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Abstract

This project evaluated the energy savings and market potential for hot, dry air conditioning
systems for the residential and commercial market sectors. Commercially available air
conditioners are designed to meet national performance standards that are roughly based on
“average” cooling season weather conditions across the United States. The current design
process gives little or no attention to the performance of the air conditioners at the conditions
prevalent in California. As a result, substantial energy is wasted by air conditioners in hot dry
climates, particularly on peak days.

The PIER program commissioned a project to promote air conditioners specifically selected to
perform well at hot, dry conditions. Pacific Gas and Electric Company, Southern California
Edison, and Nevada Power commissioned this side-by-side field test of standard SEER 13 air
conditioners and major manufacturers” hot, dry air conditioning systems. The study consisted
of field monitoring seven SEER 13 air conditioners and their hot, dry air conditioning system
replacements during the summer of 2006.

The results from laboratory and field testing demonstrated energy savings of up to 20 percent
and peak demand reductions of up to 35 percent. Based on the technical results and an
evaluation of the potential market, the team recommends that the state and the local utilities
fast track incentives and marketing for units that meet the hot, dry air conditioning system
specifications.

Keywords: HVAC, hot dry air conditioner, electric peak reduction, peak energy efficiency ratio,
sensible cooling, energy efficiency, rooftop package unit, split air conditioner, air movement
efficiency, dry climate, microchannel coil, condenser fan, condenser airflow, furnace airflow
efficiency, SEER, EER, PEERs
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Executive Summary

Introduction

California is a summer peaking utility region, and air conditioning is the primary cause of the
peaks. Residential air conditioning has a ratio of peak load to average load of 3.5 to 1. This is the
highest ratio of all end uses. A residential air conditioner produces a peak watt draw 23 times as
great as residential lighting with the same annual consumption.

Air conditioning drives the peak energy consumption that results in the highest marginal cost
of electricity. California’s electric peak demand is almost completely caused by summertime air
conditioning loads that show sharp peaks. California Energy Commission. 2002. 2002-2012
Electricity Outlook Report P700-01-004F.

California’s peak electric demand dominates the need for additional power plants, transmission
infrastructure, and related environmental issues. Even high-performance air-conditioning
systems are not optimized to maximize indoor temperature reduction for each watt-hour of
consumption under hot and dry ambient conditions. Reducing peak-electric demand by 20
percent in residential and small commercial air conditioners could save California as much as
71 megawatts per year at a 20 percent market penetration.

Commercially available air conditioners are designed to meet national performance standards
that are roughly based on “average” cooling season weather conditions across the United States.
For residential air conditioners, the performance metric is the Seasonal Energy Efficiency Ratio
(SEER). SEER is based on indoor conditions that require significant dehumidification and an
outdoor temperature of only 82°F. For commercial air conditioners larger than 5 tons, the metric
is the Energy Efficiency Ratio (EER) rated at 95°F, closer to the performance needed in
California. The current design process gives little or no attention to the performance of the air
conditioners at higher temperatures or where dehumidification is not necessary. The only
mandatory test for high temperature is a maximum operating conditions test at 115°F. The
manufacturers do not certify or report the performance of their air conditioners at that
temperature.

Purpose
The primary goals of this project were to:

¢ Demonstrate that peak-electric demand could be reduced by 15 percent to 25 percent due to
the installation of new residential and small commercial air conditioners in hot and dry
climate regions of California.

e Demonstrate that energy use could be reduced by 10 percent to 25 percent from these new
residential and small commercial air conditioners.

The steps initially defined to achieve these goals were to:

e Design, fabricate, and test cost-effective hot, dry air conditioning systems that are optimized
for hot, dry climates.



¢ Develop new engineering design methods for hot/dry climates.

e Evaluate the impact of various control strategies for residential and small commercial hot,
dry air conditioning systems on peak electrical demand and electrical energy use.

Key Accomplishments
The following is a summary of the key objectives accomplished during this project:

e Built one 3-ton split air conditioner with reduced peak watt draw and improved life-cycle
costs within current manufacturing capabilities.

¢ Built one 5-ton package rooftop air conditioner with reduced peak watt draw and improved
life-cycle costs within current manufacturing capabilities.

e Created “hot/dry low-peak” specification for reduced peak improved life-cycle cost hot, dry
air conditioning systems.

e Developed a partnership with manufacturers to build and test air conditioners that meet the
“hot/dry low-peak” standards, while meeting human comfort requirements.

e Coordinated and worked with the U.S. Department of Energy, Oak Ridge National
Laboratory, and Purdue University in low-peak air conditioner design and control.

¢ Conducted outreach efforts to publicize the results of the research.

The hot, dry air conditioning system units used for the field testing were provided by Carrier
Corporation, Lennox International, and American Standard Companies. Early in the Project a
hot, dry air conditioning system performance standard was developed in anticipation that
manufacturers would be willing to manufacturer their own hot, dry air conditioning system
units. Instead manufacturers chose to provide off-the-shelf equipment that they believed
provided equivalent hot, dry air conditioning system performance.

Due to the unforeseen amount of time and effort required to complete the initial phases of the
project, the contract term expired before the completion of some of the final tasks. Despite these
limitations, this report does attempt to address all the goals and objectives established for the
project and provides a full set of recommendations on which to base future efforts to promote
and commercialize hot, dry air conditioning systems technology.

Project Outcomes

Detailed test data from a variety of sources was reviewed to determine the appropriate
configuration of baseline air conditioners which served two purposes. This information
provided data to populate a simulation model for comparing various potential design changes
to achieve high efficiency at high temperatures and low humidity. It also provided the initial
base of comparison for the performance and economics of the resulting air conditioners.

The anticipated minimum SEER rating in the United States at the start of the hot, dry air
conditioning system project was SEER 12. During this project the anticipated minimum SEER



rating was increased to 13. In the final analysis the hot, dry air conditioning systems were
evaluated against typical SEER 13 R-410A air conditioners.

Two baseline air conditioners were selected. One air conditioner was a 3- ton typical split
system residential unit and the other was a 5-ton typical light commercial package unit.

Test data and the physical parameters were used to create a computer model of the baseline
units. The Oak Ridge National Lab Heat Pump Design Model was used for modeling the
baseline units (ORNL 2002). The model was calibrated to baseline test data when available.
These models were the starting points for the design process.

The team researched a broad range of potential component designs for use in the hot, dry air
conditioning system units. The potential candidates were evaluated for cost, performance,
availability, maintenance issues, durability and reliability. In additional to many standard
energy efficiency features the modeling examined specific hot, dry air conditioning system
features such as:

e Higher saturation temperature evaporator coil.

e Higher airflow across the evaporator coil.

e Controls to minimize latent capacity under dry indoor conditions.

¢ Increased condensate retention on the evaporator coil.

e Controls to obtain latent capacity when indoor moisture rises significantly.

e Controls to evaporate moisture off the coil rather than allow condensate drainage.

Extensive airflow optimization was performed at the research group's test facility to optimize
hot, dry air conditioning system performance and the results incorporated into the simulation
model.

A life cycle cost model of energy consumption was created based on the Residential Alternative
Calculation Method (ACM) Approval Manual (2005) and the Nonresidential ACM (2005). The
results predicted the life cycle costs for residential and commercial buildings using hot, dry air
conditioning systems in seven different California climate zones (Table 1).

Extensive evaluation of different component assemblied and system configureations was made
to determine the designed that produced the best hot, dry air conditioning system performance.

Based on the results of the physical testing and simulation modeling, prototype units were
constructed for extensive laboratory testing. The 3-ton residential split system was tested at
PG&E’s Technical and Ecological Services (TES) facility, and the 5-ton commercial packaged
system was tested at SCE’s Refrigeration and Thermal Test Center. Extensive evaluation of
different component assemblies and system configurations was made to determine the designs
that produced the best hot, dry air conditioning system performance.



Table 1. Average Life Cycle Cost Benefits

Energy Peak Life Cycle
Savings Reduction Cost Savings
(kWhlyear) (kW) over to end
user 18 years
Residential
SEER 12 Baseline 656 1.53 $905 -
$1,457
SEER 13 Baseline 231 0.57 $319 - $509
SEER 14 Baseline 85 0.43 $118 - $213
Commerical
SEER 12 Baseline 1741 1.95 $2,507 -
$3,391
SEER 13 Baseline 1619 1.46 $2,331 -
$3,037
SEER 14 Baseline 1157 0.51 $1,666 -
$2,051

Source: Southern California Edison

Once the laboratory tests were completed, a hot, dry air conditioning systems performance
standard was drafted based on the test results. The resulting hot, dry air conditioning systems
standard was less than the performance demonstrated by the prototype units, but it was chosen
as within reasonable reach by the major manufacturers (Table 2).

Table 2: Hot, Dry Air Conditioner Draft Specifications

Condition #1 Hot Dry 115/80/63

Gross Sensible Capacity 75% or greater than

(sensible btuh) the gross total capacity at ARI test A (95/80/67)
Net Sensible PEER at least 8 btu/watthr

Condition #2 Hot Medium 115/80/67

Gross Sensible Capacity 65% or greater than

(sensible btuh) the gross total capacity at ARI test A (95/80/67)
Net Sensible PEER at least 6.8 btu/watthr

Source: Southern California Edison

A significant outreach effort was executed in parallel with the technical development of the hot,
dry air conditioning system units. To increase the opportunities for field testing hot, dry air
conditioning systems an extensive outreach effort was undertaken to recruit other utilities in
hot/dry states. As a result of these efforts, Nevada Power agreed to participate in addition to
SCE and PG&E. Efforts to recruit manufacturers results in participation from Goettl Air
Conditioning, Lennox, and Trane chose to formally participate. Numerous other outreach
efforts were also made to encourage support and interest from a wide variety of industry and
research organizations including the American Refrigeration Institute, Air Conditioning



Testing and Analysis Protocol

Test apparatus system resistance was measured so that performance could be evaluated at
appropriate conditions. Static pressure was measured at varying airflow rates for each iris
damper position. Measured static pressure was curve fit against airflow to define system
resistance curves. Design system resistance was 0.5” water column static pressure at 1050 cfm
airflow. Performance was also evaluated at a higher and a lower resistance to verify the air
handler would maintain efficiency over a range of conditions. The system resistance curves
used to evaluate air handler performance is shown in Figure 6.

