Some energy
savings is expected due to the reduction in fan speed and fan power. A goal of the
monitoring is to identify the energy savings attributed to displacement ventilation.

3. The Carrier DV prototype has a peak supply airflow rate (1200 cfm) that is lower than the
control unit (nominally 1400 cfm).

4. The teachers tend to open both the exterior and interior doors of the classroom. This will
provide a secondary source of ventilation and will create additional heating or cooling load,
depending on outdoor conditions.

5. An ARI performance rating is unavailable for the prototype unit. While the compressor
operates with reduced power consumption during reduced load conditions, it still draws some
power in the unloaded state. For this reason, the cooling performance of the prototype unit is
expected to be similar to that of the mixing ventilation unit.

In other words, the energy savings can be attributed to either the use of displacement ventilation or
to the use of the prototype unit. A large unknown is the efficiency of the new unit. Based on
manufacturer’s data and short-term system data on compressor operation and power use, it is
expected that the seasonal performance (i.e., SEER) of the new unit will be comparable to the
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existing units at the school (SEER 13). The manufacturer must conduct performance tests per ARI
protocols to determine unit efficiency.

Initial monitoring results in September 2005 showed that the DV unit used slightly more energy than
the mixing ventilation unit. After calibration of the room thermostat settings, and control setting
adjustments, the DV system used 38% less energy than the mixing ventilation unit.

Data collection problems prevented reliable data collection in January and February 2006. Since the
goal of the system is to reduce cooling energy use, the data gap should not affect the analysis
significantly.

In the spring of 2006, the DV unit demonstrated additional energy savings, despite the fact that the
fan in the mixing ventilation classroom was often turned off during the day. The energy summary
results are shown below.

Table 1 — HVAC Electricity Comparison

Period Control Unit DV Unit

Total Daily Average Total Daily Average
8/22/05 — 9/30/05 392 kWh 19.6 kwh/day 448 kWh 22.4 kWh/day
10/31/05 — 12/14/05 330.8 kWh 10.7 kwh/day 197.9 kWh 6.4 kwWh/day
2/2306 - 4/18/06 128.4 kWh 2..92 kwWh/day* 239.0 kWh 5.43 kWh/day
4/19/06 - 5/23/06 611.3 kWh 17.0 kwh/day 266.9 kWh 7.41 kWh/day
Total 1,462.5 kWh 1,151.8 kWh

* During this period the supply fan was often set to auto during school hours.

Cooling energy savings are largest on mild days, when the DV unit can operate in economizer mode
and use 65F outside air to cool the space.

Air quality and acoustics benefits were realized with the use of the displacement ventilation system
as well. Monitoring data on indoor air quality and acoustics are discussed in the Capistrano
Research Report (task deliverable 2.7 of this project).

Heating Performance

Heating performance is documented in greater detail in the Capistrano Research Report. However,
it should be noted that the heating system used with this unit is not ideal for displacement ventilation.
Ideally, moderate heating supply air temperatures of 80F to 90F should be used with displacement
ventilation. This unit has a larger heating output than required. As a result, heating supply air
temperatures occasionally reach 90F to 100F. In this cl imate, most of the heating conditions occur
prior to occupancy, so it did not adversely affect comfort.

The same product design could incorporate improved designs for heating. The simplest option is the
use of a low heating stage (35 MBH output or less), to moderate the supply air temperature. With
this option, the supply fan speed must be kept high to moderate the supply air temperature. Another
potential option is to use the DigitalScroll™ compressor in a heat ';w)ump configuration. This would
allow for heating capacity modulation. Although the DigitalScroll™ has been used in heating
applications in split systems, this option has not been tested under this project.
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System Performance

The system can also be evaluated by system data on supply air temperature, supply fan speed
operation, cooling capacity operation and electricity use. Due to communications issues with the
manufacturer’s supplied modem, limited data was available from the system. However, system data
was collected on supply air temperature and HVAC power. A review of all monitored data, supply
and return temperatures and HVAC power provides some insights on system performance.

The system worked very well at maintaining space temperature and controlling supply air
temperature. All control sequences were verified during the testing and commissioning phase. A
few observations were made on the system controls sequence during the monitoring period. These
insights may help to refine the control sequences developed for this unit.

