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IMPORTANT

SAFETY DISCLAIMER

AHRI does not set safety standards and does not certify or guarantee the safety of any
products, components or systems designed, tested, rated, installed or operated in accordance
with this standard/guideline. It is strongly recommended that products be designed,
constructed, assembled, installed and operated in accordance with nationally recognized
safety standards and code requirements appropriate for products covered by this
standard/guideline.

AHRI uses its best efforts to develop standards/guidelines employing state-of-the-art and
accepted industry practices. AHRI does not certify or guarantee that any tests conducted under
its standards/guidelines will be non-hazardous or free from risk.

Note:
This standard supersedes AHRI Standard 210/240-2017 with Addendum 1

AHRI 210/240-2023 (2020), first published in May 2020, establishes a method to rate residential central air
conditioners and heat pumps consistent with the test procedure codified in 10 CFR part 430, subpart B, appendix
M1. The energy efficiency metrics, expressed in terms of Seasonal Energy Efficiency Ratio (SEER2), Energy
Efficiency Ratio (EER2), and Heating Seasonal Performance Factor (HSPF2), are required for representations
coincident with the compliance date of the new efficiency standards in the United States starting on January 1, 2023.
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FOREWORD

The primary changes in this edition of AHRI 210/240 are those required to align with the new performance metrics
and requirements of Appendix M1 of 10 CFR 430, as issued by the U.S. Department of Energy (82 FR 1426, January
2017). A working group of many stakeholders (including but not limited to AHRI members, independent laboratories,
energy advocates and DOE consultants) met periodically over the course of two years to evaluate necessary changes
and improvements in language.

Because compliance with the Appendix M1 test procedure and ratings are not mandatory until January 1, 2023, AHRI
has chosen to use “2023” as the year version of this standard.

Significant changes from AHRI 210/240-2017 with Addendum 1 include:

e Updates to comply with Appendix M1.
o Added definitions
o Change of performance metrics:
» EERtoEER2
» SEER to SEER2
= HSPF to HSPF2
= COPtoCOP2
o Removal of water-cooled and evaporatively-cooled products from the scope.
o  These products will be transitioned to 340/360.
o Removal of sections on IEER/Part Load (only applicable to water-cooled and
evaporatively-cooled products).
e Addition of requirements and calculations for the following:
o Triple-capacity Northern Heat Pumps
o Multiple Indoor Blowers
e  Updates to tables.
e  Updates to calculations.
e Updated Appendix G with latest verbiage from 340/360.
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AHRI CERTIFICATION PROGRAM PROVISIONS

Scope of the Certification Program

The Certification Program includes all Unitary Air-conditioning and Unitary Air-source Heat Pump equipment rated
below 65,000 Btu/h at AHRI Standard Rating Conditions (Cooling).

Certified Ratings
The following Certification Program ratings are verified by test:
Unitary Air-Conditioners

Air-cooled
e AHRI Standard Rating Cooling Capacity, Btu/h

e Energy Efficiency Ratio (EER2a run), Btu/(W-h)
e Seasonal Energy Efficiency Ratio (SEER2), Btu/(W-h)

Unitary Air-source Heat Pumps

Air-cooled
¢ AHRI Standard Rating Cooling Capacity, Btu/h

Energy Efficiency Ratio (EER2a run), Btu/(W-h)

Seasonal Energy Efficiency Ratio (SEER2), Btu/(W-h)

High Temperature Heating Standard Rating Capacity, Btu/h

Region 1V Heating Seasonal Performance Factor, HSPF2, Btu/(W-h)

Conformance to the requirements of the Maximum Operating Conditions Test, Voltage Tolerance Test, Low-
Temperature Operation Test (Cooling), Insulation Effectiveness Test (Cooling), and Condensate Disposal Test
(Cooling), as outlined in Section 8, are also verified by test. Refer to the USAC/USHP Certification Program
Operation Manual for more information regarding the AHRI Certification Program.
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AHRI STANDARD 210/240-2023 (2020)

PERFORMANCE RATING OF UNITARY AIR-
CONDITIONING AND AIR-SOURCE HEAT
PUMP EQUIPMENT

Section 1. Purpose
1.1  Purpose. The purpose of this standard is to establish the following for Unitary Air-conditioners and Unitary Air-source
Heat Pumps: definitions, classifications, test requirements, rating requirements, operating requirements, minimum data
requirements for Published Ratings, marking and nameplate data, and conformance conditions.

1.1.1  Intent. Thisstandard is intended for the guidance of the industry, including manufacturers, engineers, installers,
contractors and users.

1.1.2  Review and Amendment. This standard is subject to review and amendment as technology advances.

Section 2. Scope

2.1 Scope. This standard applies to factory-made Unitary Air-conditioners and Unitary Air-source Heat Pumps with
capacities less than 65,000 Btu/h as defined in Section 3.

2.1.1  Energy Source. This standard applies only to electrically operated, vapor compression refrigeration systems.
2.2 Exclusions. This standard does not apply to the rating and testing of:

2.2.1  Heat operated air-conditioning/heat pump equipment.

2.2.2  Packaged Terminal Air-conditioners/Heat Pumps, as defined in AHRI Standard 310/380.CSA C744.

2.2.3  Room air-conditioners/heat pumps.

2.2.4  Unitary Air-conditioners and Unitary Air-source Heat Pumps as defined in AHRI Standard 340/360 with
capacities of 65,000 Btu/h or greater.

2.2.5  Water-source Heat Pumps, Ground Water-source Heat Pumps, or ground-source closed-loop Heat Pumps as
defined in ISO/ANSI/ASHRAE/AHRI Standards 13256-1 and 13256-2.

2.2.6  Water heating heat pumps.
2.2.7  Units equipped with desuperheater/water heating devices in operation.

2.2.8 Variable Refrigerant Flow Air Conditioners and Heat Pumps as defined in AHRI Standard 1230 with capacities
of 65,000 Btu/h and greater.

2.2.9  Single Packaged Vertical Units as defined in ANSI/AHRI Standard 390.

Section 3. Definitions and Acronyms

All terms in this document will follow the standard industry definitions in the ASHRAE Terminology website
(https://www.ashrae.org/resources--publications/free-resources/ashrae-terminology) unless otherwise defined in this section.
Further definitions are found in Appendices C, D and E. For reference purposes, the user of this standard is informed there are
also pertinent definitions in Title 10, Code of Federal Regulations, Part 430, Subpart 430.2. Throughout the standard defined
terms are capitalized.

3.1 Definitions.


https://www.ashrae.org/resources--publications/free-resources/ashrae-terminology
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3.1.1 Air-cooled Air-conditioner. An air-conditioner which uses air as the medium to absorb heat in order to
condense refrigerant.

3.1.2  Airflow-control Setting(s). Programmed or wired control system configurations that control a fan to achieve
discrete, differing ranges of airflow—often designated for performing a specific function (e.g., cooling, heating, or
constant circulation)—without manual adjustment other than interaction with a user-operable control (i.e., a thermostat)
that meets the manufacturer specifications for installed-use. For the purposes of this standard, manufacturer
specifications for installed-use are those found in the product literature shipped with the unit.

3.1.3  Airflow Prevention Device. A device that prevents airflow via natural convection by mechanical means, such
as an air damper box, or by means of changes in duct height, such as an upturned duct.

3.1.4  Air Moving System (AMS).

3.1.4.1 Constant-volume AMS. A fan system that varies its operating speed to provide a fixed air-volume-rate
from a Ducted System.

3.1.4.2 Constant-torque AMS. A fan system that maintains constant motor shaft torque over a broad range of
loads.

3.1.4.3 Permanent Split Capacitor (PSC) AMS. A fan system connected to an induction motor that develops
motor shaft torque proportional to the RPM slip from synchronous speed.

3.1.5 Approach Temperature. The refrigerant temperature at the outdoor liquid service port minus the outdoor
ambient temperature.

3.1.6  Blower Coil System. A Split System that includes one or more Blower Coil Indoor Units.
3.1.7 Ceiling-mount Blower Coil System. A ducted split system for which all of the following apply:

3.1.7.1 The Outdoor Unit has a certified cooling capacity less than or equal to 36,000 Btu/h.

3.1.7.2 The Indoor Unit(s) is/are shipped with manufacturer-supplied installation instructions that stipulate to
secure the indoor unit only to the ceiling, within a furred-down space, or above a dropped ceiling of the
conditioned space, with return air directly to the bottom of the unit without ductwork, or through the furred-
down space, or optional insulated return air plenum that is shipped with the indoor unit.

3.1.7.3 The installed height of the Indoor Unit is no more than 12 inches (not including condensate drain lines)
and the installed depth (in the direction of airflow) of the indoor unit is no more than 30 inches.

3.1.7.4 Supply air is discharged horizontally.

3.1.8  Coefficient of Performance (COP2). A ratio of the cooling/heating capacity in watts to the power input values
in watts at any given set of Rating Conditions expressed in watt/watt (a dimensionless quantity). For heating COP2,
supplementary resistance heat shall be excluded.

3.1.9  Coil-only System (Coil-only Air-conditioner or Coil-only Heat Pump). A system that includes only (one or
more) Coil-only Indoor Units.

3.1.10 Crankcase Heater. Any electrically powered device or mechanism for intentionally generating heat within
and/or around the compressor sump volume. Crankcase Heater control may be achieved using a timer or may be based
on a change in temperature or some other measurable parameter, such that the Crankcase Heater is not required to operate
continuously. A Crankcase Heater without controls operates continuously when the compressor is not operating.

3.1.11 Cyclic Test. A test where the unit's compressor is cycled on and off for specific time intervals. A Cyclic Test
provides half the information needed to calculate a Degradation Coefficient.

3.1.12 Defrost Control System.

3.1.12.1 Demand-defrost Control System. A system that defrosts the heat pump Outdoor Coil only when
measuring a predetermined degradation of performance. The heat pump's controls shall do one of the following:
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3.1.12.1.1 Monitor one or more parameters that always vary with the amount of frost accumulated on
the Outdoor Coil (e.g., coil to air differential temperature, coil differential air pressure, outdoor fan power or
current, optical sensors, etc.) at least once for every ten minutes of compressor ON-time when space heating.

3.1.12.1.2 Operate as a feedback system that measures the length of the defrost period and adjusts
defrost frequency accordingly. In all cases, when the frost parameter(s) reaches a predetermined value, the
system initiates a defrost. In a Demand-defrost Control System; defrosts are terminated based on monitoring a
parameter(s) that indicates that frost has been eliminated from the coil. A Demand-defrost Control System,
which otherwise meets the above requirements, shall allow time-initiated defrosts if, and only if, such defrosts
occur after 6 hours of compressor operating time.

Note: Systems that vary defrost intervals according to outdoor dry-bulb temperature are not demand defrost
systems.

3.1.12.2 Time Adaptive Defrost Control System. A Demand-defrost Control System that measures the length
of the prior defrost period(s) and uses that information to automatically determine when to initiate the next
defrost cycle.

3.1.12.3 Time-temperature Defrost Control System. A control system that initiates or evaluates initiating a
defrost cycle only when a predetermined cumulative compressor ON-time is obtained. This predetermined
ON-time is generally a fixed value (e.g., 30, 45, 90 minutes) although it may vary based on the measured
outdoor dry-bulb temperature. The ON-time counter accumulates if controller measurements (e.g., outdoor
temperature, evaporator temperature) indicate that frost formation conditions are present, and it is reset/remains
at zero at all other times. In one application of the control scheme, a defrost is initiated whenever the counter
time equals the predetermined ON-time. The counter is reset when the defrost cycle is completed.

In a second application of the control scheme, one or more parameters are measured (e.g., air and/or refrigerant
temperatures) at the predetermined, cumulative, compressor ON-time. A defrost is initiated only if the
measured parameter(s) falls within a predetermined range. The ON-time counter is reset regardless of whether
a defrost is initiated. If systems of this second type use cumulative ON-time intervals of 10 minutes or less,
then the heat pump may qualify as having a Demand-defrost Control System.

3.1.13 Degradation Coefficient (Cp). A parameter used in calculating the Part Load Factor, which is a measure of the
efficiency loss due to the cycling of the units. The Degradation Coefficient for cooling is denoted by C5. The
Degradation Coefficient for heating is denoted by C}.

3.1.14 Double-duct System. Double-duct Air-conditioner or Heat Pump means air-cooled commercial package air-
conditioning and heating equipment that is either a) a horizontal Single Package Unit or Split System, or b) a vertical
unit that consists of two components that shall be shipped or installed either connected or split; and is intended for indoor
installation with ducting of outdoor air from the building exterior to and from the unit, where the unit and/or all of its
components are non-weatherized and are not marked (or listed) as being in compliance with UL 1995/CSA C22.2 N0.236
or equivalent requirements for outdoor use.
e If it is a horizontal unit, the complete unit shall have a maximum height of 35 in or the unit shall have
components that do not exceed a maximum height of 35 in.
e If it is a vertical unit, the complete (split, connected, or assembled) unit shall have components that do not
exceed maximum depth of 35 in; and, a rated cooling capacity less than 65,000 Btu/h.

3.1.15 Ducted System. An air-conditioner or heat pump that is designed to be permanently installed and delivers
conditioned air to the indoor space through a duct(s). The air-conditioner or heat pump may be either a Split System
unit or a Single Package Unit.

3.1.16 Energy Efficiency Ratio (EER2). A ratio of the cooling capacity in Btu/h to the Total Power in watts at any
given set of Rating Conditions expressed in Btu/(W-h).

3.1.16.1 EER2aru. The EER2 at Arytest conditions.

3.1.17 Gross Capacity. The calculated system capacity that results when not accounting for the heat generated from
an indoor supply fan.
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3.1.18 Heat Comfort Controller. A heat pump control that regulates the operation of the electric resistance elements
to assure that the air temperature leaving the indoor section does not fall below a Specified temperature even if the heat
pump capacity exceeds the building load. This Specified temperature is usually field adjustable and the temperature
shall be Specified by the manufacturer as part of the equipment rating. Heat pumps that actively regulate the rate of
electric resistance heating when operating below the balance point (as the result of a second stage call from the
thermostat) but do not operate to maintain a minimum delivery temperature are not considered as having a heat
controller.

3.1.19 Heating Season. The months of the year that require heating, e.g., typically, and roughly, October through
April.

3.1.20 Heating Seasonal Performance Factor (HSPF2). The total space heating required during the space heating
season, Btu, divided by the total electrical energy, W-h, consumed by the heat pump system during the same season,
Btu/(W-h). HSPF2 will vary depending on the region (refer to Section 11).

3.1.21 Independent Coil Manufacturer (ICM). A company that manufactures Indoor Units but does not manufacture
Single Package Units or Outdoor Units.

3.1.22 Indoor Unit. A separate assembly of a Split System that includes both an arrangement of refrigerant-to-air heat
transfer coil(s) for transfer of heat between the refrigerant and the indoor air and a condensate drain pan. An Indoor
Unit may or may not include sheet metal or plastic parts not part of external cabinetry to direct/route airflow over the
coil(s), a cooling mode expansion device, external cabinetry, and an integrated indoor blower (i.e. a device to move air
including its associated motor). A separate designated air mover that may be a furnace or a Modular Blower may be
considered to be part of the Indoor Unit. A Service Coil is not an Indoor Unit.

3.1.22.1 Blower Coil Indoor Unit. An Indoor Unit with either a) an indoor blower housed with the coil or b) a
separate designated air mover such as a furnace or Modular Blower.

3.1.22.2 Air Handler. An arrangement of refrigerant-to-air heat transfer coil(s), condensate drain pan, sheet
metal or plastic parts to direct/route airflow over the coil(s), air moving device, and external cabinetry. An Air
Handler may or may not include a cooling mode expansion device and/or supplemental resistive heating
elements.

3.1.22.3 Modular Blower. A product which only uses single-phase electric current, and which meets all of the
following:

3.1.22.3.1 Is designed to be the principal air circulation source for the living space of a residence.
3.1.22.3.2 Is not contained within the same cabinet as a furnace or central air-conditioner.

3.1.22.3.3 Is designed to be paired with HVAC products that have a heat input rate of less than
225,000 Btu per hour and cooling capacity less than 65,000 Btu per hour.

3.1.22.4 Coil-only Indoor Unit. An Indoor Unit that is distributed in commerce without an indoor blower or
separate designated air mover. A Coil-only Indoor Unit installed in the field relies on a separately-installed
furnace or a Modular Blower for indoor air movement.

3.1.22.4.1 Cased Coil. A Coil-only Indoor Unit with external cabinetry.
3.1.22.4.2 Uncased Coil. A Coil-only Indoor Unit without external cabinetry.

3.1.22.5 Service Coil. An arrangement of refrigerant-to-air heat transfer coil(s), condensate drain pan, sheet
metal or plastic parts to direct/route airflow over the coil(s), sold specifically for the intent of replacing an
Uncased Coil or Cased Coil that has already been placed into service, and that has been labeled “for indoor coil
replacement only” on the nameplate and in manufacturer technical and product literature. The model number
for any Service Coil shall include some mechanism (e.g., an additional letter or number) for differentiating a
Service Coil from a coil intended for an Indoor Unit. A Service Coil may or may not include external cabinetry
and/or a cooling mode expansion device.

3.1.23 Installation Instructions. Manufacturer’s documentation that come packaged with or appear in the labels
applied to the unit. This does not include online manual.
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3.1.24 Latent Cooling Capacity. The rate, expressed in Btu/h, at which the equipment removes latent heat (reduces
the moisture content) of the air passing through it under standard conditions of operation.

3.1.25 Low-static Blower Coil System. A ducted multi-split or multi-head mini-split system for which all indoor units
produce greater than 0.01 in H,O and a maximum of 0.35 in H,O ESP when operated at the cooling full-load air volume
rate not exceeding 400 cfm per rated ton of cooling.

3.1.26 Mid-static Blower Coil System. A ducted multi-split or multi-head mini-split system for which all indoor units
produce greater than 0.20 in H,O and a maximum of 0.65 in H,O ESP when operated at the cooling full-load air volume
rate not exceeding 400 cfm per rated ton of cooling.

3.1.27 Minimum-speed-limiting Variable-speed Heat Pump. A heat pump for which the minimum compressor speed
(represented by revolutions per minute or motor power input frequency) is higher than its minimum value for operation
in a 47°F ambient temperature for any bin temperature t; for which the calculated heating load is less than the calculated
intermediate-speed capacity.

3.1.28 Mobile Home Blower Coil System. A split system that contains an outdoor unit and an indoor unit that meet the
following criteria:

3.1.28.1 Both the indoor and outdoor unit are shipped with manufacturer-supplied installation instructions that
stipulate installation only in a mobile home with the home and equipment complying with HUD Manufactured
Home Construction Safety Standard 24 CFR part 3280;

3.1.28.2 The indoor unit cannot exceed 0.40 in H,O when operated at the cooling full-load air volume rate not
exceeding 400 cfm per rated ton of cooling; and

3.1.28.3 The indoor and outdoor unit each must bear a label in at least 14 in font that reads “For installation
only in HUD manufactured home per Construction Safety Standard 24 CFR part 3280.”

3.1.29 Mobhile Home Coil-only System. A coil-only split system that includes an outdoor unit and coil-only indoor unit
that meet the following criteria:

3.1.29.1 The outdoor unit is shipped with manufacturer-supplied installation instructions that stipulate
installation only for mobile homes that comply with HUD Manufactured Home Construction Safety Standard
24 CFR part 3280;

3.1.29.2 The coil-only indoor unit is shipped with manufacturer-supplied installation instructions that stipulate
installation only in or with a mobile home furnace, modular blower, or designated air mover that complies with
HUD Manufactured Home Construction Safety Standard 24 CFR part 3280, and has dimensions no greater than
20 in wide, 34 in high and 21 in deep; and

3.1.29.3 The coil-only indoor unit and outdoor unit each has a label in at least 14 in font that reads ‘For
installation only in HUD manufactured home per Construction Safety Standard 24 CFR part 3280.”

3.1.30 Multiple-circuit (or Multi-circuit) System. A Split System that has one Outdoor Unit and that has two or more
Indoor Units installed on two or more refrigeration circuits such that each refrigeration circuit serves a compressor and
one and only one Indoor Unit, and refrigerant is not shared from circuit to circuit.

3.1.31 Multiple Capacity (Multiple Stage) Compressor. A compressor having three or more stages of capacity that
has neither an inverter, nor variable frequency drive, or a group of compressors with three or more stages of capacity.

3.1.31.1 Full Compressor Stage (Full). The staging of compressor(s) as Specified by the manufacturer at which
the unit operates at full load test conditions. The Full Compressor Stage for heating mode tests may be the
same or different from the cooling mode value.

3.1.31.2 Intermediate Compressor Stage (Int).

3.1.31.2.1 For Multi-split Systems. The staging of compressor(s) as Specified by the manufacturer
that falls within one-fourth and three-fourths of the difference between the Low Compressor Stage
and Full Compressor Stage for both cooling and heating, separately.

3.1.31.2.2 For All Other Multiple Stage Compressors. The stage within a 5% tolerance of the Low
Compressor Stage plus one-third of the difference between Low Compressor Stage and Full
Compressor or the next higher stage.

5
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3.1.31.3 Low Compressor Stage (Low). The staging of compressor(s) as Specified by the manufacturer at
which the unit operates at low load test conditions. The Low Compressor Stage for heating mode tests may
be the same or different from the cooling mode value.

3.1.31.4 Nominal Compressor Stage (Nom). A heating mode compressor stage equal to or higher than Full
Compressor Stage in cooling.

3.1.32 Net Capacity. The calculated system capacity that results when accounting for the heat generated from an
indoor supply fan.

3.1.33 Nominal Cooling Capacity. A capacity approximately equal to the air conditioner cooling capacity tested at A
or A2 condition. For Indoor Units, the highest cooling capacity listed in published product literature for 95°F outdoor
dry-bulb temperature and 80°F dry-bulb, 67°F wet-bulb indoor conditions. For Outdoor Units, the lowest cooling
capacity listed in published product literature for these conditions. If incomplete or no operating conditions are published,
the highest (for Indoor Units) or lowest (for Outdoor Units) such cooling capacity available for sale shall be used.

3.1.34 Non-ducted Indoor Unit. An Indoor Unit designed to be permanently installed, mounted to/in ceilings and/or
room walls, and/or to floors, and that directly heats or cools air within the conditioned space.

3.1.35 Non-ducted System. A Split System with one or more Non-ducted Indoor Units. The system components may
be of a modular design.

3.1.36 Non-tested Combination (NTC). Any manufacturer approved combination of an Outdoor Unit(s) with one or
more Indoor Units whose Certified Ratings are based on an AEDM.

3.1.37 Normalized Gross Indoor Fin Surface (NGIFS). The gross fin surface area of the indoor unit coil divided by
the cooling capacity measured for the A or A2 Test, whichever applies.

3.1.38 Off-mode Power Consumption. The power consumption when the unit is connected to its main power source
but is neither providing cooling nor heating to the building it serves.

3.1.39 Off-mode Season. For central air-conditioners other than heat pumps, the Shoulder Season and the entire
Heating Season; and for heat pumps, the Shoulder Season only.

3.1.40 Oil Recovery Mode. An automatic system operation that returns oil to the compressor crank case when the
control system determines that the oil level in the Outdoor Unit is low.

3.1.41 Outdoor Coil. A heat exchange surface that transfers heat between outdoor air and the refrigerant. The Outdoor
Coil may be located internal or external to the building.

3.1.42 Outdoor Unit. A separate assembly of a Split System that transfers heat between the refrigerant and the
outdoor air, and consists of an Outdoor Coil, compressor(s), an air moving device, and in addition for heat pumps, may
include a heating mode expansion device, reversing valve, and/or defrost controls.

3.1.43 Outdoor Unit Manufacturer (OUM). A manufacturer of Single Package units, Outdoor Units, and/or both
Indoor Units and Outdoor Units.

3.1.44 Part Load Factor (PLF). The ratio of the cyclic EER2 (or COP2 for heating) to the steady-state EER2 (or
COP2), where both EER2s (or COP2s) are determined based on operation at the same ambient conditions.

3.1.45 Published Rating. A statement of the assigned values of those performance characteristics, under stated Rating
Conditions, by which a unit may be chosen to fit its application. These values apply to all units of like nominal size and
type (identification) produced by the same manufacturer. The term Published Rating includes the rating of all
performance characteristics shown on the unit or published in specifications, advertising, or other literature controlled
by the manufacturer, at stated Rating Conditions.

3.1.45.1 Application Rating. A rating based on tests performed at Application Rating Conditions (other than
Standard Rating Conditions).
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3.1.45.2 Certified Rating(s). A Published Rating of certified data as defined by Section 3.9 of the AHRI
Unitary Small Equipment Operations Manual which is verified by audit testing.

3.1.45.3 Standard Rating. A rating based on tests performed at Standard Rating Conditions.

3.1.46 Rating Conditions. Any set of operating conditions under which a single level of performance results and
which causes only that level of performance to occur.

3.1.46.1 Standard Rating Conditions. Rating Conditions used as the basis of comparison for performance
characteristics.

3.1.47 Seasonal Energy Efficiency Ratio (SEER2). The total heat removed from the conditioned space during the
annual cooling season, Btu, divided by the total electrical energy, W-h, consumed by the air-conditioner or heat pump
during the same season, Btu/(W-h).

3.1.48 Sensible Cooling Capacity. The rate, expressed in Btu/h, at which the equipment lowers the dry-bulb
temperature (removes sensible heat) of the air passing through it under standard conditions of operation.

3.1.49 "Shall" or "Should". "Shall" or "should" shall be interpreted as follows:

3.1.49.1 Shall. Where "shall" or "shall not" is used for a provision specified, that provision is mandatory if
compliance with the standard is claimed.

3.1.49.2 Should. "Should" is used to indicate provisions which are not mandatory but which are desirable as
good practice.

3.1.50 Shoulder Season. The months of the year in between those months that require cooling and those months that
require heating, e.g., typically, and roughly, April through May, and September through October.

3.1.51 Single Package Unit (Single Package Air-conditioner or Single Package Heat Pump). Any central air-
conditioner or heat pump that has all major assemblies enclosed in one cabinet.

3.1.52 Single Stage System (Single Stage Air-conditioner or Single Stage Heat Pump). An air-conditioner or heat
pump that has a single, fixed capacity compressor.

3.1.53 Small-duct, High-velocity System. A Split System for which all Indoor Units are Blower Coil Indoor Units that
produce at least 1.2 in H,O of ESP when operated at the full-load air volume rate Specified by the manufacturer of at
least 220 scfm per rated ton of cooling.

3.1.54 Space Constrained Product. A central air-conditioner or heat pump:

3.1.54.1 that has rated cooling capacities no greater than 30,000 Btu/h;

3.1.54.2 that has an outdoor or Indoor Unit having at least two overall exterior dimensions or an overall
displacement that:

3.1.54.2.1 is substantially smaller than those of other units that are:

3.1.54.2.1.1 currently usually installed in site built single family homes; and
3.1.54.2.1.2 of asimilar cooling, and, if a heat pump, heating capacity; and

3.1.54.2.2 if increased, would certainly result in a considerable increase in the usual cost of
installation or would certainly result in a significant loss in the utility of the product to the consumer;
and

3.1.54.3 of a product type that was available for purchase in the United States as of December 1, 2000.

3.1.55 Specified. Documentation provided by the manufacturer. In the event of conflicting information, the
hierarchy is:
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3.1.55.1 Certification report (information provided to authorities having jurisdiction).
3.1.55.2 Installation Instructions.
3.1.55.3 Test setup instructions (e.g. see Section 5.1.2).

3.1.56 Split System (Split System Air-conditioner or Split System Heat Pump). Any central air-conditioner or heat
pump that has at least two separate assemblies that are connected with refrigerant piping when installed. At least one of
these assemblies is an Indoor Unit and at least one of these assemblies is an Outdoor Unit. Split Systems may be either
Blower Coil Systems or Coil-only Systems.

3.1.56.1 Multi-head Mini-split System. A Split System that has one Outdoor Unit and that has two or more
Indoor Units connected with a single refrigeration circuit. The Indoor Units operate in unison in response to a
single indoor thermostat.

3.1.56.2 Multi-split System (Multi-split Air-conditioner or Multi-split Heat Pump). A Split System that has one
Outdoor Unit and having two or more Indoor Units connected with a single refrigeration circuit. The Indoor
Units operate independently and can be used to condition multiple zones in response to at least two indoor
thermostats or temperature sensors. The Outdoor Unit operates in response to independent operation of the
Indoor Units based on control input of at least two indoor thermostats or temperature sensors, and/or based on
refrigeration circuit sensor input.

3.1.56.3 Single-split System (Single-split Air-conditioner or Single-split Heat Pump). A Split System that has
one Outdoor Unit and one Indoor Unit connected with a single refrigeration circuit.

3.1.57 Standard Air. Dry air having a mass density of 0.075 lo/ft®.

3.1.58 Standard Filter. The filter with the lowest level of filtration that is distributed in commerce with a model. If
the manufacturer does not stipulate which filter option has the lowest level of filtration in manufacturer’s installation
instructions or marketing materials for the model, then the Standard Filter shall be the filter designated as the “default”
or “standard” filter in the marketing materials for the model. If the manufacturer does not stipulate a default filter option
or which filter option has the lowest filtration level, then the Standard Filter shall be any filter shipped by the
manufacturer.

3.1.59 Steady-state Test. A test where the controlled test parameters are regulated to remain constant within the
tolerances identified in the standard while the unit operates continuously in the same mode.

3.1.60 System Controls. System Controls may include but are not limited to:

3.1.60.1 An integral network operations and communications system with sensors to monitor the status of
items such as temperature, pressure, oil, refrigerant levels and fan speed.

3.1.60.2 A micro-processor, algorithm-based control scheme to: a) communicate with a managed variable
capacity compressor, fan speed of Indoor Units, fan speed of the Outdoor Unit, solenoids, and various
accessories; b) manage metering devices; and c) concurrently operate various parts of the system.

3.1.60.3 Regulate system efficiency and refrigerant flow through an engineered distributed refrigerant
system to conduct zoning operations, matching capacity to the load in each of the zones.

3.1.61 Temperature Bin. The 5°F increments used to partition the outdoor dry-bulb temperature ranges of the cooling
(> 65°F) and heating (< 65°F) seasons.

3.1.62 Test Condition Tolerance. The maximum permissible difference between the average value of the measured
test parameter and the test condition identified in the standard.

3.1.63 Test Operating Tolerance. The maximum permissible range a measurement may vary over the test interval
identified in the standard. When expressed as a percentage, the maximum allowable variation is the percentage identified
in the standard of the average value.

3.1.64 Tested Combination. A specific combination of an Outdoor Unit(s) with one or more Indoor Units having
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measured performance in a laboratory psychrometric facility.

3.1.64.1 Single-split Tested Combination. A specific combination of an Outdoor Unit with either one Indoor
Unit or multiple Indoor Units which operate in unison. See Section 6.4.3.

3.1.64.2 Multi-split Tested Combination. A specific combination of an Outdoor Unit with between two and
five Indoor Units. See Section 6.4.3.

3.1.65 Total Cooling Capacity. The sum of Sensible and Latent Capacity the equipment can remove from the
conditioned space in a defined interval of time in Btu/h (Net Capacity in the cooling mode).

3.1.66 Total Heating Capacity. The amount of Sensible Capacity the equipment can add to the conditioned space in
a defined interval of time in Btu/h (Net Capacity in the heating mode).

3.1.67 Total Power. The sum of the power consumed by all components of a system, including the power consumed
by the compressor(s), indoor supply fan motor(s), outdoor condenser fan motor(s), System Controls, factory installed
condensate pumps and other devices required for normal operating modes.

3.1.68 Triple-capacity, Northern Heat Pump. a heat pump that provides two stages of cooling and three stages of
heating. The two common stages for both the cooling and heating modes are the low capacity stage and the high capacity
stage. The additional heating mode stage is the booster capacity stage, which offers the highest heating capacity output
for a given set of ambient operating conditions.

3.1.69 Two-capacity (or Two-stage) Compressor. A compressor or group of compressors operating with only two
stages of capacity.

3.1.69.1 Full Compressor Stage (Full). The staging of compressor(s) as Specified by the manufacturer at which
the unit operates at Full Stage, or full load test conditions.

3.1.69.2 Low Compressor Stage (Low). The staging of compressor(s) as Specified by the manufacturer at
which the unit operates at low load test conditions. The Low Compressor Stage for heating mode tests may
be the same or different from the cooling mode value.

3.1.70 Two-capacity Northern Heat Pump. A heat pump that has a factory or field-selectable lock-out feature to
prevent space cooling at high-capacity. Two-capacity heat pumps having this feature will typically have two sets of
ratings, one with the feature disabled and one with the feature enabled. The heat pump is a Two-capacity Northern Heat
Pump only when this feature is enabled at all times. The indoor coil model number shall reflect whether the ratings
pertain to the lockout enabled option via the inclusion of an extra identifier, such as “+LO”. When testing as a Two-
capacity, Northern Heat Pump, the lockout feature shall remain enabled for all tests.

3.1.71 Two-capacity (or Two-stage) System (Two-stage Air-conditioner or Two-stage Heat Pump). An air -
conditioner(s) or heat pump(s) that use a Two-capacity Compressor or two single stage Outdoor Units connected to a
single Indoor Unit, where each Outdoor Unit can operate independently or jointly.

3.1.72  Unit Having Multiple Indoor Blowers (MIB). A Split-system or Single Package Unit which contains multiple
indoor blowers where the indoor blowers are designed to cycle on and off independently of one another and are not
controlled such that all indoor blowers are modulated to always operate at the same air volume rate or speed.

3.1.73 Unitary Air-conditioner (Air-conditioner). One or more factory-made assemblies which normally include an
indoor coil(s), compressor(s), Outdoor Coil(s), indoor fan(s), outdoor fan(s), and expansion device(s). When such
equipment is provided in more than one assembly, the separated assemblies shall be designed to be used together, and
the requirements of rating outlined in the standard are based upon the use of matched assemblies.

3.1.73.1 Functions. Air-conditioners shall provide the function of air-circulation, air cleaning, cooling with
controlled temperature and dehumidification, and may optionally include the function of heating and/or
humidifying.

3.1.74 Unitary Air-source Heat Pump (Heat Pump). One or more factory-made assemblies which normally include
an indoor coil(s), compressor(s), Outdoor Coil(s), indoor fan(s), outdoor fan(s), and expansion device(s) including means
to provide a heating function. When such equipment is provided in more than one assembly, the separated assemblies

9



AHRI STANDARD 210/240-2023 (2020)

10

shall be designed to be used together, and the requirements of rating outlined in the standard are based upon the use of
matched assemblies.

3.1.74.1 Functions. Heat Pumps shall provide the function of air heating with controlled temperature, and may
include the functions of air-cooling, air-circulating, air-cleaning, dehumidifying or humidifying.

3.1.74.2 Heat pump having a Heat Comfort Controller. A heat pump with controls that can regulate the
operation of the electric resistance elements to assure that the air temperature leaving the indoor section does
not fall below a Specified temperature. Heat pumps that actively regulate the rate of electric resistance heating
when operating below the balance point (as the result of a second stage call from the thermostat) but do not
operate to maintain a minimum delivery temperature are not considered as having a Heat Comfort Controller.

3.1.75 Variable Capacity (or Variable Stage or Variable Speed) System (Variable Stage Air-conditioner or Variable
Stage Heat Pump). Air-conditioner(s) or heat pump(s) that has either a Variable Speed Compressor or a Multiple
Capacity Compressor.

3.1.76 Variable Refrigerant Flow (VRF) System. A Multi-split System with at least three compressor capacity stages,
distributing refrigerant through a piping network to multiple indoor blower coil units each capable of individual zone
temperature control, through proprietary zone temperature control devices and a common communications network.

Note: Single-phase VRF systems less than 65,000 Btu/h are central air-conditioners and central air conditioning heat
pumps, also referred to as Unitary Air-conditioners and Unitary Air-source Heat Pumps.

3.1.77 Variable Speed Compressor. A compressor that has capability of varying its rotational speed in non-discrete
stages or steps from low to full using an inverter or variable frequency drive.