Test Apparatus System Resistance Curves
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Figure 6: Test Apparatus System Resistance

Source: Southern California Edison

Improvements were tested individually. All tests were performed using an 825 rpm 1/3 Hp PSC
motor. The tests were performed with the furnace heat exchanger and evaporator coil in place
to provide realistic conditions for improvement evaluation.

Each air handler improvement was tested at varying iris damper settings. Static pressure was
curve fit against airflow to calculate the intersection with the system resistance curves and
determine the operating point. Power input was curve fit against airflow, and watt draw at the
operating point was calculated.

Efficiency was calculated as: h = Q*Dp/W
Where: Q = Volumetric air flow
Dp = Pressure difference across the fan

W =Power input
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Airflow, input power, and efficiency were measured at design system resistance as well as
higher and lower than design system resistance. Test results were applied to the DOE ORNL
model to determine the air handler design for optimal PEERs.

2.7.3. 5-Ton Package Evaporator Section Airflow Testing

The goal of the package unit evaporator section airflow testing was a configuration that would
potentially provide higher than average evaporator coil airflow at lower than average fan watt
draws. Simultaneously the configuration had to provide a reasonably uniform distribution of
airflow velocities across the coils.

Package rooftop air conditioners have the same efficiency detractors that are typical in
residential furnaces/air handlers. In addition they are confined to a small footprint.

Four metrics of airflow were used: airflow rate, external static pressure, fan motor power draw,
and evaporator coil flow distribution. Package air conditioners generally have two options for
the positions of the supply and return openings, bottom and side. For all of the testing, the side
openings were used, though the bottom openings were left unobstructed so the product would
retain dual inlet/outlet orientations.

Extensive airflow optimization was performed at the research group's test facility. Test results
were applied to the U.S. DOE ORNL heat pump model to predict the air handler design for
optimum air conditioner PEERs.

Test Facility

Figure 7: Honeycomb Flow Conditioner

Source: Southern California Edison

To obtain consistent pressure and flow measurements, two 4-ft sections of duct were attached to
the supply and return inlets. Each duct had 2 honeycomb flow straighteners as shown in Figure
7. A 20”x 20” TrueFlow© flow-plate was mounted between the flow straighteners in the return
duct. A micro-manometer measured the flow plate pressure difference and the flow was
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calculated using the standard TrueFlow equations (The Energy Conservatory 2006). The
TrueFlow flow meter is accurate to + 7% of the full-scale flow.

External static pressure was measured using static probes mounted in the ducts at the package
unit inlet and outlet. These probes were attached to a DG-700 Energy Conservatory micro-
manometer. The accuracy of this digital pressure gauge is +1%.

Fan input power was measured with an Ohio Semitronics GH-series watt transducer accurate to
+0.2%.

Evaporator coil airflow distribution was investigated with three techniques: Pitot tube
measured face velocities, smoke pen flow visualization, and infrared camera thermal imaging.

The Pitot tube measurements were most consistent when situated directly downstream of the
coil.

The smoke pen method allowed visual confirmation of airstreams, and areas of turbulence, but
was only viable with airflow rates less than 500 CFM.

The thermal imaging camera provided the most effective method of judging distribution across
the coil and the effects of the distribution. With the air conditioner operating, airflow
misdistribution and/or refrigerant flow was determined from infrared images of the coil.
Regions receiving greater than average airflow were at higher temperatures, while regions with
insufficient airflow were at lower temperatures. To determine which observed differences were
due to airflow distribution, diverters and turning vanes were installed, and the temperature
regions moved as expected. Figure 8 shows an image from the thermal camera.

SFLIR thernaE R

Figure 8: Thermal Image of
an Evaporator Coil

Source: Southern California Edison

2.8. HDAC Assembly and Development Tests

The HDACs were assembled in the research team's laboratory and tested under high ambient
temperatures. Assembly used standard brazing and mechanical fastening techniques.

The development laboratory does not have psychrometric rooms. High ambient temperatures
were created by recirculation of the heated air exiting the condenser. Condenser exiting air was

30



trapped by a large tent surrounding the unit. The air was circulated within the tent and a
controlled amount of ambient air was introduced to stabilize the condenser air entering
temperature.

The airflows were measured with the test apparatus described in Sections 2.6.2 and 2.6.3. Inlet
and outlet air temperatures were measured by grids of thermocouples. Refrigerant
temperatures were measured with thermocouples thoroughly insulated from air temperatures
and in direct contact with the refrigerant lines.

With this test apparatus, the team was able to compare the performance when components and
configurations were changed. This apparatus was used to select between available condenser
and evaporator coils and to determine the effects of a suction line liquid line heat exchanger.

The suction line liquid line heat exchanger was plumbed into the system such that the heat
exchanger could be bypassed.

2.9. Laboratory Test HDACs and Optimize Parameters

Performance data were gathered from laboratory tests at Southern California Edison Company
for the 5-ton unit and at Pacific Gas and Electric Company for the 3-ton unit. For each test the
electrical power, cycle state points, and flow were measured. The psychrometric rooms for each
of the laboratories were equipped as described in

Section 2.2 Baseline Unit Efficiency.

2.9.1. Test Facilities

The SCE Refrigeration and Thermal Test Center is a 3,800 square-feet testing facility located in
SCE’s CTAC complex in Irwindale, California. It contains supermarket, HVAC, and refrigerated
walk-in test chambers.

The PG&E Technical and Ecological Services (TES) is a 13-acre facility serving the needs of
Pacific Gas and Electric Company. TES provides specialized testing and analytical services
across a wide spectrum of disciplines including HVAC systems.

The HVAC testing areas consist of indoor and outdoor psychrometric rooms in which the
temperature and humidity can be controlled to simulate a range of inside and outside
conditions. The “Inside Room” acts as a space from which the test unit draws air representing
the conditions inside the building. The “Outside Room” is used to create the outside air
condition. The 5-ton package unit was placed in the outside room for testing with inside room
air ducted to the unit. The condenser section of the 3-ton split unit was placed in the outside
room with refrigerant lines running to the inside room for the evaporator section. The 3-ton unit
indoor section was placed in the indoor room. Evaporator airflow measurements were made
with airflow chambers compliant with national standards. The PG&E outdoor room also had a
compliant airflow chamber to measure the condenser airflow. Each chamber is equipped with a
variable speed booster fan to compensate for the added resistance of the chamber.
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2.9.2. Test Conditions

The HDAC units were tested at Hot Dry conditions as well as those necessary to establish SEER.
These tests determined:

e Performance and optimum refrigerant charge and subcooling under hot and dry
conditions

e Performance and optimum evaporator airflow rate under hot and dry conditions
e Performance under standard conditions for SEER

e Performance utilizing latent recovery
Optimum Refrigerant Charge and Subcooling for Hot, Dry Conditions

Refrigerant charge optimization was done at the design point for the HDAC 115°F outside, 80°F
dry bulb and 63°F wet bulb inside. Airflow through the evaporator section was constant with
0.50 in. of duct system static pressure across the unit.

For this series of tests, subcooling and the amount of refrigerant were changed step by step to
establish the optimum subcooling, superheat, and refrigerant charge for each unit. When data
had been collected for a range of subcooling and refrigerant charges, the optimum settings were
determined by the highest PEERs.

Optimum Airflow Rate for Hot, Dry Conditions

For this series of tests, the outdoor environment room was maintained at 115°F and the indoor
room at 80°F dry bulb and 63°F wet bulb. The refrigerant charge and controlled subcooling
were set to the optimum performance determined in the Optimum Refrigerant Charge and
Subcooling Tests. Airflow through the indoor section was controlled to a static pressure external
CFM perton
495 CFM per ton

data had been collected for a range of airflows, the optimum flows were determined by the
highest PEERs (net sensible EER).

to the indoor section of ( )? Inches of Water while airflow was varied. When

Performance at Standard Rating Conditions

Once the optimal combination of refrigerant charge, subcooling, and airflow rate were
determined at 115°F, additional tests were completed to obtain SEERs. The tests for determining
SEER are specified in ARI Standard 210/240 (ARI 2003). The three tests used to determine SEER
on single speed equipment are called Test B, Test C, and Test D. The test conditions are listed in
Table 9.
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Table 9: ARI SEER Test Conditions

Test Evaporator Air Evaporator Air Condenser Air External Static
Entering Dry Entering Wet Entering Dry Pressure
Bulb Bulb Bulb
B Cooling 80°F 67°F 82°F 0.15 for 3-ton
Steady State 0.20 for 5-ton
C Cooling 80°F 57°F or less 82°F 0.15 for 3-ton
Steady State Dry 0.20 for 5-ton
Call

D Cooling Cyclic 80°F 57°F or less 82°F 0.15 for 3-ton
Dry Caoll 0.20 for 5-ton

Source: Southern California Edison

Since the SEER test uses much lower external static pressures than used in the HDAC design
and testing, the HDACs' airflows were reoptimized for SEER. Higher SEERs are obtained by
manufacturers using a hard shut off valve to separate the high pressure and low-pressure sides
of the system. The HDAC SEER tests were run with a hard shut off on the metering valve.

2.9.3 Performance with Latent Recovery

In dry climates like California there is wasted cooling capacity that is sent “down the drain” in
the form of condensate from the evaporator coil. The air conditioner cycle can be changed to
harvest this cooling capacity by running the fan at the end of the compressor cycle which
evaporatively cools the air returning to the building. The test conditions used for this test are
shown in Table 10.

Table 10: Latent Recovery Test Conditions

Test Outdoor DB Indoor DB Indoor WB Airflow Static
Description (°F) °F) (°F (CFM) Pressure
(IWC)
Latent 115 80 67 1750 (5-ton) 0.5
Recovery 1100 (3-ton)

Source: Southern California Edison

2.10. HDAC Performance Standard

The Proof-of-concept HDACs were designed to investigate and illustrate potential improved
performance in air conditioners when they are optimized to hot/dry conditions. Once the
laboratory tests were completed, an HDAC performance standard was drafted based on the test
results. The resulting HDAC standard was less than the performance demonstrated by the
proof-of-concept units, but it was chosen as within reasonable reach by the major manufacturers
(Table 11).
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Table 11: Hot, Dry Air Conditioner Draft Specifications

Condition #1 Hot Dry 115/80/63

Gross Sensible Capacity 75% or greater than

(sensible btuh) the gross total capacity at ARI test A (95/80/67)
Net Sensible PEER at least 8 btu/watthr

Condition #2 Hot Medium 115/80/67

Gross Sensible Capacity 65% or greater than

(sensible btuh) the gross total capacity at ARI test A (95/80/67)
Net Sensible PEER at least 6.8 btu/watthr

Source: Southern California Edison

2.11. Compare Laboratory Tests to Production Air Conditioners

Following the laboratory tests, the results were compared to production air conditioners. Since
the manufacturers do not publish performance data for their machines at the HDAC conditions,
the published "expanded performance tables" which list estimated cooling capacities and unit
powers at various indoor conditions, outdoor conditions and evaporator airflows had to be

used. These were used in combination with published performance for evaporator coils and

forced air furnaces.