1. Effect of SAT reset on HVAC power.

The DV prototype unit included capability for supply air temperature reset downwards if the space
temperature remained above the cooling setpoint. Initially, the supply air temperature reset was too
aggressive. The supply air temperature would occasionally reset downwards to 55F or below. This
would cause a sudden spike upwards in HYAC power (see figure below). This issue was corrected
in later September through controls modifications, and daily system electricity use dropped
considerably.

Figure 10: SAT Reset and Impact on HVAC Power, Sept 16, 2005
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2. Cooling capacity requirements.

Short-term observations showed that the system typically operates at a cooling capacity output of
60% or less. The supply fan typically operates between 30% and 60% of full capacity. The 4 ton
cooling capacity of the DV prototype unit is more than required under current load conditions at the
Kinoshita Elementary classroom. This highlights the need for efficient operation at part-load
conditions.

3. Space Temperature Control.

Monitoring of indoor conditions and short-term system functional tests revealed that the fan speed
control is somewhat slow to respond to changes in room temperature. Adjustment of this control
loop to provide greater response to changes in space temperature could improve space temperature
control.

4. System Operation at Low-Load Conditions.

Occasionally, the DV prototype unit would use compressor cooling during low load conditions, when
the classroom was unoccupied and the outdoor air temperature was between 66F and 70F. The
compressor would operate between 10% and 20% of capacity. At this low part-load range, system
part-load efficiency is very low. At this range the supply fan was not operating at full speed. Under
these conditions, it may be more energy efficient to increase fan speed to eliminate the need for
compressor cooling. A more aggressive supply air temperature reset strategy may be beneficial
under these conditions.

The manufacturer plans to collect additional data on system performance after the conclusion of the
PIER monitoring study. Additional data would help determine potential adjustments for greater
energy savings.

Performance Summary

In summary, the performance of the unit has been very encouraging, especially since it is the only
known system of its size that meets the demanding supply air requirements for displacement
ventilation. The system exceeded minimum DV requirements for supply air temperature control, and
ran reliably over the test period.

The system provides comfort benefits through the elimination of compressor cycling, and significant
acoustic benefits when coupled with a displacement ventilation air distribution system. The system
provides energy benefits due to the use of a variable-speed drive on the supply fan, an increased
economizer range and a consistent pattern of thermal stratification in the space.

With the VAV control supplied by the inverter, the system could easily be adapted for single-zone
VAV applications. If a cooler SAT were provided, the system would provide for superior humidity
control through the near-elimination of cycling.
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Product Development Needs

This section of the report addresses steps needed to complete the product development of the DV
prototype unit. This report also addresses production needs as defined in Task 2.12 of the
Displacement Ventilation project.

Product Status

The prototype unit was successful in meeting design requirements. Occupant feedback has been
very positive. The manufacturer (Carrier Corporation) has indicated a desire to further the
development of the product. The manufacturer also plans to continue monitoring of the Kinoshita
unit through a communications modem.

This prototype was constrained to use the same roof curb as the existing unit (a Carrier model
48HJDO005). The manufacturer is building a second prototype based on the same design. The
second prototype will use the same cooling and control strategies, but will be based on the
manufacturer’s premium rooftop package. The manufacturer may have a unit tested and ready for
market by late 2007.

It should be noted that other manufacturers are interested in the technology demonstrated at
Kinoshita and in displacement ventilation. AAON Corporation has direct experience in using the
Copeland DigitalScroll™ for applications that require humidity control or precise control of the supply
air temperature. Competition among manufacturers may help move the product development cycle
forward.

Product Development Needs

The unit shows great promise as a packaged single-zone solution for displacement ventilation. The
unit has performed reliably at Kinoshita and has met or exceeded expectations for functionality. The
manufacturer has expressed interest in performing additional small-scale deployments of the unit.
However, work is required to bring the unit into a production line. The following needs have been
identified for the unit:

Digital Scroll System Options.  Currently, the Copeland DigitalScroll is only available in capacity
sizes of 4 tons or larger. Due to the turndown available with the compressor, the 4 ton Digital Scroll
can be used effectively today with displacement ventilation. However, California classrooms in
temperate climates with high performance designs will only require 2 to 3 tons of cooling capacity.
Another limitation today is that the Copeland compressor is only available in R-22 refrigerant; a
Digital Scroll using R410A is planned for late 2006. The manufacturer has expressed interest in
applying the DV unit design to their premium rooftop package, which uses the Puron refrigerant and
can readily use their premium controller.