3.1.77.1 Boost Compressor Speed (Boost). A speed faster than Full Compressor Speed, as Specified by the
manufacturer, at which the unit will operate to achieve increased capacity. The Boost Compressor Speed for
heating mode tests may be the same or different from the cooling mode value. Also applies to Triple-capacity,
Northern Heat Pumps.

3.1.77.2 Full Compressor Speed (Full). The speed as Specified by the manufacturer at which the unit operates
at full load test conditions. The Full Compressor Speed for heating mode tests may be the same or different
from the cooling mode value.

3.1.77.3 Intermediate Compressor Speed (Int).

3.1.77.3.1 For Multi-split Systems. The speed as Specified by the manufacturer that falls within one-
fourth and three-fourths of the difference between the Low Compressor Speed and Full Compressor
Speed for both cooling and heating, separately.

3.1.77.3.2 For All Other Variable Stage Systems. Low Compressor Speed plus one-third of the
difference between Low Compressor Speed and Full Compressor Speed with a tolerance of plus 5%
or the next higher inverter frequency step.

3.1.77.4 Low Compressor Speed (Low). The speed as Specified by the manufacturer at which the unit operates
at low load test conditions. The Low Compressor Speed for heating mode tests may be the same or different
from the cooling mode value.

3.1.78  Wall-mount Blower Coil System. A ducted split system air conditioner or heat pump for which all of the
following apply:

3.1.78.1 The outdoor unit has a certified cooling capacity less than or equal to 36,000 Btu/h.
3.1.78.2 The indoor unit(s) is/are shipped with manufacturer-supplied installation instructions that stipulate
mounting only by:
3.1.78.2.1 Securing the back side of the unit to a wall within the conditioned space, or
3.1.78.2.2 Securing the unit to adjacent wall studs or in an enclosure, such as a closet, such that the
indoor unit’s front face is flush with a wall in the conditioned space.
3.1.78.3 Has front air return without ductwork and is not capable of horizontal air discharge.
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3.2

4.1

3.1.78.4 Has a height no more than 45 in, a depth (perpendicular to the wall) no more than 22 in (including
tubing connections), and a width no more than 24 in (parallel to the wall).

3.1.79 Wet-coil Test. A test conducted at test conditions that typically cause water vapor to condense on the test unit
evaporator coil.

Acronyms.

3.21  AEDM. Alternative Efficiency Determination Method.

3.2.2  AHRI. Air-Conditioning, Heating, and Refrigeration Institute.

3.23 ASHRAE. American Society of Heating, Refrigerating and Air-Conditioning Engineers.
3.24  CFR. Code of Federal Regulations.

3.25  ESP. External Static Pressure.

Section 4. Classifications

Classifications. Equipment covered within the scope of this standard shall be classified as shown in Tables 1, 2 and 3.

11
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Table 1. Classification of Unitary Air-conditioners

Designation AHRI Type 12 Arrangement - ID Arrangement - OD
. . K
Single Package Unit | SP-A ELEC HEAT® | OD FAN or PUMP
ID FAN COMP
EVAP COND
- _A 5.7
Year-Round SPY-A GAS HEAT * OD FAN or PUMP
Single Package
Unit ID FAN COMP
EVAP COND

Remote Condenser | RC-A ID EAN OD EAN or PUMP
EVAP COND
COMP
Split System Air- | RCU-A-C EVAP OD FAN or PUMP
conditioner with
Coil-only COMP
COND
i ire A 6,7
Split System Air- | RCU-A-CB ID FAN OD FAN or PUMP
conditioner with
Coil Blower EVAP COMP
COND
_ i A 56,7
Year Round_Spllt RCUY-A-CB GAS HEAT * OD FAN or PUMP
System Air-
conditioner with ID FAN COMP
Coil Blower EVAP COND
Notes:
1. Asuffix of "-O" following any of the above classifications indicates a Non-ducted System.
2. "-A"indicates air-cooled condenser.
3. Optional component.
4. May also be other heat source except for electric strip heat.
5. For Space Constrained Products, insert “SCP-" at the beginning.
6. For Small-duct, High-velocity System, insert “SDHV-" at the beginning.
7. For Double-duct System, append “-DD”, and outdoor arrangement moves from outdoor side to indoor side.

12
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Table 2. Classification of Unitary Air-source Heat Pumps

Designation AHRI Type 2 Arrangement - ID Arrangement - OD
. ; A 57
Single Package Unit | HSP-A ELEC HEAT ® OD FAN or PUMP
ID FAN COMP
EVAP COND
_ _A 57
Ygfnslzugsckage HSPY-A GAS HEAT * OD FAN or PUMP
Unit ID FAN COMP
EVAP COND
AL 2,7
Remate Outdoor | ARC-A-CB ID FAN OD FAN or PUMP
EVAP COND
COMP
_AC 27
Re(’:‘:)(i’lte&‘ﬁf’gﬁ; HRC-A-C EVAP OD FAN or PUMP
’ COMP COND
Y?;Sﬁsgng;‘t’ghmp HRCUY-ACB || | EC HEAT ¢ OD FAN or PUMP
with Coil Blower ID FAN compP
EVAP COND
R _AL 6,7
Spit r?\f\tslt”?] deat  |HRCU-ACB ELEC HEAT 3 OD FAN or PUMP
Blower ID FAN comp
EVAP COND
R _AC 67
Spll'ttj rf’]gs\t;n”;] 'é%aﬁ HRCU-A-C EVAP OD FAN or PUMP
only COMP
COND
Notes:

1. Asuffix of "-O" following any of the above classifications indicates a Non-ducted System.
2. For Heating Only, change the initial “H” to “HO”

3. Optional component

4. May also be other heat source except for electric strip heat.
5

6

7

For Space Constrained Products, insert “SCP-" at the beginning.
For Small-duct, High-velocity System, insert “SDHV-" at the beginning.

For Double-duct System, append “-DD”, and outdoor arrangement moves from outdoor side to indoor side.
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Table 3. Classification of Multi-split Systems
System Identification o Heat Recovery
Multi-split Multi-split
Attribute P
Refrigerant Circuits One shared to all Indoor Units One shared to all Indoor Units
Compressors One or more variable speed or One or more variable speed or
alternative method resulting in alternative method resulting in
three or more steps of capacity three or more steps of capacity
Indoor Units | Quantity Greater than one Indoor Unit Greater than one Indoor Unit
Operation Individual Individual
Zones/Temperature Zones/Temperature
Outdoor Quantity One Outdoor Unit or multiple One Outdoor Unit or multiple
Unit/s manifolded Outdoor Units with a manifolded Outdoor Units
specific model number. with a specific model number.
Steps of Control Three or More Three or More
Mode of Operation Cooling, Heating Cooling, Heating, Heat
Recovery
Heat Exchanger One or more circuits of shared One or more circuits of shared
refrigerant flow refrigerant flow
Classification Air-conditioner (air-to-air) MSV-A-CB
1,2
Heat Pump (air-to-air) HMSV-A-CB HMSR-A-CB
Notes:
1. A suffix of "-O" following any of the above classifications indicates a Non-ducted System.
2. “-A” indicates air-cooled condenser

Section 5. Test Requirements

5.1  All testing for Standard Ratings shall be conducted in accordance with the test methods and procedures as described in

this standard an

511

d its appendices.

Air-cooled units shall be tested in accordance with ANSI/ASHRAE Standard 37 as amended by Appendix D,

Appendix E and ANSI/ASHRAE Standard 116 as amended by Appendix F. In ANSI/ASHRAE Standards 37 and 116,
wherever terms “may” or “should” are used, they shall be taken to be mandatory requirements.

5.1.2
provided

5.1.1.1  Unitsshall be installed per Installation Instructions. Installation Instructions that appear in the labels
applied to the unit take precedence over installation instructions that are shipped with the unit. For ICM Split
Systems follow the Installation Instructions provided with the Indoor Unit. For products in a certification
program, additional information required for testing shall be submitted through the certification process.

Variable Speed Equipment. A means to override the controls of the Variable Speed System under test shall be
by the manufacturer that claims the performance of the particular system, when needed, prior to initial set-up

during laboratory testing.
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5.1.2.1  The means for overriding the controls of the test unit shall necessitate ability to control the
compressor, outdoor fan, indoor blower and expansion device(s) such that the compressor(s) operates at the
Specified speed or capacity, the outdoor fan operates per the manufacturer specification, the indoor blower
operates at the Specified speed or delivers the Specified air volume rate, and the expansions device(s) operate
per manufacturer specification.

5.1.2.2  Power used for any override controls that would not normally be installed in the field shall not be
included in Total Power.
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5.1.3  Break-in. If an initial break-in period is required to achieve performance, the break-in conditions and duration
shall be Specified by the manufacturer but shall not exceed 20 hours in length. No testing per Section 6 shall commence
until the Specified break-in period is completed.

5.1.4  Test Unit Installation Requirements. For units designed for both horizontal and vertical installation or for both
up-flow and down-flow vertical installations, the manufacturer shall stipulate the orientation used for testing. Conduct
testing with the following installed:

5.1.4.1  Factory installed supplementary resistance heat.

5.1.4.2  Other equipment Specified as part of the unit, including all hardware used by a Heat Comfort
Controller if so equipped. For Small-duct, High-velocity Systems, configure all balance dampers or restrictor
devices on or inside the unit to fully open or lowest restriction.

5.1.4.3  The most restrictive filter Specified by the manufacturer for the Indoor Unit, unless default filter
pressure drop from Table 10 is utilized.

5.1.5  Defrost controls shall be set for region IV (refer to Section 11.2.2) or left at manufacturer’s factory settings if
the published Installation Instructions provided with the equipment do not stipulate a Region 1V selection. For heat
pumps that use a Time-temperature Defrost Control System, this may require changing the time setting. For heat pumps
that use a Time Adaptive Defrost Control System, the frosting interval to be used during frost accumulation tests shall
be Specified by the manufacturer and the manufacturer shall provide the procedure for manually initiating the defrost at
the time identified in the standard. The manufacturer shall provide information and any necessary hardware to manually
initiate a defrost cycle.

5.1.6  Requirements for Separated Assemblies. All Standard Ratings for Split Systems shall be determined with at
least 25 ft of interconnecting tubing on each line of the size recommended by the manufacturer. Equipment in which the
interconnecting tubing is furnished as an integral part of the system not recommended for cutting to length shall be tested
with the complete length of tubing furnished, or with 25 ft of tubing, whichever is greater. At least 10 ft of the
interconnecting tubing shall be exposed to the outside conditions. The line sizes, insulation, and details of installation
shall be in accordance with the manufacturer’s published recommendation.

5.1.6.1  When testing Multi-split Systems, connect each indoor fan-coil to the Outdoor Unit using: (a) 25 ft
of tubing, or (b) tubing furnished by the manufacturer, whichever is longer, per Indoor Unit. If a branching
device is used, the common piping between the Outdoor Unit and the branching device shall be included in the
overall length between indoor and outdoor sections.

51.6.1.1 Multi-split Line Length Correction. For test setups where the laboratory’s physical
limitations require use of more than the required line length, refer to Table 4 for Cooling Capacity
correction factors that shall be used when the refrigerant line length exceeds the minimum as
identified in Section 5.1.6.1. Cooling capacity correction factor, Fccc, is used in Section 11.1 to
adjust cooling capacity.

15
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Table 4. Refrigerant Line Length Correction Factors® 23

Piping length beyond the requirement (X), ft Cooling Capacity Correction Factor, Fccc
3.3 <X<20 1.01
20 <X <40 1.02
40 <X <60 1.03
60 <X <80 1.04
80 <X <100 1.05
100 <X <120 1.06

Note:

1. Due to the refrigerant line lengths required in the test setup as determined by laboratory
personnel, a correction factor shall be applied to normalize the measured cooling capacity

2. The piping length X is the additional refrigerant piping length above the minimum described
in 5.1.6.1 that has been applied to at least 33% (minimum of 2) of the Indoor Units in the
testing configuration.

3. Inall cases, the absolute minimum length necessary to physically connect the system shall
be used.

4. Average piping length in addition to the minimum in Table 4 (X), ft for at least 33% (min. 2)
of the Indoor Units. (The length (X) is the differential distance between the actual piping
length between the Outdoor Unit and the Indoor Unit and the minimum requirement.)

5.1.6.2  Outdoor Unit with No Match. An Outdoor Unit that is not distributed in commerce with any
indoor units and is intended for use with R22 or R22-like refrigerants shall be deemed an Outdoor Unit with
No Match (OUWNM). An OUWNM shall be tested with an indoor coil having nominal tube diameter of
0.375 in and an NGIFS of 1.0 or less (as determined in Section 5.1.6.3). An R22-like refrigerant is any
refrigerant that has a 95°F midpoint saturation absolute pressure that is + 18% of the 95°F midpoint saturation
absolute pressure of R22.

5.1.6.2.1 Dry-ship Units. Any Outdoor Unit shipped without a Specified refrigerant from the
point of manufacture, or if the unit is shipped such that more than two pounds of refrigerant is
required to be added for testing to this standard shall be tested as an OUWNM. This shall not apply
if either a) the factory charge is equal to or greater than 70% of the Outdoor Unit internal volume
times the liquid density of refrigerant at 95°F, or b) an A2L refrigerant is approved for use.

5.1.6.3  Indoor Coil NGIFS. The Normalized Gross Indoor Fin Surface (NGIFS) shall be calculated as
follows:

NGIFS =2 - Ly - Wy * N [ Garun 51

5.1.7  System Cooling Mode Expansion Device. For cases when cooling mode expansion device is not Specified in
Manufacturer Installation Instructions, nor shipped with either the Indoor Unit or Outdoor Unit, test the system using a
fixed orifice or piston type expansion device that is sized appropriately for the system.

5.1.8  Refrigerant Charging. All test samples shall be charged at Standard Rating Conditions (or condition at which
the manufacturer indicates in the Installation Instructions) in accordance with the Installation Instructions or labels
applied to the unit, for field installation (laboratory charging instructions shall not be used). If the Installation
Instructions give a Specified range for superheat, sub-cooling, or refrigerant pressure, the average of the range shall be
used to determine the refrigerant charge. Perform charging of near-azeotropic and zeotropic refrigerants only with
refrigerant in the liquid state.

If there are no Installation Instructions and/or the Installation Instructions do not provide parameters and target values,
set superheat to a target value of 12°F for fixed orifice systems, or set subcooling to a target value of 10°F for expansion
valve systems.

5.1.8.1  Except for mix-matched systems covered in Section 5.1.8.2 and Multi-split Systems, in the event of
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conflicting information between charging instructions, the Outdoor Unit label prevails, followed by Installation
Instructions of the Outdoor Unit, followed by the Installation Instructions of the Indoor Unit. For Multi-split
systems, the hierarchy is Outdoor Unit installation instructions prevail, followed by the Outdoor Unit label,
followed by the Indoor Units’ Installation Instructions. Conflicting information is defined as multiple
conditions given for charge adjustment where all conditions Specified cannot be met. In such instances of
conflicting information, follow the hierarchy in Table 5 for priority. Unless the manufacturer specifies a
different charging tolerance, the tolerances identified in Table 5 shall be used for all products.

Table 5. Test Condition Tolerance for Charging Hierarchy
Fixed Orifice Expansion Valve
Priority Method Tolerance | Priority Method Tolerance
1 Super-heat +2.0°F 1 Sub-cooling 10% of the Target
Value; No less than
+ 0.5°F, No more
than £ 2.0°F
2 High Side Pressure | +4.0 psi or 2 High Side Pressure or +4.0 psi or
or Saturation +1.0°F Saturation Temperature +1.0°F
Temperature
3 Low Side Pressure | + 2.0 psi or 3 Low Side Pressure or + 2.0 psi or
or Saturation +0.8°F Saturation Temperature +0.8°F
Temperature
4 Low Side +2.0°F 4 Approach Temperature +1.0°F
Temperature
5 High Side +2.0°F 5 Charge Weight 0.5% or 1.0 oz,
Temperature whichever is
greater
6 Charge Weight +2.00z

The refrigerant charge obtained at the Standard Rating Condition shall then be used to conduct all cooling cycle
and heating cycle tests unless an adjustment is required based on the sections below. Once the correct
refrigerant charge is determined, all tests shall run until completion without further modification.

Note: After completion of all required tests, it is good laboratory practice to achieve Agy test conditions for 30
continuous minutes and compare results to the previous set of Aru tests. When comparing results, measured
charge parameters outside of those listed in the manufacturer’s Installation Instructions or Table 5 is an
indication refrigerant charge or other parameters may have changed. An analysis should be performed and if
measurements indicate that refrigerant charge has leaked during the test, repair the refrigerant leak, repeat any
necessary set-up steps, and repeat all tests.

5.1.8.2  Mix-Matched Systems. For systems consisting of an OUM Outdoor Unit and an ICM Indoor Unit
with differing charging procedures the refrigerant charge shall be adjusted per the ICM Installation Instructions.
If instructions are provided only with the Outdoor Unit or are provided only with an ICM Indoor Unit, then use
the provided instructions.

5.1.8.3  Heat Pumps. Refrigerant charge shall be set at the Ary conditions or as Specified by the
manufacturer. The initial heating test shall be H1g, or Hlnom test, charge parameters shall be checked per the
Installation Instructions (if provided). If conditions are within the range Specified by Installation Instructions
then continue with the remainder of the tests. For heating-only heat pumps, use the H1gy test.

51.8.3.1 If heating refrigerant charge parameters are not within the range Specified by the
Installation Instructions then the smallest adjustment to refrigerant charge to get within the heating
refrigerant charge parameters shall be made. After making this adjustment in the H1ru or Hlnom
test, refrigerant charge shall be verified in the cooling mode to be within the greater of the
installation instruction tolerances or the tolerances listed in the Table 5 above before re-running the
cooling tests. For heating-only heat pumps, use the H1g, test.

5.1.8.4  Single Package Unit. Unless otherwise directed by the Installation Instructions, install one or more
refrigerant line pressure gauges during the setup of the unit, located depending on the parameters used to verify
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or set charge, as described in this section:

5.184.1 Install a pressure gauge at the location of the service valve on the liquid line if charging
is on the basis of subcooling, or high side pressure, or corresponding saturation, or dew point
temperature;

5.184.2 Install a pressure gauge at the location of the service valve on the suction line if
charging is on the basis of superheat, or low side pressure, or corresponding saturation, or dew point
temperature.

Use methods for installing pressure gauge(s) at the required location(s) as indicated in Installation
Instructions if Specified.

5.2  Cyclic Test Requirements. For units having a single-speed or two-capacity compressor, cycle the compressor OFF for
24 minutes and then ON for 6 minutes (total cycle time is 30 minutes). For units having a variable-speed compressor, cycle the
compressor OFF for 48 minutes and then ON for 12 minutes (total cycle time is 60 minutes). Repeat the OFF/ON compressor
cycling pattern until the test is completed. Allow the controls of the unit to regulate cycling of the outdoor fan.

5.3  Table 6 summarizes the various sections of this standard that are applicable to different types of equipment.

Section 6. Rating Requirements

6.1 Standard Ratings. Standard Ratings shall be established at the Standard Rating Conditions identified per Tables 7, 8,
and 9. Standard Ratings shall be established for all refrigerants listed on the nameplate of product.

Standard Ratings relating to cooling or heating capacities shall be net values, including the effects of circulating-fan heat, but
not including supplementary electric heat. Power input used for calculating efficiency shall be the Total Power. Supplementary
electric heat is used in HSPF2 calculations as noted in Section 11.

Standard Ratings of units which do not have indoor air-circulating fans furnished as part of the model, i.e., Coil-only System,
shall be established by subtracting from the total cooling capacity 1,505 Btu/h per 1,000 scfm, and by adding the same amount
to the heating capacity for non-mobile-home, non-Space Constrained units. Total Power for both heating and cooling shall be
increased by 441 W per 1,000 scfm of indoor air circulated. For mobile home, Space Constrained coil-only units, Standard
Ratings shall be established by subtracting from the total cooling capacity 1,385 Btu/h per 1,000 scfm, and by adding the same
amount to the heating capacity for non-mobile-home and non-Space Constrained units. Total Power for both heating and
cooling shall be increased by 406 W per 1,000 scfm of indoor air circulated

18



AHRI STANDARD 210/240-2023 (2020)

Table 6. Informative Guidance for Using AHRI Standard 210/240

General Testing and Rating Procedure Issues Calculations
Set-up Issues General Cooling Heating General | Cooling Heating
5.1.1,5.1.3,5.14, 5.1.1,6.1, 6.1.5 11.3 11.1.1to
5.1.8, 5.2, Section 5, | Table 7, 11.1.6,
Section 6, Appendix | Table 8, 6.1.1, 11.2.1
D, Appendix E, E1, | 6,1.2,6.1.3,
. . E3,E4,E7,E8,E9, | 6.1.4,
Requirements for all units E11 E13 E14 6.151
E15.2, E17, E18, Table 10,
F1,F2,F3.2,F4,F5, | 6.1.8, 6.4,
F6, F7, F8, F9, F13, | 6.4.2,6.4.3,
Appendix H 6.4.4, 6.4.5,
. 5.1.5, 5.1.8.3, E16, 6.1.6,6.1.7, F11 6.1.5.5,6.1.5.7, 11.1.7to
Requirements for all Heat | £ 6.1.8.4, 6.4.1.4 F10, F12 11.1.15,
Pumps 11.2.2
. 5.1.6, E5, D4.5,
Blower Coil System D511, D7.1.21
5.1.6,D4.4,D5.1.1, | 6.1 6.1.5.3.1
< | Coil-only System D7.121,
g
; E12, F3.1,F3.3 6.1.5.1.4, | 6.1.5.6.4
g Non-ducted System 6.1.5.3.4,
o F11.9
S Outdoor Unit with no | 5.1.6.2,5.1.6.3 6.1.8.6,6.4.1.6 | 6.1.3.1.4
8 | match
o | Single-package 5.1.84,E5 D521, |6.187,64.1.1
g 6.1.5.5.5,
E Heat pump Heating- 0.L5.68
= 6.1.5.6.7
E only heat pump
>3
a| &
& | & | Two-capacity 6.1.5.3 6.1.3.4,6.1.5.54,
g LE) Northern Heat Pump 6.1.5.6.5
g i Triple-capacity 6.1.5.3, 6.1.3.4,6.1.5.5.4,
& | & | Northern Heat Pump 6.1.5.4 6.1.5.6.5
= E6 Table 10,
5 SDHV 6.43.33
3| | Mulspl TR GinT eass
Single speed 6.1.8.1,6.4.1.2 | 6.1.3.1.1 | 6.1.3.2.1 11.2.1.1 11.2.2.1
S | compressor
= Two-capacity 6.1.8.2,6.4.1.2 | 6.1.3.1.2, | 6.1.3.2.2, 11212 | 11.22.2
= compressor 6.1.5.3, 6.1.3.4,
=} 6.1.5.6
= Variable Speed 5.1.2,E2 6.1.3.1.3, | 6.1.3.2.3, 11.2.1.3 11.2.2.3
Compressor 6.1.54 6.1.5.7,6.1.5.8
Heat Pump with Heat 11.2.2.4
Comfort Controller
Units with a Multi- E15.1
< | speed Outdoor Fan
5’;-‘_ E5.2 6.1.5.9 6.1.5.2.5, 11.2.1.1. | 11.2.2.1.3,
@ | MIB 6.1.5.3.4 1, 11.2.2.2
11.2.1.2
6.1.8.3,
ICM 51.1.1, 5.1.8.2 6.4.1.4,6.4.1.5
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Table 7. Required Tests?
Test Name Product Type
Former Version Air-cooled
. Single Single Stage . Triple-
New Version | g gle Two Variable Stage with T;v o:[sta%e Tl\\lN o;?‘tage StVar:; blte capacity
System VAV/MIB ystem orthemn age SYSIM | \jorthern
Cooling Mode 2
Arull A A, A, R R R R R R
ALow A A Ay R
Brull B Bz Bz R R R R R
BLow - B: B, R R R R
Crull C C; C; 03 03 03 0?3
CLow - C1 C1 O O 3 O 3
Drun D2 Dg 0 3 0 8 0 3 0 3
Drow - D1 D1 O O 3 O 8
Eint - - Ev R
Frow - Fl F1 R R R
GLow - - G1 0 3
lLow - - |1 O 3
Cooling Mode Operation Tests >4
Voltage Tolerance R R R R R R
Low Temperature Cooling R R R R R R
Insulation Efficiency R R R R R R
Condensate Disposal R R R R R R
Maximum Operating Conditions R R R R R R
Heating Mode °
HOLow - HO, HO, R R R R
H1run H1 H1, H1, R R R R ) R
H1Low - H1, H1, R R R R R
H1Crul H1C H1C, H1C, oK 0°f 0°f 0F
HlCLow - H1C1 H].Cl O O 6 O 6 O 6 O 6
Hlnom - - Hly R
HZBoost - - - O
H2Fui H2 H2, H2, R R R R ) R
H2Low - H2; H2, o o’ o’ R
H2int - - H2v R
H3run H3 H3; H3; R R R R R R
H3Low - H3; H3; R R R? R®
H3Boost - - - R
H3CBoost - - - O
H4run - - - 0 0 0 0 0
H4Boost - - - R
Heating Mode Operation Tests *
Voltage Tolerance R R R R R R
Maximum Operating Conditions R R R R R R
Notes:

. “R” means Required, “O" means Optional, and a blank cell indicates test is not applicable for the given product type.

. Required for any unit that has a cooling mode function.
. Refer to Section 6.1.3.1.

. Required for any unit that has a heating mode function.
. Refer to Section 6.1.3.2.

1
2
3
4. See AHRI Unitary Small Equipment Operation Manual for details.
5
6
7.

Not necessary if low-capacity compressor heat pump performance at outdoor temperatures less than 37.0°F is not needed to calculate the
HSPF2 per Section 11. Also, instead of testing, the H2 o, capacity and electrical power may be approximated based on H1,ow and H3_w tests
per Section 6.1.3.4.
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Table 7. Required Tests?® (Continued)

8. Required only if the heat pumps performance when operating at low compressor capacity and outdoor temperatures less than 37.0°F is needed

to complete the HSPF2 calculation per Section 11.

9. Two-stage tests apply for MIB.

Table 8. Test Conditions for Air-cooled Products
i i it 2 i i it 2
st Narme Air Enterlng(o(l):;ndoor Unit = | Air Enterln?OII:r;door Unit Compressor Speed ? |Indoor Airflow

Cooling Mode
Acrui 95.0/75.058 80.0/67.0 Fullc*2 Fullc*2
ALow 95.0/75.056 80.0/67.0 Fullc 1216 Lowc
Brun 82.0/65.056 80.0/67.0 Fullc Fullc
BLow 82.0/65.058 80.0/67.0 Lowc !¢ Lowc
Crun 82.0/58.056 80.0/57.07 Fullc Fullc
CLow 82.0/58.056 80.0/57.07 Lowc 16 Lowc
Drui 82.0/58.058 80.0/57.07 Fulle Fullc®
Diow 82.0/58.056 80.0/57.07 Lowc 16 Lowc?®
Eint 87.0/69.0 %8 80.0/67.0 Intc Intc
FlLow 67.0/53.556 80.0/67.0 Lowc 16 Lowc
GLow 67.0/58.0 %8 80.0/57.07 Lowc 16 Lowc
lLow 67.0/58.0 %6 80.0/57.07 Lowc 1 Lowc?®

Cooling Mode Operation Tests

Voltage Tolerance 95.0/75.0° 80.0/67.0 Fullc Fullc
Low Temperature 67.0/57.0 67.0/57.0 Fullc Fullc
Insulation Efficiency 80.0/75.0 80.0/75.0 Fullc Fullc
Condensate Disposal 80.0/75.0 80.0/75.0 Fullc Fullc
Maximum Operation 115.0/ -- 80.0/67.0 Fullc Fullc
Extra High Maximum 125.6 / -- 80.0/67.0 Fullc Fulle
Operation (Optional)

Heating Mode
HOLow 62.0/56.5 70.0/60.0° Lowy 6 Lowy
HOC L ow 62.0/56.5 70.0/60.0° Lowy 6 Lowy
Hlru 47.0/43.0 70.0/60.0° Fully ¥’ Fully
H1iow 47.0/43.0 70.0/60.0° Lowy 6 Lowy
H1Cru 47.0/43.0 70.0/60.0° Fully Fully®
H1C\ ow 47.0/43.0 70.0/60.0° Lowy 16 Lowy®
Hlnom 47.0/43.0 70.0/60.0° Nomy *° Nomy 1°
H2800st 35.0/33.0 70.0/60.0° Boosty Fully
H2eui 35.0/33.0 70.0/60.0° Fully Y’ Fully
H2 ow 35.0/33.0 70.0/60.0° Lowy 16 Lowy
H2int 35.0/33.0 70.0/60.0° Inty Inty
H3eu 17.0/15.0 70.0/60.0° Fully Y’ Fully
H3Low 17.0/15.0 70.0/60.0° Lowy 16 Lowy
H3goost 17.0/15.0 70.0/60.0° Boost Fully
H3Cpoost 17.0/15.0 70.0/60.0° Boosty Fully
Haeun 50/3.04 70.0/60.0° Fullyt® Fully
H4goost 50/3.0%4 70.0/60.0° Boost Fully

Heating Mode Operation Tests
Voltage Tolerance 47.0/43.0 70.0/60.0° Fully Fully
Maximum Operation 75.0/65.0 80.0/ -- Fully Fully
Notes:
1. Test condition tolerances are defined within ASHRAE Standard 37, ASHRAE Standard 116 Table 3b for cyclic, and
Section 8.7 of this standard.

2. Values listed are dry-bulb temperature / wet-bulb temperature, °F.
3. Refer to Section 3 for definition of “Full”, “Low”, “Int” and “Boost” for each compressor type.

21




AHRI STANDARD 210/240-2023 (2020)

Table 8. Test Conditions for Air-cooled Products (Continued)

4. Refer Section 6.1.5 for airflow details.

5. Wet-bulb temperature specification required only if unit rejects condensate to Outdoor Coil.

6. For Single Package Units that do not reject condensate to the Outdoor Coil, where all or part of the equipment is located
in the outdoor room, adjust the outdoor wet-bulb temperature such that the dew point is 60.5 + 3.0°F.

7. The entering air must have a low enough moisture content so no condensate forms on the indoor coil (It is recommended
that an indoor wet-bulb temperature of 57.0°F or less be used.)

8. For Cyclic Tests use the same airflow as steady state test which is defined as the same static pressure difference or
velocity pressures across the nozzle(s) during the ON period.

9. Maximum value for all tests. If outdoor air enthalpy method is used for Single Package Heat Pumps, then the indoor
wet-bulb temperature shall be adjusted to match as close as reasonably possible to the dew point of the outdoor entering
air.

10. Refer to Section 6.1.5.8.

11. 3.0 Maximum.

12. For Two-stage Northern Heat Pump, Fullc means operating compressor and airflow at Low Stage.

13. For Three-stage Northern Heat Pump, Fullc means operating compressor and airflow at middle stage, Lowc means
compressor and airflow at Low Stage. Note: Tests Deuit, Diow, ILow, H1Cru, and H1C ow are cyclic in nature. Some
heating tests, particularly H2gand H2, o Will be transient in nature. All other tests are Steady State Tests.

14. For Single Package Units that do not reject condensate to the Outdoor Coil, where all or part of the equipment is
located in the outdoor room, outdoor wet-bulb temperature must be less than 58°F.

15. Maximum speed that the system controls would operate the compressor in normal operation in 47°F ambient
temperature.

16. Forall Low tests of MIB with Single-stage products, compressor speed is Full.

17. Maximum speed that the system controls would operate the compressor in normal operation in 17°F ambient
temperature. The H1g,y test is not needed if the Hlnom test uses this same compressor speed.

18. Maximum speed that the system controls would operate the compressor in normal operation in 5°F ambient
temperature.

6.1.1  Values of Standard Capacity Ratings. These ratings shall be expressed only in terms of Btu/h as shown in

Table 9.
Table 9. Values of Standard Capacity Ratings
Capacity Ratings, Btu/h Multiples, Btu/h
<20,000 100
>20,000 and < 38,000 200
> 38,000 and < 65,000 500

6.1.2  Values of Measures of Energy Efficiency and Power. Standard measures of energy efficiency, whenever
published, shall be expressed in multiples of the nearest 0.02 W/W for COP2, 0.05 Btu/(W-h) for EER2, SEER2 and
HSPF2. Standard measures of Off-mode Power Consumption, Pw,os, Shall be rounded to the nearest watt.

6.1.3  Standard Rating Tests.
6.1.3.1  Default Cooling Degradation Coefficient.

6.1.3.1.1 For Single Stage Systems, if the optional Cgu and Dy tests are not performed, a
default value of 0.20 shall be used for the cooling Degradation Coefficient, C5.

6.1.3.1.2 For Two-capacity Systems, if the optional Crow and Dyow tests are not performed, a
default value of 0.20 shall be used for the Low Stage cooling Degradation Coefficient, C5*°". In
this case, if using default value for C5°*, use default value for CSF*"'. For Two-capacity Systems

that lock out low capacity operation at high outdoor temperatures, if the optional Cryi and Dgy tests
are not performed, the default value for Full Stage shall be the value used for Low Stage.
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6.1.3.1.3 For Variable Capacity Systems, if the optional Giow and I.ow tests are not performed,
a default value of 0.25 shall be used for the cooling Degradation Coefficient, C5.

6.1.3.1.4 For OUWNM, if the optional Crui and Dryj tests are not performed, a default value of
0.25 shall be used for the cooling Degradation Coefficient, C§.

6.1.3.2  Default Heating Degradation Coefficient.

6.1.3.2.1 For Single Stage Systems, if the optional H1Cgy) test or H1Cow is not performed, a
default value of 0.25 shall be used for the heating Degradation Coefficient, C}.

6.1.3.2.2 For Two-capacity Systems and Triple-capacity Northern Heat Pumps, if the optional
H1Crun and H1C o tests are not performed, a default value of 0.25 shall be used for the Low Stage
heating Degradation Coefficient, C)'*°". In this case, if using default value for C}'***, use default
value for CS*F “IL " For Two-capacity Systems that lock out low capacity operation at low outdoor
temperatures, if the optional H1Crgy test is not performed, the default value for Full Stage shall be
the value used for Low Stage. Additionally, for Triple-capacity Northern Heat Pumps if the optional
H3Cproost is NOt performed, the default value 0.25 shall be used.

6.1.3.2.3 For Variable Capacity Systems, if the optional H1Cry and H1Cy . tests are not
performed, a default value of 0.25 shall be used for the heating Degradation Coefficient, C}.

6.1.3.3  Test Sequence. When testing a Ducted System (except if a heating-only heat pump), conduct the
Ary test first to establish the cooling full-load air volume rate. For ducted heat pumps where the heating and
cooling full-load air volume rates are different, make the first heating mode test one that requires the heating
full-load air volume rate. For ducted heating-only heat pumps, conduct the H1g, Test first to establish the
heating full-load air volume rate. When conducting a Cyclic Test, always conduct it immediately after the
Steady State Test that requires the same test conditions. For Variable Speed Systems, the first test using the
cooling minimum air volume rate shall precede the Ejq test, and the first test using the heating minimum air
volume rate shall precede the H2, test. The test laboratory makes all other decisions on the test sequence.

6.1.3.4  Low-Capacity Heating Tests in 35°F Conditions for Two-Stage Heat Pumps and Northern Two-
stage and Triple-capacity Northern Heat Pumps. Instead of conducting the H2 o test, capacity and power for
this condition shall be calculated per Equation 11.42 and Equation 11.48.

6.1.4  Electrical Conditions. For products with a single nameplate rated voltage, Standard Rating tests shall be
performed at the nameplate rated voltage. For dual nameplate voltage equipment where 230 V or 240 V is the higher of
the dual nameplate voltages, Standard Rating tests shall be performed at 230 V. For all other dual nameplate voltage
equipment covered by this standard, the Standard Rating tests shall be performed at both voltages or at the lower of the
two voltages if only a single Standard Rating is to be published. For Split Systems, if the Indoor Unit has a different
nameplate voltage than the Outdoor Unit, use the Indoor Unit nameplate voltage for the operation of the Indoor Unit.
However, if either the indoor or the Outdoor Unit has a 208 V or 200 V nameplate voltage and the other unit has a 230
V nameplate rating, select the voltage supply on the Outdoor Unit for testing. Otherwise, supply each unit with its own
nameplate voltage.