The process followed these steps:

1.

Interpolate the total capacity, sensible capacity, and unit watt draw for the HDAC
evaporator air entering wet bulb temperature.

For units rated as net capacities and without a specific evaporator fan, increase the
sensible and total capacities by 1.25 times the airflow in cfm3. This produced gross
capacities.

For units rated as net capacities and with a specific evaporator fan, determine the fan
watt draw at the ARI minimum external static pressure and increase the sensible and
total capacities by 3.414 times the watt draw of the evaporator fan. This produced the
gross capacities.

For units rated as net watt draws add the watt draws of the evaporator fan as
determined in steps 2 or 3 above. This produced the gross watt draws.

Using data on the actual evaporator fan in the proposed HDAC unit, curve fit the
relationship between the airflows and the static pressures at the proposed fan settings.
Plot the result.

For split units curve fit the relationship between the evaporator airflows and the static
pressure drop across the evaporator coil. Add the static pressure drop of the typical duct

3 Standard ARI assumption for units tested without a specified evaporator fan.
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CFM perton
495 CFM per ton

coil and plot the result with the results from step 6. The intersections are the potential

system ( )? Inches of Water to the pressure drop across the evaporator

system operating points.

7. For package units plot the static pressure drop of the typical duct system
( CFM perton

495 CFM per ton

from step 6. The intersections are the potential system operating points.

)? Inches of Water against the evaporator airflow with the results

8. Determine the blower power for the evaporator fan for the potential operating points of
interest.

Gross Sensible Capacity - 3.412* (Blower Power)
Compressor Power + Blower Power + Condenser Fan Power

each potential operating point of interest.

9. Determine PEERS = for

2.12. Select Standard Manufactured Component Assemblies for Field
Test

Within the timeframe of the project, four manufacturers expressed an interest in HDACs,
particularly if a combination of their existing components could meet the HDAC standard.

The research team evaluated products by seven manufacturers including both split and package
units using the methodology in Section 12.11. From that evaluation, units that approached the
standard (none met the standard outright) were selected for field test against production SEER
13 units.
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3.0 Laboratory Prototype Testing Results

3.1. Component and Assembly Test Discussion and Results
3.1.1. 3-Ton Split Indoor Airflow Test Results
Fan Housing

A standard sheet metal fan housing was compared to a molded plastic housing. The same fan
and motor were used for the tests, only the housing was changed. Figure 9 and Figure 10
represent only the housing differences.

Figure 9: Sheet Metal Fan Housing

Source: Southern California Edison

Figure 10: Molded Plastic Fan Housing

Source: Southern California Edison

The molded plastic housing delivered 160 cfm more airflow at the design system resistance
(Figure 11). The air handler consumed less power per unit airflow with the plastic fan housing
than with the sheet metal housing. The difference increased with increasing static pressure
(Figure 12 and Table 12).
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Figure 12: Fan Housing Effect on Power Consumption

Source: Southern California Edison

Table 12: Fan Housing Comparison

System Metal Housing Plastic % Difference
Resistance Housing
Airflow (cfm) Low 1079 1256 16.3
Design 1001 1161 16.0
High 904 1060 17.2
Power (W) Low 394.0 399.2 1.3
Design 379.7 376.9 -0.7
High 363.3 356.1 -2.0
Efficiency (%) Low 13.6 20.8 52.1
Design 14.3 22.2 55.4
High 14.8 23.1 56.0

Source: Southern California Edison
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Air handler efficiency was 55% higher with the molded plastic fan housing than with the
standard sheet metal housing. The plastic housing was more efficient at all conditions, but the
improvement increased with increasing system resistance.

Furnace Heat Exchanger

4

A tube heat exchanger was compared to a clamshell style heat exchanger (Figure 13). The “fins’
used to block air from bypassing the heat exchanger were also studied. A curved fin was
compared to the standard flat fin to test if a more aerodynamic flow path would improve
efficiency (Figure 14 and Figure 15).

Figure 13: Furnace Heat Exchangers:
Tube (Left) and Clamshell (Right)

Source: Southern California Edison

Figure 14: Heat Exchanger 'Fins'
Source: Southern California Edison

Figure 15: Curved (Left)
& Flat (Right) 'Fins'

Source: Southern California Edison
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Figure 16: Furnace Heat Exchanger Airflow

Source: Southern California Edison
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Figure 17: Furnace Heat Exchanger Power Consumption

Source: Southern California Edison

Airflow at design system resistance was 36 cfm higher with the clamshell heat exchanger than
with the tube heat exchanger (Figure 16). Power consumption per unit airflow was lower with
the clamshell heat exchanger than with the tube heat exchanger (Figure 17).
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Modifying the heat exchanger fins did not significantly change air handler performance (Figure
18 and Figure 19). Airflow and power consumption were virtually unchanged. Various curve
shapes were tested and none were found to improve performance (Table 13).
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Figure 18: Furnace Heat Exchanger Fins Airflow

Source: Southern California Edison
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Figure 19: Furnace Heat Exchanger Fins Power Consumption

Source: Southern California Edison
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Table 13: Furnace Heat Exchanger and Fins Comparison

Heat Exchanger Heat Exchanger Fins
System Tube | Clamshell % Flat Curved %
Resistance Difference Difference
Airflow (cfm) Low 1209 1256 3.9 1256 1271 1.2
Design 1125 1161 3.2 1161 1171 0.9
High 1029 1060 2.9 1060 1064 0.4
Power (W) Low 401.0 399.2 -0.5 399.2 423.1 6.0
Design 381.9 376.9 -1.3 376.9 398.4 5.7
High 362.7 356.1 -1.8 356.1 374.9 5.3
Efficiency (%) Low 18.8 20.8 10.6 20.8 20.5 -1.2
Design 20.3 22.2 9.5 22.2 22.0 -1.1
High 214 23.1 8.2 23.1 22.9 -1.2

Source: Southern California Edison

Efficiency at design system resistance was 9.5% higher with the clamshell furnace heat
exchanger compared to the tube heat exchanger. Airflow increased by 36 cfm. The improvement
was greater at low system resistance. Replacing the flat heat exchanger fins with curved fins
did not significantly change efficiency or airflow.

Fan Inlet Straightening Vanes

Swirling airflow at the fan inlet detracts from efficiency (Figure 20). Inlet swirl is caused by a
variety of factors including duct configuration, duct shape, fan position in the cabinet, and
airflow obstructions in the cabinet.

—

Fan Rotation

/,

Figure 20: Fan Inlet Swirl

Source: Southern California Edison

Various methods are used to straighten airflow entering the fan, including improved duct
design, turning vanes, and fan inlet straightening vanes or splitters. Turning vanes must be
designed to match the ductwork, and so are not appropriate for residential systems where the
ductwork layout is unknown. Inlet straightening vanes (or splitters) can be implemented as a
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simple flat vane in line with the fan axis, extending from the cabinet wall to the fan housing. By
splitting the intake in half along the fan axis, swirl around the fan is reduced.

Two straightening vane configurations were tested: extending the full length of the cabinet on
either side of the fan, and extending only from the fan center to the fan outlet cabinet wall
(Figure 21).

—— ——p

Fan Rotation Fan Rotation

/, /,

i I

Half Length Inlet Straightening Full Length Inlet Straightening
Vanes Vanes

Figure 21: Fan Inlet Straightening Vanes

Source: Southern California Edison

Both types of straightening vanes increased airflow at design system resistance (Figure 22).
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Figure 22: Fan Inlet Straightening Vanes Effect on Airflow

Source: Southern California Edison
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Half length vanes increased airflow more than full length vanes. Power consumption per unit
airflow increased with both types (Figure 23 and Table 14).
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Figure 23: Fan Inlet Straightening Vanes Airflow
Source: Southern California Edison

Table 14: Fan Inlet Straightening Vanes Comparison

System None Full % Half %
Resistance Length Difference Length Difference

Airflow Low 1256 1273 14 1289 2.7
(cfm)

Design 1161 1172 1.0 1189 25

High 1060 1067 0.7 1083 2.2

Power (W) Low 399.2 4315 8.1 437.5 9.6

Design 376.9 405.4 7.6 410.0 8.8

High 356.1 381.5 7.1 384.7 8.0

Efficiency Low 20.8 20.5 -1.1 20.6 -0.6
(%0)

Design 22.2 21.8 -1.9 22.2 -0.2

High 23.1 22.5 -2.7 23.1 -0.1

Source: Southern California Edison

Inlet straightening vanes increased both airflow and power consumption. As a result, efficiency
decreased. Air handler performance was better with straightening vanes extending half of the
cabinet length (from fan axis to fan outlet) than with vanes extending the full length. Half
length straightening vanes increased airflow by 28 cfm, with little efficiency loss.
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The test apparatus return plenum provided a straight airflow path into the air handler cabinet.
Straightening vanes may result in a greater improvement in systems where return duct
configuration is more conducive to system effect losses (Figure 24). Future work should include
return duct configuration as a factor in evaluating the impact of inlet straightening vanes or

splitters.

(System Effect Fan Inlet Swirl ]

—

Fan Rotation

Figure 24: Duct Configuration Causing
Fan Inlet Swirl

Source: Southern California Edison

Fan Inlet Clearance

Recent studies have shown that insufficient clearance between the air handler cabinet and fan
inlet greatly reduces airflow and efficiency (Walker 2004) (Figure 25). Tests were performed at
various fan inlet conditions to determine if efficiency could be improved by offsetting the fan in
the cabinet or using a wider cabinet to increase clearance (Table 15, Figure 26 and Figure 27).
Testing was not performed with a severe fan inlet restriction, as in Walker 2004.