Cooling Efficiency Testing.  As this is a new system configuration, no efficiency data exists for the
unit. The DigitalScroll™ does use a small amount of power in the fully unloaded state (approximately
10% of full power). This will decrease the cooling efficiency at low part-load ratios. It is unclear
whether or not the unit would have an equivalent or higher SEER rating than currently available high-
efficiency units. Additional testing is required to test for cooling efficiency.
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The turndown capability of the Copeland DigitalScroll™ may actually be more than required for this
application. The compressor can operate as low as 10% of full capacity. However, cooling efficiency
is low at this part load ratio. For instance, consider operation at the minimum cooling output of 10%.
The unit achieves a 10% cooling output by operating in the fully loaded state 10% of the time and
the fully unloaded state 90% of the time. An estimate of power consumption at this operating
condition can be determined by considering the power consumption in the fully loaded state and fully
unloaded state.

Power = (Peak kW) x 10% + (10% of Peak kW) x 90% = 0.19 x (Peak kW)
Cooling Output = 10% peak output

The cooling part-load efficiency is defined as the cooling output (normalized against peak system

output) to the system power consumption. At full-load conditions, the part-load efficiency is 1. At

part-load conditions, efficiency degrades: less cooling is provided for a given average power input.
At a part-load ratio of 10%, the cooling efficiency is:

Cooling Part Load Efficiency = 0.1/ 0.19 = 53%

This means that the cooling efficiency at a part-load ratio of 10% is slightly over half that at fully
loaded conditions. The figure below shows the predicted part-load efficiency of the compressor
under different part-load conditions (detailed performance data was not available at the time of this
report).
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Figure 11: Predicted Part-Load Efficiency of DV Prototype Unit

Cooling efficiency is substantially reduced when the part-load ratio is below 30%-40%. Of course, a
single compressor system that cycles on and off will also have reduced cooling efficiencies at part-
load conditions. However, it is unclear whether or not the system will have a higher average cooling
efficiency (SEER) than a comparable single-compressor unit.
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It is possible with control algorithms to restrict operation at low part-load ratios, so that performance
is not adversely impacted. This issue warrants further study by those seeking to develop a product
with the DigitalScroll™.

Identification of Cost Target. It is likely that a displacement ventilation HVAC unit would carry at
least a slight cost premium. The cost premium of the DigitalScroll™ and variable speed drive could
be significant. A cost premium of up to 20-30% would be acceptable considering non-energy
benefits (IAQ and acoustics), but a higher cost could make this product more difficult to market.
While a variable-speed drive is not required to this technology, it is clear that significant additional
energy savings are achieved with a VAV system.

Additional Refinement of Controls. Significant time was spent developing control algorithms for
the unit. The control sequences are more complex than a constant-volume, packaged unit. The
manufacturer may wish to explore strategies such as SAT reset in greater detail to optimize energy
performance. SAT reset will increase the opportunity for free cooling, but may increase fan energy
in a VAV control strategy.

Humidity Control for Other Climates. Control of humidity requires additional features not available
with the Kinoshita unit. The supply air temperature could be lowered slightly to provide for some
dehumidification, but this would not be sufficient in other areas of the country. The manufacturer is
investigating options for addressing humidity so that the product would be suitable for a national
market.

Heating Options. The unit could benefit from a low heating stage (typically, 35 MBH) to moderate
the supply air temperature. The Coyote Ridge demonstration used hydronic control to limit the
supply air temperature in heating to 80-85F. The u se of a higher supply air temperature may cause
some of the heat to rise to the ceiling return before it has a chance to heat the space. For
applications with significant daytime heating needs, the use of displacement diffusers with a
capability to reduce outlet area to increase discharge air velocity would also improve heating
performance.
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