6.1.4.1 Frequency. For equipment which is 60 Hz only or 50 Hz only, Standard Ratings shall be provided
at rated frequency. For equipment which can be operated at both 50 and 60 Hz, Standard Ratings shall be
provided for each frequency, but tests shall be performed, at a minimum, at 60 Hz.

6.1.5  Airflow Through the Indoor Coil.
6.1.5.1 General Indoor Airflow Concerns.

6.1.5.1.1  Airflow-control Setting. Airflow-control Setting(s) shall be determined before testing
begins. Unless otherwise identified within Section 6.1.5 or its subsections, no changes shall be
made to the Airflow-control Setting(s) after initiation of testing. Specified instructions for setting
fan speed or controls shall be used. If there are no instructions for setting fan speed or controls, use
the as-shipped settings. If there is no Specified cooling full airflow, use Equation 6.1. If there is no
Specified heating full airflow, use Equation 6.2.
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c

0 qurt
= -400 6.1
Qarun = 7,500
. G
Cert
= - 400 6.2
QHl,Full 12,000

6.1.5.1.2 Ducted Systems with a PSC AMS,Constant-torque AMS, or Constant-volume AMS
Operating on Intermediate or Low Stage. For any test other than Ag,u, the Specified airflow rate
for a given test shall not cause the ESP during any test calling for low or intermediate airflow rate
to go below the minimum ESP values identified in Equation 6.3.

. 2
. [ dix ] 6.3

Qa,Full

AP, = AP,

Sta,Full

6.1.5.1.3 Constant-volume AMS Static Settings. For any Steady-State Test using a Constant-
volume AMS, achieve the ESP as close to (but not less than) the applicable Table 10 value that does
not cause either air volume rate variations Qvar (as defined by Equation 6.4) of more than 10% or
an automatic shutdown of the indoor blower

Qmax_ Qmin
Qrar = [m] 100 64
(Brmefmin)
The following additional test steps are required if the measured ESP exceeds the target value by
more than 0.03 in H20.

6.1.5.1.3.1 Measure and record the average power consumption of the indoor fan

motor (Ern1) and record the corresponding ESP (ESP:) during or immediately
following the 30-minute interval used for determining capacity..

6.1.5.1.3.2 After completing the 30-minute interval, adjust the exhaust fan of the
airflow measuring apparatus until the ESP increases to approximately the value
defined by Equation 6.5:

ESP, ~ ESP; + (ESPl - ESPmin) 6.5

6.1.5.1.3.3 Upon achieving steady state at the higher external static pressure ESP;
condition, record average power consumption and average ESP for a minimum 5-
minute interval.

6.1.5.1.3.4 Calculate the average power consumption of the indoor fan motor at
ESPmin using linear extrapolation. For all Steady-state Tests, the Total Power
consumption shall be adjusted by P,4; as calculated per Equation 6.6. The adjustments
are as shown in Section 11 equations.

_ (Pfan,z_Pfan,l) .
Padj = " (ESP,- ESPy) (ESPmin - ESPl) 6.6

6.1.5.1.3.5 For all Steady-state Tests, total cooling capacity shall be increased and
total heating capacity shall be decreased by ¢,4; as calculated per Equation 6.7, as
shown in Section 11.

qadj = 3.412 " Pad] 67
6.1.5.1.4 Non-ducted Systems. All airflow rates shall be the air volume rate that results during

each test when the unit is operated at an ESP of 0.00 in H,O with a tolerance of — 0.00 to +0.02 in
H.0O for all test conditions.
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6.1.5.2

6.1.5.15 Overspeeding. If a unit’s controls allow for overspeeding the indoor blower (usually
on a temporary basis), take the necessary steps to prevent overspeeding during all tests.

6.1.5.1.6 Full Airflow Adjustment to Meet Minimum External Static Pressure. For cooling full
airflow rate, or for heating full airflow rate on heating-only heat pumps, if ESP is lower than the
minimum values identified in Table 10 at the manufacturer’s Specified cooling full airflow rate or
heating full airflow rate, the ESP shall be increased by reducing the airflow rate of the airflow
measuring apparatus. If increasing ESP reduces airflow of the unit under test to less than 90% of
rated airflow rate and the minimum ESP is still not achieved, then the next higher Airflow-control
Setting (if available) shall be utilized to obtain rated airflow. If a higher Airflow-control Setting is
not available, continue to decrease airflow rate of the airflow measuring apparatus until the required
minimum ESP is achieved and use the resulting airflow of the unit under test as the cooling full
airflow rate or heating full airflow rate as appropriate. Any manual Airflow-control Setting shall
remain unchanged for all other tests.

6.1.5.1.7 Other Airflow Adjustment to Meet Minimum External Static Pressure. During a Low
Stage or Intermediate Stage test, if the ESP is lower than the minimum values calculated per
Equation 6.1 at manufacturer Specified airflow rate, the ESP shall be increased by reducing the
airflow rate of the airflow measuring apparatus. If increasing ESP reduces airflow of the unit under
test to less than 90% of rated manufacturer Specified airflow rate and the minimum ESP is still not
achieved, then the next higher Airflow-control Setting (if available) shall be utilized to obtain rated
airflow. If a higher Airflow-control Setting is not available, continue to decrease airflow rate of the
airflow measuring apparatus until the required minimum ESP is achieved and use the resulting
airflow of the unit under test as the cooling full airflow rate. Manual adjustments of Airflow-control
Settings are not permitted.

6.1.5.1.8 Units That Control To Different Constant Airflow At Each Test Condition Using The
Same Blower Setting. Use full-load, intermediate, and minimum air volume rates at each test
condition that represent normal installation. Additionally, if conducting the dry-coil tests on
variable speed equipment, operate the unit in the same control mode as used for the F1 Test. If
performed, conduct the steady-state C Test and the cyclic D Test with the single speed or two speed
unit operating in the same control mode as used for the B or B1 Test. ESP shall be controlled within
-0.00 to +0.03 in H,O of the target minimum ESP.

Cooling Full Airflow Rate. The manufacturer shall have Specified the cooling full airflow rate,

Qarun- The Specified cooling full airflow rate value shall be utilized for all tests that call for cooling full
airflow rate, unless otherwise modified by the following subsections. If modified, that same modified value
shall be utilized for all tests that call for cooling full airflow rate. Static pressure requirements only apply to
the Arun test unless otherwise indicated.

6.1.5.2.1 Coil-only Systems. The Specified cooling full airflow rate shall not cause air static
pressure drop across the Indoor Unit during the Agy test to exceed 0.30 in H;O. If this maximum
static is exceeded, reduce the airflow rate with no minimum until the maximum static is achieved.
Use this reduced air volume rate for all tests that require the cooling full airflow rate.

6.1.5.2.2 PSC AMS or Constant-torque AMS Ducted Systems. The Specified cooling full

airflow rate shall not cause the ESP during the Ary to go below the minimum values identified in
Table 10. See Section 6.1.5.1.6.
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6.1.5.3

Table 10. Minimum ESP for Ducted Systems Tested with
an Indoor AMS Installed
Minimum ESP
Product Type! (in H,0)23
Conventional (i.e., all central air conditioners and 0.50
heat pumps not otherwise listed in this table)
Ceiling-mount and Wall-mount Blower-coil 0.30
Systems
Mobile Home Blower-coil Systems 0.30
Low-static Blower-coil Systems 0.10
Mid-static Blower-coil Systems 0.30
Small-duct, High-velocity 1.15
Space Constrained Product 0.30
Notes:
1. Refer to Definitions, Section 3.
2. For ducted units tested without an air filter installed, increase the
applicable tabular value by 0.08 in H,O.
3. If a closed-loop, air-enthalpy test apparatus is used on the indoor
side, limit the resistance to airflow on the inlet side of the indoor
blower coil to a maximum value of 0.1 in H,O

6.1.5.2.3 Constant-volume AMS Ducted Systems. All tests requiring cooling full airflow rate
shall be performed at the minimum ESP values identified in Table 10, with a tolerance of 0.00 to
+0.03 in H,0 using the manufacturer’s Specified Airflow-control Setting. If the manufacturer does
not provide a Specified Airflow-control Setting, the manufacturer’s airflow tables shall be used to
determine the appropriate Airflow-control Setting. Refer to Section 6.1.5.1.3.

6.1.5.2.4 Non-ducted Systems. The cooling full airflow rate is the air volume rate that results
during each test when the unit is operated at an ESP of 0.00 in H,O and at the Airflow-control
Setting used at Full Compressor Stage.

6.1.5.2.5 MIB Systems. Obtain the full-load air volume rate with all indoor blowers operating
unless prevented by the controls of the unit. In such cases, turn on the maximum number of indoor
blowers permitted by the unit's controls. Where more than one option exists for meeting this “on”
indoor blower requirement, which indoor blower(s) are turned on must match that Specified in the
certification report. Section 6.1.5.2 shall apply to each indoor blower separately. If two or more
indoor blowers are connected to a common duct, temporarily divert their air volume to the test room
when confirming or adjusting the setup configuration of individual indoor blowers. The allocation
of the system's full-load air volume rate assigned to each “on” indoor blower must match the
Specified value by the manufacturer.

Cooling Low Airflow Rate. The manufacturer shall have Specified the cooling low airflow rate.

The Specified cooling low airflow rate value shall be utilized for all tests that call for cooling low airflow rate.
If there is no Specified cooling low airflow rate, use the final indoor blower control settings as determined when
setting the cooling full airflow rate, and reduce the airflow rate with no minimum until the maximum static is
achieved if necessary to reset to the cooling full airflow rate obtained in Section 6.1.5.2.

6.1.5.3.1 Coil-only Systems. For Two-Stage Systems, the manufacturer Specified cooling low
airflow rate shall not be less than 75% of the cooling full airflow rate, otherwise the 75% of the
cooling full air flow shall be utilized. This cooling low airflow rate shall be utilized regardless of
the pressure drop across the indoor coil assembly. For Variable Speed Systems, use cooling full
airflow rate, regardless of the pressure drop across the indoor coil assembly.
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6.1.5.3.2 PSC AMS or Constant-torque AMS Ducted Systems. The Specified cooling low
airflow rate shall not cause the ESP during the B ow test to go below the minimum values calculated
by Equation 6.1. For all other tests, the cooling low airflow rates Specified by the manufacturer shall
be run at the same airflow rate as the B ow test. For products that do not have automatic control of
Airflow-control Settings, the manual Airflow-control Setting from cooling full airflow rate shall
remain unchanged.

For products that allow independent Airflow-control Settings, all Low Stage cooling tests shall be
performed at cooling low airflow rate at the lowest Airflow-control Setting that meets the Low Stage
minimum ESP per Equation 6.1. Refer to Section 6.1.5.1.7.

6.1.5.3.3 Constant-volume AMS Ducted Systems. All tests requiring cooling low airflow rate
shall be performed at the minimum ESP values identified in Equation 6.1, with a tolerance of 0.00
to +0.03 in H,O using the manufacturer’s Specified Airflow-control Setting. If the manufacturer
has not Specified an Airflow-control Setting, the manufacturer’s airflow tables shall be used to
determine the appropriate Airflow-control Setting. Refer to Section 6.1.5.1.3 and 6.1.5.1.8.

6.1.5.3.4 Ducted Systems Having MIB. For ducted systems having multiple indoor blowers
within a single indoor section, operate the indoor blowers such that the lowest air volume rate
allowed by the unit's controls is obtained when operating the lone single-speed compressor or when
operating at low compressor capacity while meeting the requirements of Section 6.1.5.3 for the
minimum number of blowers that must be turned off. Minimum ESP shall use the procedure
described in Section 6.1.5.1.2. The sum of the individual “on” indoor blowers' air volume rates is
the cooling minimum air volume rate for the system.

6.1.5.3.5 Non-ducted Systems. The cooling low airflow rate is the air volume rate that results
during each test when the unit is operated at an ESP of 0.00 in H,O. Refer to Section 6.1.5.1.8.

Cooling Intermediate Airflow Rate. The manufacturer shall have Specified the cooling intermediate

airflow rate. The Specified cooling intermediate airflow rate value shall be utilized for all tests that call for
cooling intermediate airflow rate, unless otherwise modified by subsections of Section 6.1.3.3.3. If modified,
that same modified value shall be utilized for all tests that call for cooling intermediate airflow rate. If there is
no Specified cooling intermediate airflow rate, use the final indoor blower control settings as determined when
setting the cooling full airflow rate, and reduce the airflow rate with no minimum until the maximum static is
achieved if necessary to reset to the cooling full airflow rate obtained in Section 6.1.5.2.

6.1.5.5

6.1.54.1 Coil-only Systems. Variable speed Coil-only Systems run at full stage cooling airflow,
regardless of the pressure drop across the indoor coil assembly.

6.1.5.4.2 PSC AMS or Constant-torque AMS Ducted Systems. The Specified cooling
intermediate airflow rate shall not cause the ESP during any test calling for cooling intermediate
airflow rate to go below the minimum values calculated by Equation 6.1. For products that do not
have automatic control of Airflow-control Settings, the manual Airflow-control Setting from
cooling full airflow rate shall remain unchanged.

For products that allow independent Airflow-control Setting selection, all Intermediate Stage
cooling tests shall be performed at cooling intermediate airflow rate at the lowest Airflow-control
Setting that meets the Intermediate Stage minimum ESP in Equation 6.1. Refer to Section 6.1.5.1.7.

6.1.5.4.3 Constant-volume AMS Ducted Systems. All tests requiring cooling intermediate
airflow rate shall be performed at the minimum ESP values calculated using Equation 6.1, with a
tolerance of 0.00 to +0.03 in H,O. Refer to Section 6.1.5.1.3 and 6.1.5.1.8.

6.1.5.4.4 Non-ducted Systems. The cooling intermediate airflow rate is the air volume rate that
results during each test when the unit is operated at an ESP of 0.00 in H,O. Refer to Section 6.1.5.1.8

Heating Full Airflow Rate. The manufacturer shall have Specified a heating full airflow rate,

Q1 ruu, €XCEpL as required by 6.1.5.5.1. The Specified heating full airflow rate value shall be utilized for all
tests that call for heating full airflow rate, unless otherwise modified by the following subsections. If modified,
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that same modified value shall be utilized for all tests that call for heating full airflow rate. Unless otherwise
indicated, static pressure requirements only apply to the H1gy test.

6.1.55.1 Ducted Heat Pumps where the Heating Full Airflow Rate and Cooling Full Airflow
Rate are the Same. Use the cooling full airflow rate as the heating full airflow Rate for:

6.1.5.5.1.1 Coil-only Heat Pumps (except Two-capacity Northern Heat Pumps
tested only at low capacity in cooling — see Section 6.1.5.5.5), or

6.1.5.5.1.2 PSC AMS or Constant-torque AMS ducted heat pumps which operate
at the same indoor Airflow-control Setting during both Agy and H1g tests, or

6.1.5.5.1.3 Constant-volume AMS ducted heat pumps which deliver the same air
volume rate during both the Arun and H1gy, tests.

No ESP requirements apply for heat pumps of Sections 6.1.5.5.1.1 and 6.1.5.5.1.2. Use the final
indoor blower control settings as determined when setting the cooling full airflow rate, and readjust
the exhaust fan of the airflow measuring apparatus if necessary to reset to the cooling full airflow
rate obtained in Section 6.1.5.2. For heat pumps where Section 6.1.5.5.1.3 is applicable, test at the
minimum ESP identified in Table 10 (0.00 to +0.03 in H,0). If the static pressure exceeds the
minimum or targeted ESP by +0.03 in H,O, or the setting causes air volume rate variations (Quar)
more than 10% or an automatic shutdown of the indoor blower, then use procedure from Section
6.1.5.1.3.

6.1.5.5.2 PSC AMS or Constant-torque AMS Ducted Heat Pumps where the Heating Full
Airflow Rate and Cooling Full Airflow Rates are Different Due to Automatic Indoor Fan or Controls
Operation. The Specified heating full airflow rate shall not cause the ESP during any test calling
for heating full airflow rate to go below the minimum values identified in Equation 6.1. Refer to
Section 6.1.5.1.7.

6.1.5.5.3 Constant-volume AMS Ducted Heat Pumps where the Heating Full Airflow Rate and
Cooling Full Airflow Rates are Different Due to Automatic Indoor Fan or Controls Operation. All
tests shall be performed at the minimum ESP values identified in Equation 6.1, with a tolerance of
0.00 to +0.03 in H,0.

6.1.5.5.4 Ducted Two-capacity and Triple-capacity Northern Heat Pumps. Select the
appropriate approach from 6.1.5.5.2 or 6.1.5.5.3 cases above for units that are tested with an indoor
fan installed. For coil-only northern heat pumps, the heating full airflow rate is the lesser of the rate
Specified by the manufacturer or 133% of the cooling full airflow rate. For this latter case, obtain
the heating full airflow rate regardless of the pressure drop across the indoor coil assembly.

6.1.5.5.5 Heating Only Coil-only Heat Pumps. The manufacturer Specified heating full airflow
rate shall not cause the pressure drop across the indoor coil during the H1g,; to exceed 0.30 in H2O.
If the maximum static is exceeded, reduce airflow rate until maximum static is achieved. Use this
reduced air volume rate for all tests that require the heating full-load air volume rate.

6.1.5.5.6 PSC AMS or Constant-torque AMS Ducted Heating-Only Heat Pumps. The
manufacturer Specified heating full airflow rate shall not cause the ESP during the H1g, to go below
the minimum values identified in Table 10. Refer to Section 6.1.5.1.6.

6.1.5.5.7 Constant-volume AMS Ducted Heating-Only Heat Pumps. The manufacturer
Specified heating full airflow rate shall be performed at the minimum values identified in Table 10,
with a tolerance of 0.00 to +0.03 in H,0.

6.1.5.5.8 Non-ducted Heat Pumps. The heating full airflow rate is the air volume rate that
results during each test when the unit is operated at an ESP of 0.00 in H,O. Refer to Section 6.1.5.1.8

6.1.5.5.9 Ducted Systems where the Heating Full Airflow Rate and Cooling Full Airflow Rates
are Different Due to Controls. For ducted systems having multiple indoor blowers within a single
indoor section, obtain the heating full-load air volume rate using the same “on” indoor blowers as
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used for the Cooling full-load air volume rate. Using the target ESP and the Specified air volume
rates, follow the procedures as described in Section 6.1.5.5.2 if the indoor blowers are not constant-
air-volume indoor blowers or as described in Section 6.1.5.5.3 if the indoor blowers are constant-
air-volume indoor blowers. The sum of the individual “on” indoor blowers' air volume rates is the
heating full-load air volume rate for the system.

6.1.5.5.10 Ducted Systems where the Heating Full Airflow Rate and Cooling Full Airflow Rates
are Different Due Indoor Blower Operation. For ducted systems with multiple indoor blowers
within a single indoor section, obtain the heating minimum air volume rate using the same “on”
indoor blowers as used for the cooling minimum air volume rate. Using the target ESP and the
Specified air volume rates, follow the procedures as described in Section 6.1.5.5.2 if the indoor
blowers are not constant-air-volume indoor blowers or as described in Section 6.1.5.5.3 if the indoor
blowers are constant-air-volume indoor blowers. The sum of the individual “on” indoor blowers' air
volume rates is the heating full-load air volume rate for the system.

Heating Low Airflow Rate. The manufacturer shall have Specified a heating low airflow rate except

as required by Section 6.1.5.6.1. The Specified heating low airflow rate value shall be utilized for all tests that
call for heating low airflow rate, unless otherwise modified by the following subsections. If modified, that
same modified value shall be utilized for all tests that call for heating low airflow rate.

6.1.5.6.1 Ducted Heat Pumps where the Heating Low Airflow Rate and Cooling Low Airflow
Rate are the Same. Use the cooling low airflow rate as the heating low airflow rate for:

6.1.5.6.1.1 Coil-only Heat Pumps, or

6.1.5.6.1.2 PSC AMS or Constant-torque AMS ducted heat pumps which operate
at the same Airflow-control Setting during both By ow and H1, o tests, or

6.1.5.6.1.3 Constant-volume AMS ducted heat pumps which deliver the same air
volume rate during both the By ow and H1 ow tests.

For Sections 6.1.5.6.1.1 and 6.1.5.6.1.2, use the final indoor blower control settings as determined
when setting the cooling minimum airflow, and readjust the exhaust fan of the airflow measuring
apparatus if necessary to reset to the cooling minimum airflow obtained in Section 6.1.5.3. For heat
pumps where Section 6.1.5.6.1.3 is applicable, test at the minimum ESP as was identified for the
BLow cooling mode test (0.00 to +0.03 in H,0). If the static pressure exceeds the minimum or
targeted ESP by +0.03 in H,O, or the setting causes air volume rate variations (Qvar) more than
10% or an automatic shutdown of the indoor blower, then use procedure from Section 6.1.5.1.3.

6.1.5.6.2 PSC AMS or Constant-torque AMS Ducted Heat Pumps where the Heating Low
Airflow Rate and Cooling Low Airflow Rates are Different Due to Automatic Indoor Fan or Controls
Operation. For the initial test requiring the heating low airflow rate, the Specified heating low
airflow rate shall not cause the ESP to go below the minimum values identified in Equation 6.1.
Refer to Section 6.1.5.1.7. For all subsequent tests requiring the heating low airflow rate, use the
same heating low airflow rate from the initial test requiring the heating low airflow rate.

6.1.5.6.3 Constant-volume AMS Ducted Heat Pumps where the Heating Low Airflow Rate and
Cooling Low Airflow Rates are Different Due to Automatic Indoor Fan or Controls Operation. All
tests requiring heating low airflow rate shall be performed at the minimum ESP values identified in
Equation 6.1, with a tolerance of 0.00 to +0.03 in H,O. Refer to Section 6.1.5.1.3 and 6.1.5.1.8

6.1.5.6.4 Non-ducted Heat Pumps, Including Non-ducted Heating-only Heat Pumps. The
heating low airflow rate is the air volume rate that results during each test when the unit operates at
an ESP of 0.00 in H,0. Refer to Section 6.1.5.1.8.

6.1.5.6.5 Ducted Two-capacity and Triple Capacity Northern Heat Pumps. Select the
appropriate approach from 6.1.5.6.2 or 6.1.5.6.3 cases above for units that are tested with an indoor
fan installed. For Coil-only Heat Pumps, the heating low airflow rate is the higher of cooling full
airflow rate or 75% of the heating full airflow rate. For Coil-only Heat Pumps, obtain the heating
low airflow rate regardless of the pressure drop across the indoor coil assembly.
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6.1.6

6.1.5.6.6 Heating Only Coil-only Heat Pumps. The manufacturer Specified heating low airflow
rate shall not be less than 75% of the heating full airflow rate.

6.1.5.6.7 PSC AMS or Constant-torque AMS Ducted Heating-Only Heat Pumps. The
manufacturer Specified heating low airflow rate shall not cause the ESP during any Low Stage
heating test to go below the minimum values calculated from Equation 6.1.

6.1.5.6.8 Constant-volume AMS Ducted Heating-Only Heat Pumps. The manufacturer
Specified heating low airflow rate shall be performed at the minimum values calculated from
Equation 6.1 with a tolerance of 0.00 to +0.03 in H,O.

6.1.5.7 Heating Intermediate Airflow Rate. The manufacturer shall have Specified a heating intermediate
airflow rate except as required by 6.1.5.7.1. The Specified heating intermediate airflow rate value shall be
utilized for all tests that call for heating intermediate airflow rate, unless otherwise modified by subsections
of Section 6.1.5.7. If modified, that same modified value shall be utilized for all tests that call for heating
intermediate airflow rate. If there is no Specified heating intermediate air volume rate, use the final indoor
blower control settings as determined when setting the heating full-load air volume rate, and readjust the
exhaust fan of the airflow measuring apparatus if necessary to reset to the cooling full-load air volume
obtained in Section 6.1.5.2. Calculate the target minimum ESP as described in Section 6.1.5.2.

6.1.5.7.1 Coil-only Heat Pumps where the Heating Intermediate Airflow Rate and Cooling
Intermediate Airflow Rate are the Same. See Section 6.1.5.4.1.

6.1.5.7.2 PSC AMS or Constant-torque AMS Ducted Systems. The Specified heating
intermediate airflow rate shall not cause the ESP during any test calling for heating intermediate
airflow rate to go below the minimum values identified in Equation 6.1. Refer to Section 6.1.5.1.7.

6.1.5.7.3 Constant-volume AMS Ducted Systems. All tests requiring heating intermediate
airflow rate shall be performed at the minimum ESP values identified by Equation 6.1, with a
tolerance of 0.00 to +0.03 in H,O. Refer to Section 6.1.5.1.7 and 6.1.5.1.8.

6.1.5.7.4 Non-ducted Heat Pumps, Including Non-ducted Heating-only Heat Pumps. The
heating intermediate airflow rate is the air volume rate that results during each test when the unit
operates at an ESP of 0.00 in H,O. Refer to Section 6.1.5.1.8

6.1.5.8  Heating Nominal Airflow Rate. The manufacturer shall have Specified a heating nominal airflow
rate and the instructions for setting fan speed and controls. The Specified heating nominal airflow rate value
shall be utilized for all tests that call for heating nominal airflow rate, except as noted below. If modified, that
same modified value shall be utilized for all tests that call for heating nominal airflow rate.

The Specified heating nominal airflow rate shall not cause the ESP during any test calling for heating nominal
airflow rate to go below the minimum values identified in Equation 6.1.

6.1.5.9  MIB Airflow Rate. For any test where a MIB system is operated at its lowest capacity—i.e., the
lowest total air volume rate allowed when operating the single-speed compressor or when operating at low
compressor capacity—turn off indoor blowers accounting for at least one-third of the full-load air volume rate
unless prevented by the controls of the unit. In such cases, turn off as many indoor blowers as permitted by the
unit's controls. Where more than one option exists for meeting this “off” requirement, the manufacturer must
indicate in its certification report which indoor blower(s) are turned off. The chosen configuration shall remain
unchanged for all tests conducted at the same lowest capacity configuration. For any indoor coil turned off
during a test, cease forced airflow through any outlet duct connected to a switched-off indoor blower.

Outdoor-Coil Airflow Rate. All Standard Ratings shall be determined at the outdoor coil airflow rate Specified

by the manufacturer where the fan drive is adjustable. Where the fan drive is non-adjustable, performance shall be
determined at the outdoor coil airflow rate inherent in the equipment when operated with all of the resistance elements
associated with inlets, louvers, and any ductwork and attachments considered by the manufacturer as normal installation
practice, as determined by the manufacturer literature. Once established, the Outdoor Coil air circuit of the equipment
shall remain unchanged throughout all tests prescribed herein.
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6.1.6.1  Double-duct System. For products intended to be installed with the outdoor airflow ducted, the unit
shall be installed with Outdoor Coil ductwork installed per the Installation Instructions and shall operate
between 0.10 and 0.15 in H,O ESP. ESP measurements shall be made in accordance with ASHRAE Standard
37 Sections 6.4 and 6.5.

6.1.7  Control of Auxiliary Resistive Heating Elements. Except as noted, disable heat pump resistance elements used
for heating indoor air at all times, including during defrost cycles and non-defrost tests for units with a Heat Comfort
Controller. For heat pumps equipped with a Heat Comfort Controller, enable the heat pump resistance elements only
during the below-described, short test. The short test follows the H1g, test or, if conducted, the H1Cgy test. Set the
Heat Comfort Controller to provide the maximum supply air temperature. With the heat pump operating and while
maintaining Qui-rui, Measure the temperature of the air leaving the indoor-side beginning 5 minutes after activating the
Heat Comfort Controller. Sample the outlet dry-bulb temperature at regular intervals that span 5 minutes or less. Collect
data for 10 minutes, obtaining at least 3 samples. Measure the outlet temperature (T..), °F, averaged over the 10-minute
interval.

6.1.8  Tested Combinations or Tested Units. As a minimum, Tested Combinations of Split Systems or tested samples
of Single Package Unit shall include the following combination for the specific types of equipment listed. Unless
otherwise stated below, there is no restriction on the Tested Combination (i.e., single split air conditioners and heat
pumps not listed below shall be tested as a Coil-only System or a Blower Coil System).

6.1.8.1  Single Stage Air Conditioner (Distributed in commerce by an OUM). Any Single Stage Air
Conditioner (including Space Constrained and SDHV) shall be tested, as a minimum, as a Coil-only System.

6.1.8.2  Two-stage Air Conditioner (Distributed in commerce by an OUM). Any Two-stage Air Conditioner
(including Space Constrained and SDHV) shall be tested, as a minimum, as a Coil-only System.

6.1.8.3  Single Split System Air Conditioner (Distributed in Commerce by an ICM). Manufacturers shall
test a model of Indoor Unit with the least efficient model of Outdoor Unit with which it shall be paired where
the least efficient model of Outdoor Unit is the model of Outdoor Unit in the lowest SEER2 combination as
certified by the OUM. If there are multiple models of Outdoor Unit with the same lowest SEER2 represented
value, the ICM shall select one for testing purposes.

6.1.8.4  Single Split System Heat Pump (Distributed in Commerce by an ICM). Does not need to be tested
as long as an equivalent air conditioner basic model has been tested. If an equivalent model has not been tested,
manufacturers shall test a model of Indoor Unit with a model of Outdoor Unit meeting the same requirements
listed as in Section 6.1.8.3 for Single-split Air-conditioner distributed in commerce by an ICM.

6.1.8.5  Multi-split, Multi-Head Mini-Split, or Multi-Circuit System (including Space Constrained Product
and SDHV). (See also Section 6.4.1.1.). An arrangement of Indoor Units and Outdoor Units that are production
units, or are representative of production units and provides representative performance values, having the
following features:

6.1.85.1 The system consists of one Outdoor Unit with one or more compressors matched with
at least two but no more than five Indoor Units;

6.1.8.5.2 The Indoor Units shall:

6.1.8.5.2.1 Collectively, have a Nominal Cooling Capacity greater than or equal
t0 95% and less than or equal to 105% of the Nominal Cooling Capacity of the Outdoor
Unit;

6.1.8.5.2.2 Each represent the highest sales volume model family (at the time the
rating is established), if this is possible while meeting all the requirements of this
section. If this is not possible, one or more of the Indoor Units shall represent another
indoor model family in order that all the other requirements of this section are met.

6.1.8.5.2.3 Individually not have a Nominal Cooling Capacity greater than 50%
of the Nominal Cooling Capacity of the Outdoor Unit, unless the Nominal Cooling
Capacity of the Outdoor Unit is 24,000 Btu/h or less;
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6.1.8.6

6.1.8.5.2.4 Operate at fan speeds consistent with manufacturer’s specifications;
and

6.1.8.5.2.5 All be subject to the same minimum ESP requirement while able to
produce the same ESP at the exit of each outlet plenum when connected in a manifold
configuration as required by the test procedure.

Outdoor Unit with No Match. The model of Outdoor Unit shall be tested with a model of Coil-only

Indoor Unit meeting the requirements of Section 5.1.6.2.

6.1.8.7

Single Package Air Conditioners and Heat Pumps (Including Space Constrained) Selected for

Testing. Manufacturers shall test the individual model with the lowest SEER2.

Application Ratings. Ratings at conditions of temperature or airflow rate other than those identified in Sections 6.1.3

may be published as Application Ratings, and shall be based on data determined by the methods prescribed in Section 6.4.1 or
Section 6.4.2. Application Ratings in the defrost region shall include Net Capacity and COP2 based upon a complete defrost
cycle (instantaneous capacity may be provided as long as Net Capacity is also provided).
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International Ratings.

6.2.1.1

6.2.1.2

Cooling Temperature Conditions.

6.2.1.1.1 The T1, T2, and T3 temperature conditions identified in Table 11 shall be considered
Rating Conditions for the determination of cooling capacity and energy efficiency.

6.2.1.1.2 Equipment manufactured for use only in a moderate climate similar to that identified
in Column T1 of Table 11 shall have ratings at T1 conditions and shall be designated type T1
equipment.
6.2.1.1.3 Equipment manufactured for use only in a cool climate similar to that identified in
Column T2 of Table 11 shall have ratings at T2 conditions and shall be designated type T2
equipment.

6.2.1.14 Equipment manufactured for use only in a hot climate similar to that identified in
Column T3 of Table 11 shall have ratings at T3 conditions and shall be designated type T3
equipment.

6.2.1.1.5 Equipment manufactured for use in more than one of the climates defined in Table 11
shall have marked on the nameplate the designated type (T1, T2, and/or T3). The corresponding
ratings shall be determined by the Rating Conditions identified in Table 11.

Heating Temperature Conditions.

6.2.1.2.1 The H1, H2, and H3 temperature conditions identified in Table 11 shall be considered
Rating Conditions for the determination of heating capacity and energy efficiency.

6.2.1.2.2 All heat pumps shall be rated at the H1 temperature conditions.
6.2.1.2.3 Equipment manufactured for use in more than one of the climates defined in Table 11

shall have marked on the nameplate the designated type (H1, H2, and/or H3). The corresponding
ratings shall be determined by the Rating Conditions identified in Table 11.
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Table 11. Application Rating Conditions for I-P Standards*

Cooling — Standard
Temperature Conditions

T1
(Moderate Climates)

T2
(Cool Climates)

T3
(Hot Climates)

Indoor

80.6°F DB & 66.2°F WB

69.8°F DB & 59.0°F WB

84.2°F DB & 66.2°F WB

Outdoor

95.0°F DB & 75.2°F WB

80.6°F DB & 66.2°F WB

114.8°F DB & 75.2°F WB

Cooling — Maximum
Temperature Conditions

T1
(Moderate Climates)

T2
(Cool Climates)

T3
(Hot Climates)

Indoor

89.6°F DB & 73.4°F WB

80.6°F DB & 66.2°F WB

89.6°F DB & 73.4°F WB

Outdoor

109.4°F DB & 78.8°F WB

95.0°F DB & 75.2°F WB

125.6°F DB & 73.4°F WB

Heating — Standard
Temperature Conditions

H1 — (Warm Climates)

H2 — (Moderate Climates)

H3 - (Cold Climates)

Indoor 68.0°F DB and 59.0°F WB 68.0°F DB & 59.0°F WB | 68.0°F DB and 59.0°F WB
max. max. max.
Outdoor 44.6°F DB and 42.8°F WB 35.6°F DB & 33.8°F WB 19.4°F DB & 17.6°F WB

Heating — Maximum
Temperature Conditions

H1 — (Warm Climates)

H2 — (Moderate Climates)

H3 - (Cold Climates)

Indoor

75.2°F DB and 64.4°F WB

Outdoor 80.6°F DB

Note 1: DB = dry-bulb temperature and WB = wet-bulb temperature.

6.3  Publication of Ratings. Wherever Application Ratings are published or printed, they shall include, or be accompanied
by the Standard Ratings, shall be clearly designated as Application Ratings, including a statement of the conditions at which
the ratings apply.

6.3.1  Capacity Designation. The capacity designation used in published specifications, literature or advertising,
controlled by the manufacturer, for equipment rated under this standard, shall be expressed only in Btu/h at the Standard
Rating Conditions identified in 6.1.3 and in the terms described in 6.1.1 and 6.1.2. Horsepower, tons or other units shall
not be used as capacity designation.

6.4 Ratings. Standard Ratings for capacity, EER2, SEER2, HSPF2 or Py, ofr shall be based either on test data or computer
simulation. For three-phase systems refer to Appendix G.

6.4.1  Note that DOE requires represented values for individual models, individual combinations, and Tested
Combinations as identified in 10 CFR 429.16(a)(1). For consistency, this also applies to Standard Ratings:

6.4.1.1  Single-package Air Conditioners and Single-package Heat Pumps (Including Space Constrained).
Manufacturers shall determine represented values for every individual model distributed in commerce.

6.4.1.2  Single-split Air-conditioners with Single-stage or Two-stage Compressors (Including Space
Constrained and SDHV) Distributed in Commerce by an OUM. Manufacturers shall determine represented
values for every individual combination distributed in commerce. For each model of Outdoor Unit, this shall
include at least one Coil-only System that is representative of the least efficient combination distributed in
commerce with that particular model of Outdoor Unit. Additional representations for Blower Coil Systems are
allowed for any applicable individual combinations, if distributed in commerce.