Figure 25: Clearance Between
Fan Housing and Cabinet

Source: Southern California Edison

45



Table 15: Fan Inlet Clearance Tests

Air HandlerCabinet Width

Fan Inlet Clearance (Inches)

(Inches)
Motor Side Opposite Motor
20 2 3.5
20 2.75 2.75
20 3.5 2
22.5 4 4

Source: Southern California Edison
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Figure 26: Fan Inlet Clearance Airflow
Source: Southern California Edison
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Figure 27: Fan Inlet Clearance Power Consumption

Source: Southern California Edison
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Modifying the clearance between the fan inlet and the air handler cabinet had very little effect
on system performance. Airflow, power consumption, and efficiency were unchanged. Test
results indicated that the fan used in the HDAC air handler had sufficient inlet clearance in a
20” cabinet. Increased cabinet width did not improve performance.

Fan Type
A tube axial fan was tested for comparison to the standard forward curved centrifugal fan. The

axial fan was equipped with variable pitch blades to adjust airflow at varying system resistance
(Figure 28).

Figure 28: Tube Axial Fan

Source: Southern California Edison

Tests were conducted at 18° and 25° blade angles. Motor mount and shaft diameter were
incompatible with the centrifugal fan, so the axial fan was tested with a 1/2 Hp PSC motor
instead of the 1/3 Hp PSC motor used in other tests.

The axial fan provided less airflow at design system resistance than the centrifugal fan.
Increasing the blade angle to 25° improved airflow, but the fan consumed more power per unit
airflow (Figure 29 and Figure 30).
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Figure 29: Axial Fan Airflow

Source: Southern California Edison
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Figure 30: Axial Fan Power Consumption

Source: Southern California Edison

Efficiency cannot be directly compared to the centrifugal fan since a different motor was used.
The combination of axial fan and motor was 24% less efficient than the centrifugal fan/motor at
design system resistance.

The axial fan was very noisy compared to the centrifugal fan. The noise level was unacceptable
for residential applications.
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Return Plenum Orientation

Various return duct/plenum configurations were tested, as shown in Figure 31.

Top Bottom
Motor Side Opposite Motor
Inline Side Inlet
Fan Fan

Fan ] Air In Fan

Figure 31: Return Duct/Plenum Orientation
Source: Southern California Edison

The air handler performed better with the return duct entering perpendicular to the fan’s axis of
rotation than parallel to the fan’s axis. Average air handler efficiency at design system resistance
was 15% higher in the “Top” and ‘Bottom” configuration compared to the ‘Opposite Motor” and
‘Motor Side’ configuration. Airflow was 3.6% higher. These tests were performed with a
different motor than previous tests. The motor ran at a higher rpm, so airflow was higher.
Average airflow at design system resistance was 1300 cfm/ton.

Performance was better with the return plenum in line with the air handler than perpendicular
to the air handler. Efficiency at design system resistance was 3.6% higher in the ‘Inline’ position
compared to the ‘Side Inlet” position.

Fan Motor

Typical permanent split capacitor (PSC) motors for residential air handlers are designed to
operate at 1100 rpm on high speed. Most are equipped with several speed selections for airflow
adjustment. However, PSC motors consume nearly as much power at the low speed settings as
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at the high-speed setting. Efficiency is greatly reduced when these motors are not run at their
rated rpm.

The HDAC air handler delivers appropriate airflow for a 3-ton air conditioner between 800 and
900 rpm at design system resistance. To avoid the efficiency loss associated with running a PSC
motor at reduced speed, an 825 rpm PSC motor was acquired for testing. The motor was 1/3 Hp
and required approximately half as much power as a standard efficiency 1/2 Hp, 1100 rpm PSC
motor running at reduced speed.

An electronically commutated motor (ECM) was also tested. ECM is a brushless DC motor that
can be configured to maintain constant torque. Motor speed is modulated to maintain torque,
delivering steady airflow over a range of static pressures. The ECM motor was equipped with a
controller for manual speed/torque adjustment.

The PSC motor was rated at 1/3 Hp, 825 rpm. The ECM motor was rated at 1/2 Hp and was
variable speed. Table 16 compares air handler performance with each motor at 860 rpm, 1150
cfm airflow, and 0.63” water column static pressure. Tested at similar conditions, the ECM
motor increased air handler efficiency by 17% compared to the smaller PSC motor.

Table 16: Split System Air Handler Fan Motor

Motor Power (W) Watts/1000 cfm Air Handler
Efficiency (%)
1/3 Hp PSC 377 325 225
1/2 Hp ECM 323 281 26.4

Source: Southern California Edison

A different type of brushless DC motor was also tested. The motor was rated at 1/3 Hp. At low
static pressures, it performed similarly to a 1/3 Hp ECM. Unlike ECM, the motor was not
designed to maintain constant torque, and airflow dropped rapidly with increasing static
pressure. Airflow at design system resistance was too low to fully test this motor.

Final Design

Test results were applied to the DOE ORNL model at hot/dry conditions (80 °F return dry bulb,
63 °F return wet bulb, 115 °F outside ambient). Components that provided the highest predicted
system EER and sensible EER were selected for the final design. The following components
were selected:

e Plastic fan housing — this housing increased EER by 2.7% and sensible EER by 7%
compared to the standard sheet metal housing.

e Clamshell style heat exchanger — this heat exchanger increased EER by 0.7% and sensible
EER by 1.5% compared to the tube heat exchanger.

e 1/2 Hp ECM motor - this motor increased EER by 2% and sensible EER by 1.8%
compared to a 1/3 Hp, 825 rpm PSC motor. It should be noted that the 825 rpm PSC
motor is significantly more efficient than a standard 1100 rpm PSC running at a lower
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speed setting. The ECM motor improved EER by 15% over a standard efficiency PSC
motor running at reduced speed.

Modified furnace heat exchanger fins and inlet turning vanes did not affect system efficiency
and were not included in the final design.

Air handler cabinet width was set at 20” since increased cabinet width did not improve
performance.

Total improvement over the baseline 3 ton split air conditioning unit, as predicted by the DOE
ORNL model at hot/dry conditions, is 9.8% higher EER and 11.6% higher sensible EER.

3.1.2. 5-Ton Package Indoor Section Airflow Test Results

The package proof-of concept HDAC unit began as a Carrier Infinity 13™ 5-ton package unit.
The indoor section of the unit was substantially modified during the airflow and development
testing. The original configuration of the indoor section is shown in

Figure 32.

Figure 32: Package Unit Initial Indoor Section Configuration

Source: Southern California Edison
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Evaporator Coil

The original tube and fin evaporator coil was compared to a microchannel evaporator coil of the
same face area and configuration. Figure 33 shows the configuration of these coils.

amer Coll Micro-channel Coll

Figure 33: Package Unit Evaporator Coil Configuration

Source: Southern California Edison

The microchannel coil achieved a higher flow rate by 130 cfm at design system resistance. The
indoor section consumed 120 Watts less power at 1750 cfm with the micro-channel coil.

Evaporator Coil Comparison
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Figure 34. Evaporator Coil Effect on Power Consumption
Source: Southern California Edison
Furnace Heat Exchangers

A clamshell heat exchanger of the same heat input rating was compared to the original tube
heat exchanger. The clamshell was tested in different orientations to see if it would provide less
resistance to airflow in any possible orientation. These tests could not determine the suitability
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of the clamshell heat exchanger for use in the unit since additional tests in the heating mode
would be needed to determine that suitability. These were only to determine if further
investigation was warranted for airflow considerations within the current project.

In the best orientation of the clamshell heat exchanger, the airflow was 200 CFM lower than the
original tube heat exchanger.

Evaporator Fan Modifications

Three types of fans were tested: a standard forward-curved centrifugal (“squirrel cage”) fan, a
vane-axial fan and a backward-inclined centrifugal fan. The standard forward curved fan was
chosen for the final configuration, but the backward curved fan showed some promise and
deserves further testing.

Six motors were tested using the forward-curved fan. These motors included Permanent Split
Capacitor (PSC) motors, DC motors, and Electrically Commutated Motors (ECMs). The results
of these tests are shown in Figure 35. An ECM motor was selected for the final configuration
based on watt draw and true variable speed capability.

Motor Comparison
1600
1400 - .
1200
@ 3/4hp ECM
s 1000 - - m 1 hp ECM
~ a 4 A Variable PSC
$ 800
= A i @ 1/2hp PSC
£ 600 | A o® X 1/4hp DC
A
L 4
200 | [ ] @ Bl fan w/PSC
*
200 | X
0 T T T
500 1000 1500 2000 2500
Flow (cfm)

Figure 35. Evaporator Fan Motor Comparison

Source: Southern California Edison

Five modifications to the evaporator fan were tested. These included:

e Flipping the entire fan assembly 180° around the discharge axis.
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e Moving the fan assembly further away from the furnace heat exchanger*.

e Opening the discharge angle of the fan housing and widening the opening into the
furnace heat exchanger plenum to obtain more direct airflow to the furnace heat
exchanger.

e Removing the flow diverter at the outlet of the fan housing?®.
e Smoothed the corners of the fan housing.

These modifications are shown in Figures 36 and 37.
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Figure 36. Evaporator Fan Assembly Revisions

Source: Southern California Edison

4+ This was made possible by the relocation of the compressor to the outdoor section of the unit.
5 Each change was tested separately to ensure that each modification was advantageous.
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Cirigin al Modifications
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Corners
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Figure 37. Evaporator Fan Housing Revisions

Source: Southern California Edison

Evaporator Airflow Distribution Modifications

Even airflow distribution through the evaporator coil in package units is difficult to achieve due
to the geometry and space restrictions. Preliminary testing showed that most of the air was
flowing through the half of the coil directly in line with the cabinet return air inlet. Multiple
methods were tested to achieve more even airflow distribution through the evaporator coil.
These methods included: turning vanes, coil realignment, airflow dividers, and a larger return
plenum opening.

Increasing the return plenum opening and realigning the coil so that the approach angle of the
air was closer to perpendicular improved the airflow distribution significantly. Figure 38
displays the 73% increase in the return inlet area.

Figure 38. Return Plenum Inlet Revision (original on left,
revision on right)

Source: Southern California Edison
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Configurations

Over 130 tests were run on 20 component configurations to determine the best placement of
components. These tests improved the maximum airflow with a ¥2 Hp PSC motor from 1785
cfm to 2100 cfm, an improvement of 17.5%. The changes interact so the exact result of each
change is not independent of the configuration of the other components. Table 17 estimates the
flow effect of individual improvements for the %2 Hp PSC motor at full speed.

Table 17. Estimated Indoor Section Airflow Changes from Modifications

Change Improvement
Removed Corners on Blower housing 15 cfm
Micro-channel evaporator coil 100 cfm
Expanded blower housing 150 cfm
Flipped Fan and rotation 50 cfm
Expanded return inlet 75 cfm

Source: Southern California Edison
Final Indoor Section Airflow Design

The airflow improvements for the indoor section are compared to the original configuration in
Figure 39. The results of these changes as modeled with the ORNL modeling software are
shown in Table 18.

Table 18. Effect of Indoor Section Airflow Modifications

Result Baseline HDAC

Flow 1730 cfm 1910 cfm

Fan Power 694 Watts 596 Waltts
Watts per 1000 cfm 401 312
Airflow Efficiency 0.13 0.23
EER 6.93 7.15
Sensible Heat Ratio 0.81 0.83
Sensible EER 5.62 5.97

Source: Southern California Edison
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Figure 39. Final Indoor Section Configuration with Revisions Noted

Source: Southern California Edison

3.1.3. Condenser Airflow Test Results
The split unit and the package unit underwent similar testing and produced similar results for
the condenser sections.

Compressor Location

The split outdoor unit had a U shaped condenser coil as shown in Figure 40.
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Figure 40. Split Unit Condenser Caoil

Source: Southern California Edison

The original design called for the compressor to be housed in a chamber at the "back" of the

outdoor unit similar to some production models. This configuration was simulated as shown in
Figure 41.

Figure 41. Split System Proposed Compressor Location
(within the box at the left)

Source: Southern California Edison

58



Testing compared the proposed location to alternative locations, including centered directly
below the vertical axis of the fan. The centered location was shown to have better airflow and
lower watt draw.

The package outdoor section had two L-shaped condenser coils as shown in Figure 42. The
compressor location was moved from a cubical in the lower section to the center of the outdoor
section in line with the vertical axis of the fan.

Figure 42. Package System Condenser Coils and
Compressor Location

Source: Southern California Edison
Condenser Fan Design
Eight fan blades were tested, including five 2-blade fans and three 3-blade fans with blade
pitches varying from 18-34°. In addition, the tests included two patented aerodynamically

shaped fans designed by Florida Solar Energy Center (Parker 2005). The basic fan types are
shown in Figure 43.

Figure 43. Condenser Fan Types

Source: Southern California Edison
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Table 19 shows the results of the tests on the two and three blade stamped metal 26" diameter
condenser fans and three different motors on the outdoor section of the package HDAC.

Table 19. Condenser Fan and Motor Performance

Motor ‘ Blades ‘ Pitch (degrees) ‘ Flow (cfm) ‘ Power (W) ‘ RPM | W/1000 cfm

Baseline 21" diameter fan and 1/4 Hp PSC motor (no diffuser) 69.9

1/3 Hp ECM 2 22 5230 122 836 23.3
1/8 Hp PSC 2 22 5116 188 825 36.7
1 Hp ECM 2 34 6817 267 835 39.2
1 Hp ECM 2 30 6685 235 838 35.1
1 Hp ECM 2 20 5076 114 834 225
1 Hp ECM 2 18 4972 109 840 21.9
1 Hp ECM 3 30 6933 247 830 35.7
1 Hp ECM 3 32 7338 297 834 40.4

Source: Southern California Edison

The reduction in fan watts per 1000 cfm made it possible to improve condenser fan airflow
without a large fan watt draw penalty. The 2-blade fan with a pitch angle of 22° was chosen
based on its ability to provide sufficient flow with a 1/8 Hp PSC motor. This configuration was
too noisy prior to the addition of the diffuser described below. The laboratory tests were run
with the 1/3 Hp ECM so that variations of condenser airflow could be tested. Due to the higher
cost of the ECM, it may be desirable in some cases to use the PSC.

Table 20 details the differences between the FSEC fan assemblies and the HDAC assembly
Table 20. Detail on FSEC and HDAC Condenser Fan Assemblies

FSEC HDAC
Fans Shaped molded 4 blade and5 Stamped Lau2 blade fan
blade fans
Fan diameter 28 inch 26 inch
Fan blade pitch Shaped — multiple pitches 22 degrees
Diffuser 12degreel2.5 inch 10 degree23 inch
Inlet 2.5 inch high Trane production | HDAC 8 inch high shaped inlet
shaped inlet

Source: Southern California Edison

Figure 44 compares the two FSEC fan assemblies with the HDAC fan assembly. The fan
assemblies were roughly comparable over their common range of airflow. The FSEC assemblies
were not able to provide the flow that was achieved by the HDAC assembly. The FSEC
assemblies and the HDAC assembly were designed for different applications (condenser
pressure drop, lower fan speed, etc.) The HDAC fan assembly has a taller diffuser and a taller
inlet. It is possible with equal diffuser height and the resultant additional pressure recovery the
FSEC fan could outperform the HDAC fan.
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Figure 44. Airflow vs. Power for FSEC and HDAC
Condenser Fan Assemblies

Source: Southern California Edison

Condenser Fan Location, Inlet, and Outlet Conditions

The primary tests of the condenser fan location (height above the top of the condenser coil),
inlet conditions, and outlet conditions were run in the split system outdoor unit.

It was determined that raising the fan above the top of the condenser coil, adding a shaped
inlet, and adding a discharge diffuser improved the watt draw to airflow ratio and reduced the
noise of the fan to acceptable levels.

The shaped inlet 8" tall proved to be a good compromise. This inlet is shown in
Figure 45.
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Figure 45. Shaped Inlet for Condenser Fan

Source: Southern California Edison

A variety of diffuser heights and angles were tested. The results are shown in Table 21.

Table 21. Condenser Fan Diffuser Test Results

Diffuser Angle Length Flow (cfm) Power (W) Watts/1000cfm
none na 4031 192 47.63
7 36 4604 176 38.23
7 24 4444 178 40.05
7 18 4443 179 40.29
10 23 4574 178 38.92
10 18 4529 178 39.30
10 12 4451 181 40.67

Source: Southern California Edison

The diffuser used in the laboratory tests was 23" tall with a 102 expansion angle as shown in

Figure 46.
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3.1.4.

Figure 46. Diffuser for Condenser Fan

Source: Southern California Edison

Development Tests

The development testing produced the following changes in the units delivered for laboratory

testing:

Both Units

Refrigerant metering control was changed from subcooling with a flooded evaporator to
constant subcooling with low superheat.

Suction/liquid line heat exchanger was plumbed out of the system.
Split Unit

Microchannel evaporator coil was tested against a 9mm coil. The microchannel coil was
used because it produced higher efficiencies. The 9mm coil performance was degraded
due to poor refrigerant distribution between the circuits, a problem that could
potentially be solved.

Package Unit

The standard fin/tube evaporator coil was tested against the microchannel coil. The
standard coil was used because it produced higher efficiencies. The microchannel coil
performance was degraded due to poor refrigerant distribution associated with a major
and unanticipated difference in airflow through sections of the evaporator coil, a
problem that could be solved by altering the circuit configuration.
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3.1.5. Unit Tests 5-Ton Package (SCE RTTC)
Charge Optimization

This series of tests was conducted to determine the refrigerant charge for optimal performance.
Optimum performance was gauged by analyzing the EER as refrigerant was gradually removed
from the unit. Figure 47 shows the EER for several charge levels with 115°F ambient air and
indoor conditions of 80°F dry bulb and 63°F wet bulb. The optimum charge was determined to
be 9 Ibs 8 ounces.

5 ton HDAC with EXV

9.4

9.2 4

9.0 ~

8.8

EER (Btu/Wh)

8.6

8.4

8. 2 T T T T T T T
95% 96% 97% 98% 99% 100% 101% 102% 103%

% Charge

Figure 47. Charge Optimization for Package HDAC

Source: Southern California Edison

Airflow Optimization

This series of tests was conducted to determine the airflow for optimum performance. Since the
metric of interest in this project is the net sensible EER at hot dry conditions (PEERs) this metric
was used to determine the optimum airflow. Higher airflow rates result in higher sensible
cooling, however the watt draw of the evaporator fan increases very rapidly since the static
pressure increases as the square of the flow.

Performance

The performance of the package unit exceeded expectations as shown in Table 22.
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Table 22. Performance of the Package HDAC

Outdoor | Indoor | Indoor EER Sensible SHR Sensible
DB [F] DB WB [btu/Whr] EER [btu/btu] Capacity
[F] [F] [btu/Whr] [btu]
HDAC Design 115 80 63 9.30 8.60 0.92 50,251
Hot “Normal” 115 80 67 9.96 7.08 0.71 41,421
HOT Test 120 80 67 6.68
ARI Test A 95 80 67 14.24 10.19 0.72 49,330
ARI Test B 82 80 67 17.45 11.99 0.69 50,827
ARI Test C 82 80 59 15.29 15.11 0.99 62,112
ARI SEER SEER
16.75

Source: Southern California Edison

The performance of the HDAC package unit is compared to baseline units in Section 3.3.
Latent Recovery

At peak conditions with moderately dry indoor air (Hot "Normal") above, the air conditioner
stores some of its cooling capacity in the form of water collected on the evaporator coil. This is
shown in Table 23 as the sensible heat ratio (SHR) less than 1 in the Hot "Normal" test. In that
test 29% (1-0.71) of the cooling energy of the unit was stored as moisture removal. This stored
capacity will be lost down the condensate drain unless it is recovered at the end of the
compressor cycle. By running the evaporator fan after the compressor is off, the stored cooling
capacity can be recovered from the water evaporating off the coil. This process is latent
recovery.

The amount of moisture that is converted to sensible cooling is dependent on the airflow and
the length of time the fan runs after the compressor is off (the tail). The efficacy of the tail
depends on the watt draw of the evaporator fan motor.

Latent recovery and its counterpart latent enhancement have been studied in laboratory tests
the field monitoring (Faramarzi & Mitchell 2006; Proctor and Brezner 2006; Shirey, Henderson
& Raustad 2006).