6.4.1.3  Single-split Air-conditioners with Other Than Single-stage or Two-stage Compressors (Including
Space Constrained and SDHV) Distributed In Commerce By An OUM. Manufacturers shall determine
represented values for every individual combination distributed in commerce, including all Coil-only Systems
and Blower Coil System.

6.4.1.4  Single-split Heat Pumps (Including Space Constrained and SDHV) distributed in commerce by an
OUM. Manufacturers shall determine represented values for every individual combination distributed in
commerce. |If a manufacturer offers combinations of both Coil-only Systems and Blower Coil Systems,
represented values shall be required for both.

6.4.1.5  Single-split Air-Conditioners and Single-split Heat Pumps (Including Space Constrained and
SDHV) distributed in commerce by an ICM. Manufacturers shall determine represented values for every
individual combination distributed in commerce.
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6.4.2

6.4.3

6.4.1.6  Outdoor Unit With No Match. Manufacturers shall determine represented values for every model of
Outdoor Unit distributed in commerce (tested with a model of Coil-only Indoor Unit as identified in 10 CFR
429.16(b)(2)(i)).

6.4.1.7  Multi-split, Multi-circuit System or Multi-head Mini-split (Including SDHV and Space
Constrained). See Section 6.4.3.3.

Refrigerants.

6.4.2.1 If a model of Outdoor Unit (used in a Single-split System, Multi-split System, Multi-circuit System,
Multi-head Mini-split System, and/or Outdoor Unit with no match system) is distributed in commerce and
approved for use with multiple refrigerants, a manufacturer shall determine Standard Ratings for that model
using each refrigerant that can be used in an individual combination of the basic model (including Outdoor
Units with no match or “Tested Combinations™). This requirement shall apply across the listed categories in
the table in paragraph (a)(1) of 10 CFR 429.16. A refrigerant is considered approved for use if it is listed on the
nameplate of the Outdoor Unit. If any of the refrigerants approved for use is HCFC-22 or has a 95°F midpoint
saturation absolute pressure that is + 18% of the 95°F saturation absolute pressure for HCFC-22, or if there are
no refrigerants designated as approved for use, a manufacturer shall determine represented values (including
SEER2, EER2, HSPF2, Pwof, cooling capacity, and heating capacity, as applicable) for, at a minimum, an
Outdoor Unit with no match. If a model of Outdoor Unit is not charged with a Specified refrigerant from the
point of manufacture or if the unit is shipped requiring the addition of more than two pounds of refrigerant to
meet the charge required for the Aryy test per Table 8 when charged per Section 5.1.8 (unless either (a) the
factory charge is equal to or greater than 70% of the Outdoor Unit internal volume times the liquid density of
refrigerant at 95°F or (b) an A2L refrigerant is approved for use and listed in the certification report), a
manufacturer shall determine Standard Ratings (including SEER2, EER2, HSPF2, P, o, cooling capacity, and
heating capacity, as applicable) for, at a minimum, an Outdoor Unit with no match.

6.4.2.2 If amodel is approved for use with multiple refrigerants, Standard Ratings shall be either a) multiple
Standard Ratings, with one Standard Rating provided for the performance of the model with each individual
refrigerant or b) if a single Standard Rating is to be provided the least-efficient refrigerant shall be used to create
the Standard Rating. A single Standard Rating made for multiple refrigerants may not include equipment in
multiple categories or equipment subcategories listed in the table in paragraph 10 CFR 429.16(a)(1).

Ratings Generated by Test Data.

6.4.3.1 Ratings Where Higher Values are Favorable. Any capacity, EER2, SEER2 or HSPF2 rating of a
system generated by test data shall be based on the results of at least two unique production or production
representative samples tested in accordance with all applicable portions of this standard. The capacity, EER2,
SEER2 or HSPF2 or ratings shall not be higher than the lower of a) the test sample mean (), or b) the lower
90% confidence limit (LCL) divided by 0.95 (as defined by the formulas below), rounded per Sections 6.1.1
and 6.1.2.

n

— a4 X

x = ==t 6.8
n

LCL= % — tq (j—ﬁ) 6.9

For t g see Table 12 (See also Appendix A of Subpart B of 10 CFR §429).

Table 12. t Statistic
Number of Systems Tested* tgo
2 3.078
3 1.886
4 1.638
5 1.533
6 1.476
Note 1. from Appendix A of Subpart B of 10 CFR 8429
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6.4.3.2

Ratings Where Lower Values are Favorable. Any Py, of rating, or other measure of Off-mode Power

Consumption for which consumers would favor lower values, generated by test data shall be based on the
results of at least two unigque production or production representative samples tested in accordance with all
applicable portions of this standard. The Py, o ratings shall not be lower than the higher of a) the test sample
mean (k) per Equation 6.8, or b) the upper 90% confidence limit (UCL) divided by 1.05 (as defined by the
formulas below), rounded per Sections 6.1.1 and 6.1.2.

6.4.3.3

UCL= %+ to (5) 6.10

Multi-split, Multi-circuit and Multi-head Mini-split System Ratings Determined by Test.

6.4.3.3.1 For manufacturers that offer only non-ducted combinations, ratings for each model of
Outdoor Unit shall be determined by testing at least two complete system samples of the same
Tested Combination of Non-ducted Indoor Units (following the sampling plan in 10 CFR 429.16).

6.4.3.3.1.1 In general, this rating applies to all combinations of a Multi-split
system having the same Outdoor Unit and only Non-ducted Indoor Units, including
those Non-tested Combinations (NTCs) unless a manufacturer wants to represent the
rating of a specific combination.

6.4.3.3.1.2 A manufacturer shall choose to make representations for other
individual combinations of models of Non-ducted Indoor Units for the same model of
Outdoor Unit, but these shall be rated as separate basic models, following the sampling
plan in 10 CFR 429.16.

6.4.3.3.2 Manufacturers, offering both non-ducted combinations and non-SDHV ducted
combinations of Indoor Units, shall determine ratings for each model of Outdoor Unit by test
according to the sampling plan in 10 CFR 429.16. Non-ducted system ratings and ducted systems
ratings shall each be determined by testing two or more complete system samples of each system
with all samples for each system type having the same Tested Combination.

6.4.3.3.2.1 In general, these ratings apply to all combinations of a Multi-split
system having the same Outdoor Unit and using only Non-ducted Indoor Units and all
combinations of a Multi-split system having the same Outdoor Unit and using only
ducted Indoor Units, respectively, including those NTCs unless a manufacturer wants
to represent the rating of a specific combination.

6.4.3.3.2.2 The rating given to any NTCs of Multi-split System having the same
Outdoor Unit and a mix of non-ducted and ducted Indoor Units shall be set equal to
the average of the ratings for the two required Tested Combinations.

6.4.3.3.2.3 A manufacturer shall choose to make representations for other
individual combinations of models of Indoor Units for the same model of Outdoor
Unit, but these shall be rated as separate basic models, following the sampling plan in
10 CFR 429.16

6.4.3.3.3 For manufacturers that offer SDHV combinations, ratings for each model of Outdoor
Unit shall be determined by testing at least two complete system samples of the same Tested
Combination of SDHV Indoor Units (following the sampling plan in 10 CFR 429.16). For
Independent Coil Manufacturers, the Outdoor Unit is the least efficient model of Outdoor Unit with
which the SDHV Indoor Unit shall be paired. The least efficient model of Outdoor Unit is the model
of Outdoor Unit in the lowest SEER2 combination. If there are multiple models of Outdoor Unit
with the same lowest SEER?2 represented value, the ICM shall select one for testing purposes.

6.4.3.3.3.1 In general, this rating applies to all combinations of a Multi-split
system having the same Outdoor Unit and using only SDHV Indoor Units, including
those NTCs.
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6.5

6.4.3.3.3.2 For basic models composed of both SDHV and non-ducted or ducted
combinations, the represented value for the mixed SDHV/non-ducted or
SDHV/ducted combination is the mean of the represented values for the SDHV, non-
ducted, or ducted combinations, as applicable, as determined in accordance with the
sampling plan in 10 CFR 429.16.

6.4.3.3.3.3 A manufacturer shall choose to make representations for other
individual combinations of models of Indoor Units for the same model of Outdoor
Unit, but these shall be rated as separate basic models, following the sampling plan in
10 CFR 429.16.

6.4.3.3.4 External Static Pressure. For Non-ducted Systems, all Indoor Units shall be subject
to the same ESP (i.e., 0.00 in H,0). For ducted, all Indoor Units shall be subject to the same
minimum ESP (see Table 10) while being configurable to produce the same static pressure at the
exit of each outlet plenum.

6.4.3.4 Pyos If individual models of Single Package Units or individual combinations (or “Tested
Combinations”) of Split System that are otherwise identical are offered with multiple options for off-mode-
related components, determine the represented value for the individual model/combination with the Crankcase
Heater and controls that are the most consumptive. A manufacturer may also determine represented values for
individual models/combinations with less consumptive off-mode options; however, all such options shall be
identified with different model numbers for single-package systems or for Outdoor Units (in the case of Split
Systems).

6.4.4  Ratings Generated by Computer Simulation. Any capacity, EER2, SEER2 or HSPF2 rating of a system
generated by the results of an Alternative Efficiency Determination Method (AEDM) shall be no higher than the result
of the AEDM (after rounding per Sections 6.1.1 and 6.1.2). Any Py, o rating of a system generated by the results of an
AEDM shall be no lower than or equal to the output of the AEDM. Any AEDM used shall be created in compliance
with the regulations identified in 10 CFR 8429.70.

6.4.4.1  No model of OUWNM shall be rated by computer simulation. All models of OUWNM shall be
rated by test.

6.4.5  Documentation. As required by federal law (10 CFR 8429.71), supporting documentation of all Published
Ratings subject to federal control shall be appropriately maintained.

6.4.6  Multiple Standard Ratings. A single product may have more than one Standard Rating. If multiple Standard
Ratings exist, the conditions for each Standard Rating shall be clearly identified for each individual Standard Rating
(e.g. A Two-capacity Heat Pump may be rated as a Two-Capacity Northern Heat Pump by locking out Full Stage
cooling).

Uncertainty and Variability. When testing a sample unit, there are uncertainties that shall be considered. All tests shall

be conducted in a laboratory that meets the requirements referenced in this standard, ANSI/ASHRAE Standard 37 and
ANSI/ASHRAE Standard 116. The uncertainty for Standard Ratings covered by this standard include the following.
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6.5.1  Uncertainty of Measurement. When testing a unit, there are variations that result from instrumentation and
laboratory constructed subsystems for measurements of temperatures, pressure, power, and flow rates.

6.5.2  Uncertainty of Test Rooms. The same unit tested in multiple rooms may not yield the same performance due
to setup variations and product handling.

6.5.3  Variability due to Manufacturing. During the manufacturing of units, there are variations due to manufacturing
production tolerances that will impact the performance of the unit.

6.5.4  Uncertainty of Performance Simulation Tools. Due to the large complexity of options, manufacturers may use
performance prediction tools like an AEDM.

6.5.5 Variability due to Environmental Conditions. Changes to ambient conditions such as inlet temperature
conditions and barometric pressure can alter the measured performance of the unit.
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6.5.6  Variability of System Under Test. The system under test instability may not yield repeatable results.

Section 7. Minimum Data Requirements for Published Ratings

7.1 Minimum Data Requirements for Published Ratings. As a minimum, Published Ratings shall include all Standard
Ratings shown below:

7.1.1  For Unitary Air-conditioners (air-cooled)

7.1.1.1  AHRI Standard Rating cooling capacity, Btu/h
7.1.1.2  Energy Efficiency Ratio (EER2a run), Btu/(W-h)
7.1.1.3  Seasonal Energy Efficiency Ratio (SEER2), Btu/(W-h)

7.1.2  Forall Unitary Air-source Heat Pumps

7.1.2.1  AHRI Standard Rating cooling capacity, Btu/h

7.1.2.2  Energy Efficiency Ratio (EER2a run) , Btu/(W-h)

7.1.2.3  Seasonal Energy Efficiency Ratio (SEER2), Btu/(W-h)

7.1.2.4  High temperature heating Standard Rating capacity, Btu/h

7.1.25  Region IV Heating Seasonal Performance Factor, HSPF2, Btu/(W-h)

7.2 For Split Systems, Standard Ratings shall be published for every refrigerant listed as permissible for use on the nameplate
of the Outdoor Unit. If multiple refrigerants are listed as permissible for use on the nameplate of the Outdoor Unit and a single
Standard Rating is applied for all refrigerants, a statement shall be included noting the single Standard Rating applies for all
refrigerants.

7.3 Latent Cooling Capacity Designation. The Latent Cooling Capacity used in published specifications, literature or
advertising, controlled by the manufacturer, for equipment rated under this standard, total or Sensible Cooling Capacity shall
be expressed consistently in either Gross Capacity or Net Capacity in one or more of the following forms:

7.3.1  Sensible Cooling Capacity to Net Capacity ratio and Net Capacity
7.3.2  Latent Cooling Capacity and Net Capacity
7.3.3  Sensible Cooling Capacity and Net Capacity

7.4  All claims to ratings within the scope of this standard shall include the statement “Rated in accordance with AHRI
Standard 210/240.” All claims to ratings outside the scope of this standard shall include the statement “Outside the scope of
AHRI Standard 210/240.” Wherever Application Ratings are published or printed, they shall include a statement of the
conditions at which the ratings apply.

Section 8. Operating Requirements

8.1 Operating Requirements. Unitary equipment shall comply with the provisions of this section such that any production
unit shall meet the requirements detailed herein.

8.2 Maximum Operating Conditions Test. Unitary equipment shall pass the following maximum operating conditions test
with indoor-coil airflow rate Q'A,Fu” as determined under Section 6.1.5.

8.2.1  Temperature Conditions. Temperature conditions shall be maintained as shown in Table 8, as applicable, in
accordance with the unit’s nameplate. For equipment marked for application for more than one Standard Rating
condition the most stringent outdoor ambient conditions shall be used.

8.2.2  Voltages. The test shall be run at the Range A minimum utilization voltage from AHRI Standard 110, Table 1,
based upon the unit's nameplate rated voltage(s). This voltage shall be supplied at the unit's service connection and at
rated frequency. A lower minimum voltage shall be used, if listed on the nameplate.

8.2.3  Procedure. The equipment shall be operated for one hour at the temperature conditions and voltage identified
in the standard.
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8.2.4  Requirements. The equipment shall operate continuously without interruption for any reason for one hour.

8.3  Voltage Tolerance Test. Unitary equipment shall pass the following voltage tolerance test with a cooling coil airflow
rate as determined under Section 6.1.5.

8.3.1  Temperature Conditions. Temperature conditions shall be maintained at the standard cooling (and/or standard
heating, as required) steady state conditions as shown in Table 8, as applicable, in accordance with the unit’s nameplate.
For equipment marked for applications for more than one Standard Rating condition (T1, T2, and/or T3) the most
stringent outdoor ambient conditions shall be used.

8.3.2  Voltages.

8.3.2.1  Steady State. Two separate tests shall be performed, one test at the Range B minimum utilization
voltage and one test at the Range B maximum utilization voltage from AHRI Standard 110, Table 1, based
upon the unit's nameplate rated voltage(s). These voltages shall be supplied at the unit's service connection and
at rated frequency. A lower minimum or a higher maximum voltage shall be used, if listed on the nameplate.

8.3.2.2  Power Interrupt. During the power interrupt portion of each test, the voltage supplied to the
equipment (single phase and three phase) shall be adjusted just prior to the shut-down period (Section 8.3.3.2)
such that the resulting voltage at the unit's service connection is 86% of nameplate rated voltage when the
compressor motor is on locked-rotor. (For 200 V or 208 V nameplate rated equipment the restart voltage shall
be set at 180 V when the compressor motor is on locked rotor). Open circuit voltage for three phase equipment
shall not be greater than 90% of nameplate rated voltage.

8.3.2.3  Resume Operation. During the resume operation portion of the test, the voltage supplied to the
equipment shall be the same as the voltage as per Section 8.3.2.1.

8.3.3  Procedure.

8.3.3.1  Steady State. The equipment shall be operated for one hour at the temperature conditions and each
voltage identified in Sections 8.3.1 and 8.3.2.

8.3.3.2  Power Interrupt. All power to the equipment shall be shut off for a period sufficient to cause the
compressor to stop (not to exceed five seconds) and then immediately restored.

8.3.3.3  Resume Operation. Within one minute after the equipment has resumed continuous operation
(Section 8.3.4.3), the voltage shall be restored to the values identified in Section 8.3.2.1. During the remainder
of resume operations phase, voltage and temperature conditions shall be retained as identified in Section 8.3.3.1.
Refer to Figure 1.

Power Resume
Interrupt Operation

A

-

0.86V
3 Compressor Restart
<
=]
o
>
TIME - —t
Oom 60 m 5 s (max) 120 m (max) 1m(max) 30m
| 1k i ’
Compressor ON Compressor ON or OFF Compressor ON

Figure 1. Voltage Tolerance Test Power Interrupt Procedure.
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8.3.4  Requirements.
8.3.4.1  During the entire test, the equipment shall operate without damage or failure of any of its parts.

8.3.4.2  Steady State - During the steady state portion of the test, the equipment shall operate continuously
without interruption for any reason.

8.3.4.3  Resume Operation - During the resume operation portion of the test, the unit shall resume
continuous operation within two hours of restoration of power and shall then operate continuously for one half
hour. Operation and automatic resetting of safety devices prior to re-establishment of continuous operation is
permitted.

8.4  Low-Temperature Operation Test (Cooling) (Not Required For Heating-only Units). Unitary equipment shall pass the
following low-temperature operation test when operating with initial airflow rate, Q , r,,,;, @ determined in Section 6.1.5 and
with controls and dampers set to produce the maximum tendency to frost or ice the evaporator, provided such settings are not
contrary to the manufacturer's instructions to the user.

8.4.1  Temperature Conditions. Temperature Conditions shall be maintained as shown in Table 8.

8.4.2  Procedure. The test shall be continuous with the unit on the cooling cycle, for not less than four hours after
establishment of the temperature conditions identified in the standard. The unit shall be permitted to start and stop under
control of an automatic limit device, if provided.

8.4.3  Requirements.

8.4.3.1  During the entire test, the equipment shall operate without damage or failure of any of its parts.

8.4.3.2  During the entire test, the saturated evaporating temperature shall not be less than 32°F + half of
refrigerant temperature glide.

8.4.3.3  During the test and during the defrosting period after the completion of the test, all ice or meltage
shall be caught and removed by the drain provisions.

8.5 Insulation Effectiveness Test (Cooling) (not required for heating-only units). Unitary equipment shall pass the following
insulation effectiveness test when operating with airflow rate, Q4 r;, as determined in Sections 6.1.5 and 6.1.6 with controls,
fans, dampers, and grilles set to produce the maximum tendency to sweat, provided such settings are not contrary to the
manufacturer's instructions to the user.

8.5.1  Temperature Conditions. Temperature conditions shall be maintained as shown in Table 8.

8.5.2  Procedure. After establishment of the temperature conditions identified in the standard, the unit shall be
operated continuously for a period of four hours.

8.5.3  Requirements. During the test, no condensed water shall drop, run, or blow off from the unit casing.
8.6  Condensate Disposal Test (Cooling)* (not required for heating-only units). Unitary equipment which rejects condensate
to the condenser air shall pass the following condensate disposal test when operating with airflow rates as determined in Section
6.1.5 and with controls and dampers set to produce condensate at the maximum rate, provided such settings are not contrary to
the manufacturer's instructions to the user.
* This test may be run concurrently with the Insulation Effectiveness Test (Section 8.5).

8.6.1  Temperature Conditions. Temperature conditions shall be maintained as shown in Table 8.

8.6.2  Procedure. After establishment of the temperature conditions identified in the standard, the equipment shall

be started with its condensate collection pan filled to the overflowing point and shall be operated continuously for four

hours after the condensate level has reached equilibrium.

8.6.3  Requirements. During the test, there shall be no dripping, running-off, or blowing-off of moisture from the unit
casing.
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8.7  Tolerances. The room ambient conditions for the tests outlined in Section 8 are average values subject to tolerances of
+ 1.0 °F for air wet-bulb and dry-bulb temperatures and + 1.0% of the reading for voltages.

Section 9. Marking and Nameplate Data

9.1 Marking and Nameplate Data. As a minimum, the nameplate shall display the manufacturer's name, model designation,
electrical characteristics and refrigerants approved for use by the manufacturer.

Nameplate voltages for 60 Hz systems shall include one or more of the equipment nameplate voltage ratings shown in Table 1
of AHRI Standard 110. Nameplate voltages for 50 Hz systems shall include one or more of the utilization voltages shown in
Table 1 of IEC Standard 60038.

Section 10. Conformance Conditions

10.1 Conformance. While conformance with this standard is voluntary, conformance shall not be claimed or implied for
products or equipment within the standard’s Purpose (Section 1) and Scope (Section 2) unless such product claims meet all of
the requirements of the standard and all of the testing and rating requirements are measured and reported in complete
compliance with the standard. Any product that has not met all the requirements of the standard shall not reference, state, or
acknowledge the standard in any written, oral, or electronic communication.

10.2 Verification Testing Criteria. To comply with this standard, single sample production verification tests shall meet the
certified Standard Rating performance metrics shown in Table 11 of Appendix | with the listed acceptance criteria.

Section 11. Calculations

All steady state capacity calculations in this standard are in principle the same as the capacity calculations in ANSI/ASHRAE
Standard 37. In this standard the capacity subscripts are included for the individual tests. Seasonal efficiency calculations in
this standard are in principle the same as the seasonal efficiency calculations in ANSI/ASHRAE Standard 116, except that they
use the subscripted capacity nomenclature. The calculations in this standard shall take precedence over ASHRAE calculations.
Indoor air enthalpy method shall be the primary calculation used to determine system capacity. Outdoor enthalpy or refrigerant
enthalpy methods shall only be used for secondary calculation methods. All air properties shall be calculated per the ASHRAE
Fundamentals Handbook.

11.1 Individual Test Calculations. For this section subscript lowercase “x” is used for the individual test measurement. For
example, the symbol for Total Cooling Capacity for the Ay test is i a run, in this calculation section gy is used, where “x” is
equal to Arun. For all capacities calculated in Section 11, round the calculated value to the nearest integer. For all Degradation
Coefficients, round the calculated value to the nearest 0.01. If the calculated Degradation Coefficient is negative, set the
Degradation Coefficient equal to zero.

For all Steady State Tests and for frost accumulation (H2, tests), air volume rate through the indoor coil, Qmi, and air volume
rate through the Outdoor Coil, Q,,,, shall be calculated per the equations identified in Sections 7.7.2.1 and 7.7.2.2 of

ANSI/ASHRAE Standard 37. The standard airflow rate, QS , shall be calculated from Section 7.7.2.3 of ANSI/ASHRAE
Standard 37.

11.1.1 Cooling Steady State Net Capacity.

11.1.1.1 Total Cooling Capacity (Indoor Air Enthalpy Method). The Net Capacity for all steady state cooling
tests shall be calculated using Equation 11.2 for Blower Coil Systems or using Equation 11.3 for Coil-only
Systems. For Multi-split Systems, capacity adjustment factor, Fc, shall only be applied to full load cooling
tests. Refer to Table 4.

— 60 - Qmi(hal_haz)

11.1
v/, (1+Wy)

X
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thi,x = CIx + C'Iduct,ci 11.2
(hci,x = Qx + Qduct,ci - qsadj,x 11.3

Where Equation 11.4 shall be used when the Indoor Unit is in the indoor psychrometric chamber, Equation
11.5 shall be used when the indoor section is completely in the outdoor chamber. Equation 11.6 is shown for
reference. Duct 10SS, gyt ;> Shall be set to O for steady state tests C and G.

Qduct,ci = UAID,si(tal - taz) 114
Qduct,ci = UAID,ro (taO - tal) + UAID,so (taO - taz) + UAID,si(tal - taz) 115
v+ W) = v, 11.6

11.1.1.2 Total Cooling Capacity (Outdoor Air Enthalpy Method). The Net Capacity for all steady state
cooling tests shall be calculated using Equation 11.7 for units that do re-evaporate drained condensate from the
indoor coil or Equation 11.8 for units that do not re-evaporate drained condensate from the indoor coil. For
Multi-split Systems, capacity adjustment factor, Fe, shall only be applied to full load cooling tests. Refer to
Table 4.

. 60 Qmo(hqa—hg3)
thO,X == le%—+w - 3412 - Ptot,x 117

60 * Qmo Cpaa(taa—ta3)
v (1+Wy,)

CItco,x —3.412- Ptot,x 11.8

11.1.1.3 Total Cooling Capacity (Refrigerant Enthalpy Method). The Net Capacity for all steady state
cooling tests shall be calculated as follows. See Section D6.3.2 of this Standard for information about mass
flow ratio, x. For Multi-split Systems, capacity adjustment factor, F., shall only be applied to full load cooling
tests. Refer to Table 4.

Grefx = XMyep x(Mry — Ar1) — GSaajx 11.9
11.1.1.4  Indoor motor heat capacity adjustment, ¢sgq;-

4Saajx = 3412 Pran x 11.10
Where for all Blower Coil Systems, P x is the measured indoor power.

For Non-mobile home, non-Space Constrained Coil-only Systems:

441

o5 Os 11.11

Pfan,x =

For Mobile home, Space Constrained Coil-only Systems:

406 .
Pranx = 1505 " s 11.12

Where 441 watts is a default power consumption per 1000 scfm for non-mobile home, non-Space
Constrained coil-only systems, 406 watts is for mobile home, Space Constrained coil-only systems.

11.1.1.5 Heat Balance. Ifusing the outdoor enthalpy as an alternate method, use Equation 11.13, or if using
refrigerant enthalpy as an alternate method, use Equation 11.14.
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HB. = Atcix—Ytcox

11.13
* fltci,x
HB. = thi,x_‘?ref,x 11.14

X .
dtcix

11.1.2 Cooling Steady State Power. The steady state power, P,,, ., shall be as measured during test, adjusted as

follows, using Equation 11.15 for Blower Coil Systems or using Equation 11.16 for Coil-only Systems.

Ptot,x = Pm,x + Padj 11.15
Peotx = Pnx + PSaajx 11.16
Where:
For Non-mobile home, Non-Space Constrained Coil-only Systems:

441 .
PSagjx = 555" ¥s 11.17
For Mobile home, Space Constrained Coil-only Systems:

406 .
PSaajx = 7,55 @s 11.18

Where 441 watts is a default power consumption per 1000 scfm for non-mobile home, non-Space Constrained
coil-only systems, 406 watts is for mobile home, Space Constrained coil-only systems, and P,,; only applies
for Constant-volume AMS per Section 6.1.5.1.3 (Pagj is O for all other Blower Coil Systems).

11.1.3 Cooling Steady State Efficiency, EER2. The steady state efficiency shall be calculated as follows.

EERZx — thi,x

tot,x

11.19

11.1.4 Coo.ling Cyclic Net Capacity. The Net Capacity for all cyclic cooling tests (tests D and 1) shall be calculated
as follows. Qpn;, Cpar V', Pran x, @nd W, shall be the average values recorded during the corresponding dry coil steady

state tests (tests C and G).

__ 60" Qmicpazr

! — .
q cyc,x - v,n(1+Wn) qcad],x 1120
Where:
« 0

I'=F¢p [y [ta1(0) — ta2(0)]d0 11.21
Where FC*D is calculated per Appendix F16.3 using values measured during C & D tests.

qCadjx = 3412 Efgn & 11.22

Where for all Blower Coil Systems, P x is the measured indoor power.
For Non-mobile home, Non-Space Constrained Coil-only Systems:
441
Efanx = 1550~ Us[02 — 01] 11.23
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For Mobile home, Space Constrained Coil-only Systems:

406

Efanx = 1595 @s[602 — 01] 11.24

Where 441 watts is a default power consumption per 1000 scfm for non-mobile home, non-Space Constrained coil-only
systems, 406 watts is for mobile home, Space Constrained coil-only systems. For Blower Coil Systems with Constant-
volume AMS or Constant-torque AMS which has the blower disabled for Cyclic Test:

qCaqjx = 3412 Prgpn o [02 — 01] 11.25
For all other Blower Coil Systems:

qCaajx =0 11.26
For all other Non-ducted Systems:

qCadajx = 3412 Efqn « 11.27

For Non-ducted Systems, subtract the electrical energy used by the indoor fan, Ef,, , during the 3 minutes after
compressor cutoff from the Non-ducted System’s integrated cooling capacity, q’c,c -

11.1.5 Cooling Cyclic Energy. The energy used during Cyclic Tests, E,,, ,, shall be as measured during test, adjusted
as follows, using Equation 11.28 for Blower Coil Systems (except Blower Coil Systems with variable speed blower
Constant-volume AMS or Constant-torque AMS which has the blower disabled for Cyclic Test) or using Equation 11.29
for Coil-only Systems and for Blower Coil Systems with Constant-volume AMS or Constant-torque AMS which has
the blower disabled for Cyclic Test.

Ecyc,x = Em,x 11.28
Ecyc,x = Em,x + Ecadj,x 11.29

Where for Blower Coil Systems with Constant-volume AMS or Constant-torque AMS which has the blower
disabled for Cyclic Test Ecqq;  is calculated as follows

Ecadj,x = Pfan,x ' [92 - 01] 11.30

For Non-mobile home, Non-Space Constrained Coil-only System Ec,q;  is calculated per Equation 11.31.

441
1000

Ecadj,x = ’ Qs ’ [02 - 01] 11.31

For Mobile home, Space Constrained Coil-only System Ec,4; , is calculated per Equation 11.32.

406
1000

Ecadj,x = : Qs [0, — 6] 11.32

11.1.6 Cooling Cyclic Efficiency, EER2. The cyclic efficiency shall be calculated as follows.

EER2, = Leyex 11.33

cycx
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11.1.7 Heating Steady State Net Capacity.

11.1.7.1  Total Heating Capacity (Indoor Air Enthalpy Method). The total Net Capacity, §.p; », for all steady
state heating tests shall be calculated using Equation 11.34 for Blower Coil Systems or using Equation 11.35
for Coil-only Systems. For the purpose of calculation of degradation coefficient, C, duct loss shall not be
considered, therefore capacity without duct loss, q’¢p; », shall be calculated using Equation 11.36 for Blower
Coil Systems or using Equation 11.37 for Coil-only Systems.

__ 60 0miCpaz(taz—ta1)

chi,x - V'n(l"'Wn) + qduct,hi 11.34
. 60 QumiCpaz (taz—ta1) )

Qehize == oy T Gauctni + 4Saajx 11.35
S 60 - Qmicpaz (taz—tq1)

q thix = v (14 11.36
S 60 - Qmicpaz (taz—ta1) . )

q thi,x — V'n(1+Wn) + qsad},x 11.37
Where:

Cpaz = 0.24 + 0.444W, 11.38

and where Equation 11.39 shall be used when the Indoor Unit is in the indoor psychrometric chamber, Equation
11.40 shall be used when the indoor section is completely in the outdoor chamber.

Qauct,ni = UAip,si(taz — ta1) 11.39

Gauct,ni = UAipro(tar — tao) + UAip so(taz — tao) + UAipsi(taz — ta1) 11.40
For the heating mode Equation 11.41 applies.

W, =w,=Ww, 11.41

For only test H2y, in lieu of conducting the test, the capacity shall per calculated per Equation 11.42, where
qtm,mx and qthimx are determined by test. x may be either Full or Low.

Genipz, = 090 {Genima, + 0.6 * (Genimr, — denims,)) 11.42

11.1.7.2 Total Heating Capacity (Outdoor Air Enthalpy Method). The Net Capacity for all steady state
heating tests shall be calculated as follows.

_ 60 - Qmo(haS_ha4)

cho,x = Y (AW + 3.412 - Ptot,x 11.43
where for Equation 11.6
Wo =W, 11.44

11.1.7.3 Total Heating Capacity (Refrigerant Enthalpy Method). The Net Capacity for all steady state
heating tests shall be calculated as follows.
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Qref,x = xmref,x(hrl - hrz) + qsadj,x 11.45

11.1.8 Heating Steady State Power. The steady state power, P, ,, shall be as measured during test, adjusted as
follows, using Equation 11.46 for Blower Coil Systems or using Equation 11.47 for Coil-only Systems.

Peotx = Pnx + Padj 11.46
Ptot,x =FPpx + PSadj,x 11.47

P,q4; only applies for Constant-volume AMS per Section 6.1.5.1.3. For only test H2y, in lieu of conducting the test, the
power shall per calculated per Equation 11.48, where PHlx and PH3x are determined by test.

Pys, = 0985 {Pys +0.6 - (Py1, — Pus)} 11.48
11.1.9 Heating Steady State Efficiency, COP2. The steady state efficiency shall be calculated as follows.

COp2, = —lthix 11.49
3412 * Ptot,x

11.1.10 Heating Cyclic Net Capacity. The Net Capacity for all cyclic heating tests shall be calculated using Equation
11.45. Q. Cpa, V', and W, shall be the values recorded during the corresponding steady state tests.

__ 60 Qmicpal

q,cyc,x T V(W) * qCaajx 11.50
Where:

* 92
I'=Fep [y [taz(0) = ta1(6)]d0 1151

Where F¢p, is calculated per Appendix F16.3 using values measured during H1 & H1C tests.

To determine qCqqj,x, for Coil-only Systems, see Equation 11.22. For Blower Coil Systems with Constant-volume
AMS which has the blower disabled for Cyclic Test, see Equation 11.25. For all Blower Coil Systems, see Equation
11.26. For all other Non-ducted Systems, see Equation 11.27. For Non-ducted Heat Pumps, subtract the electrical
energy used by the indoor fan, E,, ,, during the 3 minutes after compressor cutoff from the Non-ducted Heat Pump’s
integrated heating capacity, geycx.

11.1.11 Heating Cyclic Energy. The energy used during heating Cyclic Tests, E,. .., shall be as measured during test,
adjusted using Equations 11.28 to 11.31.

11.1.12 Heating Cyclic Efficiency, COP2. The cyclic efficiency shall be calculated as follows.

_ q,cyc,x
COP2eyex = T e — 11.52

11.1.13 Heating Frost Accumulation Capacity. The heating capacity for all frost accumulation tests shall be calculated
as follows. Values in Equation 11.53 are averages from the defrost termination to defrost termination, unless otherwise

stated. Airflow rate, Q,,; shall be evaluated while the fan is operating.

60 Qi “Cpa'ToN

T+ ACaajx 11.53

Qaef,x =
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where qcgqj,, is calculated per Equations 11.23 to 11.27, as appropriate, and where

7]
Ion = fg:[taz (0) — ta1(6)]d6 11.54
. ddef ,x
Qaefx = 95_1;3 11.55

11.1.14 Heating Frost Accumulation Energy and Power. The energy, E4.f ., and power, Py, ,, used during defrost
tests shall be as measured during test, adjusted as follows, using Equation 11.56 for Blower Coil Systems or using
Equation 11.57 for Coil-only Systems.

Edef,x = Em,x 11.56
Edef,x = Em,x + Ecadj,x 11.57
Where:

For Non-mobile home, Non-Space Constrained Systems:

441 .
Ecadj,x = 1000 Qs * [04 — 03] 11.58

For Mobile home, Space Constrained Systems:

406 .
Ecadj,x = Tooo Qs - [64 — 03] 11.59
Paes e = 22212 + Poy 11.60
def,x 0,—05 adj .

Where P,,; only applies for Constant-volume AMS per Section 6.1.5.1.3.

11.1.15 Heating Frost Accumulation Efficiency, COP2.

_ Qdef,x
COP24pf, = EvTER 11.61

11.2 Seasonal Efficiency Calculations. Seasonal efficiency descriptors, SEER2, HSPF2, shall be calculated per the equations
in this section, using the results from the individual test calculations from Section 11.1. Throughout the seasonal efficiency
calculations wherever the values 95, 87, 82, 67, 62, 47, 35, 17, and 5°F are used, they are derived from the outdoor dry-bulb
temperatures, °F, at test conditions A, E, B, F, HO, H1, H2, H3, and H4 respectively.

11.2.1 SEER2.

11.2.1.1  Single Stage System. SEER2 for a Single Stage System shall be calculated as follows.

SEER2 = PLF(0.5) - EER2g 1 11.62

Where:

PLF (0.5)=1-0.5-Cc5™" 11.63
¢, Full { _%}

G = ek 11.64
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BUILDING LOAD, COOING UNIT CAPCITY

CLFCYe Full — _eyenFuil_ 1165
(QC,Full'ecyc)
If the optional Tests C and D (refer to Table 7) are not performed, or the calculated result for C;'F “ll js greater
than the default value of Section 6.1.3.1, the default value shall be used. See Figure 2 for a graphical
representation of SEER2.

CASE | -Cycling on and off CASE Il -FULL (k=2)
at LOW (k=1)

. $
65 82 95
OUTDOOR TEMPERATURE

Figure 2. Schematic of a Single-speed System Operation in the Cooling Mode
(See Tables 8 and 9 for Temperature References)

112111 Additional Steps for Calculating the SEER2 for MIB with a

For MIB matched with one (1) Single Stage Air Conditioner or Heat Pump, SEER2 shall be
calculated per Section 11.2.1.2.

11.2.1.2 Two-stage System. SEER2 for a Two-stage System, including MIB, shall be calculated as follows.

?:1 Q(tj)

SEER = 28 11.66
j=1E())

The quantities q(t;) and E(t;) are calculated for each individual Temperature Bin using the appropriate
formula for each bin depending on the operating characteristics of the system. Bin temperatures and bin hours
shall be realized from Table 13. When the building load is less than Low Stage capacity use Section 11.2.1.2.1.
When the building load is greater than the Low Stage capacity, but less than the Full Stage capacity, either
Section 11.2.1.2.2 or is used, depending on the operating characteristics of the system.
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Table 13. Fractional Bin Hours to Be
Used in Calculation of SEER2
Bin Fractional
Bin Number (j) Temperature Bin Hours
(t), °F ()
1 67 0.214
2 72 0.231
3 77 0.216
4 82 0.161
5 87 0.104
6 92 0.052
7 97 0.018
8 102 0.004

When the building load is greater than the unit capacity use Section 11.2.1.2.4. Geographical map showing
cooling load hours is shown in Figure 3. See Figure 4 for a graphical representation.

Figure 3. Cooling Load Hours (CLH4A) for the United States
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BUILDING LOAD, COOING UNIT CAPCITY

CASE | -Cycling on and off CASE Il Unit runs CASE IV Unit runs
at LOW (k=1) continuously continuously at FULL
between FULL (k=3)
(k=2) and LOW
(k=1)

CASE [l Unit
cycles on and off
at FULL (k=2)

\,02>¢

ou A0

Apyll

A

= |
6567 82 95
OUTDOOR TEMPERATURE

Figure 4. Schematic of a Two-speed System Operation in the Cooling Mode
(See Tables 8 and 9 for Temperature References)

The estimated building load for each bin temperature shall be calculated using Equation 11.67.

_ (ti=65\  (daFun) .

BL(tf) - (9]5—65) ( Asl; ”) 4 11.67
Where:

SF=1.1 11.68

V =0.93 for Variable Speed Heat Pumps, otherwise V = 1.0.

The calculated Low Stage system capacity rate at each bin temperature shall be calculated by Equation 11.69.

drow(tj) = qr,Low T {W}' (tj - 67) 11.69

The calculated Low Stage energy consumption at each bin temperature shall be calculated by Equation 11.70.
— PBLOW_PFLOW
Prow(tj) = Pprow +{i——1(" (tj — 67) 11.70

82—-67

The calculated Full Stage system capacity at each bin temperature shall be calculated by Equation 11.71.

49



AHRI STANDARD 210/240-2023 (2020)

50

. . da,Fun—ds,
qrun(t;) = dprun + {W} - (t; —82) 11.71

The calculated Full Stage energy consumption at each bin temperature shall be calculated by Equation 11.72.

Ppyy () = Pprun + {W}' (t; —82) 11.72

11.2.12.1  Case I. Building load is less than Low Stage capacity, BL(¢;) < d0,, (;). Calculate
total bin capacity by using Equation 11.73 and total bin energy by using Equation 11.74.

q(t;) = CLFXY (;) * qrow (&) * 1 11.73
_ CLFEW(t;)-PLow (t))m;
E(t) = PLFLv (e ) 11.74
Where:
Low [\ — BL(t))
CLFLov (t)) = o) 11.75
PLF™"(t;)) =1 — ™" - [1 — CLF*" ()] 11.76
{ _EERD,LOW}
c,Low __ EERC Low
CD - 1_CLFcyc,zow 11.77
Where:
CLFCYyc.Low — dcyc,D,Low 1178

n (QC,Low'ecyc)

If the optional Tests C and D (refer to Table 7) are not performed, or the calculated result for 5"
is greater than the default value of Section 6.1.3.1, the default value shall be used.

11.2.1.2.2  Case Il. Building load is greater than the Low Stage capacity, but less than the Full
Stage capacity, d,o, (£;) < BL(t;) < Gy (t;) and the unit cycles between Low Stage operation
and Full Stage operation. Calculate total bin capacity by using Equation 11.79 and total bin energy
by using Equation 11.80.

q(tj) = [CLF*ov - QLOW(tj) + CLF™ "?Fuu(tj)] "Ny 11.79

E(t;) = [CLFXY - P1oy, (t) + CLFF* - Pryy(8)] 1y 11.80

Where:

CLFLow — qruu(tj)=BL(t)) 1181
Grun(tj)—drow(t))

CLFFWl =1 — CLFtov 11.82

11.2.1.2.3 Case Ill. Building load is greater than the Low Stage capacity, but less than the Full
Stage capacity, G, () < BL(¢;) < dru (t;) and the unit cycles between off and Full Stage
operation. Calculate total bin capacity by using Equation 11.83 and total bin energy by using
Equation 11.84.
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q(tj) = CLFf™ - Gryy (&) -1y 11.83

E(t;) = CLFFuZ;};iilllz(tj)'nj 11.84

Where:

cLFFul = BL&) 11.85
arun(ty)

PLFFull = 1 — ¢S [1 — CLFFu) 11.86

If the optional Cp,;; and Dy, Tests (see Table 7) are not conducted, set C5* Ul equal to the lower
of a) the C[C,'LOW value calculated as per Equation 11.77; or b) the default value identified in Section
6.1.3.1. If this optional test is conducted, set chu” to the value calculated as per Equation 11.87.

{ _EERp Full}
c,Full _ EER¢ pull
CD - 1—CLFCYCFull 11.87

Where CLF¢Y<Ful js calculated per Equation 11.65.

11.2.1.2.4 Case IV. Building load is greater than or equal to the unit capacity, BL(tj) >
drun (t;). Calculate total bin capacity by using Equation 11.88 and total bin energy by using
Equation 11.89.

Q(tj) = qru(t)) " 1y 11.88
E(t;) = Prau(t)) "1y 11.89

11.2.1.3 Variable Speed System. SEER?2 for a Variable Speed System shall be calculated using Equation
11.66 where the quantities q(t;) and E(t;) are calculated for each individual Temperature Bin using the
appropriate formula for each bin depending on the operating characteristics of the Variable Speed System as
defined in this section. Bin temperatures and bin hours shall be realized from Table 13. When the building
load is less than the unit capacity at low speed use Section 11.2.1.3.1. When the building load is greater than
the unit capacity at low speed, but less than the unit capacity at full speed, use Section 11.2.1.3.2. When the
building load is greater than the unit capacity at full speed use Section 11.2.1.3.3. See Figure 5 for a graphical
representation.
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Building Load, Cooling Unit Capacity

< ‘?Full(tj)
(tf < tj < t”)

CaseI: : Case II: Case I1I
Cycling at Low speed 1 Continuous Continuous operation
BL (t},-) < Qrow(t)) : operation at Int at Full Speed
(tj = t;) : Speed BL(tj) = QFuII(tj)
I QLow(tj) (t; = ty)
I <BL(t;)
|
|
|
|

Building Load, BL(tj)

1
I
I
: Unit Capacity at Full speed
I

[
Unit Capagcity at Low speed
I

Outdoor Dry-Bulb Temperature [°F]

Figure 5. Schematic of a Variable Speed System Operation in the Cooling Mode
For each bin temperature, the building load, BL(tj), shall be calculated per Equation 11.67.

The calculated steady state capacity and energy consumption at the Full Compressor Speed for each bin
temperature shall be calculated per Equations 11.71 and 11.72.

The calculated steady state capacity and energy consumption at the Low Compressor Speed for each bin
temperature shall be calculated as follows.

C.ILow(tj) = qF,LOW + [qB,LOW - qF,LOW] ) [212:66’.77] 11.90
tj—67
PLow(tj) = PF,LOW + [PB,LOW - PF,LOW] ' [82—67] 11.91

The Total Cooling Capacity and energy at an intermediate speed for each bin temperature shall be calculated
as follows, for individual bin calculation (see Section 11.2.1.3.2).

dme-pin(t;) = BL(t)) 11.92

dint-Bin(tj)

EERmt-Bin(tj) J 11.93

Emne-Bin (tj) =

Intermediate steady state capacity for each bin temperature, q,nt(tj), shall be calculated as follows, for
intermediate compressor speed capacity rate, power and efficiency (Equations 11.94 to 11.99).

qlnt(tj) = Qg me + Mcqlt; — 87] 11.94



Where:

4B,Low=4F,Low da,Full—4B,Full
M - Zno0w TRLOW, 1 — N 4 = = N
¢q 82-67 ( Cq) 95-82 Cq

_ _4Emt—qLow(87)
QFull (87)_‘?Low(87)

N¢q
dLow (87) shall be calculated per Equation 11.90.

qE, int is determined from the Ey test.

Intermediate steady state power for each bin temperature, P,nt_Bin(t]-), shall be calculated as follows.

Plnt(tj) = Pg e + Mcp[t; — 87]

Where:

PB Low=PF,Low P Futt—PB Full
CE 82—67 ( CE) 95-82 CE

N _ PE,Int_PLow(87)
CE —
Ppy11(87)=PLow(87)

P,,.,(87) shall be calculated per Equation 11.91.

Pg e is determined from the Ejy test.

AHRI STANDARD 210/240-2023 (2020)

11.95

11.96

11.97

11.98

11.99

11.2.1.3.1 Case | - Building load is no greater than unit capacity at low speed, BL(tj) <
dLow (t;), Where (t; < t;). Equations from Section 11.2.1.2.1 shall be used to calculate capacity and

energy consumption for each bin temperature using Equations 11.73 and 11.74 for the calculated
system capacity and energy consumption at the Low Compressor Speed for each bin temperature

and calculate CS**" per Equation 11.100.

{ _EERI,LOW}
CC,LOW _ EERG Low
D T 1—CLFcycLow

11.100

Use Equation 11.78 to calculate CLF®%!°" except substitute Tests G and | for Test C and D. If the

optional Tests G and | (refer to Table 7) are not performed, or the calculated result for
greater than the default value of Section 6.1.3.1, the default value shall be used.

Low
Cy™™ is

11.2.1.3.2 Case Il - Building load can be matched by modulating the compressor speed between
low speed and full speed, g, (t;) < BL(t;) < Gryu(t;), Where (¢, < t; < t;;). Use Equations

11.92 and 11.93 to calculate the and energy calculations for each bin.
Intermediate efficiency, EER,M_Bm(t]-), shall be calculated as follows.

For each temperature bin where G,,,, (¢;) < BL(;)<qn:(¢;),

EERm¢(tj)~EERLow(t}) )
QInt(tj)_QLow(tj)

EERInt—Bin(tj) = EERLow(tj) + (BL(t]') - qLow(tj))

For each temperature bin where ¢, (¢;) < BL(t;)<dpuu(t;),

EERpyy(t)~EERIne(t))
dpun(tj)—dme(t))

EERInt—Bin(tj) = EERInt(tj) + ) (BL(tj) — Qe (tj))

11.101

11.102
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11.2.2 HSPF2.

11221

where,

Where,

EER,,, (tj) is the steady-state energy efficiency ratio of the test unit when operating at minimum
compressor speed and temperature t;, Btu/h per W, calculated using capacity qu(tj) calculated
using Equation 11.90 and electrical power consumption PL,,W(tj) calculated using Equation 11.91;

EER ,nt(tj) is the steady-state energy efficiency ratio of the test unit when operating at intermediate
compressor speed and temperature t;, Btu/h per W, calculated using capacity q,nt(tj) calculated
using Equation 11.94 and electrical power consumption P,nt(t]-) calculated using Equation 11.97;

EERFu”(tj) is the steady-state energy efficiency ratio of the test unit when operating at full
compressor speed and temperature t;, Btu/h per W, calculated using capacity gg,; (tj) calculated
using Equation 11.71 and electrical power consumption Ppu”(tj) calculated using Equation 11.72.

11.2.1.3.3 Case Ill - Building load is equal to or greater than unit capacity at full stage.

BL(tj) = qra (t;), Where (¢; = t;;). Use the equations in Section 11.2.1.2.4 to calculate the Total
Cooling Capacity and energy for each bin.

Single Stage System. HSPF2 for a Single Stage System shall be calculated using Equation 11.103.

18
Zj:l Tl]'BL(tj)

HSPF2 = . 11.103
SI8 E(e)+3IE, RE(L) €S

Where:
ty—ti .

BL(t) = {—tzll_to’D} “Cx * Qarun 11.104

t, = the outdoor bin temperature, °F

t, = the zero-load temperature, °F, which varies by climate region according to Table 14

too = the outdoor design temperature, °F, which varies by climate region according to Table 14

C, = the slope (adjustment) factor, which varies by climate region according to Table 14, where C,
equals C,,s for variable speed equipment and C, equals C for all other equipment types

qarun = the cooling capacity at 95°F determined from the A, test, Btu/h

For heating-only heat pump units, replace ¢ 4py;With Gy run

qu1,Fun = the heating capacity at 47°F determined from the H1, test for variable capacity systems and
from the H1run test for other systems, Btu/h.

Distribution of fractional heating hours per Temperature Bin, n;, for each bin, j, shall be obtained from Table

14,
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Table 14. Distribution of Fractional Heating Hours in Temperature Bins, Heating Load Hours,
and Outdoor Design Temperature for Different Climatic Regions

Region Number | 1 11 v \Y *VI
Heating Load Hours, HLH 493 857 1247 1701 2202 1842
Outdoor Design Temperature, Top 37 27 17 5 -10 30
Heating Load Line Equation Slope Factor, C 1.10 1.06 1.30 1.15 1.16 1.11
VVariable-speed Slope Factor, Cys 1.03 0.99 1.21 1.07 1.08 1.03
Zero-Load Temperature, T 58 57 56 55 55 57
j i (°F) tj (°F) Fractional Bin Hours, nj/N
1 62 0 0 0 0 0 0
2 57 .239 0 0 0 0 0
3 52 194 163 138 .103 .086 215
4 47 129 143 137 .093 .076 204
5 42 .081 112 135 .100 .078 141
6 37 041 .088 118 .109 .087 .076
7 32 .019 .056 .092 126 102 .034
8 27 .005 024 047 .087 .094 .008
9 22 .001 .008 .021 .055 074 .003
10 17 0 .002 .009 .036 .055 0
11 12 0 0 .005 .026 .047 0
12 7 0 0 .002 .013 .038 0
13 2 0 0 .001 .006 .029 0
14 -3 0 0 0 .002 .018 0
15 -8 0 0 0 .001 .010 0
16 -13 0 0 0 0 .005 0
17 -18 0 0 0 0 .002 0
18 -23 0 0 0 0 .001 0
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g &

g

Figure 6. Heating Load Hours (HLH,) for the United States

For systems with Demand-defrost Control System

Ttest—90
Tmax—90

Faer =1+ 0.03(1 — ) 11.105

For other systems

Faer =1 11.106

Ties: = Time between defrost terminations in minutes, or 90, whichever is greater

Trmax = Maximum time between defrosts allowed by controls in minutes, or 720, whichever is
smaller

11.2.2.1.1 Single Stage System with Either a Fixed-Speed Indoor Blower or a Constant-Air-
Volume-Rate Indoor Blower, or a Single-Speed Coil-Only System Heat Pump

HLFF””(tj) shall be calculated depending upon the cases below
For Gy (t;) > BL(t)

BL(tj)

HLFFull (t]) = P (t]-)

11.107
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For gy (t;) < BL(t)
HLFFU () =1 11.108
drunl (tj) shall be calculated depending upon the cases below

If neither the H4pqost test nor the Hégqy test is conducted calculate un”(t]-) as

Fort; = topo OFt; <17

. . . . [t;—-17]

unll(tj) = qu3,run t [qu,Full - QH3,Full] 717 11.109
For 17 < t; < topo

. . . . [t;—-17]

CIFuu(tj) = qu3,Fun t+ [QHz,Full - QH3,Fuzl] '—3;_17 11.110

Where the temperature at which frosting influence on full stage performance begins, t g0, is defined
as:

tOBO = 4‘5 11.111
If either the H4noost OF Har test is conducted calculate g, (t;) as
Fort; = topo

) . ) . [tj—17]
unll(tj) = qdu3,run t [qu,Full - QH3,Fuu] ' 417_17 11112

For17 < t; < topo

. . . . [t;—-17]

CIFuu(tj) = qu3,Fun t+ [QHz,Full - QH3,Fuzl] "s-17 11113
Fort; <17

e (6) = ¢ + (g — g 1G] 11.114

QFuu( ]) = qH4,Full [qHS,Full qH4,Full] 17-5 :

Where Gy, pyy should be de determined from H4ra Test, and H4goos test for Triple-capacity
systems (substituting qy4 ryi With Gra goost)-

Prou (t]-) shall be calculated depending upon the cases below
If neither the Hdgoos test nor the H4gy test is conducted calculate P(t;) as
Fort; = topo OF t; < 17

[tj—17]
47-17

Pru(t)) = Pysrun + [Pusrun — Prsrun] 11.115
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For17 <t; <toppo

[t;—17]
Pru(t;) = Pus,run + [Prz,pun = Prs pun] - 3]5_17 11.116
If either the H4goost OF the H4run test is conducted calculate P(t;) as
Fort; = topo
[tj—17]
PFull(tj) = Py pun + [PHl,Full — Pys pun) * 2717 11.117
For17 < t; < topo
[tj—17]
PFull(tj) = Pyz pun + [PHZ,Full - PH3,Full] e 17 11.118
For¢; <17
_ [tj—5]
Pruii(t;) = Pyarun + [Puzrun — Prarun] vy 11.119

Where Py, gy should be de determined from H4gy test, and H4goost test for Triple-capacity,
Northern Heat Pump (substituting Pyy gy With Py poost)-

Evaluate the following quantities as

HLFFU ey sFulle ) Pryn(t;)

E(tj) - LRI n; 11.120
RH(t]) _ [BL(tj)—un”(tjlliizpull(tj)é*Full(tj)] . n] 11.121
Where,

PLFFUll(t;) = 1 — Cy™*"[1 — HLFF¥(t))] 11.122

{ __COPHycFull }

h,Full _ COPcyc H1,Full
clFutt = L opoiiu 11.123
HLFCyerul — _ Cmicru 11.124

(q’ H1,Full'9cyc)

If the optional Cyclic Test H1Cry (refer to Table 7) is not performed, or the calculated result for
CpF s greater than the default value of Section 6.1.3.2, the default value shall be used.

87l (t;) shall be calculated depending upon the cases below

druu(t;) 1

Fort; <t or
J = POFF U0 3.412Ppyy(t))

sFllty) =0 11.125
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For torr <tj < ton

sFul(t;) = 0.5 11.126
Fort; > ton
5Full(tj) =1 11.127

The outdoor temperature below which the compressor ceases to operate, t,g, is defined by the
controls of the manufacturer, as is the outdoor temperature at which the compressor reinitiates
operation, t,y . If the controls of the unit prohibit compressor operation based on outdoor
temperature, the manufacturer shall have Specified in product literature t,rr and t,y values.

11.2.21.2 Additional Steps for Calculating the HSPF2 of a Heat Pump Having a Single-
Speed Compressor and a Variable-Speed, Variable-Air-Volume-Rate Indoor Blower

HLF"4" (t;) shall be calculated depending upon the cases using Equation 11.107 and 11.108
(Section 11.2.2.1.1) substituting HLFF*'(t;) and gy (t;) with HLFV4Y(t;) and  qyay (¢;)

respectively, and evaluate the following quantities as

HLFVAY (¢ ))8VAV (t Py ay(t)

E(tj) = PLFLOW (t;) Y H.128
N_gVAV (g VAV (p \sVAV (¢
RH(tj) _ [BL(t;)-4 (f])3H4L1F2 ) ()] - 11.129
Where,
PLFV () = 1 — Cp*™[1 — HLF¥ (t))] 11.130
{ __COPHiCLOW }
h,Low __ COPcycH1,L
CD - 1_HL;~yCCyc,L0:/)VW 11131
HLFCyclow — __'HicLow 11.132

(q’Hl,Low'gcyc)

If the optional Cyclic Test H1C\.w (refer to Table 7) is not performed, or the calculated result for
Cp'*™ is greater than the default value of Section 6.1.3.2, the default value shall be used.

8V4V(t;) shall be calculated depending upon the cases below.

qvav(tj)

< —_—
Fort; < topr OT a2 Pyav()

sVAY(t) =0 11.133
For torr < tj < toy
sVAY(t;) =05 11.134

Fort; > toy
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sVAY(t) =1 11.135
Qvay (t]-) and Py 4y (t]-) shall be calculated using the following equations.

. . L, i ()=, L ow ()]
raw (&) = 100 () + LR [FP(8) = FPy ) 11136

[P, Futt(t})=PnLow(t))]
[FPhFutt=FPh,Low]

Pyav(t;) = Pprow(t;) + [FPy(t}) — FPrLow] 11.137

For units where indoor blower speed is the primary control variable, FP,,,, denotes the fan speed
used during the required H1low and H3.ow tests, FPg,; denotes the fan speed used during the
required H1gun, H2run, and H3gy) tests, and FPy, (tj) denotes the fan speed used by the unit when the
outdoor temperature equals ¢;. For units where indoor air volume rate is the primary control

variable, the three FPs are similarly defined only now being expressed in terms of air volume rates
rather than fan speeds.

dLow(t;) and Py, (¢;)shall be calculated as identified in Section 11.2.2.1.1, and gy, (t;) and
P,ow (t;)shall be calculated depending upon the cases below.

For t] = tOBO or t] <17

- . : . tj-17

Grow(t;) = qua.Low + [du1Low = GuzLow]” 4]7_17 11.138
For17 < tj < tOBO

. . : : tj-17

Grow(t;) = qua.Low + [Guz,.L0w = Guz,Low]” 3]5_17 11.139

The calculated low stage system energy consumption rate at each bin temperature shall be calculated
depending upon the cases below.

Fort; = togo ort; < 17

tj-17
Prow(t) = Puz.Low + [Puiow = Puz ow] '4]7_17 11.140
For17 <t; < topo
tj-17
Prow(t;) = Puzow + [Puziow — Puz,ow]” 3]5_17 11.141

Determine g1 Low and Pyq 1oy from the H1 o, test. Determine gz 1ow and Pyy 1oy from the
H2_ o test or as identified below if not conducted; Determine g3 10w and Py3 10w from the H3pow
test.

‘?Hz,Low = QRHZ,Full ’ {‘?H3,Low +0.6- [QH1,Low - ‘?H3,Low]} 11.142
PHZ,Low = PRHZ,Full ’ {PH3,LOW +0.6- [PHl,Low - PH3,L0W]} 11.143
QRHZJFull — QHZ,Full 11.144

dH3, Ful+0.6'(dH1 Futi—dH3,Fuil]
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BUILDING LOAD, HEATING UNIT CAPCITY

P2 Full
PRH2 Full — Ll 11.145
’ Ph3, putt+0.6:[Py1 puti—Phs Fuii]

11.2.21.3 Additional Steps for Calculating the HSPF2 for MIB

For MIB matched with one (1) Single Stage Air Conditioner or Heat Pump, HSPF2 shall be
calculated per Section 11.2.2.2.

Figure 7 shows a graphical representation of the operation of a Single-speed Heat Pump.

CASE Il -Continuous
operation at FULL (k=2) CASE | -Cycling on and off
with supplemental at LOW (k1)
resistance heat

A T
17 ty 35 tosod? 65
OUTDOOR TEMPERATURE

Figure 7. Schematic of a Single-speed Heat Pump Operation in Heating Mode
11.2.2.2 Two-stage System. HSPF2 for a Two-stage System, including MIB, shall be calculated using

Equation 11.103 (Section 11.2.2.1), with the exception that the bin energy consumption, E (t;), is calculated
based on the cases defined below. See Figure 8 for a graphical representation.
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BUILDING LOAD, HEATING UNIT CAPCITY

) CASE Il -Unit
CASE Il -FULL (k=2) with cycling
supplemental resistance between
heat FULL (k=2)
and LOW

(k=1)

A A

A

A

CASE | -Cycling on and off
at LOW (k1)

17 tiv

Figure 8. Schematic of a Two-speed Heat Pump Operation in Heating Mode

|
35 t1y tono47
OUTDOOR TEMPERATURE

For two speed heat pumps, the temperature at which frosting influence on Low Stage performance begins, t,z,

is defined as:

tOB =40

11.146

The calculated Low Stage system capacity at each bin temperature shall be calculated depending upon the cases

below

For tj = tOB

C'ILow(tj) = CIHl,Low + [QHO,LOW - QHl,Low] '

For17 <t; < tpp

C.ILow(tj) = Gu3s,Low + [du2,L0w — qH3,L0w] "

Fort; < 17

‘?Low(tj) = Qus,ow t [dH1,L0w — QH3,L0w] "

tj—47
62—-47

tj—17
35-17

tj—17
47-17

11.147

11.148

11.149
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The calculated Low Stage system energy consumption rate at each bin temperature shall be calculated
depending upon the cases below.

Fort; = top
ti—47
PLow(tj) = Py1,0w T [ProLow — Pr1,Low] 6]2—47 11.150
For17 <t; <topp
tj-17
Prow(t;) = Puzow + [Puziow — Puz,iow]” 3]5_17 11.151
Fort; < 17
tj-17
Prow(t;) = Puzow + [PuiLow — Prz,ow] '4]7_17 11.152

The calculated full stage system capacity at each bin temperature shall be calculated depending upon the cases
per Equations 11.109 and 11.110 when optional H4run test is not conducted, and using Equations 11.112,
11.113, and 11.114 (Section 11.2.2.1.1) when the optional H4run test is conducted.

11.2.22.1  Case I. Building load is less than Low Stage capacity, BL(¢;) < d,0,,(t;). Calculate
total bin energy by using Equation 11.153.

L
Prow(t))-HLF"" (£ )LV (tj)n;

E(t) = PLFI ) 11.153
J
. _5Low .
RH(t)) = L)) 11.154
3.412
Low BL(t))
HLF'w(¢,) = —L 11.155
qLow(tj)
L _ h,Low L
PLFLW(t)) =1 - Cy"""[1 — HLF!Y(t,)] 11.156
Where:
{ _ COPH1C Low }
h,Low __ COPcyc,H1,Low
CD T {—HLFCyclow 11.157
HLEFCycLow — .q/HlC.LDW _ 11.158
q’Hl,Low-HC}’C)
§tov (t;) shall be calculated depending upon the cases below.
. 90w ()
For t] < torF Orm <1
stow(t) =0 11.159

For tOFF < t] < tON
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stow(t;) = 0.5 11.160
Fort; > ton
stow(t) =1 11.161

Use calculations from Section 11.2.2.2.3 for any bin where the heat pump locks out low capacity
operation at low outdoor temperatures and tj is below this lockout threshold temperature.

11.2.2.2.2  Case Il. Building load is greater than the Low Stage capacity, but less than the Full
Stage capacity, g0, (t;) < BL(t;) < Gy (t;) and the unit cycles between Low Stage operation

and Full Stage operation. Calculate total bin energy by using Equation 11.162. RH(tj) is
calculated using Equation 11.154.

E(t;) = [Prow (t; ) HLF"" (t;) + Ppyuu(t; JHLEF ()] - 2% (t))my 11.162

() —BL(t))

; ; 11.163
unll(tj) _qLow(tj)

HLFX%(¢,) =

Full _ L
HLFF(¢)) = 1 — HLFX"(¢)) 11.164
8o (t;) shall be calculated per Equations 11.159, 11.160 and 11.161.
11.2.2.2.3  Case Il1.Building load is greater than the Low Stage capacity, but less than the Full
Stage capacity, ;. (¢;) < BL(t;) < druu(t;) and the unit cycles between off and Full Stage
operation. Calculate total bin energy by using Equation 11.165. RH(tj) is calculated using
Equation 11.154.

Prun(t)-HLFT (e )- 674l (¢ ) m;

E(t) = P, 11.165
HLFFul(¢) = 240, 11.166
( ]) aran(ty)
h,Full
PLFFul(¢) =1 — cp™[1 — HLFF i (t)))] 11.167

574 shall be calculated per Equations 11.125, 11.126 and 11.127 (Section 11.2.2.1.1). If the
optional H1Cp,,;; Test (see Table 7) is not conducted, set CS'F Ul equal to the default value identified
in Section 6.1.3.2. If this optional test is conducted, set C}"** to the lower of a) the C}"*"value
calculated as per Section 6.1.3.2; or b) the Section 6.1.3.2 default value for ¢}

11.2.2.2.4 When the building load is greater than the unit capacity, BL(t,-) = qruu(t;) -
Calculate total bin capacity by using Equation 11.88 and total bin energy by using Equation 11.168.

E(t)) = Pruu(ty) - HLF™(t)) - 6741(t)) - 11.168
Vg NHLFFW g . gFull g .
RH(t;) = L)) GG 11.169
3.412
HLFpy(t;) = 1.0 11.170
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574l shall be calculated per Equations 11.125, 11.126 and 11.127 (Section 11.2.2.1.1).

11.2.2.3 Variable Speed System. HSPF2 for a Variable Speed System shall be calculated using Equation
11.103, except as noted below, substituting gs# for g, and P for P,. See Figure 9 for a graphical
representation.

If the H1gy test is conducted, set the capacity and power used for calculation of HSPF2 to be per Equations
11.171 and 11.172,

A58 = Auarun 11171

Pfcﬁ,lf"uu = Pyi,run 11.172

If the H1nom test is conducted using the same compressor speed and the same airflow rate as the H3gy test, set
the capacity and power used for calculation of HSPF2 to be per Equations 11.173 and 11.174.

4585 = Auinom 11.173

PES%. i = Prinom 11.174

If no H1 test is conducted at the same compressor speed as the H3gy test, set the capacity and power used for
calculation of HSPF2 to be per equations 11.175 and 11.176.

453 = Quaran - (14 30+ CSF) 11.175
PESY 1 = Pyzpun - (14 30 - PSF) 11.176
Where:

CSF = 0.0204/°F, capacity slope factor for Split Systems
CSF = 0.0262/°F, capacity slope factor for Single Package Units
PSF = 0.00455/°F, power slope factor for all products
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CASE Il -FULL (k=2)
with supplemental
resistance heat

CASE | -Cycling on and off
CASE I INT at LOW ( )
(k=V)

%,
€¢
%

BUILDING LOAD, HEATING UNIT CAPCITY

A A Jki $ A
35t to '
17 tv 5ty togo47/ 62 65
OUTDOOR TEMPERATURE

Figure 9. Schematic of a Variable Speed Heat Pump Operation in Heating Mode

11.2.2.3.1 Case I. Building Load is less than the capacity of the unit at the Low Compressor
Speed, g0, (t;) = BL(t;). For heat pumps that are not Minimum-speed-limiting Variable-speed
Heat Pumps, calculate E(¢;) per Equation 11.153 and RH (t;) per Equation 11.154. Calculate bin
capacity rate and bin energy rate at Low Compressor Speed by using Equations 11.177 and 11.178.

N N . . tj—47

Grow(t7) = duiLow + [dHo,Low = GrLow]” c2—27 11.177
tj—4-7

Prow(t;) = Puirow + [Protow — Prtow]” e a7 11.178

For Minimum-speed-limiting variable-speed heat pumps, calculate bin capacity rate and
bin energy rate at Low Compressor Speed by using Equations 11.179 to 11.184.

For t; = 47

tj—4-7

v 11.179
62—47

QLow(tj) = qy1,.ow t [dH0,L0w — GH1,L0w] "

For35< t; <47
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QLow(tj) = Quz,ine t [qu1,00w — QH2,Int ] '% 11.180
For t; <35

Grow(t;) = Guime (8) 11.181
Fort; = 47

Prow(t) = PrvLow + [Prosow = Puiow]” ;;__‘:77 11.182
For35< t; <47

Prow(t;) = Puzint + [PrvLow = Puzint 1° 37—_:;55 11.183
For t; <35

Prow(j) = Puine (t)) 11.184

11.2.2.3.2  Case Il. Building load can be matched by modulating the compressor speed between
low speed and full speed, G,,,, (t;) < BL(t]-) < qpyuu(t;). Calculate total bin capacity by using
Equation 11.185 and the total bin energy by using Equation 11.186.

_ . SInt-Bi o d ine-pin(t;)  eInt—Bi )
E(t]) = PInt—Bin(tj) o m(tj) n; = 3412 COPInt—Bin(tj) om m(tj) n;
11.186

Where for 4,0, (t;) < BL(t;) < e (£;)

COPe(tf) — COPLow (£§) .
COPint-pin(t;) = COPLow (1) + =P =t (BL(t) = dow(t)) 11187

and for g, (¢;) < BL(t;) < Grun(t;)

COPpyy(ti) — COPre(t)) .
COPInt—Bin(tj) = COPppe (tj) + q;ii(t;) — qmtl(tj-) = (BL(tj) — qint (tj)) 11.188

Where COP,,,(t;) is calculated based on q,,, (t;) from Equation 11.177 and P,,, (t;) from
Equation 11.178, COP,,,.(t;) is calculated based on g, (t;) from Equation 11.189 and P,,,. (t;)
from Equation 11.192 and COPg,;,(t;) is calculated based on g, (t;) from Equations 11.199 or
11.201 and Py, (¢;) from Equations 11.200 or 11.202.

The capacity of the unit at temperature ¢t; at Intermediate Compressor Speed, shall be calculated as
follows.

‘?Int(tj) = Qu2,int + Myql[t; — 35] 11.189
Where,
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MHq — W . (1 — NHq) + W . NHq 11.190
NHq _ 4Hzint ~ 9Low(35) 11.191

dH2,Full — dLow(35)
Where,

dLow (35) shall be calculated per Equation 11.177 (Section 11.2.2.3.1).

Calculate Gnzrun using Equation 11.42 (Section 11.1.7.1) if the optional test is not
run.

The electrical power of the unit P,nt(tj) at temperature t; at Intermediate Compressor Speed, shall
be calculated as follows.

Plnt(tj) = Pyz,mt + Myg[t; — 35] 11.192

Where:

My = PHO,L06V|;::;-11,LOW (1= Nygp) + PHZ,F1;l15:f;13,Full Nyp 11.193
P -P

NHE — H2,Int™ " Low(35) 11.194

PH2,Fuli=PLow (35)
Where,

P, ., (35) shall be calculated per Equation 11.178.

Calculate Py, using Equation 11.48 if the optional test is not run.
Evaluate RH(t;) as follows.

BL(t;)[1-6"™(t))] ‘n

RH(t;) = ver i 11.195
§mt=Bin (¢ shall be calculated depending upon the cases below.
Fort; < topr OF COPpe_pin(t) < 1

§mt=Bin(t) =0 11.196
For tOFF < t] < tON

§mt=Bin(t) = 0.5 11.197
Fort; > ton

smt=Bin(gy =1 11.198

11.2.2.3.3 Case Ill. Building Load is greater than the capacity of the unit at the Full
Compressor Speed, g, (t;) < BL(t;).  E(¢;) shall be calculated using Equation 11.168, with
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Equations 11.200 or 11.202 used to determine the bin energy consumption rate when operating at
Full Compressor Speed. RH(t;) shall be calculated using Equation 11.169, with Equations 11.199
or 11.201 used to determine the bin capacity rate when operating at Full Compressor Speed when
the H4gy test is not conducted.