Table 23. Measured Sensible EER and Savings from a 5 minute Time Delay

Compressor Cycle End of Compressor | Sensible EER after 5 Savings
Cycle Sensible EER minute fan delay
5 minutes 6.0 8.5 29%
10 minutes 6.3 8.0 21%
15 minutes 6.6 7.75 15%

Source: Southern California Edison
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Figure 48. Package Unit Latent Recovery Laboratory Tests

Source: Southern California Edison

Figure 48 Notes:

As elapse time proceeds (X axis) the unit is running at steady state with a sensible EER
of 7.4. At 30 minutes the compressor shuts off (the watt draw drops from 5.9 kW to the
indoor fan only power). From the 30 minute mark, the indoor fan continues to run for 10
minutes evaporating water off the coil and delivering sensible capacity. At the end of the
“tail” the overall sensible EER has risen to 8.1.

At the 40 minute mark, the compressor comes on and runs for 5 minutes. At the end of
that 5 minute compressor cycle, the cumulative sensible EER is less than 6. From the 45
minute mark, the indoor fan continues to run for 10 minutes delivering sensible
capacity. At the end of the “tail” the over sensible EER has risen to 9.6.

At the 55 minute mark, the compressor comes on and runs for 10 minutes. At the end of
that 10 minute compressor cycle, the cumulative sensible EER is delivering sensible
capacity. At the end of the “tail” the overall sensible EER has risen to 8.6. It is evident
that the longer compressor on cycle would require a longer “tail” to approach the
efficiency achieved by the 5 minute compressor on cycle within a 10 minute “tail.”

At the 75 minute mark, the compressor comes on and runs for 15 minutes. At the end of
that 15 minute compressor cycle, the cumulative sensible EER is 6.6. From the 90 minute
mark, the indoor fan continues to run for 20 minutes delivering sensible capacity. At the
end of the “tail,” the overall sensible EER has risen 8.7.

3.1.6. Unit Tests 3-Ton Split (PG&E)

The primary test results are summarized in this section.
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The results are presented in the following order:
e Optimized Unit Performance
e Refrigerant Charge and Subcooling Optimization
e Evaporator Airflow Optimization
o Airflow Effects Under ARI Test Conditions
e SEER
¢ Condenser Airflow Testing
e Optimized Unit at Hot and ARI Conditions

The performance of the unit met expectations as shown in Table 24.

Table 24. Split Unit Performance

Outdoor | Indoor | Indoor EER Sensible SHR Sensible
DB [°F] DB WB [btu/Whr] EER [btu/btu] Capacity
[°F] [F] [btu/Whr] [btu]

HDAC Design 115 80 63 8.22 8.22 1.0 25,818
Hot “Normal” 115 80 67 8.48 6.91 0.81 21,947
HOT Test 130 80 67 6.35 6.35 1.0 21,941
Dehumidification 82 80 67 14.45 9.07 0.63 20,410
ARI Test A 95 80 67 12.82 9.51 0.74 25,560
ARI Test B 82 80 67 15.83 11.22 0.71 27,088
ARI Test C 82 80 59 14.45 14.45 1.0 34,465

Source: Southern California Edison

Sensible EER and capacity were within 0.5% of the prediction from the ORNL model at the
design conditions. Of equal interest were the sensible capacity and EER at somewhat more
moist conditions, since some of the units will experience moisture removal most the time and all
will remove moisture some of the time. The performance was as expected, and can be improved
by latent recovery discussed below.

Lowering the evaporator airflow by almost 50% to 660 cfm to increase latent capacity (the
dehumidification test) provided a marginally lower sensible heat ratio than the ARI Test B that
was run at the same conditions (except with an evaporator airflow of 1100 cfm).

Refrigerant Charge Optimization

The amount of refrigerant and the metering device settings affect the performance of the air
conditioner. Using nearly all the evaporator coil for phase change (near zero superheat)
improves performance. The unit’s refrigerant charge and metering device settings were
optimized at the design hot/dry condition of 115/80/63. To optimize refrigerant charge the
superheat was fixed at 6°F and the refrigerant charge was adjusted to obtain subcooling
readings of 5,8, 10,12, & 13°F. The unit performance was measured at each refrigerant charge
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level and the results are plotted in Figure 49. Because of the dramatic change in performance at
12.75°F, the charge and metering device were set to obtain 12°F of subcooling and 2°F of

superheat.
Refrigerant Charge @ - - -#- - - Capacity
Hot/Dry Conditions (115/80/63, Duct K=495/ton) —&—EER
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Figure 49. Refrigerant Charge Optimization —
Sensible Capacity vs. Subcooling

Source: Southern California Edison

Evaporator Airflow Optimization

Achieving high sensible capacities (high sensible heat ratios) has traditionally been
accomplished by increasing the airflow across the evaporator coil. Taken in the narrow view
this can be quite effective. However, in the broader view of the air conditioner installed in a
home, higher airflows can be counterproductive. Since the average duct system provides a fixed
resistance to flow, the duct system static pressures increase as the square of the airflow (as do
the coil pressure drop and losses within the cabinet). As a result of the increased static
pressures, the work of the fan motor increases as the cube of the airflow, leading to very high
fan motor watt draws that can cancel the positive effect of higher sensible capacity. Therefore,
the evaporator coil airflow needs to be optimized for the duct system, coil, and air
handler/furnace. Figure 50 shows the results of the airflow optimization tests. These tests were
done at hot dry design with a constant external duct resistance. The maximum PEERs was
obtained at a little less than 1100cfm (about 350 cfm per ton). This was a somewhat surprising
result given that standard recommendations for hot dry climates are 450 cfm per ton or higher.
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Figure 50. Evaporator Airflow Optimization — Sensible EER vs. CFM

Source: Southern California Edison

Airflow Effects under ARI Test Conditions

Figure 51 shows the results of the ARI tests at different evaporator airflows.
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Figure 51. ARI Tests at Various Evaporator Airflows and
Constant External Static Pressure

Source: Southern California Edison
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SEER

The SEER is mathematically derived from ARI Tests B, C, and D. Conditions were not favorable
for a full series of development tests to optimize the SEER by changes in the metering valve
control and evaporator fan off time delay. With a two-minute fan off delay (which was less than
optimum) and the metering valve partially open when the compressor was off (also less than
optimum), the SEER was 14.6 as shown in Table 25.

Table 25. Split Unit SEER Calculation Results

Qs (Btu/hr) | EER CLF Cd | SEER
ARI B 15.82
ARI C steady state 34,450
Cycle 1 3,160 12.70 | 0.1835 | 0.147 | 14.66
Cycle 2 3,137 12.66 | 0.1821 | 0.150 | 14.64
Cycle 3 3,126 12.69 | 0.1815 | 0.147 | 14.66
Cycle 4 3,131 12.59 | 0.1818 | 0.156 | 14.59

Source: Southern California Edison

Given further development time and based on the results on the 5-ton package unit, the team
would expect a fully developed unit to have an SEER of over 15.

Condenser Airflow

The condenser airflow was tested at 3000 cfm and 4200 CFM. The sensible EER at hot dry
design conditions was 6% higher at the higher speed and it had acceptably low condenser fan
noise.

Latent Recovery

As discussed in the Latent Recovery subsection of Section 3.1.5, an air conditioner stores some
of its cooling capacity as moisture removed from the house air and collected on the evaporator
coil. In dry climates like California, Arizone, and Nevada were the indoor moisture is low there
is no need to remove moisture from the house air. In those climates it is advantageous to
recover the capacity stored in the moisture by using the evaporator coil as an evaporative cooler
at the end of the cycle. Figure 52 displays the improvement in sensible EER when latent
recovery was tested on the split unit.
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Figure 52. PEERs Improvement
with Latent Recovery

Source: Southern California Edison
The laboratory test conditions for Figure 52 were 115°F outside, 80°F/67°F inside.
3.2. Life Cycle Cost

The life cycle costs are based on a model of energy consumption contained in the Residential
Alternative Calculation Method (ACM) Approval Manual (2005) and the Nonresidential ACM
(2005). This methodology is used to calculate the hourly energy consumption for an air
conditioner. The inputs to the model include standard building designs, hourly weather data,
and air conditioner performance under different conditions. The details of these calculations are
contained in Supplementary HDAC Life Cycle Cost and Comparative Performance Report (Proctor et
al. 2005).

The California Energy Commission (CEC) is required by law to develop and maintain energy
efficiency standards that are “cost effective, when taken in their entirety, and when amortized
over the economic life of the structure when compared with historic practice” (Chief Counsel’s
Office 2005). In support of this requirement the CEC maintains a Life Cycle Cost (LCC)
methodology for standards development. The version used in the 2005 building standards
development (CEC 2005) was used for these LCC calculations.

The life cycle costs for this project were calculated two ways, the annual life cycle cost method
and the hourly life cycle cost method using time dependent valuation (TDV). Time Dependent
Valuation (TDV) accounts for time-of-use in determining cost effectiveness and requires
estimated energy savings on an hourly basis. The CEC has published hourly TDV energy
factors for both residential and nonresidential buildings for each of the 16 climate zones in
California (Heschong Mahone Group 2002).
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3.2.1. Energy Consumption Model

Because most of the climates in California are dominated by sensible cooling loads (cooling is
required for temperature reduction not dehumidification), the model is a sensible model. The
hourly sensible cooling loads are calculated for prototype buildings. The electricity needed to
cool a typical residence or small business each hour was calculated by taking the sensible
cooling load required for that hour and dividing it by the calculated Sensible EER
corresponding to the given outside temperature:

Sensible Cooling Load (Btu)

Sensible EER (oY)
W -h

CoolingElectricity (W - h) =

Within the model there are three regions of operation. The Sensible EER in each region is a
function of the outside temperature, the Sensible SEER, the Sensible EER at 95°F, and the slope
of the Sensible EER line above 95°F (by assumption or from air conditioner performance data.
Figure 53 shows the temperature regions of operation and how the Sensible EER varies with
outside air temperature.

Region 1 Region 2 ‘ Region 3

82 95
Outside Temperature (F)

Calculated Sensible EER

Figure 53. Piecewise Sensible EER Function.

Source: Southern California Edison

The Sensible EER for outside temperatures lower than or equal to 82° F (Region 1) is equal to
the calculated SEER for the unit. At temperatures below 82° F the cycling degradation is at its
maximum so the Sensible EER equals the Sensible SEER.