Fort; = topo ort; <17

. . . . ti—17
CIFuu(tj) = quzFun t [Qﬁﬁffmu = qu3,rul '4}7_17 11.199

— calc t;j—17
Pruu(t7) = Pz, pun + PSS Fun — Prs.ruul e 11.200

For17 <t; < topo

N . . . tj—17
Grun(t;) = Quaran + [Guz,run — Gus,punl - 35-17 11.201

tj—17
Prun(t;) = Puz pun + [Puz,run — Pz punl 3517 11.202

When the H4gy test is conducted, determine the bin capacity rate and power consumption rate
when operating at Full Compressor Speed using the following equations.

For t; = 17, evaluate the bin capacity rate and bin energy when operating at full compressor
speed using equation 11.200 to 11.201.

For5<t]-<17

. . . . [t;—5]

unll(tj) = qyarun t [qH3,Full - QH4,Fuu] "1 s 11.203
[tj—5]

PFull(tj) = Pygrun + [PHS,Full - PH4,Full] '—1]7_5 11.204

Fort; <5

. . . cal . [t'_5]

CIFull(tj) = quarun t [qzalfpuu - qHS,Full] : 47]_17 11.205

PFull(tj) = Pygpun + [PIC'-IaI,CFull — Pyspun - 4;_17 11.206

11.2.2.4 Heat Comfort Controller. Heat pumps having a Heat Comfort Controller, the equations under
Section 11.2.2.1-11.2.2.3 shall be used with the additions noted in this Section 11.2.2.4.

11.2.2.4.1 Additional Steps for Calculating the HSPF2 of a Heat Pump having a Single-Speed
Compressor that was Tested with a Fixed-Speed Indoor Fan Installed, a Constant-Air-Volume-Rate
Indoor Fan Installed, or with No Indoor Fan Installed. Calculate the space heating capacity and
electrical power of the heat pump without the Heat Comfort Controller being active as identified in
Section 11.2.2.1 for each outdoor bin temperature, tj, that is listed in Table 14. Denote these
capacities and electrical powers by using the subscript “hp” instead of “h.” Calculate the mass flow
rate (expressed in pounds-mass of dry air per hour) and the specific heat of the indoor air (expressed
in Btu/lbmg, ¢ °F) from the results of the HI Test using:
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. _ o _ 60'Qmi _ 6O'QAmi
Tia = 60 Qs *paa = 5 e = Ty 11.207
Where
Pda = 0.075”’;"7‘” and 60 is a conversion from minutes to hours.
Cpaq = 0.24 + 0.444- W, 11.208

For each outdoor bin temperature listed in Table 14, calculate the nominal temperature of the air
leaving the heat pump condenser coil using,

T,(t;) = 70°F + )

MaaCp,da

11.209

Calculate the HSPF2 using the equations found in Section 11.2.2.1 with the exception of the bin
calculations shown below substituting qCC(t,.) for g(t;) and Pcc(tj) for P(t)).

For T,(t;) = T¢c (The maximum supply temperature determined according to Section 6.1.7),
calculate g¢c(t;) andPc(t;) using Section 11.2.2.1. Note: Even though T, (t;) = T, resistive
heating may be required; evaluate RH(t;) for all bins using the equation in Section 11.2.2.1.

For T,(t;) < Tec, calculate gc¢(t;) and Pgc(¢;) using Equations 11.210 and 11.211.

Gec(t) = dnp(tj) + MaaCpaalTec — To ()] 11.210

Maa'Cpda’[Tcc=To(t})]
3.412

11.211

Pec(t;) = Pup(tj) +

Note: Even though T, (t;) < T, additional resistive heating may be required; evaluate RH(t;) for
all bins using the equation in Section 11.2.2.1.

11.2.2.4.2  Additional Steps for Calculating the HSPF2 of a Heat Pump Having a Two-capacity
Compressor. Calculate the space heating capacity and electrical power of the heat pump without
the Heat Comfort Controller being active as identified in Section 11.2.2.2 for both high and low
capacity and at each outdoor bin temperature, tj, that is listed in Table 14. Denote these capacities
and electrical powers by using the subscript “hp” instead of “h.” For the low capacity case, calculate
the mass flow rate (expressed in pounds-mass of dry air per hour) and the specific heat of the indoor
air (expressed in Btu/lbmyg, - °F) from the results of the H1 0w Test using:

60'Qmi _ 60'Qmi

, 11.212
v 14w, ] U

mda,Low =60- Qspda =
Cp,da,Low =0.24+0.444 - W, 11.213

For each outdoor bin temperature listed in Table 14, calculate the nominal temperature of the air
leaving the heat pump condenser coil when operating at low capacity using,

To,Low(t;) = 70°F + — Inprow®) 11.214

Mda,Low Cp,da,Low

Repeat the above calculations to determine the mass flow rate (mg,, run) and the specific heat of the
indoor air (Cp,4a,ruir) When operating at high capacity by using the results of the H1gy, Test. For each
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outdoor bin temperature listed in Table 14, calculate the nominal temperature of the air leaving the
heat pump condenser coil when operating at high capacity using,

Torun(tj) = 70°F + ——22— dhp.run(t)) 11.215

Maq,Full'Cp,da,Full

Evaluate E(tj), RH(t;), HLF- (1), HLF™(t;), PLF-Y(t}), PLF™(t)), and §“°"(t) or 8™'(t)) as
identified in Sections 11.2.2.2.1, 11.2.2.2.2, 11.2.2.2.3, 11.2.2.2.4, whichever applies, for each
Temperature Bin. To evaluate these quantities, use the low-capacity space heating capacity and the
low-capacity electrical power from Case 1 or Case 2, whichever applies; use the high-capacity space
heating capacity and the high-capacity electrical power from Case 3 or Case 4, whichever applies.

For T, 1ow (t;) = T¢e (The maximum supply temperature determined according to Section 6.1.7),
calculate gy, 1o (t;) aNd Py 10, (¢) Using Section 11.22.2 (i.e., Gprow(tj) = dnprow(t;) and
Porow(t;) = Prp row(t;)). Note: Eventhough T, ,,,, (t;) = T, resistive heating may be required;
evaluate RH(t;) for all bins.

For T, 1ow (£;) < Tec, calculate gy, 1o (t;) and Ej, 14, (¢;) Using Equations 11.216 and 11.217.

Anow () = dnprow (&) + decow () 11.216
Posow(t7) = Pip sow (&) + Pecow (&) 11.217
Where:

deeow(t;) = Magiow " Cpaaiow * [Tec = Toow(t)] 11.218
Pecow(t)) = qcc;j—vlvy’) 11.219

Note: Even though T, .0, (t;) < Te, additional resistive heating may be required; evaluate RH (t;)
for all bins.

For T, Fuu(t;) =Tec , calculate ¢p pyu(t;) and Py pyu(t;) using Section 11.2.2.2 (ie.,

AnFull(t;) = Gnpruti(ty) and Pp pyil(;) = Py pani(t))). Note: Even though T, pyi(t) = Tee,
resistive heating may be required; evaluate RH(tj) for all bins.

For Ty (£;) < Tee, calculate gy, gy (t)) and Py, gy (t;) using Equations 11.220 and 11.221.

Gn,rut(t) = Gup,run () + dee,run(ty) 11.220
Prputt () = Prp,run () + Pecrun(ty) 11.221
Where:

Gec,rut (87) = Maarun * Cp,aaruit * [Tee = To,pun ()] 11.222
PCC,Full(tj) = qcc%fz(tj) 11.223

Note: Even though T, r1(t;) < Tc, additional resistive heating may be required; evaluate RH (t;)
for all bins.

71



AHRI STANDARD 210/240-2023 (2020)

11.2.2.4.3  Additional Steps for Calculating the HSPF2 of a Heat Pump Having a Variable Speed
Compressor. [Reserved]

11.2.25 Additional Steps for Calculating the HSPF2 of a Heat Pump Having a Triple-Capacity
Compressor

The only triple-capacity heat pumps covered are triple-capacity, northern heat pumps. For such heat pumps,
the calculation of the Equation 11.103 (Section 11.2.2.1), except as noted below, E(tj) and RH(t;) differ
depending on whether the heat pump would cycle on and off at low capacity (Section 11.2.2.5.1), cycle on
and off at high capacity (Section 11.2.2.5.2), cycle on and off at booster capacity (Section 11.2.2.5.3), cycle
between low and high capacity (Section 11.2.2.5.4), cycle between high and booster capacity (Section
11.2.2.5.5), operate continuously at low capacity (Section 11.2.2.5.6), operate continuously at high capacity
(Section 11.2.2.5.7), operate continuously at booster capacity (Section 11.2.2.5.8), or heat solely using
resistive heating (Section 11.2.2.5.8) in responding to the building load. As an informative example, data may
be submitted in this manner: At the low compressor capacity, the outdoor temperature range of operation is
40°F <t; < 65°F; At the high compressor capacity, the outdoor temperature range of operation is 20°F <t; <
50°F; At the booster compressor capacity, the outdoor temperature range of operation is —20°F < tj < 30°F.

Evaluate the space heating capacity and electrical power consumption of the heat pump (qLow(t,-) and

PLow (t,-)) when operating at low compressor capacity and outdoor temperature t; using the equations given in
Section 11.2.2.2. In evaluating the Section 11.2.2.2 equations, Determine g 10w aNd Pyg 1o from the
HOLow test, x4 1ow and Pyy 10w from the H1pow test, and qpy gy @Nd Py gy from the H1gy, test. If the
H3_ow test is conducted, calculate §y3 14, and Pysz 1o, and determine gy, ;o and Py, 1, as identified
below:

qu2,Low =09 {QH3,Low + 0.6 * [qy1,L0w — lez,Low]} 11.224
Prz,tow = 0.985 * {Py3 1ow + 0.6 * [Py1,Low — P Low]} 11.225

Evaluate the space heating capacity and electrical power consumption (G, (¢;) and Pr,, (t;)) of the heat
pump when operating at high compressor capacity and outdoor temperature tj using the equations given in
Section 11.2.2.1.1. Determine g 10w aNd Pyg 10w TrOm the HOLow test, gyy 10w and Py 1y, from the

H1iow test, and gy pyyy aNd Py gy from the H1gyy test. Determine the equation input for ¢y, ry and Py, pun
from the H2gyy, test. Also, determine ¢y gy and Pyg gy from the H3gy test.

Evaluate the space heating capacity and electrical power consumption of the heat pump when operating at
booster compressor capacity and outdoor temperature tj using

For17 <t; < topo

GBoost (t7) = Gus,poost + [dn2,B00st — H3,Bo0st] " ?5__1177 11.226

Ppoost (t7) = Py3z,oost + [Puz,Boost — Pr3,Boost] * ;:11; 11.227
For t; < 17

GBoost (t7) = qua,poost + [qH3,Bo0st — Ha,Boost] % 11.228

Pgoost (tj) = Pya,oost + [Pu3,poost — Pra,oost] % 11.229

Determine qys poose aNd Pys poose Trom the H3goost test and determine §4 goose ANd Py poose from the
H4goost test. Determine the equation input for Gy, poose AN Pz poose from an optional H2gos test. If this
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optional test is not conducted, using the following equations:

Where,

CIHZ,Boost = QRHZ,Full ! {QH3,Boost +1.20- [CIHB,Boost - QH4,Boost]} 11.230
Ph2,Boost = PRyz,pu - {PH3,Boost + 1.20 * [Py3,Boost — PH4,Boost]} 11.231
QRHZ’Full — QHZ,Full 11.232

dH3,Ful+0.6'(dH1 Fut—dH3,Fuil]

PRy putt = Przrun 11.233

Py3 putt+0.6: [Py puti—Pus Fuil]

11.2.2.5.1 Case I. Steady-State Space Heating Capacity When Operating at Low Compressor
Capacity Is Greater Than or Equal to the Building Heating Load at Temperature t;, g, ,,, (t;) >

BL(tj)., and the Heat Pump Permits Low Compressor Capacity at ¢;.

Evaluate the Quantities E (¢;) and RH(t;) using Equations. 11.153 and 11.154, respectively.
Determine the equation inputs P, (t;) - PLF" (¢;) and 8§ (t;) as identified in Section
11.2.2.2.1. In calculating the part load factor, PLFt% (t,-), use the low-capacity cyclic-degradation
coefficient C}*°" determined as below:

Conduct the optional high temperature cyclic test (H1C\ow) to determine the heating mode cyclic-
degradation coefficient, C**°". A default value for C**°" of 0.25 may be used in lieu of
conducting the cyclic. If a triple-capacity heat pump locks out low capacity operation at lower
outdoor temperatures, conduct the high temperature cyclic test (H1Crgun) to determine the high

capacity heating mode cyclic-degradation coefficient, C**"". The default C}*** is the same value

as determined or assigned for the low-capacity cyclic-degradation coefficient, C*“° . Finally, if a
triple-capacity heat pump locks out both low and high capacity operation at the lowest outdoor
temperatures, conduct the low temperature cyclic test (H3Cgoost) to determine the booster-capacity
heating mode cyclic-degradation coefficient, C/*2°°**. The default C2#°°** is the same value as

determined or assigned for the high capacity cyclic-degradation coefficient, cgf ult,

11.2.2.5.2 Case Il. Heat Pump Only Operates at Full Compressor Capacity at Temperature t; and
Its Capacity Is Greater Than or Equal to the Building Heating Load, BL (tj) < Grun (L))

Evaluate the Quantities E(¢;) and RH(t;) as identified in Section 11.2.2.2.3. Determine the
equation inputs Pr,; (t;) - PLFF“(t;) and 67 (t;) as identified in Section 11.2.2.2.3. In
calculating the part load factor, PLFF# (t,-), use the high-capacity cyclic-degradation
coefficient, C"*", determined in accordance with Section 11.2.2.5.1.

11.2.2.5.3 Case Ill. Heat Pump Only Operates at Booster Compressor Capacity at Temperature
tj and its Capacity Is Greater Than or Equal to the Building Heating Load, BL(t,-) < Goost ())-

Calculate RH (t;) using Equation 11.154 and evaluate E(t]-) using

PBoost(tj)'HLFBOOSt(tj)'(SBOOSt (tj)nj

E(t]) = PLFBoost(tj) 11234

Where,

73



AHRI STANDARD 210/240-2023 (2020)

74

HLFBoost(tj) — L(tf) 11.235
qBoost(tf)
P FBoost (tj) =1 le;,Boost [1- H ] FBoost (tj)] 11.236

Use the booster-capacity cyclic-degradation coefficient, C/*?°°* determined in accordance with
Section 11.2.2.5.1.

Determine the low temperature cut-out factor, §5°°% (¢;), depending the cases below.

‘?Boost(fj) 1

<
Fort; < topr OF 3412 Ppoosc(())

580ty =0 11.237

For topr < t; < ton

§B00st(t) = 0.5 11.238
Fort; > toy
(SBOOSt(t]-) =1 11.239

11.2.2.5.4 Case IV. Heat Pump Alternates Between Full and Low Compressor Capacity To Satisfy
the Building Heating Load at a Temperature tj, 4,o,, (t;)< BL(¢;) <dpuu ().

Evaluate the following quantities E(tj) and RH(t;) as identified in Section 11.2.2.2.2.
Determine the equation inputs HLFL¥ (¢;), HLFF*(t;),and §°" (t;) as identified in Section
11.2.2.2.2.

11.2.2.5.5 Case V. Heat Pump Alternates Between Full and Booster Compressor Capacity To
Satisfy the Building Heating Load at a Temperature tj, Gp,,;; (t;)< BL(t;) <dgoost (t;).

Calculate RH(t;) using Equation 11.154 and evaluate E(¢;) using

E(t;) = [Pruu(t; )JHLFF(t;) + Ppoose (tj ) HLFEOSt (£))] -
6Boost(tj)nj 11.240

QBoost(tj)_BL(tj)

Full(+) —
HLE (t]) QBoost(tj)_QFull(tj)

11.241

Where HLF?°0st(t;) = 1 — HLFF!(¢;). Determine the low temperature cut-out factor, §5°°s¢(¢;)
using the equation given in Section 11.2.2.5.3.

11.2.2.5.6 Case VI. Heat Pump Only Operates at Low Compressor Capacity at Temperature tj and
Its Capacity Is Less Than the Building Heating Load, BL(¢;) > .. (t)).

E(tj) = Prow(tj) - 827 (t;) - n 11.242
_ BL(tj)=qLow(t))-8"°% (t})
RH(t;) = ——2="1 L n 11.243
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where the low temperature cut-out factor, §%°% (t;) as identified in Section 11.2.2.2.2.

11.2.2.5.7 Case VII. Heat Pump Only Operates at Full Compressor Capacity at Temperature
tj and Its Capacity Is Less Than the Building Heating Load, BL(t]-) > Grun (t))

Evaluate the quantities E(¢;) and RH(t;) as identified in Section 11.2.2.2.4. Calculate §7*(t;)
using the equation given in Section 11.2.2.2.4.

11.2.2.5.8 Case VIII. Heat Pump Only Operates at Booster Compressor Capacity at Temperature
tj and Its Capacity Is Less Than the Building Heating Load, BL(t;) > dgoos: (t;) Or the System
Converts To Using Only Resistive Heating.

E(tj) = PBoost(tj) ' 6BOOSt(tj) ‘N 11.244

[BL(t))~doost (£ 65 ()]

RH(t]) = 3.412 j

11.245

where §8°9(t,) is calculated as identified in Section 11.2.2.5.3 if the heat pump is operating at
its booster compressor capacity. If the heat pump system converts to using only resistive heating at
outdoor temperature t;, set 5§80 (t;) equal to zero.

11.3 Off-mode Power Calculations. For central air-conditioners and heat pumps, Off-mode Power Consumption (Pw. o) shall
be tested per Appendix H and calculated as follows.

11.3.1 Cooling Capacity Less Than 36,000 Btu/h.

P1+P2

PW,Off == 5 11.246

11.3.2 Cooling Capacity Great Than or Equal to 36,000 Btu/h. Calculate the capacity scaling factor (Fscae) Where
Ga,run 18 the total cooling capacity at the Ary test conditions.

Fscale -

_ 4daFull
36000

11.247

Determine the off-mode represented value, Pw of with the following equation, rounding to the nearest watt.

Py osr =

12.1 Symbols,

BL(t))
COP2,

COP2¢ycx
COP2gefx
COP2(y)
COP2,(y)
Cpa
CpaZ

Cp a4

P1+P2

11.248

2+ Fscale

Section 12. Symbols, Subscripts and Superscripts

Building load at bin temperature t;, Btu/h

Coefficient of performance for test x

Coefficient of performance during cyclic

Coefficient of performance during defrost

Coefficient of performance for bin'y

Coefficient of performance at condition x, for bin y, where x equals “cyc,” “Full,” “Int” or “Low”
Specific heat of air, Btu/lbmg,-°F

Specific heat of air leaving the indoor side, Btu/Ibmg,-°F

Specific heat of air leaving the outdoor side, Btu/lbmg,-°F
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Cpdax

HLFY(t)
HLHA
HSPF?2
LCL

L¢

LF

Specific heat of dry air for condition x, Btu/lbmg,°F

Heating Load Line equation slope factor for all systems but variable-speed systems
Heating Load Line equation slope factor for variable-speed systems

The Degradation Coefficient to account for cycling of the compressor for capacity less than the
minimum step of capacity

Cooling Degradation Coefficient, applies to both “Full” and “Low”

Cooling Degradation Coefficient, where x equals “Full” or “Low”

Heating Degradation Coefficient, applies to both “Full” and “Low”

Heating Degradation Coefficient, where x equals “Full” or “Low”

Heating Load Line equation slope factor for variable speed product

Cooling load factor for condition x, where x equals “cyc,” “Full” or “Low”

Cooling load hours, actual

Total bin energy for test x, W-h, where x is blank, “Full” or “Low”

Total electrical energy used by the system during defrost test x, W-h

Electrical energy used by the indoor fan for test x, W-h

Electrical energy consumed during test x as directly measured by instrumentation, W-h
Total electrical energy consumed for test x, W-h

Electrical energy adjustment calculated for Cyclic or defrost Test x, W-h

Energy efficiency ratio for test x, Btu/W-h

Energy efficiency ratio for condition x, at y, where y can be t;, t, ty, etc., Btu/W-h
Lowest ESP where the unit is run with stability, in H,O

Higher measured ESP, in H,O

ESP at full load airflow, in H,O, as identified in Table 10

Target or minimum ESP, in H,O

ESP at part load airflow, in H,O

Tubing routing factor, 0 if the pressure measurement system is pitched upwards from the pressure
tap location to the gauge or transducer, 1 if it is not.

Cyclic correction factor

Cyclic correction factor applied to the grid or thermopile measurement during the Cyclic Test
Demand-defrost enhancement factor

Capacity scaling factor

Enthalpy, air entering indoor side, Btu/lbmg,

Enthalpy, air leaving indoor side, Btu/lbmg,

Enthalpy, air entering outdoor side, Btu/lbmga,

Enthalpy, air leaving outdoor side, Btu/lbmg,

Enthalpy, vapor refrigerant indoor side, Btu/Ilbm

Enthalpy, liquid refrigerant indoor side, Btu/lbm

Heat balance for test x

Heating load factor

Heat pump heating load factor at condition x at Temperature Bin j

Heating load hours, actual

Heating Seasonal Performance Factor, HSPF2

Lower 90% confidence limit

Indoor coil fin length in inches, also height of the coil transverse to the tubes
Fractional ON time for last stage at the desired load point

Energy adjustment factor in cooling mode

Energy adjustment factor in heating mode

Capacity adjustment factor in cooling mode

Capacity adjustment factor in heating mode

Refrigerant charge

Mass flow of dry air for condition x, Ibn/h where x is blank, “Full” or “Low”
Mass flow of refrigerant-oil mixture for condition X, lbm/h

Number of systems tested, number of bins

Number of compressors

Number of single stage compressors

Number of Variable Speed Compressors

Fractional bin hours in the jth Temperature Bin
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Nyq
NGIFS
P1

P1y

P2

P2,

Px

PLF*
PLF(0.5)
PLF*(t))
Padj

Pe

PC,x
Pec(t)
PCT
Pdef,x
Pfan,l
Pfan,z
Pfan,x
PIF
Pm,x
Ptot,x

Py orf
Px

Px(y)

Ps
qx

QA,Full
Gec(t))
Gz

Qi,x

qx (tj)
('.Ix (tj)
qdef,x
Qdef X

adj,x

Qduct,ci
Qduct,hi
Qref,x
qsadj,x
QLow
thi,x
tho,x
chi,x
cho,x
q,cyc,x
C.Iadj
qcadj,x
Qc(95):
QA,Full

Qruu

Energy adjustment factor in cooling mode

Number of fins

Energy adjustment factor in heating mode

Capacity adjustment factor in cooling mode

Capacity adjustment factor in heating mode

Normalized gross indoor fin surface

Off-mode power in Shoulder Season, per compressor, W

Off-mode power in Shoulder Season, total, W

Off-mode power in Heating Season, per compressor, W

Off-mode power in Heating Season, total, W

Low voltage power, W

Part Load Factor for condition x, where X is blank, “Full” or “Low”

Part Load Factor for SEER2

Part Load Factor for condition x at Temperature Bin j, where X is blank, “Full” or “Low”
Indoor fan power adjustment, W

Compressor power at the lowest machine unloading point operating at the desired part load rating
condition, W

Compressor power during test x, W

Power for Heat Comfort Controller at bin temperature t;, W

Control circuit power and any auxiliary loads, W

Power used during defrost test x, W

Measured power input of the indoor fan at ESP 1, W

Measured power input of the indoor fan at ESP 2, W

Fan power during test x, W

Indoor fan motor power at the fan speed for the minimum step of capacity, W
System power measured during test x, W

Total power for test x, W

Off-mode power, W

When used with off-mode testing Py is low voltage power, otherwise, power for test x
Power at condition x, W, at temperature y, where X is blank, “Full,” “Int” or “Low” and y is any
Temperature Bin

Power adjustment for steady state test x, W

Capacity, Btu

Rated full load Net Capacity, Btu/h

Total bin capacity rate for Heat Comfort Controller, Btu/h

Indoor capacity for test x before any duct or blower adjustments, Btu/h

Part load Net Capacity, Btu/h

Total bin capacity for speed x, Btu, where x is blank, “Full” or “Low”

Total bin capacity rate for condition x, Btu/h, where x is blank, “Full” or “Low”
Heating capacity during defrost test x, Btu

Heating capacity rate during defrost test x, Btu/h

Indoor duct loss rate in cooling, Btu/h

Indoor duct loss rate in heating, Btu/h

Ttal capacity as measured by the refrigerant enthalpy method, Btu/h

Capacity adjustment for indoor motor heat during Steady State Test x, Btu/h
Low Stage capacity, Btu/h

Total cooling capacity for test x, indoor side data, Btu/h

Total cooling capacity for test x, outdoor side data, Btu/h

Total Heating Capacity for test x — indoor side, Btu/h

Total Heating Capacity for test x— outdoor side, Btu/h

Cooling or Heating Cyclic Net Total Capacity for Test x, Btu

Capacity adjustment, Btu/h

Capacity adjustment for indoor motor heat during Cyclic or defrost Test x, Btu
Total cooling capacity of the A or A; test conditions, Btu/h

Cooling full airflow rate, scfm

Cooling full airflow rate as measured after setting and/or the adjustment as described in Section
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Q

QHl,Full:
Q

QLx
Qmax
Qnﬂ
Qmo
(2nnx
Qnﬂn
Qs
Qvar
RH(t;)
S
scfme.
scfmpp
SEER?2
SF

t90
taO
t

al
ta1(0)
talz
taz
ta2(0)

ta3
ta4

¢

tog and topo

top
torr

Vi
at location i, in®
W1

6.1.5.2, scfm

Net Capacity at the lowest machine unloading point operating at the desired part load rating
condition, Btu/h

Heating full airflow rate, cfm

Airflow Rate for test i, scfm

Airflow Rate for test i, scfm

Maximum measured airflow value, cfm

Airflow, indoor, measured, cfm

Airflow, outdoor, measured, cfm

Air volume rate of air mixture, cfm

Minimum measured airflow value, cfm

Standard airflow, indoor, scfm

Airflow variance, percent

Supplementary resistance heat at temperature (t;), W-h

Standard deviation

Standard Supply Airflow at full load rated conditions, scfm

Standard Supply Airflow at part load rated conditions, scfm

Seasonal energy efficiency ratio, Btu/W-h

Sizing factor, by convention

t statistic for a 90% one-tailed confidence interval with sample size n

Temperature, outdoor ambient, dry-bulb, °F

Temperature, air entering indoor side, dry-bulb, °F

Dry-bulb temperature of air entering the indoor coil at elapsed time 7, °F; only recorded when indoor
airflow is occurring

Temperature, air entering outdoor side, dry-bulb, °F

Temperature, air leaving indoor side, dry-bulb, °F

Dry-bulb temperature of air leaving the indoor coil at elapsed time 7, °F; only recorded when indoor
Airflow is occurring

Temperature, air entering outdoor side, dry-bulb, °F

Temperature, air leaving outdoor side, dry-bulb, °F

Bin reference temperature, °F

Temperatures that are boundaries of a bin to which the frost influence is extended, 40°F and 45°F,
respectively, °F

Outdoor design temperature, °F

The outdoor temperature at which the compressor is automatically stopped. If the compressor is not
automatically controlled, ¢; is considered greater than what might be ¢,z and toy, °F

The outdoor temperature at which the compressor is automatically turned ON (if applicable) if
designed for low-temperature automatic shutoff, °F

Maximum time between defrosts allowed by controls in minutes, or 720, which ever is smaller,
minutes

Time between defrost terminations in minutes, or 90, whichever is greater, minutes

Maximum supply temperature allowed by the comfort controller, °F

Nominal temperature of air leaving the heat pump coil for condition x, °F

Temperature at which ¢,,,. (t) = BL(t):, °F

Temperature at which building load is equal to the capacity when the unit is defrosting, °F

Product of the overall heat transfer coefficient and surface area for the indoor coil return duct that
is located in the outdoor test room, Btu/h-°F

Product of the overall heat transfer coefficient and surface area for the indoor coil supply duct that
is located in the indoor test room, Btu/h-°F

Product of the overall heat transfer coefficient and surface area for the indoor coil supply duct that
is located in the outdoor test room, Btu/h-°F

Upper 90% confidence limit

Specific volume of air at dry- and wet-bulb temperature conditions existing at nozzle but at standard
barometric pressure, ft¥/lb of dry air

Specific volume of air at the nozzle, ft3/lom of air-water vapor mixture

Internal volume of pressure measurement system (pressure lines, fittings, gauges and/or transducers)

Water vapor content ratio, air entering indoor side, kg water vapor per kg of dry air, lomys/lbmg,
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12.2  Greek Symbols.

Water vapor content ratio, air leaving indoor side, kg water vapor per kg of dry air, Ibmy,/lbmg,
Water vapor content ratio, air entering outdoor side, kg water vapor per kg of dry air, lbmy./Ibmg,
Number of fins

Water vapor content ratio at the nozzle, lbmy/Ibmg,

Mass ratio, refrigerant to refrigerant/oil mixture

Test sample mean

Test result value for test sample i

The integrated (with respect to elapsed time) air temperature difference across the indoor coil, °F-h
The integrated air temperature difference across the indoor coil during the defrost cycle, °F-h
Time, hours

Duration of time for one complete cycle consisting of one compressor ON time and one compressor
OFF time, hours

For Ducted Systems, the elapsed time when airflow is initiated through the Indoor Coil; for Non-
ducted Systems, the elapsed time when the compressor is cycled on, h

The elapsed time when indoor coil airflow ceases, h

Time at the initial defrost termination, h

Time at the successive defrost termination, h

8% (t;)Heat pump low-temperature cutout factor, where x is “Boost”, “Full,” “Int-Bin” or “Low”

Paa

AP,
AP

Sta,Full

AP,

Strull
Atgrp

Density of dry air, by, /ft3

Elapsed time from defrost termination to defrost termination, hr

Target minimum ESP for test i, in H20

Minimum ESP target from Ag,; test (Table 10), in H,O

Minimum ESP target for test A or Ag,,;; (Table 10), in H,O

Temperature differential between inlet air stream and outlet air stream as measured by RTDs, or
equivalent, meeting the accuracy requirements for steady state testing

Temperature differential between inlet air stream and outlet air stream as measured by thermo
couple grid, thermos couple pile, or equivalent, meeting the response requirements for Cyclic
Testing

12.3  Subscripts and Superscripts.

adj

ao

a

a2

as

s

CE

Cq
cyc
def
duct-ci
duct-hi
Full
HE

Hq

hp

i

ID-ro
ID-si
ID-so
Int
Int-Bin
]

Low

m

Adjustment

Outdoor ambient

Air entering Indoor Unit

Air leaving Indoor Unit

Air entering Outdoor Unit

Air leaving Outdoor Unit

Cooling mode, energy

Cooling mode, capacity

Cyclic

Defrost

Indoor duct loss during cooling

Indoor duct loss during heating
Operation/compressor speed at full load test
Heating mode, energy

Heating mode, capacity

Performance provided by heat pump

Indoor

Indoor airflow, return side in outdoor room
Indoor airflow, supply side in indoor room
Indoor airflow, return side in outdoor room
Operation/compressor speed at intermediate speed test
Operation/compressor speed at part load bin condition
Bin number

Operation/compressor speed at low load test
Measured
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max
mi
min
mo
ref
rl
r2

S

tci
tco
test
thi
tho
tot
Var

Maximum

Measured indoor

Minimum

Measured outdoor

Refrigerant

Refrigerant vapor side of Indoor Unit
Refrigerant liquid side of Indoor Unit
Standard

Total cooling indoor

Total cooling outdoor

Test

Total heating indoor

Total heating outdoor

Total

Variance

Variable for an individual test, measurement, or compressor set point. For example, x can be Arunr ,
BLow, HOLow, etC
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APPENDIX A. REFERENCES - NORMATIVE

Al Listed here are all standards, handbooks and other publications essential to the formation and implementation of the
standard. All references in this appendix are considered as part of this standard.

Al.l  AHRI Standard 110-2016, Air-Conditioning, Heating and Refrigerating Equipment Nameplate Voltages,
2016, Air-Conditioning, Heating, and Refrigeration Institute, 2311 Wilson Boulevard, Suite 400, Arlington, VA
22201, U.S.A.

Al.2  AHRI Standard 1230-2014 with Addendum 1, Performance Rating of Variable Refrigerant Flow (VRF)
Multi-Split Air-Conditioning and Heat Pump Equipment, 2017, Air-Conditioning, Heating, and Refrigeration
Institute, 2311 Wilson Boulevard, Suite 400, Arlington, VA 22201, U.S.A.

Al.3  AHRI/CSA Standard 310/380-2017, Standard for Packaged Terminal Air-Conditioners and Heat Pumps
(CSA.C744-14), 2017, Air-Conditioning, Heating, and Refrigeration Institute, 2311 Wilson Boulevard, Suite 400,
Arlington, VA 22201, U.S.A.

Al.4  AHRI Standard 340/360-2019, Performance Rating of Commercial and Industrial Unitary Air-Conditioning
and Heat Pump Equipment, 2019, Air-Conditioning, Heating, and Refrigeration Institute, 2311 Wilson Boulevard,
Suite 400, Arlington, VA 22201, US.A.

Al5  AHRI Unitary Small Equipment Operations Manual — January 2017, Unitary Small Air-Conditioners and
Air-Source Heat Pumps (Includes Mixed-Match Coils) (Rated Below 65,000 Btu/H) Certification Program, Air-
Conditioning, Heating, and Refrigeration Institute, 2311 Wilson Boulevard, Suite 400, Arlington, VA 22201, U.S.A.

Al6  ANSI/AHRI Standard 390-2003, Performance Rating of Single Package Vertical Air-Conditioners and Heat
Pumps, 2003, Air-Conditioning, Heating, and Refrigeration Institute, 2311 Wilson Boulevard, Suite 400, Arlington,
VA 22201, U.S.A.

Al.7  ANSI/ASHRAE Standard 116-2010 (RA2015), Methods of Testing for Rating Seasonal Efficiency of
Unitary Air Conditioners and Heat Pumps, 2015, American Society of Heating, Refrigerating and Air-Conditioning
Engineers, Inc., 1791 Tullie Circle, N.E., Atlanta, GA 30329, U.S.A.

Al8 ANSI/ASHRAE Standard 37-2009 (RA2019), Methods of Testing for Rating Electrically Driven Unitary
Air-Conditioning and Heat Pump Equipment, 2019, American Society of Heating, Refrigerating and Air-Conditioning
Engineers, Inc., 1791 Tullie Circle, N.E., Atlanta, GA 30329-5478, U.S.A.

Al9 ANSI/ASHRAE Standard 41.1-2013, Standard Method for Temperature Measurement, 2013, American
Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc., 1791 Tullie Circle, N.E., Atlanta, GA 30329,
US.A.

Al1.10 ANSI/ASHRAE Standard 41.2-2018, Standard Methods for Laboratory Airflow Measurement, 2018,
American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc., 1791 Tullie Circle, N.E., Atlanta,
GA 30329, U.S.A.

Al.11 ANSI/ASHRAE Standard 41.4-2015, Standard Method for Measuring the Proportion of Lubricant in Liquid
Refrigerant, 2013, American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc., 1791 Tullie
Circle, N.E., Atlanta, GA 30329, U.S.A.

Al.12 ANSI/ASHRAE Standard 41.6-2014, Standard Method for Humidity Measurement, 2014, American Society
of Heating, Refrigerating and Air-Conditioning Engineers, Inc., 1791 Tullie Circle, N.E., Atlanta, GA 30329, U.S.A.

Al.13 ANSI/ASHRAE Standard 41.9-2018, Standard Methods for Volatile-Refrigerant Mass Flow Measurements
Using Calorimeters, 2018, American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc., 2018
Tullie Circle, N.E., Atlanta, GA 30329, U.S.A.

Al.14 ASHRAE Handbook Fundamentals - 2017, Fundamentals, 2017, American Society of Heating, Refrigerating
and Air-Conditioning Engineers, Inc., 1791 Tullie Circle, N.E., Atlanta, GA 30329, U.S.A.
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Al.15 ASHRAE, Terminology, https://www.ashrae.org/resources--publications/free-resources/ashrae-terminology,
2014, American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc., 1791 Tullie Circle, N.E.,
Atlanta, GA 30329, U.S.A.

Al.16 ASTM Standard B117-2019, Standard Practice for Operating Salt Spray (Fog) Apparatus, 2019, American
Society for Testing and Materials, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA, 19428-2959,
USA.

Al.17 ASTM Standard G85-2019, Standard Practice for Modified Salt Spray (Fog) Testing, 2019, American
Society for Testing and Materials, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA, 19428-2959,
USA.

Al.18 IEC Standard 60038, IEC Standard Voltages, 2009, International Electrotechnical Commission, 3, rue de
Varembe, P.O. Box 131, 1211 Geneva 20, Switzerland.

Al.19 ISO/ANSI/AHRI/ASHRAE 13256-1, Water-source heat pumps — Testing and rating for performance — Part
1: Water-to-air and Brine-to-air heat pumps, 2012, International Organization for Standardization, Case Postale 56,
CH-1211, Geneva 21 Switzerland.

Al1.20 ISO/ANSI/AHRI/ASHRAE 13256-2, Water-source heat pumps — Testing and rating for performance — Part
2: Water-to-water and Brine-to-water heat pumps, 2012, International Organization for Standardization, Case Postale
56, CH-1211, Geneva 21 Switzerland.

Al.21 ISO/IEC 17025-2005, General Requirements for the Competence of Testing and Calibration Laboratories,
2005, International Organization for Standardization, Case Postale 56, CH-1211, Geneva 21 Switzerland.

Al.22 NIST Standard Reference Database 23, Reference Fluid Thermodynamic and Transport Properties —
REFPROP Version 9.1, 2010, National Institute of Standards and Technology, 100 Bureau Drive, Gaithersburg, Md.
20899.

Al.23 Title 10, Code of Federal Regulations (CFR), Part 429 and 430, U.S. National Archives and Records
Administration, 8601 Adelphi Road, College Park, MD 20740-6001 or www.ecfr.gov.

Al.24 UL Standard 555, Standard for Fire Dampers, 2006, Underwriters Laboratories, Inc., 333 Pfingsten Road,
Northbrook, IL, U.S.A.

Al.25 UL Standard 555S, Standard for Smoke Dampers, 2014, Underwriters Laboratories, Inc., 333 Pfingsten
Road, Northbrook, IL, U.S.A.
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APPENDIX B. REFERENCES - INFORMATIVE

B1  Listed here are standards, handbooks and other publications which may provide useful information and background but
are not considered essential. References in this appendix are not considered part of the standard.

None.
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APPENDIX C. CERTIFICATION OF LABORATORY
FACILITIES USED TO DETERMINE PERFORMANCE OF
UNITARY AIR-CONDITIONING & AIR-SOURCE HEAT
PUMP EQUIPMENT - INFORMATIVE

Foreword: This appendix to the AHRI Standard 210/240 is the “LEAP Process” referred to in Section 3.2.2 of the AHRI
Unitary Small Equipment (USE) Operations Manual (OM).

Preamble

Laboratory Evaluation and Adjustment Plan (LEAP) is based on scientific principles and the tolerances of individual tests are
considered achievable by a test facility that is common to the industry. The LEAP is designed to normalize different
laboratories with the goal of reducing variability between laboratory setups and locations. This appendix is informative but
can be used within any organization to improve laboratory correlation. The plan is unique in that it attempts to calibrate using
absolutes rather than the usual relative standard associated with round robin correlation testing. It is important to use the same
geometry and sampling techniques that shall be used in unitary testing to correctly correlate the facility. It is also important to
run the testing in the order shown below and apply any corrections from the previous section before moving on to the next.

The first step (5.1) is to run electric heat tests in order to assure the sensible electric heat can be measured accurately
psychrometrically. Adjustment factors are applied to the nozzle combinations that compensate for tunnel irregularities and
sampling deficiencies. The change in temperature between entering and leaving allows an effective evaluation of water vapor
content measurement errors. Improvements in sampling capability will typically reduce the correction factors to the nozzle
combinations.

The second step (5.2) is to determine the thermal mass effects in the supply duct prior to the measurement plane. This test runs
electric heat for six minutes and then turns it off. The heat stored in the duct work, mixer and sampler will appear in the air
stream when the heater is turned off. By measuring the temperature of the largest mass from the time the heater is turned off
until it is turned on again along with the integrated capacity measured during the off cycle provides a value for C,M in
ANSI/ASHRAE Standard 116 Section 7.4.3.4.5.

The third step (5.3) evaluates the integrity of the differential static pressure measurement. A static pressure box is used in three
different configurations. The ideal situation is that the same result will occur in all three configurations. The first configuration
is the ANSI/ASHRAE Standard 37 set up for Coil-Only Systems. The second is attaching the static pressure box to the inlet
damper per the standard laboratory practice. The third is to compromise the return duct if a non-standard configuration is
required for some testing Space Constrained Product. The static pressure shall be the same for all three tests, otherwise, the
geometry shall be fixed.

The fourth step (5.4) uses a standard setup of a unit for an ‘A’ test. The ‘A’ test runs a rather long soak time followed by
several ‘A’ tests in a row. Condensate is collected and compared to the psychrometric calculation. The tolerance for error
determines if the unit is ready for the next step which is a modified round robin sequence.

The final step (5.5) is a modified round robin test. The main modification is that the system is charged in cooling and in heating.
The difference in charge is an indication of facility consistency. The tolerances of the individual tests are quite tight and the
relationship between the tests in each facility is tight.

Once LEAP is thoroughly completed the indoor facilities will be well vetted. Outdoor sampling has not been addressed except
for the final step where the round robin results need to match from facility. If adjustments need to be made to pass the final
step, then the outdoor sampling would be a place to start.

C1 Purpose. The purpose of this appendix is to establish, for laboratory facilities used to determine performance of Unitary
Air-Conditioners and Unitary Air-source Heat Pumps, definitions, test requirements, certification requirements and
documentation requirements that provide a uniform method to evaluate and adjust the quality of test data produced for the
AHRI USE Certification Program.

Cl1 Intent.
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C1.1.1  Third Party Laboratories. This appendix is intended to be the minimum requirement, along with
ISO Standard 17025 accreditation, to qualify a Laboratory Facility for use as a third party partner in the AHRI
USE Certification Program.

C1.1.2  Original Equipment Manufacturer (OEM) Laboratories. This appendix is intended to be a
guideline, along with 1ISO Standard 17025 compliance, to qualify a test facility for use as an OEM in the AHRI
USE Certification Program.

C1.2  Review and Amendment. This appendix is subject to review and amendment as technology advances.

C2  Scope. This standard applies to any laboratory facility that performs tests used to determine performance of Unitary
Air-Conditioners and Unitary Air-source Heat Pumps within the AHRI USE Certification Program, as defined in Section 3.

C3  Definitions.
All terms in this Appendix will follow the standard industry definitions in the ASHRAE Terminology website

(https://www.ashrae.org/resources--publications/free-resources/ashrae-terminology) and the definitions in Section 3 unless
otherwise defined in this section.

C3.1  Code Tester. A chamber with one or more nozzles, diffusion baffles and mixing plates used to measure air
flow rate (reference ASHRAE Standard 37 Section 6); sometimes referred to as a wind tunnel.

C3.2  Laboratory Certification Tests. Any test used in the determination of capacity and efficiency of a Unitary Air-
Conditioner or Unitary Heat Pump; these tests are listed in AHRI Standard 210/240 Section 6.1.3. This includes tests
during development of performance ratings or tests during auditing of performance ratings.

C3.3  Laboratory Facility. Any organization that has psychrometric test rooms, data acquisition, and other equipment
necessary to determine the performance of a Unitary Air-Conditioner or Unitary Heat Pump, with the intent of using the
facility for Laboratory Certification Tests or qualifying new product under the penalty mode in the latest edition of AHRI
USE Operations Manual. An AHRI member, a non-AHRI member, or any other independent organization may be a
Laboratory Facility.

C3.3.1  Authorized Laboratory Facility. A Laboratory Facility that has completed all tests in compliance
with this appendix and has been provided with a letter of approval from AHRI for use of their facility for AHRI
certification testing.

C3.3.2  OEM Laboratory Facility. A laboratory facility utilized by an Original Equipment Manufacturer to
develop Certified Ratings.

C3.4  Laboratory Evaluation & Adjustment Plan (LEAP). A program to evaluate Laboratory Facilities used in
performance testing of the AHRI USE Certification Program; the program provides the Laboratory with directions to
adjust testing process and results in order to conform to the requirements of the AHRI USE Operations Manual.

C3.5  Psychrometric Test Facility. A pair of test chambers used to separately simulate indoor and outdoor ambient
conditions, in which each chamber has the capability of separately controlling dry-bulb temperature and wet-bulb
temperature within the chamber, and measuring various parameters of a unit under test.

C35.1 Indoor Room. A test chamber specifically intended for installation of an indoor section of a Unitary
Air-Conditioner or Unitary Heat Pump, and designed to control ambient air in the range as identified in AHRI
Standard 210/240 Section 6.1.4 indoor conditions.

C3.5.2  Outdoor Room. A test chamber specifically intended for installation of an outdoor section, or
complete Single Package Unit, of a Unitary Air-Conditioner or Unitary Heat Pump, and designed to control
ambient air in the range as identified in AHRI Standard 210/240 Section 6.1outdoorconditions.

C3.6  Test. The time during which all required operating parameters are maintained within specification and
measurements of the Psychrometric Test Facility ambient air conditions and Unit Under Test performance are recorded.
For steady state operation Test time is typically 30 minutes. All Standard Tests prescribed in AHRI Standard 210/240
Section 6.1.3 are considered a Test.
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C3.7

C3.6.1 Pre-conditioning Test. The time during which all required operating parameters are brought within
Standard Rating Conditions. For steady state operation, the last 30 minutes are typically required to have
measured operating parameters within required operating tolerances.

Third Party Laboratory. An independent, non-AHRI member; laboratory facility that operates under contract

with AHRI to perform Laboratory Certification Tests on Unitary Air-Conditioners and Unitary Heat Pumps under the
scope of the AHRI Unitary Small Equipment Section Operations Manual.

C3.8

Unit Under Test (UUT). The indoor section of a Split System with electric heat; the system used for round robin

testing; or the static pressure reference device.

C4  Test Requirements. All Laboratory Certification Tests shall be conducted in accordance with modifications as dictated
by the test methods and procedures as described in this appendix (Section 5 and Appendices). Each Psychrometric Test Facility
that a Laboratory Facility is qualifying for use in the AHRI Standard 210/240 certification program shall be tested using
Laboratory Certification Tests performed in accordance with the latest DOE test procedure, ANSI/ASHRAE Standard 37 and
ANSI/ASHRAE Standard 116 unless expressly modified by this appendix.

C5 Certification Requirements.

C5.1

86

Sensible Heat Capacity Evaluation of Code Tester.

C5.1.1 Purpose of the Test. The purpose of the sensible heat capacity calibration of the code tester test is
to compare the psychrometric measured sensible heat capacity to the total electrical energy input of the unit
under test. This provides a Laboratory Facility with the ability to validate that its psychrometric measurement
apparatus can measure the sensible heat capacity, prior to calibration, within 4% of the actual electrical energy
input to the unit under test. After calibration, these tests shall allow for only nozzle selections for a given code
tester that measure airflow rate within 2% after correction.

C5.1.2  Selection of Equipment.

C5.1.21 Equipment Classification. The UUT for sensible heat capacity evaluation shall be a
production split system Air Handler with capability of having electric resistance heat installed
internal to the UUT.

C5.1.2.2 Equipment Size and Configuration. The production equipment design shall be fitted
with an electric heat module of at least 2 kW per maximum cooling ton. The heater shall be made
of at least two separate elements, oriented side by side, and shall be located at the outlet of the Air
Handler. The UUT wiring shall be modified so that electrical energy supplied to the heater may be
varied separately from electrical energy supplied to the rest of the UUT. Typically, the
psychrometric Outdoor Room power supply and measurement equipment will need to be used due
to relatively high power requirements. Individual banks shall have the capability of being switched
independently.

C5.1.3  Test Setup.

C5.1.3.1 The UUT shall be set up in the Indoor Room in accordance with ANSI/ASHRAE
Standard 37 Section 6.4 through Section 6.6.

C5.1.3.2 All indoor electrical energy shall be measured with instrumentation which is in
accordance with Section 5.4 of ANSI/ASHRAE Standard 37.

C5.1.3.3 If an indoor volatile refrigerant coil is present in the UUT it shall be void of refrigerant
charge in order to eliminate any thermal siphoning.

C5.1.34 At the outlet sampler, nine individual thermocouples shall be placed in accordance
with ANSI/ASHRAE Standard 116 Section 7.4.3.4.1 in order to assess the ability of the Code Tester
to properly mix UUT outlet air. These thermocouples shall be out of the line of sight of the electric
heat in order to avoid radiation effects. All thermocouples shall be compliant with ANSI/ASHRAE
Standard 41.1 Section 10.
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C5.14

Test Procedure.

C5.1.4.1 Indoor air inlet conditions shall be maintained at 70.0 + 0.5 °F dry-bulb temperature
and 65.0 + 0.3 °F wet-bulb temperature.

C5.14.1.1 The Test Operating Tolerance for dry-bulb temperature shall not
exceed 0.5 °F and for wet-bulb temperature shall not exceed 0.3 °F during the test.

C5.14.2 The Laboratory Facility shall select appropriate (commonly used) nozzle
combinations to cover the airflow rate range for any foreseen Laboratory Certification Test (this
range is typically 400 scfm to 2450 scfm for Unitary Small Equipment products). The selected
nozzle combinations shall be referred to as the potential combinations, a subset of all nozzle
combinations. Any such nozzle combination shall be in accordance with ANSI/ASHRAE Standard
37 Section 6.3.1.

C5.1.4.2.1 Prior to running any electric heat tests, it is necessary to verify that the
entering and leaving RTD match when no load exists. Select an airflow between 1000
to 1400 range and allow the unit and facility to pre-condition for at least one hour. Run
a test for 30 minutes using normal sample rates. Average the entering and leaving
RTD temperatures and calculate the difference in the averages. If the difference
exceeds 0.03 degrees then calibration of the facility RTDs or test setup investigation
is required. An error at the upper end of this tolerance will result in heat balance errors
of up to 0.25%.

C5.1.4.2.2 Over the various airflow rates to be tested, the voltage to the electric
heat shall be varied in order to maintain anominal 12°F differential temperature across
the Indoor Unit. Power to the heater shall be set within the range of 3.8 kW to 4.0 kW
per 1000 SCFM measured.

C5.1.4.2.3 For each potential nozzle combination at least three airflow rates shall
be tested, as described in Table C1. For the purpose of this Section C5.1, “test” shall
be construed to be a single airflow rate for a given nozzle combination.

C5.1.4.3 Test data for each airflow rate shall be recorded at equal intervals, with a maximum
interval period of one minute, over a 30 minute period. Upon completion of the Test, test data shall
be averaged. For each airflow rate Test, there shall be a minimum 30 minute Pre-conditioning Test.

C5.1.4.4 For sensible heat balance calibration, the blower shall not be powered and the UUT
shall have all joints and seams taped or sealed (internally and externally as required) for all tests to
eliminate air from leaking past the heater.

C5.1.4.5 For each potential nozzle combination, at least one Test of a previously run airflow
rate shall be retested with the blower energized.

C5.1.4.6 For each potential nozzle combination, at least one Test of a previously run airflow
rate shall be retested with one bank of electric heaters turned off and one bank on.
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Table C1: Nozzle Combination Tests
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C5.15 Data to Collect.

C5.15.1 The following data is the minimum to be collected for each test performed:

qsri
Qi

Qs
Qt

V'n
Aty
At

>
o
N
N
o

Sensible heat energy balance, percent

Power input, indoor, W

Electric heat module power input, W

Power input total, W

Instrument induced latent to sensible capacity ratio, qi/Gshi
Pressure, barometric, in Hg

Pressure at nozzle throat, in H,O

Velocity pressure at nozzle throat or static pressure difference across the
in H,O

Coefficient of determination

Temperature, air entering indoor side, dry-bulb, °F
Temperature, air entering indoor side, wet-bulb, °F
Temperature, air leaving indoor side, dry-bulb, °F
Temperature, air leaving indoor side, wet-bulb, °F
Leaving grid individual thermocouples 1 through 9, °F
Nozzle temperature (if different than t,,), °F

Instrument induced latent capacity, indoor, Btu/h
Sensible heating capacity, indoor, Btu/h

Electric heat module capacity, Btu/h

Measured airflow, indoor, ACFM

Measured airflow, scfm

Target nozzle airflow rate, scfm

Specific volume of air at the nozzle, ft3/Ibm of air-water vapor mixture
Actual differential temperature, °F

Target differential temperature, °F

C5.15.2 The following data is the minimum to be collected for each nozzle chamber, for
validation of conformance with Section 6.2, Section 6.3 and Figure 5 of ANSI/ASHRAE Standard

37:
Dixy
Daxy
Daxy
Daxy

D5x,y

Distance from center of 1% nozzle to inside edge of nozzle chamber, in both
horizontal (x) and vertical (y) directions., in

Distance from center of 2" nozzle to inside edge of nozzle chamber, in both
horizontal (x) and vertical (y) directions., in

Distance from center of 3" nozzle to inside edge of nozzle chamber, in both
horizontal (x) and vertical (y) directions., in

Distance from center of 4™ nozzle to inside edge of nozzle chamber, in both
horizontal (x) and vertical (y) directions., in

Distance from center of 5™ nozzle to inside edge of nozzle chamber, in both
horizontal (x) and vertical (y) directions., in

Distance from center of nozzle i to center of nozzle j, in

1% nozzle throat diameter for current nozzle combination, in*

2" nozzle throat diameter for current nozzle combination, in*

3 nozzle throat diameter for current nozzle combination, in*

4™ nozzle throat diameter for current nozzle combination, in*

5™ nozzle throat diameter for current nozzle combination, in*

* The nozzle diameter reported is the average of four separate nozzle throat diameter
measurements (refer to ANSI/ASHRAE 37 Section 5.3.3).

C5.15.3 A data input template is located in Appendix C.

C5.1.6 Interpretation and Application of the Data.

C5.1.6.1 Sensible Cooling Capacity Energy Balance. Bsu, the Sensible Cooling Capacity
energy balance, is defined as follows:
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C5.16.2

off.

BSH — 4sri~Athi , 100 C1

Asri

Where;
i = Sensible capacity as calculated in ASHRAE Standard 37 (7.3.4.1)

If blower is not powered then g is calculated as follows,
qST‘i = Eh - 3.412 C2

If blower is powered then g is calculated as follows,
Qsri = (E; + E,) - 3.412 C3

Application of Code Tester Correction Factors. Each nozzle combination selection

shall be evaluated per Section C5.1.4 with at least three unique airflow rates with the indoor blower

C5.1.6.2.1 If the energy balance, Bsy, for each airflow rate tested with a given
nozzle combination is within £2.0% then no nozzle combination airflow rate
correction is required.

an = 1 C4
Where:
Cn: = Nozzle correction factor

C5.1.6.2.2 If the energy balance, Bsy, for each airflow rate tested with a given
nozzle combination falls between either -2.1% and -4.0% or +2.1% and +4.0% then a
nozzle combination airflow rate correction factor shall be assigned to that particular
nozzle combination in that particular Room.

C.5.1.6.2.2.1 |If afirst order trend line reasonably matches the data
(R? > 0.5) and the slope is less than 0.0025%/SCFM the correction
shall be a single value at the mean of the test heat balances.

Cn;=1+ (Bsu/100) C5
Where:

Cnz = Nozzle correction factor
R? = 1'(SSResiduaI/SSTotal)
SS = Sum of the squares of the curve fit errors

C5.1.6.2.2.2 If a first order trend line reasonably matches the data
(R?>0.5) and the slope is greater than 0.0025%/SCFM the correction
shall be a first order equation with respect to the calculated airflow
rate. This is not an iterative process.

Cn: =1+ ((A+BQs)/ 100) Cé

Where:
A = Intercept constant from first order trend line
B = Slope constant from first order trend line

nz = Nozzle correction factor

C5.1.6.2.2.3  If the first order trend line does not reasonably match
the data (R? < 0.5) then a repeat of Section C5.1.4 shall be required.
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C5.2

If the retest demonstrates that the data is not repeatable (any retested
point more than 1% different from the previously tested point) then the
nozzle combination is disallowed from rating tests. Other
combinations can be qualified to cover the disqualified range of
airflows. No Laboratory Certification Tests shall be performed with a
disqualified or un-calibrated nozzle combination.

C5.1.6.2.2.4 The instrument induced latent capacity shall be
calculated using ANSI/ASHRAE Standard 37 Section 7.3.3.1. The
value shall be reported and the Instrument Induced Latent/Sensible
Cooling Capacity Ratio shall be calculated, L/S, and reported as a
percentage. If this ratio exceeds 5% an investigation into the water
vapor content measurement error should take place.

C5.1.6.2.2.5 No correction, either single or equations shall be
allowed that exceeds a 4% correction. Nozzle combinations that have
a Bsu greater than 4.0% shall not be used during Laboratory
Certification Tests

C5.1.6.2.3 Corrective actions such as adding baffles, replacement or
rearrangement of nozzles, or correction of instrumentation problems are acceptable
practices. Any modification requires that Section C5.1.4 tests be re-run for all nozzle
combinations and the analysis in this section be performed on the new test data.

C5.1.6.24 For the test where half of the heater banks is turned off and half is
turned on, any of the nine grid thermocouples shall meet the following criteria (refer
to ANSI/ASHRAE Standard 116 Section 7.4.3.4.2):

tg(l-g) = tgaverage +/' 0.750': C7

C5.1.6.25 For all Laboratory Certification Tests, airflow rates used in all
calculations shall be with Qsc substituted in place of Qs or Qmi, as appropriate.

7759 (C,, - C) - A/ 2PV,
mi — C8
=1097-(Cp, - C) - A/ BV,
Qsc = Qs - Cp C9
or
QSC = Qmi - Cnz C10
Where:

Qsc = Corrected airflow rate

C5.1.7  Reporting and Retention of the Data. All data identified in Section C5.1.5 and all calculations in
Section C5.1.6 shall be reported for each test. Data shall be retained for a minimum of seven years.

Evaluation of Thermal Energy Storage Effect for Cp Testing.

Ch.2.1 Purpose of the Test. This Thermal Energy Storage Effect Test measures the thermal energy storage
of the airflow rate measuring apparatus in order to accurately determine the cyclic capacity of the dry coil as
identified in Section 9.2 of ANSI/ASHRAE Standard 116 (e.g. the Cyclic Test for Single Stage System in
AHRI Standard 210/240).

C5.2.2  Selection of Equipment.
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C5.2.3

C5.24

C5.2.2.1 Equipment Classification. The UUT for the Thermal Energy Storage Effect Test shall
be the same split system Air Handler with electric heat capability used in Section C5.1 or the purpose
built heater box.

Ch.2.2.2 Equipment Size and Configuration. The production equipment design shall be fitted
with an electric heat module of at least 2 kW per maximum cooling ton located at the outlet of the
Air Handler. A purpose built heater box with the same electrical specification may be used. The
UUT wiring shall be modified so that electrical energy supplied to the heater may be varied
separately from electrical energy supplied to the rest of the UUT. Typically, the psychrometric
Outdoor Room power supply and measurement equipment will need to be used due to relatively
high power requirements. Individual banks shall have the capability of being switched ON and OFF
independently.

Test Setup.

C5.23.1 The UUT shall be set up in the Indoor Room in accordance with ANSI/ASHRAE
Standard 37 Section 6.4 through Section 6.6.

C5.2.3.2 All indoor electrical energy shall be measured with instrumentation which is in
accordance with Section 5.4 of ANSI/ASHRAE Standard 37.

C5.2.3.3 If an indoor volatile refrigerant coil is present in the UUT it shall be void of refrigerant
charge in order to eliminate any thermal siphoning.

C5.234 The leaving thermocouple grid (or thermopile) must not be affected by the radiant
energy coming from the heater element. Verified by the following:

Ch.234.1 Set the room temperature to 90°F. Run the air through the apparatus
with no electric heat energized and record the difference in temperatures between the
leaving grids and RTDs in the psychrometers (four independent readings shall be
taken).

C5.2.3.4.1.1 For thermocouple grids or thermopiles, set the room
temperature to 70°F. Apply power to the heater to raise the air
temperature approximately 20°F. If the difference between the grids
and the RTDs vary by more than 1°F, then shield or block the line of
sight between the heater and thermocouples.

C5.2.35 At least one thermocouple shall be attached via solder method per ANSI/ASHRAE
Standard 41.1 Section 7.2.10; or mechanically attach thermocouples to each potential large thermal
mass between the outlet of the UUT and the grid of thermocouples identified in Section C5.2.3.4.
Thermocouples shall be connected in parallel.

Running the Test Procedure.

Ch5.241 The indoor blower motor shall be left unpowered throughout this Thermal Energy
Storage Effect Test.

C5.24.2 Indoor air inlet conditions shall be maintained at 70.0 £0.5 °F dry-bulb temperature
and 65.0 0.3 °F wet-bulb temperature.

C5.24.2.1 The Test Operating Tolerance for dry-bulb temperature shall not
exceed 0.5°F and for wet-bulb temperature shall not exceed 0.3 °F during the test.

C5.24.3 The airflow shall be set to 1,200 scfm and shall be maintained continuous throughout
the test. The heater shall be powered to produce between 8 and 10 kW. The heater shall be cycled
ON for 6 minutes then OFF for 6 minutes. Ten ON/OFF cycles (2 hours) shall constitute a complete
test.
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C5.2.4.4 Care shall be taken to assure the voltage to the heater remains constant at the level of
the test described in Section C5.2.4.3. It is highly recommended that the active variac voltage
control be disabled during the cyclic part of this test.

C5.2.4.5 The thermocouple or thermocouples attached to the largest thermal mass in the test
facility, out of line of sight of the heater, shall be recorded on a minimum of ten-second intervals
for the duration of the six-minute ON time. Note that if more than one large thermal mass is
expected, then the temperature shall be monitored on each expected large thermal mass and proceed
with calculations based on the experimentally determined largest thermal mass.

C5.25 Data to Collect.

C5.25.1 The following data is the minimum to be collected for Thermal Energy Storage Effect
testing:

All of the data from Section C5.1.5 and the following additional data:

tm= Thermal mass of assembly, °F

tn(0) =  Temperature of largest thermal mass between the UUT and the
measurement grid (likely the mixer) at the start of the OFF cycle, °F

tn(@) = Temperature of largest thermal mass between the UUT and the
measurement grid (likely the mixer) at end of the integration time within
the OFF cycle, °F

Qeeh =  Integrated capacity based on the measured power of the heater, Btu/h
Qeyehoff =  Integrated capacity based on the measured power of the
heater during an off cycle, Btu/h
Os = Cyclic thermal storage capacity correction, Btu/h
mcom =  Mass times the specific heat of the thermal storage device per

ANSI/ASHRAE Standard 116, Section 9.2.2, Btu/°F
C5.2.6 Interpretation and Application of the Data.

Specifically, this Thermal Energy Storage Effect Test is measuring qs and the integrated thermal mass change
in temperature of the cyclic cooling or heating capacity per ANSI/ASHRAE Standard 116 Section 9.2.2 to
determine the mcym term.

C5.26.1 Since Thermal Energy Storage Effect Test is being performed with electric heaters as
the source of capacity and electric heaters for all practical purposes are instantly ON, the OFF cycle
integrated capacity (Btu/h) is the measure of heat storage in the thermal mass. Therefore:

Qts = eyc,hoff Cl1

C5.2.6.2 The integrated change in temperature of the thermal mass, from the beginning of the
Thermal Energy Storage Effect test to the end of the six-minute ON cycle shall be considered
thermal storage potential.

C5.2.6.3 Record the integrated cyclic single or multiple thermocouple average temperature,
representative of the bulk temperature of the largest thermal mass of the test equipment (usually the
mixer).

C5.2.6.4 Determine mc,m from ANSI/ASHRAE Standard 116 Sections 7.4.3.4.5, and 9.2.2, for
each of the last 6 to 8 cycles.

mem = th/ [tm(O) - tm(@l)] C12
C5.2.6.5 Report mcpm as the mean of mcpm for last 6 to 8 cycles. Cycle equilibrium is defined
in ANSI/ASHRAE Standard 116 Section 8.2.4.2 as three consecutive cycles in which the integrated

AT for the ON portion of the cycle does not vary by more than 0.3°F and the total watts for the
complete ON/OFF cycle does not vary by more than 10 watts.

93



AHRI STANDARD 210/240-2023 (2020)

C5.2.6.6 For mcom less than or equal to 4.0 Btu/°F no adjustments to cyclic data is required. For
mcym greater than 4.0 Btu/°F, thermocouples shall remain on the device with the greatest thermal
energy storage effect and adjustment made to all cyclic Laboratory Certification Test as per
ANSI/ASHRAE Standard 116 Section 9.2.2 and 9.2.3.

C5.2.6.7 Example of data reporting.
. Temp . .
STlme Entering Temp Airflow, | Specific Heat, Specific Heater | Alr Meas_ured Mass Temp,
tamp, Grid Leaving scfm BTU/IbMaa-°F Volume, Power, Capacity, Btu/h-°F
S op ‘ Grid, °F : ft%/ Ibmaa W Btu/h
3590 70 90 1200 0.2405 0.075 8000 25974 90
3600 70 90 1200 0.2405 0.075 0 25974 89.9
3610 70 89.5 1200 0.2405 0.075 0 25325 89.8
3620 70 89 1200 0.2405 0.075 0 24675 89.7
7180 70 70.2 1200 0.2405 0.075 0 259 71.2
7190 70 70.1 1200 0.2405 0.075 0 129 71.0
Average 2435
Calculate mcpm = Air Measured Capacity (Average) / (Mass Temperature at Start of OFF Cycle —
Mass Temperature at End of OFF Cycle) - (6 minutes/60 minutes/Hr)
mcpm = 2435/ (89.9-71.0) - 0.1 =12.88 C13
C5.2.7  Reporting and Retention of the Data.
All data identified in Section C5.2.5 shall be saved in a spread sheet reporting both the steady state test and
cycles 2 through 5 of the Cyclic Test. Data shall be retained for a minimum of seven years.
C5.3  Evaluation of External Static Pressure Measurement System.
C5.3.1 Purpose of the Test. The ESP Measurement test compares the ESP measurement instrumentation
to a known passive pressure drop device, comparing ANSI/ASHRAE Standard 37 duct configurations to
ANSI/ASHRAE Standard 116 duct configurations, in order to validate that ANSI/ASHRAE Standard 116 duct
configurations provide accurate ESP measurements.
C5.3.2  Selection of Equipment.
C5h.3.21 Equipment Classification. A passive pressure drop device is a box with nominal
outside dimensions approximating a Cased Coil (see Table C2 and Figure C1 below). It shall be
constructed with fixed restrictor plates to simulate the pressure drop associated with an indoor coil
at nominal airflows. An outlet duct shall be sized according to ANSI/ASHRAE Standard 37 Section
6.4.4 and shall be used to measure the outlet pressure.
C5.3.2.2 Equipment Size and Configuration. The passive pressure drop device cabinets shall
be constructed without internal insulation and shall be sealed to prevent any external or internal air
leakage. The cabinets shall be fitted with a fixed restrictor plate in the position of the coil condensate
pan. Each restrictor plate has been developed with an opening size to create 0.30 in H,O ESP with
a tolerance of £0.02 in H,O at 1200 scfm.
Table C2. Nominal Dimensions for Passive Pressure Drop Device
Cabinet Width, Depth, Minimum
in in Height, in Nominal Airflow Test Points, scfm
B 17.5 21 24 600 800 | 1000 | 1200 | 1400 1600 1800
Static Pressure — Standard ! ! ! .30 ! ! !
Notes:
1. To be recorded at each airflow (in H,O)
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18.00

24.00

17.63 21.00
Figure C1. Passive Pressure Drop Device
Refer to Figure 8 in ANSI/ASHRAE Standard 37 for inlet and outlet duct dimensions.

C5.3.3  Test Setup.

C5.3.3.1 The passive pressure drop device shall be set up in accordance with ANSI/ASHRAE
Standard 37 Section 6.4 through Section 6.6, except as noted below in Section C5.3.3.2.

C5.3.3.2 The passive pressure drop device shall be tested in all of the following configurations:

C5.33.21 Exact ASHRAE Duct Configuration Baseline. Per ANSI/ASHRAE
Standard 37 Section 6.4.4, the passive pressure drop device shall be set up with an
entering and leaving duct with the dimensions outlined in Figure 8 of ANSI/ASHRAE
Standard 37. The entering duct shall have free flow of air and shall not be on top of a
bottom damper system employed for Cyclic Testing.

C5.3.3.2.2 Conventional Psychrometric Testing Configuration. This testing shall
utilize the bottom damper system and whatever means (pressure skirt with four
manifolded pressure taps on top of the damper, entering ASHRAE duct, etc.) the
Laboratory Facility utilizes for measuring inlet air pressure to the UUT. The outlet
duct between the upper damper and the outlet of the UUT shall be whatever
conventional configuration that will be utilized by the test facility for certification
testing.

C5.3.3.2.3 Height Constrained Psychrometric Testing Configuration. If the

Laboratory Facility has height constraints when testing equipment with the full outlet
ASHRAE ducts, then whatever alternate configuration the Laboratory Facility may
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C5.34

C5.35

C5.3.6

utilize to measure these systems shall also be tested to validate against the setup in
Section C5.3.3.2.1.

Running the Test Procedure.

Ch.3.4.1 Indoor air inlet conditions shall be those for the A test identified in AHRI Standard
210/240 Section 6.1 Table 7. Tolerances shall also be per AHRI Standard 210/240.

C5.34.2 Run each nominal standard airflow rate in Table C2 using only qualified nozzle
combinations for each of the configurations identified in Section C5.3.3.2 above. Airflow rate shall
be set to the test point and the measured reading shall be within £1% of the airflow rate set point, as
identified in Table C2.

C5.3.4.3 Test data for each point shall be recorded at equal intervals, with a maximum interval
period of one minute, over a 30-minute period. Data shall be averaged. For each set of test data,
there shall be a 30-minute pre-conditioning time.

Data to Collect.

C5.35.1 The following data is the minimum to be collected for this testing:

Bsr =  Static pressure drop balance, percent

P. = Pressure, barometric, in Hg

Pn = Pressure at nozzle throat, in H,O

Py = Velocity pressure at nozzle throat or static pressure difference across the
nozzle, in H,O

Qs = Measured airflow rate, scfm

ta = Temperature, air entering indoor side, dry-bulb, °F

t'a = Temperature, air entering indoor side, wet-bulb, °F

tn = Nozzle temperature (if different than t.y), °F

APsta = Actual pressure drop, in H,O

APstc; =  Table C2 pressure drop, in H,O
C5.35.2 A data input template is located in Appendix.
Interpretation and Application of the Data.

C5.3.6.1 Static pressure drop balance shall be calculated using the following formula:

APstp— APstcy
APstc

By = -100 cl14

C5.3.6.2 The ESP balance Bst for each airflow rate shall be within +7% of the calibrated
restrictor plate.

C5.3.6.3 If Bsr is not within £7%, then the code tester, instrumentation, etc. shall be evaluated
and improvements made to the facility to bring it into compliance. All tests in Table C2 shall be re-
run after any changes have been made.

C5.3.6.3.1 If there are problems meeting this tolerance, then it is recommended
that Laboratory Facility run with the entering ASHRAE duct with the outlet
configuration that did not meet the tolerance, and then repeat the tests with the
ASHRAE outlet configuration and the inlet configuration that failed to meet the
tolerance in order to isolate which portion of the ESP measurement apparatus is out of
tolerance.

C5.3.6.4 All Laboratory Certification Tests shall be performed only in Psychrometric Test
Facilities that have been verified to have Bsr less than +7%.
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C54

C5.3.7

Reporting and Retention of the Data.

All data identified in Section C5.3.5 and calculated in Section C5.3.6 shall be reported for each run, and shall
be retained for a minimum of seven years.

Full System Psychrometric Round Robin Testing.