Sensible EER g, = Sensible SEER

Where
Sensible SEER =SEERXSHR @ 82F
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From 82° F to 95° F the effect of cycling is assumed to decrease linearly. This temperature range
is illustrated in Region 2 of Figure 53 and is described by:

SensibleEER;, o = SensibleSEER@ 82F +

OutsideTempF —83F

(SensibleEER@ 95 F — SensibleSEER@ 82F ) x 13

At temperatures greater than or equal to 95° F the cycling losses are assumed to be small. In
Region 3 then:

(SensibleEER@115F) — (SensibleEER@95F)
115F —95F

SensibleEER Slope=

and

SensibleEER 4 = SensibleEER@95F +
(SensibleEER Slope) x (OutsideTenperatureF —95F)

Air Conditioner Performance Inputs

For the purpose of this model the performance of an air conditioner is defined by the Sensible
SEER, the Sensible EER at 95° F, and the Sensible EER at 115°F. These sensible energy
efficiencies are defined as those that are likely to exist in air conditioners installed in California.
This definition includes the airflow resistance of the ducts and external devices (other than the
evaporator coil) found to be typical in field tests.

Based on field tests (Proctor and Parker 2003; Wilcox and Chitwood 2005), the external
resistance (excluding the evaporator coil) to airflow shows the following relationship.

CFM perton |,

External Static Pressure IWC) = (
495 CFM per ton

The Sensible EERs and Sensible SEERs were determined in one of the following ways (in order
of preference):

1. Laboratory test data at the specified airflows, static pressures, indoor and outdoor
conditions.

2. Laboratory test data adjusted for specified airflows and static pressures.

3. Manufacturer’s published data on the outdoor unit, the evaporator coil, and the furnace
blower, corrected to the external static pressure.

4. Oak Ridge National Lab (DOE/ORNL) Heat Pump Design Model Mark VL.
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Tables 26 and 27 describe the units and the source of their performance data.

Table 26. Split Units’ Descriptions and Data Sources

Unit

Manufacture, Model #

Source

Adjustments

SEER 12 Baseline

Outside Unit: Carrier,
38EZG036310Inside Unit:
Carrier,
FX4BNFO036Furnace:
Ruud, UGPL-07TEBRQR

Purdue Laboratory
Testing (Shen et al.
2004)

Data adjusted for
typical ductwork.

SEER 13 Baseline

Outside Unit: Lennox,
HS26-036Inside Unit:
Lennox, C33-44CFurnace:
Lennox, G4A0UH036A-040

Manufacturers Data
Sheets

Data adjusted for
typical ductwork.

Lennox,
C26/51/65Furnace:Lennox,
G60UH-36B-090

SEER 14 .25 Outside Unit: Lennox, Manufacturers Data Data adjusted for
(R-22) HS27-036Inside Unit: Sheets typical ductwork.
Lennox, C33-
38A/CFurnace: Lennox,
G60UH-36B-090
SEER 15 .3 Outside Unit: Lennox, Manufacturers Data Data adjusted for
(R-22) HS27-036Inside Unit: Sheets typical ductwork.
Lennox, C33-
38A/CFurnace: Lennox,
G50UHI-36B-090/ECM
SEER 14 .2 Outside Unit: Lennox, Manufacturers Data Data adjusted for
(R-22) HS27-036Inside Unit: Sheets typical ductwork.

HDAC (SEER 14.7)

PEG, 3-Ton split HDAC

PG&E Laboratory

Testing
Source: Southern California Edison
Table 27. Package Units’ Descriptions and Data Sources
Unit Manufacture, Model Source Adjustments
#
SEER 12 Baseline Carrier, 48GP060090 Purdue Laboratory Adjusted to 5-ton
Testing (Proctor et al | unit. Tested unit was
2005) a 3-ton system.
SEER 13 Baseline Carrier, 48HJEQO06- - | Manufacturers Data Data adjusted for
31 Sheets typical ductwork.
SEER 14 Carrier, 48PG06 Manufacturers Data Data adjusted for
Sheets typical ductwork.
HDAC (SEER 17.5) | PEG, 5-Ton Package SCE Laboratory
HDAC Testing

Source: Southern California

Edison
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Data used in Life Cycle Cost calculations are shown in Table 28.

Table 28. Baseline, Comparison, and HDAC Performance Inputs to LCC Model

System Sensible SEER Sensible Sensible Sensible
Heat Ratio SEER EER@ EER@
95/80/67 115/80/63
(ARI Static) | (Field Static)
3-Ton Split 0.68 12 8.12 6.82 6.22
SEER 12
3-Ton Split 0.72 13.15 9.36 8.47 7.18
SEER 13
3-Ton Split 0.74 14.25 10.25 9.1 7.04
SEER 14
3-Ton Split 0.71 14.7 10.47 9.51 8.22
HDAC
5-Ton 0.75 12 9.05 7.29 5.98
Package
SEER 12
5-Ton 0.69 13 8.97 7.99 6.23
Package
SEER 13
5- Ton 0.67 14 9.38 8.80 7.35
Package
SEER 14
5-Ton 0.69 16.7 11.56 10.19 8.6
Package
HDAC

Source: Southern California Edison

Adjusting Manufacturers’ Published Data to Field Conditions

Manufacturers’ expanded capacity tables list cooling capacities and unit powers at various
indoor conditions, outdoor conditions and evaporator airflow. Manufacturers do not have a
uniform way of listing the total and sensible capacities and unit power consumption. Some
manufacturers provide the gross ratings (no evaporator fan power or heat) while others supply
net ratings (with evaporator fan power and heat). The unit power is listed in one of three ways:
gross (compressor and condenser fan), net (compressor, condenser fan, and evaporator fan), or
compressor only.

These data were made consistent as described in Section 2.11.
Life Cycle Cost

The Light Commercial and Residential yearly electrical consumption were determined for the
baseline units, the HDAC units, and for other currently manufactured units. The annual energy
savings are the differences between the HDAC units and each comparison unit (baseline or
other current unit) (Table 1).
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Table 29: Average Life Cycle Cost Benefits

Energy Peak Life Cycle
Savings Reduction Cost Savings
(kWh/hr) (kW) over 18 years
kWhlyear?
Residential
SEER 12 Baseline 656 1.53 $905 -
$1,457
SEER 13 Baseline 231 0.57 $319 - $509
SEER 14 Baseline 85 0.43 $118 - $213
Commerical
SEER 12 Baseline 1741 1.95 $2,507 -
$3,391
SEER 13 Baseline 1619 1.46 $2,331 -
$3,037
SEER 14 Baseline 1157 0.51 $1,666 -
$2,051

Source: Southern California Edison

Consumer First Cost

The estimated difference in initial costs between SEER 13 and HDAC systems are $246 for the
Residential Unit and $67 for the Commercial unit. These estimated were derived using the DOE
methodology as used in federal rule setting. The results are similar to estimated produced by
LBNL for the CEC (Rosenfeld, Rosenquist, and Rice 2005).

3.3. Air Conditioner Performance Comparison

A goal of the project was to design and build HDAC units that showed a 15% to 25% reduction
in peak energy consumption compared to the baseline. The peak energy consumption on hot
dry climates is determined by the PEERs (Sensible Heat Ratio * EER) of the machine. Both the
split HDAC and the package HDAC meet the design criteria. Of greater importance, the HDAC
units also showed significant peak reduction improvements over SEER 13 units (units that meet
the new federal standard for 2006).

The hot dry peak performance (Sensible EER) of the split system compared to the SEER 12 and
SEER 13 baselines is shown in Figure 54.
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Figure 54. Split HDAC Performance

Source: Southern California Edison

The hot dry peak performance of the package HDAC unit substantially exceeded expectations.
The package unit hot dry peak performance is shown in Figure 55.

Sens EER 115/80/63 Sens EER 115/80/67

OSEER 12 O SEER 13 mHDAC

Figure 55. Package HDAC Performance

Source: Southern California Edison

Comparison to Available Equipment

One of the questions in the development of the HDAC specification is whether existing
equipment with small or no modification can be combined in a way that produces the desired
performance with little or no change in the procedures at the manufacturing plant. To answer

this question the team compared manufacture’s published AC performance to the performance
of the HDACs.

Figure 56 shows that existing split system equipment carefully chosen for high sensible
efficiency and relatively low evaporator fan watt draw compares favorably with the split
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HDAC. This figure compares a Lennox HS27-036 (a R-22 unit) outdoor unit with combinations
of two different evaporator coils (33-38 and 26-51/65) and two furnaces (an ECM furnace and a
flow efficient standard furnace).

It is important to note that as new 410A machines come on the market that their PEERs
performance will be less than R-22 machines of the same SEER.

[P

Sens EER 115/80/63 Sens EER 115/80/67

[033-38 w Var. Speed & 33-38 N 26-51/65 B HDAC

Figure 56. Split System Performance Comparison —
Available R-22 Production Units to R-410A HDAC Unit

Source: Southern California Edison

Figure 57 shows a comparison of the HDAC package unit with existing package units. The
initial investigation found no current units that performed as well as the HDAC package unit. It
is important to note however that the HDAC unit was a modified version of an existing package
unit. The HDAC kept the same evaporator coil, furnace heat exchanger, evaporator fan and
motor, and compressor.

Sens EER 115/80/63  Sens EER 115/80/67

O SEER 14 B HDAC

Figure 57. Package System Performance
Comparison — Available Production Unit to
HDAC Unit

Source: Southern California Edison
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4.0 Field Testing

4.1. Overview

The purpose of the HDAC field test was to determine the field performance of air conditioners
selected to meet (or approach) the draft HDAC specifications. The design of the PIER project
anticipated a number of the differences between standard laboratory tests and field conditions.
The PIER project tested the proof of concept HDACs at the duct airflow restrictions common to
the field, at temperatures approached or achieved at peak conditions, and under both moderate
and dry indoor conditions. Nevertheless laboratory testing does not cover the full range of
conditions experienced in the field, including occupant behavior, duct system performance,
thermostat effects, and most importantly — air conditioner cycling.

Once the draft specification was produced a number of manufacturers were approached to
provide air conditioners that would meet the draft specifications by selection of existing
components or modifications to their existing equipment. Three major manufacturers
responded with combinations of existing components that, on paper, approached within 3% of
the draft specifications®.

Units from those three manufacturers were installed and monitored in three utility company
service areas by a team consisting of Paragon Consulting Services, ADM Associates, and Proctor
Engineering Group (the Team).

Sites were selected in seven locations. Four of the locations were in Pacific Gas and Electric
(PG&E) Company's service area; two locations were chosen in Southern California Edison's
(SCE) service area; and one location was chosen in Nevada Power's (NP) service area.

These results are dependent upon, and borrows heavily from the NP Final Report Hot Dry
Climate Air Conditioner (HDAC) Measurement and Verification (M&V) Residential Field Test
by Paragon Consulting Services as well as the SCE Data Collection Report for Testing of
Optimized Air Conditioner Design in Hot Dry Climates by ADM Associates.

An additional report, the PG&E Hot Dry Climate Air Conditioner Pilot Field Test by Proctor
Engineering Group is available for details on the PG&E portion of the field test.

A more extensive description of the field testing can be found in Hot Dry Climate Air Conditioner
(HDAC) Combined Field Test Report, Proctor Engineering, May 2007.

4.2. HDAC Specification

The HDAC specification developed as a result of the laboratory testing and used in assessing
potential manufacturer products was as follows:

6 Specifications that were lower than the performance of the PIER HDAC units.
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Table 30. Hot Dry Air Conditioner Draft Specifications

Condition #1 Hot Dry 115/80/63

Gross Sensible Capacity 75% or greater than

(sensible btuh) the gross total capacity at ARI test A (95/80/67)
Net Sensible PEER at least 8 btu/watthr

Condition #2 Hot Medium 115/80/67

Gross Sensible Capacity 65% or greater than

(sensible btuh) the gross total capacity at ARI test A (95/80/67)
Net Sensible PEER at least 6.8

Source: Southern California Edison

Table 30 Notes:

1) With the External Static Pressure from the return plenum to the supply plenum
CFM perton

495 CFM per ton

system (furnace, outside unit, and evaporator coil) with a flow of 400 CFM per ton would be
tested at 0.653 IWC.

downstream of the evaporator coil is defined by ( )? An air conditioner

2) Net Sensible PEER is the net sensible capacity divided by the total unit watt draw.

4.3. Site Selection

The Team completed a field test to compare the performance of standard air conditioners to air
conditioners selected for hot and dry climates (HDACs). The field test consisted of site and AC
selection, installation and replacement, performance monitoring, and data analysis. Standard
(baseline) SEER 13 air conditioners were first monitored and then replaced with HDACs.
Monitoring of the baseline and HDAC units were completed during the summer of 2006.

The characteristics of the homes and air conditioners used in the project are listed in Tables 31
and 32.

Table 31. Site Characteristics

Site Bakers- | Concord| Madera | Yuba | Furnace| Victor- Las
field Creek ville Vegas
House Size (square 1200 1400 1650 1600 1230 1600 1225
feet)
Year Built 1941 1970s 2002 1991 NA 2004 NA
Air Handler Location Bedroom| Hall Attic Attic | Package| Attic Attic
Closet | Closet Rooftop

Source: Southern California Edison
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Since the sensible heat ratio is the fraction of the cooling that reduces the indoor temperature, it
is evident that these standard units wasted almost a quarter or more of their cooling capacity
removing water rather than reducing the temperature. Designs capable of sensible heat ratios
of 0.80 or higher are possible and come of the installed HDACs approached this ratio.

The standard ACs were SEER 13 R-SS units either already in place or selected by the contractor
and installed for this test.

Table 32. HDAC Air Conditioner Specifications’

Site Bakers- | Concord [ Madera Yuba | Furnace| Victor- Las
field Creek ville Vegas

Rated SEER 13.25 135 14 14.2 14 13 to 15

13.7
Rated Sensible EER 8.5 8.8 9.4 9.2 8.25 NA NA
Rated EER 11.2 11.3 12.3 11.7 11.7 10.7 to 12.5
11.2

Sensible Heat Ratio 0.76 0.78 0.77 0.79 0.73 NA NA

(temperature reduction

fraction)

Rated Capacity (Btuh) 36400 44100 50730 35200 59000 |52000to| 35600

56000

Nominal Size (Tons of 3 35 4 3 5 5 3

Cooling)

Nominal Evaporator 48000 60000 60000 42000 60000 NA 48000

Coil Capacity (Btuh)

Refrigerant R-410A | R-410A | R-410A | R-410A | R-410A | R-410A | R-410A

Metering Device TXV TXV TXV TXV TXV NA TXV

Fan Motor Horsepower 3/4 1/2 1/2 1/2 3/4 NA 3/4

Fan Motor Type ECM ECM ECM ECM ECM ECM ECM

Source: Southern California Edison

The HDAC air conditioners consisted of components (outside unit, inside coil, and furnace)
selected because they approached the draft HDAC performance specification. The selections
were based on published performance data on the outside unit and coil combination, the coil
pressure drop, and the furnace blower provided by the manufacturers.

! With ARI furnace default assumptions and at standard 95/80/67 conditions.
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4.4. Results

Results were obtained for seasonal cooling energy consumption (kWh) as well as coincident and
non-coincident peak power draw (average kWh per hr). These results are presented for
standard operation®.
The seasonal cooling energy consumption of each unit and the annual energy savings are
shown in Table 33.

Table 33. Standard vs. HDAC Performance Summary

Location Standard Unit Annual HDAC Unit Annual Energy Annual Energy
Energy Usage (kWh) Energy Usage (kWh) |Savings (kwh)| Savings (%)
Las Vegas 2770 2291 478 17%
Furnace 11086 9232 1854 17%
Creek
Victorville 3534 2498 1036 29%
Madera 1966 1618 348 18%
Yuba 1592 1256 336 21%
Bakersfield 3059 3262 -203 -7%
Concord 420 443 -23 -5%

Source: Southern California Edison

Las Vegas, Furnace Creek, Madera, and Yuba all showed substantial Annual Cooling Energy
Savings of 17% to 28%. Bakersfield and Concord showed increases in Annual Cooling Energy
Use of 7% and 5% respectively. The units in Bakersfield and Concord were intensively
monitored and it was determined that they performed well below the manufacturers' published
data.

Peak Demand Savings

Peak demand is determined by a combination of air conditioners that are running continuously
for the whole hour at peak, air conditioners that are off for the full hour, and air conditioners
that are cycling during the hour.

The units monitored in this field test were specifically selected to make sure they were used
during peak periods. Their operation at peak was as follows:

e Bakersfield and Furnace Creek were continuous running.
e Concord, Victorville, Las Vegas, and Madera were cycling.

e Yuba used daytime thermostat setups and was cycling on some peak days and
continuous running on other peak days (depending on the severity of the thermostat
change).

8 The PG&E test included additional operating modes designed to obtain higher overall sensible cooling.
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Peak demand reductions at system peak depend on the operating conditions of the unit.

1. For units where the capacity is less than the load at peak, the savings will be the
difference between the connected loads of the units (Connected load is Capacity/PEERS).
For units with equal capacity then, the peak savings is 1 — PEERs std. / PEERs hdac.

2. For units where the capacity exceeds the connected load, the peak savings will again be
1-PEERs std. / PEERs hdac.

Coincident Peak Demand

The peak demand of major importance occurs on hot afternoons and is driven by the diversified
air conditioner demand. The diversified peak demand of air conditioners is generally coincident
with the peak demand of the system. The hours from 3PM to 6PM are of particular significance.
The coincident peak demand for matched peak days are shown in Table 34.

Table 34. Standard vs. HDAC 3PM to 6PM Coincident Peak Demand Summary

Las Furnace [Victor- [Bakers- [ConcordMadera [Yuba
Vegas |[Creek \ille field

Standard Unit 3PM to 4PM 1849 6245 4102 3156 2751 1975 1914
Peak Demand (W)

HDAC Unit 3PM to 4PM Peak [1612 6025 3040 na na 1418 1293
Demand (W)
/Average 3PM to 4PM Peak 237 220 1062 0 0 557 621

Demand Reduction (W)

13% 4% 26% 0% 0% 28% 32%

Standard Unit 4PM to 5PM 1934 6098 3935 3159 2624 2178 1960
Peak Demand (W)

HDAC Unit 4PM to 5PM Peak [1416 5935 2910 na na 1562 1262
Demand (W)
IAverage 4PM to 5PM Peak 518 163 1025 0 0 616 698

Demand Reduction (W)

27% 3% 26% 0% 0% 28% 36%

Standard Unit 5PM to 6PM 1872 5962 3768 2902 2859 2254 2018
Peak Demand (W)

HDAC Unit 5PM to 6PM Peak [1541 5977 2780 na na 1751 1302
Demand (W)
IAverage 5PM to 6PM Peak 331 15 988 est. 0 est. 0 503 716

Demand Reduction (W)

18% 0% 26% 0% 0% 22% 35%

na = insufficient higher temperature data with no reason to believe performance is better than
standard.

Source: Southern California Edison
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The non-coincident peak loads were substantially reduced (between 237 and 1062 Watts) at four
of the locations. At Bakersfield and Concord the HDAC units were performing well below the
manufacturers' reported performance and no better than the standard units they replaced. At
Furnace Creek both the standard and HDAC units were undersized to the load and had the
same connected loads. The HDAC had a larger delivered capacity however under peak
conditions it was still operating continuously.

Average Peak Demand

The average peak demand is over a much larger period®, including periods where the watt
draw is considerably less. The average peak demand of each unit and the average peak
reductions are shown in Table 35.

Table 35. Standard vs. HDAC Average Coincident Peak Demand Summary

Standard Unit HDAC Unit Average|Average Coincident | Average Coincident

Average Coincident| Coincident Peak Peak Demand Peak Demand

Peak Demand (W) Demand (W) Reduction (W) Reduction (%)
Las Vegas 1630 1292 339 21%
Furnace 4125 3632 493 12%

Creek

Victorville 2633 1903 729 28%
Madera 1080 902 177 16%
Yuba 1041 847 194 19%
Bakersfield 1888 2073 -186 -10%
Concord 297 312 -16 -5%

Source: Southern California Edison

The regulatory coincident peak contains many hours when even the undersized air conditioner
at Furnace Creek was cycling. As a result all five of the performing units showed significant
peak reductions of 12% to 28%.

Occupant Survey

The occupant surveys were performed by interview as described in the Methodology Section.

® Noon to 7 p.m. Monday through Friday, June 1, through September 30.
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