C54.1

Purpose of the Test. The purpose of the Full System Psychrometric Round Robin Testing is to

verify that all Psychrometric Test Facilities that may be used by a Laboratory yield consistent results.
Authorized Laboratory Facilities shall be required to perform this Round Robin Testing on an annual basis.

C5.4.2

C54.3

Selection of Equipment.

C5.4.2.1 Equipment Classification. In order to qualify the Laboratory Facility for both cooling
and heating, a Single Stage Heat Pump shall be selected from the categories identified in Table 2 of
AHRI Standard 210/240. Initial testing preference would be given to either a Split System (HRCU-
A-CB) or a Single Package Heat Pump (HSP-A). For repeat Round Robin Testing, other types of
systems shall be selected.

C5.4.2.2 Equipment Size and Configuration. The system to be tested shall be selected from the
AHRI USE Certification Program samples previously tested at an existing Authorized Laboratory
Facility operating under contract with AHRI. The selected audit system shall be an OEM system
and shall have passed all certified values with at least 95% of the Certified Rating and if a Split
System, be within £10% on all condenser curves per the AHRI USE OM. The system type shall be
a simple base model without proprietary controls or other features that would complicate the testing.
The Nominal Cooling Capacity of the initial system would preferably be 3 tons. The size of the
round robin system shall be rotated on a yearly basis to ensure the entire application range is covered.

Test Setup.

Contact with the equipment manufacturer is permitted, and preferred, to validate correct set up prior to
conducting any Tests.

C544

C54.3.1 Test System Preparation/Charge. If the system is not pre-charged (e.g. a Split
System), during the cooling Tests the UUT shall be charged to match the previous audit data. In
order to match operating conditions, the refrigerant charge may be adjusted once during the heating
H1 Tests to match the outdoor subcooling results of the existing Authorized Laboratory Facility if
refrigerant subcooling leaving the condenser is greater than 1 °F different from the subcooling value
during the baseline test. The difference in charge, if any, shall be recorded in each case.

C5.4.3.2 Test System Preparation/Cyclic. Cyclic Testing shall be conducted using the same
time delays as used during the baseline testing, and shall use the mc,m determined in Section C5.2.6.

C5.4.3.3 Secondary Capacity Check Type. For Split Systems, the preferred secondary energy
balance is the refrigerant enthalpy method as outlined in ANSI/ASHRAE Standard 37 Section 7.5.
For Single Package Units, the preferred secondary energy balance is the outdoor air enthalpy method
as outlined in ANSI/ASHRAE Standard 37 Section 7.3. If the psychrometric rooms are capable of
both methods, then both energy balances should be collected during the testing of a Split System.

Running the Test Procedure.

C5.441 Each Room in which the Laboratory Facility may use for AHRI 210/240 performance
Tests shall undergo the full battery of tests outlined below with the same round robin system:

C54.4.1.1 AHRI Standard 210/240 Tests. The full set of tests from AHRI

Standard 210/240 Table 7 as appropriate shall be performed. Cyclic Tests shall be
performed.
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C5.5

C5.4.4.1.2 Evaluation of Latent Capacity Measurement. See Section C5.5 for full
details. These tests shall be run at the same time as the steady state cooling Tests from
Section C5.4.4.1.1.

C5.45 Minimum Data Collection Requirements.

C545.1 All data required by ANSI/ASHRAE Standard 37 Section 9 shall be required for all
Tests in Section C5.4.4. SEER2 and HSPF2 shall be determined using the bin method only.

C5.45.2 In addition, all data identified in Section C5.5.4 shall be collected to evaluate the latent
capacity measurement.

C5.4.6 Interpretation and Application of the Data.

C5.4.6.1 In order to be qualified as an Authorized Laboratory Facility, the following criteria
must be met:

C5.4.6.1.1 Each individual measured value (cooling capacity, heating capacity,
SEER?2 and HSPF2) shall be within 2% of the mean of all individual measured values.

C5.4.6.1.2 The latent capacity balance shall be within the tolerances identified in
Section C5.5.6 of this appendix.

C5.4.6.1.3 System state points shall be within:

C5.4.6.1.3.1 5 psig for any high-side pressure

C5.4.6.1.3.2 2 psig for any low-side pressure

C5.4.6.1.3.3 1°F superheat at charging location (for piston
expansion systems)

C5.4.6.1.3.4 1°F subcooling at charging location (for expansion
valve systems)

Any questions on the testing process shall be referred to the AHRI Unitary Small Equipment
Engineering Committee.

C5.4.7  Reporting and Retention of the Data.

All data and results identified in Sections C5.4.5 and C5.4.6 shall be reported for each test. Data and results
shall be retained for a minimum of seven years. All round robin test data shall be reported in both the laboratory
standard report format, as well as XML format (if available), as required by the AHRI USE Operations Manual.

Evaluation of Latent Capacity Measurement.

C5.5.1  Purpose of the Test. This test compares the psychrometric calculated latent capacity against the
calculated latent capacity using the measurement of condensate draining from the indoor coil of the system.
This is to provide a Laboratory Facility the ability to validate that its psychrometric measurement apparatus can
measure the latent capacity within 5% of the actual condensed water removed from the airstream by the indoor
coil.

C5.5.2  Selection of Equipment.

C55.2.1 The equipment for latent capacity measurement is the same as that required previously
by Section C5.4.2.

C5.5.3  Test Setup.
C5.5.3.1 ANSI/ASHRAE Standard 37 Section 7.8 outlines a method for calculating the latent

capacity based on the mass flow rate of the cooling condensate draining from the indoor coil for
equipment with a rated capacity of 135,000 Btu/h or higher that use an indirect method for
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C554

C555

C5.5.6

determining airflow rate. This appendix shall apply the same methodology to equipment with a
rated capacity of 65,000 Btu/h or less with a direct measurement of airflow rate.

C5.5.3.2 The required setup for running the latent capacity test is to connect tubing between the
condensate drain on the indoor coil and a secondary reservoir. A drain trap shall be used in the
tubing between the outlet of the condensate pan and the secondary reservoir. The drain trap shall be
installed per the Installation Instructions. The secondary reservoir shall be placed upon a scale
capable of measuring weight to the nearest 0.01 Ib or shall be a container capable of measuring
volume to the nearest 0.1 oz.

Running the Test Procedure.

C554.1 The Tests required in Sections C5.1 through C5.3 of this appendix shall be performed
prior to the latent capacity testing.

C5.5.4.2 The blower fan speed shall be set to the lowest Airflow-control Setting.

C5.5.4.3 The system shall be run at the A condition except as noted in Section C5.5.4.2 for
at least five consecutive A tests during the cooling Tests of the full system psychrometric round
robin testing (see Section C5.4).

C5.5.4.4 The condensate mass flow rate draining off of the indoor coil shall be measured during
each of the five consecutive Ary Tests.

C5.5.4.4.1 At a minimum, measure the weight or volume at the beginning and at
the end of each individual Ary Test. Calculate the difference and divide it by the total
time (0.5 h in this case) to obtain the condensate mass flow rate.

C5.5.4.4.2 A preferred method is to connect the scale to the lab’s data acquisition
system to log the data for the entire Agui Test. The reservoir shall be emptied as needed
between tests to avoid overflowing.

C5.5.4.4.3 If the condensate mass flow rates from the last three Agun Tests meet
the requirements of Section C5.5.6.3, then the Latent Capacity Measurement testing is
complete. If the requirements are not met, then either a) adjustment to or re-calibration
of the Laboratory Facility equipment shall be performed, or b) consecutive Ary Tests
shall be continued until the requirement is met, with a maximum of ten consecutive
Tests. Any and all tests required by this Standard that may potentially have been
affected by adjustments or re-calibration shall be re-run.

Minimum Data Collection Requirements.
C5.55.1 All of the data from Section C5.4.5 and the following additional data shall be recorded:

We Condensate mass flow rate, Ibm/h
Bic Latent capacity energy balance, percent

Interpretation and Application of the Data.

C5.5.6.1 Calculate the latent capacity based on the measured condensate flow rate:

qlcc = 1061 " Wc C15
Where:
Oice latent capacity based on condensate flow, Btu/h

W, Condensate mass flow rate, Ibm/h

C5.5.6.2 Calculate the latent capacity balance based on the measured condensate flow rate:
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BST — Qicc™ ici 100 C16

dicc

C5.5.6.2 The absolute value of B¢ for each of the last three Aru tests shall not be greater
than5%.

Ch.5.6.2.1 If the latent capacity balance between the psychrometric and the
measured condensate are outside of these tolerances it could possibly indicate a
psychrometer inaccuracy issue (either control or measurement) or a mixing issue that
would require improvements to the facility. If changes are made to any test apparatus,
set-up or calibration, this battery of tests shall be re-run in their entirety.

C5.5.6.3 In addition, the latent capacity (qi.c) based on condensate flow for each of the last three
consecutive Aryy tests shall be within +6% of each other to verify the repeatability of the facility.

C5.5.7  Reporting and Retention of the Data.
All data and results identified in Sections C5.4.5 and C5.4.6 shall be reported for each test. Data and results

shall be retained for a minimum of seven years. All round robin test data shall be reported in both the laboratory
standard report format, as well as XML format (if available) as required by the AHRI USE Operations Manual.
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APPENDIX D. SECONDARY CAPACITY CHECK
REQUIREMENTS - NORMATIVE

D1 Purpose. The purpose of this appendix is to state requirements for the outdoor air enthalpy and refrigerant enthalpy
secondary capacity checks.

D2  Scope.
D2.1  The requirements of this appendix shall apply to all testing of:

D2.1.1  Unitary Small Air-Conditioners which are air-cooled.
D2.1.2  Unitary Small Air-Source Heat Pumps which are air-cooled.

D3  Definitions.
D3.1  Code Tester. A nozzle airflow measuring apparatus as defined by ANSI/ASHRAE Standard 37 Section 6.2.

D3.2  Flow Meter Assembly. A mass flow meter and associated tubing, valve assemblies, sight glasses and/or other
components used to measure refrigerant mass flow rate but that add internal volume to the operating system.

D3.3  Pressure Transducer Assembly. A pressure transducer and associated tubing, valve assemblies, and/or other
components used to measure refrigerant pressures but that add internal volume to the operating system.

D4  Symbols.

D41 gq,, = Total capacity, indoor, air, Btu/h

D4.2  q, = Total capacity, indoor, refrigerant, Btu/h

D43  q.,, = Total capacity, outdoor, air, Btu/h

D4.4  For Coil-only Systems, total capacity as defined in D4.1, D4.2 and D4.3 shall be Gross Capacity.

D4.5  For applications having a blower motor, total capacity as defined in D4.1, D4.2 and D4.3 shall be defined as
Net Capacity.

D4.6  HB = heat balance = “tie=%tir) o  (ria—dtoa)
Atia Atia

D5 Requirements.
D5.1  Usage of Refrigerant Mass Flow Method.

D5.1.1  All Split Systems, whether ducted or non-ducted, shall use the refrigerant mass flow method as the
secondary capacity check.

D5.1.1.1 Excluded from Section D5.1.1 requirements is any Split System with an expansion
device located upstream of the liquid line mass flow meter (i.e. systems with a cooling expansion
device in the Outdoor Unit).

D5.1.1.2 This method shall not be used on specific tests if ANSI/ASHRAE Standard 37 Section
7.5 cannot be met. The air enthalpy method shall be substituted in these cases.

D5.1.2  The absolute value of HB shall be 4.0% or less on all steady state tests utilizing the refrigerant mass
flow method, except for H3 or any inverter at other than full speed which is exempt from this requirement if:

D5.1.2.1 The absolute values of HB for Tests Bgy and H1gyy are 3.0% or less, and
D5.1.2.2 The subcooling leaving the Indoor Unit is less than 3.0°F.

D5.2  Usage of Outdoor Air Enthalpy Method.

D5.2.1  All Single Package Units shall use the outdoor air enthalpy method as the secondary capacity check.
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D5.3

D5.2.1.1 The absolute value of HB shall be 6.0% or less on all tests, except for H3 which is
exempt from this requirement if the absolute values of HB for all other tests are 6.0% or less.

The first Steady State Test in each mode (cooling and/or heating) shall have a secondary capacity check

completed. For all other tests in each mode, it is permissible to not use a secondary capacity check.

Refrigerant Mass Flow Method Requirements.

D6.1

D6.2

Pressure Measurement Requirements.

D6.1.1  Pressure measurements shall be taken at the indoor coil, per ANSI/ASHRAE Standard 37 Section
7.5.3 and ANSI/ASHRAE Standard 41.3.

D6.1.1.1 Vapor pressures at the Outdoor Unit may be measured and used as an alternate to vapor
pressure at the Indoor Unit, if required to achieve 5°F superheat, as long as appropriate adjustments
are made per Section D6.4.3.1.

D6.1.2 Taken within 12 in of the field connection of the Indoor Unit.

D6.1.3  Taken on the top half of the tube, unless the tubing is vertical, in which case any side is acceptable.
Pressure taps shall be installed such that oil may not fill the pressure tap line.

D6.1.4  Made no closer than 10 tube diameters upstream or downstream of any bends that are greater than
30 degrees nor within 10 tube diameters of short radius bends. Tubing shall be inspected to verify there are no
kinks or restrictions.

Temperature Measurement Requirements.

D6.2.1  Temperature measurements shall be made with instrumentation according to ANSI/ASHRAE
Standard 41.1.

D6.2.2  The preferred method of refrigerant temperature measurements is resistance temperature devices
(RTDs) per ANSI/ASHRAE Standard 41.1 Section 7.4. If used, RTDs shall be installed with tubing
arrangement such that pressure drops due to application do not exceed 0.5 psig.

D6.2.3  When thermocouples (TCs) are used for measurement of refrigerant temperature by application to
the outside of tubing, the following requirements shall be met:

D6.2.3.1 The TC material used shall have special limits of error of 0.75°F or less.

D6.2.3.2 For non-vertical tubes, the TCs shall be placed in the upper half of refrigerant tubes,
as there may be oil in the lower half.

D6.2.3.3 For each liquid and vapor measurement, two TCs shall be applied within 3 in of each
other, with one TC at the 10 o’clock position and one TC at the 2 o’clock position. Each TC shall
be measured individually. The average of the two temperatures on each liquid and vapor line shall
be used for calculations.

D6.2.3.4 Every TC shall be applied to the tubes per ANSI/ASHRAE Standard 41.1 Section 7.2.
This entails ensuring that:

D6.2.3.4.1 There shall be no more than three turns of wires contacting each other;

D6.2.3.4.2 The wires shall be ‘tinned’ or soldered together before application to
the tube;

D6.2.3.4.3 The wires shall be secured to the tube via soldering or welding
(without burning insulation or melting wire), or thermally conductive epoxy or secure
mechanical attachment;
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D6.4

D6.2.3.4.4 The wires outside of the joint described in Section D6.2.3.4.3 shall be
prevented from touching each other or other metallic surfaces, preferably by applying
electrical tape between the wire and the tube outside of the solder bed; and

D6.2.3.4.5 The wires shall have a strain relief.

D6.2.3.5 Every TC shall be applied per ANSI/ASHRAE Standard 41.1 Section 5.5.2 with
insulation having an R-value of at least 3.1 that extends along the tube for at least 6 in on either side
of the TC.

D6.2.4  TCsshall be applied at the exiting side of the refrigerant mass flow meter assembly. For heat pumps,
this means both sides of the refrigerant mass flow meter assembly shall have TCs applied.

D6.2.5  Itis preferred, but not required, that TCs be individually calibrated per ANSI/ASHRAE Standard
41.1 Section 7.2.4.

Refrigerant Mass Flow/Refrigerant Properties.
D6.3.1 NIST REFPROP 9.1 or higher shall be used for refrigerant properties (saturated values and enthalpies)

D6.3.2 Refrigerant mass flow rate calculations shall account for the mass flow rate of oil in the refrigerant
line, as oil contributes to the mass flow rate but not productive heat transfer.

D6.3.2.1 If oil circulation rate is not measured, a 1.0% oil circulation rate shall be assumed
(x=10.99).

D6.3.2.2 If the quantity of oil circulation is measured, the calculation shall follow
ANSI/ASHRAE Standard 37 Section 7.5.2.3, referencing ANSI/ASHRAE Standard 41.4.

D6.3.3  Mass flow rates shall be measured by equipment meeting ANSI/ASHRAE Standard 41.10
requirements.

Mass Flow Procedure Requirements.

D6.4.1  The actual internal volume of Pressure Transducer Assemblies and Flow Meter Assemblies shall be
measured or calculated prior to setup and recorded with the test report data. Inside diameter and lengths of
hoses or tubes, or internal volume of hoses shall be documented. This information shall be recorded along with
all other test data.

D6.4.1.1 The entire length of liquid line outside of flow meter assembly connections shall be
the diameter Specified by the Installation Instructions.

D6.4.2 If a manufacturer specifies a refrigerant charge by weight, then charge shall be adjusted by adding
the cumulative internal volume of the flow meter assemblies and pressure transducer assemblies, ft, times the
liquid density of the refrigerant, Iom/ft?, used at the charging test condition, as measured at the indoor section.

D6.4.3  Refrigerant side capacity (q..;) shall be calculated per ANSI/ASHRAE Standard 37 Section 7.5.4
for cooling mode and Section 7.5.5 for heating mode.

D6.4.3.1 If vapor refrigerant at the indoor coil pressure tap is not superheated by at least 5°F,
or the liquid refrigerant at the indoor coil pressure tap is not sub-cooled by at least 3°F, then
refrigerant properties at the Outdoor Unit may be substituted, as long as refrigerant side capacity is
adjusted by line loss calculations per ANSI/ASHRAE Standard 37 Section 7.3.3.4. If the minimum
superheat values are not met at the Outdoor Unit, then the outdoor air enthalpy method shall be used
per Section D7 of this appendix.

D6.4.4  The following adjustments shall be made when the difference in elevation between the pressure tap
location and pressure transducer is greater than one foot. The adjustment is optional for elevation differences
less than one foot.
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D6.4.4.1 If the pressure transducer is located higher than the pressure tap location, add the
elevation head difference to the pressure transducer measurement. |If the pressure transducer is
located lower than the pressure tap location, subtract the elevation head different from the pressure
transducer measurement.

D6.4.5  If pressure transducers are located in the outdoor or indoor test environment, they shall be
temperature compensated in accordance with the manufacturer’s instrument instructions. Pressure transducer
temperature range shall be suitable for the mounting location.

Outdoor Air Enthalpy Method Requirements.

D7.1

D7.2

D7.3

D7.4

Pressure Measurement Requirements.

D7.1.1  Pressure measurements shall be made with instrumentation according to ANSI/ASHRAE Standard
41.2.

D7.1.2 Refrigerant pressure measurements shall be made at the service connections provided on the
product.

D7.1.2.1 Split Systems that meet the requirements of Section D5.1 shall have pressures and
temperatures measured at the Indoor Unit per Section D6.1 and D6.2.

D7.1.3  Airside pressure measurements shall be taken with static pressure taps compliant with Figure 7A of
ANSI/ASHRAE Standard 41.2.

Temperature Measurement Requirements.

D7.21  Temperature measurements shall be made with instrumentation according to ANSI/ASHRAE
Standard 41.1.

D7.2.2  Outdoor air inlet temperatures shall be measured with RTDs using a sampling device per Appendix
E.

D7.2.3  Outdoor air outlet temperatures, when the duct is connected, shall be measured with RTDs using a
sampling device per Appendix E.

D7.2.4  When thermocouples (TCs) are used for measurement of refrigerant temperature by application to
the outside of tubing, the requirements of Section D6.2.3 shall be met.

D7.25  TCs shall be applied to the condenser coil tubing halfway between the vapor connection and the
liquid connection of the individual circuit, in two separate locations, in order to determine saturation
temperature at the midpoint of the circuit.

D7.2.6 It is preferred, but not required, that TCs be individually calibrated per ANSI/ASHRAE Standard
41.1 Section 7.2.4.

Fan Motor Properties.
D7.3.1 Fan speed measurements, when measured, shall be taken with an instrument accurate to + 1 rpm.

D7.3.2 Fan current, when measured, shall be taken with an ammeter having an accuracy of 2.0%, or better,
of the fan motor current being measured.

D7.3.3  Fan power, when measured, shall be taken with an instrument having accuracy of 2.0% or better of
the fan motor power being measured.

Airflow Rate/Air Properties.

D7.4.1  Airflow rate shall be measured using a code tester per ANSI/ASHRAE Standard 37, Section 6.2.
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D7.4.2  Any code tester used shall have completed Section 5.1 of the LEAP.

D7.4.2.1 Any correction factors used from the LEAP evaluation process shall be recorded on
the final test report.

Ductwork.

D7.5.1  For units that discharge air completely vertically or completely horizontally, the inside dimensions
of the duct including insulation shall be at least 6 in greater than the corresponding dimensions for the discharge
air opening of the unit. Additionally, the duct shall be centered over the discharge air opening. The following
exceptions apply:

D75.11 For units that have air outlet next to air inlet, the 6 in minimum is not required.
D7.5.1.2 For units that have air outlets next to the ground, the 6 in minimum is not required.
D7.5.1.3 For units with flanges, the duct shall be the same size as the duct flanges.

D7.5.2 For units that discharge air partially horizontally, the outside dimensions of the duct shall be at least
two feet greater than the air outside diameter opening of the unit.

D7.5.3 Rectangular ducts may be used on units with round openings, and round ducts may be used on units
with rectangular openings. In either case, the 6 in minimum applies, and the ducts shall be centered over the
opening.

D7.5.4  For rectangular ducts, one pressure tap per side (a total of 4) shall be applied to the center of each
duct face. For round ducts, four pressure taps shall be applied at 90° spacing.

D7.5.4.1 All pressure taps shall be located the same distance downstream from the discharge
air opening.

D7.5.4.2 All pressure taps shall be located at a distance of at least one full length of the greatest
duct dimension downstream of the discharge air opening.

Outdoor Air Enthalpy Calculation Procedure Requirements.

D7.6.1  Operational mode is identified as either cooling mode or heating mode, with additional modes in
either cooling mode or heating mode in which the outdoor airflow rate changes. The most common operational
modes are:

D7.6.1.1 For Single Stage Systems with single speed outdoor fan:

D7.6.1.1.1 Cooling mode
D7.6.1.1.2 Heating mode

D7.6.1.2 For Two Stage product with two speed outdoor fan:

D7.6.1.2.1 Cooling mode Full Stage
D7.6.1.2.2 Cooling mode Low Stage
D7.6.1.2.3 Heating mode Full Stage
D7.6.1.2.4 Heating mode Low Stage

D7.6.1.3 For variable speed product, each individual test per Table 7 of this standard shall be
considered an operational mode.

D7.6.1.4 The independent third party lab shall work with the manufacturer to identify any other
test where free air may be required.

D7.6.2  For each operational mode identified in Section D7.6.1, there shall be one free air (FA) test
performed with no ductwork or attachments added to the Unit Under Test (UUT). This FA test may be
conducted on any test in a given operational mode. All steady state requirements per Section D5 and D6 shall
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be met. During this FA test, the following items shall be recorded along with all other data requirements:

D7.6.3

D7.6.2.1 At least one of fan motor current (A), fan motor speed (rpm) or fan motor power (W).

D7.6.2.2 When applicable, refrigerant pressures at the high side and low side unit service
connections closest to compressor.

D7.6.2.3 When pressures cannot be measured on round tube plate fin coils, the temperature at
the midpoint of the uppermost refrigerant circuit, and the temperature at the midpoint of the
lowermost refrigerant circuit of the Outdoor Coil.

Outdoor duct losses shall be calculated for all closed duct tests per ANSI/ASHRAE Standard 37

Section 7.3.3.3 for cooling mode and ANSI/ASHRAE Standard 37 Section 7.3.4.3 for heating mode. Net
capacities shall be adjusted accordingly.

D7.6.4

Immediately following the FA test conducted per Section D7.6.2, the ductwork meeting

requirements of Section D7.5 shall be added to the Outdoor Unit, and a Closed Duct (CD) test shall be
conducted. All steady state requirements per Section 5 and 6 shall be met. During this CD test the following
requirements shall be met:

D7.6.4.1 The average inlet indoor DB temperature shall be within 0.25°F of the FA test.

D7.6.4.2 The average inlet indoor WB temperature shall be within 0.15°F of the FA test, except
for split-system heating mode tests.

D7.6.4.3 The average inlet outdoor DB temperature shall be within 0.25°F of the FA test.

D7.6.4.4 The average inlet outdoor WB temperature shall be within 0.15°F of the FA test.,
except for split-system cooling mode tests.

D7.6.4.5 Any one or more of the following

D7.6.4.5.1 Fan motor current shall be within 3.0% of the value measured in Section
D7.6.2.1.

D7.6.4.5.2 Fan motor speed shall be within 5 rpm of the value measured in D7.6.2.1.
D7.6.4.5.3 Fan motor power shall be within 3.0% of the value measured in D7.6.2.1.
D7.6.4.8 Any one or more of the following

D7.6.4.8.1 Refrigerant high side pressures of the CD test measured per Section
D7.6.1.3 shall be within 0.5°F saturation temperatures of the FA test for all refrigerants.

D7.6.4.8.2 Refrigerant low side pressures of the CD test measured per Section
D7.6.1.3 shall be within 0.3°F saturation temperatures of the FA test for all refrigerants.

D7.6.4. 8.3 Pressure variation for both high side and low side shall be in the same
direction. If high side pressure is higher in close duct test, low side pressures are not permitted to
be lower than CD test (when rounded to closest 0.1 psig).

D7.6.4. 8.4 Refrigerant tube temperatures measured per Section D7.6.2.3 shall be
within 0.5°F of the FA test.

D7.6.4.92 Measured q,;, shall be within 2.0% of the FA test.

D7.6.4.10 Absolute value of HB shall be 6.0% or less.
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D7.6.4.11 Outdoor duct static pressure during this CD test shall be recorded with all other
parameters, including average, minimum and maximum.

D7.6.5  All other tests in each operational mode may be made with the outdoor duct remaining connected
to the Outdoor Unit as long as the same average outdoor duct static pressure recorded per Section D7.6.4.14 is
maintained, within 0.01 in H,O. Additionally, the total observed range (maximum value minus the minimum
value) for each additional test may be no greater than the total observed range of the previous CD test.
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APPENDIX E. ANSI/ASHRAE STANDARD 37-2009
CLARIFICATIONS/EXCEPTIONS — NORMATIVE

The following sections are clarifications and exceptions to ANSI/ASHRAE Standard 37.

E1  Section 5.1 of ANSI/ASHRAE 37 shall have the following clarifications made for temperature measuring instruments:

Add the following section: “Water vapor content measurement. As identified in ANSI/ASHRAE 41.1, the temperature sensor
(wick removed) shall be accurate to within 0.2°F. If used, apply dew point hygrometers as identified in Sections 5 and 8 of
ANSI/ASHRAE Standard 41.6. The dew point hygrometers shall be accurate to within 0.4°F when operated at conditions that
result in the evaluation of dew points above 35°F, or if used, a relative humidity (RH) meter shall be accurate to within 0.7%
RH (both at the (80/67°F test conditions). Other means to determine the psychrometric state of air may be used as long as the
measurement accuracy is equivalent to or better than the accuracy achieved from using a wet-bulb temperature sensor that
meets the above specifications.”

E2  Add the following as Section 5.4.5 to ANSI/ASHRAE Standard 37: “When testing air conditioners and heat pumps
having a Variable Speed Compressor, an induction watt/watt hour meter shall not be used.”

E3  Section 6.1.2 of ANSI/ASHRAE Standard 37 shall be modified by replacing the last sentence with the following,
“Maintain the dry-bulb temperature within the test room within 5.0°F of the required dry-bulb temperature test condition for
the air entering the Indoor Unit. Dew point shall be within 2°F of the required inlet conditions.”

E4  Section 6.2.7 of ANSI/ASHRAE Standard 37 shall have the following references added for static pressure tap
positioning:

E4.1  Add the following section: “Airflow Measuring Apparatus. Refer Figure 14 of ANSI/ASHRAE Standard 41.2
(RA 92) for guidance on placing the static pressure taps and positioning the diffusion baffle (settling means) relative to
the chamber inlet.” When measuring the static pressure difference across nozzles and/or velocity pressure at nozzle
throats using electronic pressure transducers and a data acquisition system, if high frequency fluctuations cause
measurement variations to exceed the test tolerance limits identified in Table 2b, dampen the measurement system such
that the time constant associated with response to a step change in measurement (time for the response to change 63%
of the way from the initial output to the final output) is no longer than five seconds.

E5  Section 6.4.2.2 of ANSI/ASHRAE Standard 37 shall have the following corrections and clarifications for the inlet
plenum:

E5.1  Add the following sentences: “For Blower Coil Systems and Single Package Units, an inlet plenum, meeting
the requirements of Figures 7b and 7c shall be installed, unless an Airflow Prevention Device is installed, in which case
the inlet plenum is optional. For Coil-Only Systems, an inlet plenum shall be installed per Figure 8. Four static pressure
taps shall be located in the center of each face. This inlet plenum shall be connected directly to the inlet of the unit.”
Except for ceiling cassettes, never use an inlet plenum when testing a non-ducted unit. If an inlet plenum is used for
ceiling cassettes, the inlet plenum shall have a cross-sectional area at least 2 times the area of the ceiling cassette(s)
combined inlet. Air velocities calculated as measured volume flow divided by duct or plenum cross-sectional area shall
not exceed 250 ft/min inside the plenum.

E5.2 For Multi-split systems or MIB systems, attach a plenum to each indoor coil or indoor blower outlet. In order
to reduce the number of required airflow measurement apparatuses, each such apparatus may serve multiple outlet
plenums connected to a single common duct leading to the apparatus. More than one indoor test room may be used,
which may use one or more common ducts leading to one or more airflow measurement apparatuses within each test
room that contains multiple indoor coils. At the plane where each plenum enters a common duct, install an adjustable
airflow damper and use it to equalize the static pressure in each plenum. The outlet air temperature grid(s) and airflow
measuring apparatus shall be located downstream of the inlet(s) to the common duct(s). For multiple-circuit (or multi-
circuit) systems for which each indoor coil outlet is measured separately and its outlet plenum is not connected to a
common duct connecting multiple outlet plenums, install the outlet air temperature grid and airflow measuring apparatus
at each outlet plenum.

E6  Section 6.4.3 of ANSI/ASHRAE Standard 37 shall have the following corrections and clarifications made for Small-
duct, High-velocity Systems added:

108



AHRI STANDARD 210/240-2023 (2020)

E6.1  Add the following sentences: “For Small-duct, High-velocity Systems, install an outlet plenum that has a
diameter that is equal to or less than the value listed below. The limit depends only on the Cooling Full-Load Air
Volume Rate and is effective regardless of the flange dimensions on the outlet of the unit (or an air supply plenum
adapter accessory, if installed in accordance with the Installation Instructions).”

Cooling Full-load Air Volume Rate, Maximum Diameter! of Outlet Plenum,
scfm in
<500 6
501 to 700 7
701 to 900 8
901 to 1100 9
1101 to 1400 10
1401 to 1750 11
Note 1. If the outlet plenum is rectangular, calculate its equivalent diameter using (4A)/P,
where A is the area and P is the perimeter of the rectangular plenum, and compare it to the
listed maximum diameter.

E7  Section 6.5 of ANSI/ASHRAE Standard 37 shall have the following information added regarding static pressure

measurement:

E7.1  Add the following sections: “Indoor coil static pressure difference measurement. Connect one side of the
differential pressure instrument to the manifolded pressure taps installed in the outlet plenum. Connect the other side of
the instrument to the manifolded pressure taps located in the inlet plenum. For Non-ducted systems that are tested with
multiple outlet plenums, measure the static pressure within each outlet plenum relative to the surrounding atmosphere.

E7.2  Test set-up on the outlet side of the indoor coil.

E7.2.1 Do the following to test the set-up on the outlet side of the indoor coil:

1.

Install an interconnecting duct between the indoor coil outlet plenum and the airflow measuring
apparatus. The cross-sectional flow area of the interconnecting duct shall be equal to or greater than the
flow area of the outlet plenum or the common duct used when testing Non-ducted Systems having
multiple indoor coils. If needed, use adaptor plates or transition duct sections to allow the connections.
To minimize leakage, tape joints within the interconnecting duct (and the outlet plenum). Construct or
insulate the entire flow section with thermal insulation having a nominal overall resistance (R-value) of
at least 19 hr-ft 2 - °F/Btu.

Install a grid(s) of dry-bulb temperature sensors inside the interconnecting duct. Also, install an air
sampling device, or the sensor(s) used to measure the water vapor content of the outlet air, inside the
interconnecting duct. Locate the dry-bulb temperature grid(s) upstream of the air sampling device (or
the in-duct sensor(s) used to measure the water vapor content of the outlet air). Air that circulates through
an air sampling device and past a remote water-vapor-content sensor(s) shall be returned to the
interconnecting duct at a point which needs the following requirements:

e  Downstream of the air sampling device;
e  Upstream of the outlet air damper box, if installed;
e  Upstream of the airflow measuring apparatus.

E7.2.2 Minimizing Air Leakage. For Small-duct, High-velocity Systems, install an air damper near the end of the
interconnecting duct, just prior to the transition to the airflow measuring apparatus. To minimize air leakage, adjust
this damper such that the pressure in the receiving chamber of the airflow measuring apparatus is no more than 0.5 in
of water higher than the surrounding test room ambient. In lieu of installing a separate damper, use the outlet air
damper box if it allows variable positioning. Also apply these steps to any conventional indoor blower unit that creates
a static pressure within the receiving chamber of the airflow measuring apparatus that exceeds the test room ambient
pressure by more than 0.5 in of water column.”

E8  Section 6.6.1 of ANSI/ASHRAE Standard 37 shall have the following corrections and clarifications made for duct
insulation requirements:
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E8.1  Add the following section: “Indoor coil inlet and outlet duct connections. Insulate and/or construct the outlet
plenum and the inlet plenum with thermal insulation having a nominal overall resistance (R-value) of at least 19 hr-ft>
°F/Btu.”

E8.2  Add the following sentences: “Add a static pressure tap to each face of each outlet plenum, if rectangular, or at
four evenly distributed locations along the circumference of an oval or round plenum. Create a manifold that connects
the four static pressure taps. Figure E1 of AHRI Standard 210/240 shows the options allowed for the manifold
configuration. See Figures 7a, 7b, 7c, and 8 (of ANSI/ASHRAE Standard 37) for the cross-sectional dimensions and
minimum length of each plenum and the locations for adding the static pressure taps for units tested with and without
an indoor fan installed.”
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Figure E1. Configurations for Manifolding the Static Pressure Taps

E9  Append the following sentence to the end of Section 7.5.2.1 of ANSI/ASHRAE Standard 37: “Refrigerant flow
measurement device(s) shall be either elevated at least two feet from the test chamber floor or placed upon insulating material
having a total thermal resistance (R-value) of at least 12 hr-ft> °F/Btu. and extending at least one foot laterally beyond each
side of the device(s)’ exposed surfaces.”

E10 Sections 8 of ANSI/ASHRAE Standard 37 shall be modified by inserting a new Section 8.9 as follows,
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E10.1 Test Operating Procedures for Variable Speed Products.

E.10.1.1 Special Requirements for Multi-split Air-conditioners and Heat Pumps, and Systems Composed of
Multiple Mini-Split Units (Outdoor Units Located Side-by-Side) that would normally operate using two or more
Indoor Thermostats. For any test where the system is operated at part load (i.e., one or more compressors OFF,
operating at the intermediate or minimum compressor speed, or at low compressor capacity), the parameters
for indoor coil operation during the part load test shall be Specified by the manufacturer. For Variable Speed
Systems, the manufacturer shall designate the operating blower speeds for all Indoor Units for all tests
conducted at minimum compressor speed. For all other part load tests, the manufacturer shall choose to turn
off one, two, or more Indoor Units. The chosen configuration shall remain unchanged for all tests conducted
at the same compressor speed/capacity. For any indoor coil that is turned off during a test, take steps to cease
forced airflow through this indoor coil and block its outlet duct. Because these types of systems will have more
than one indoor fan and possibly multiple outdoor fans and compressor systems, references in this test
procedure to a single indoor fan, outdoor fan, and compressor means all indoor fans, all outdoor fans, and all
compressor systems that are turned on during the test.”

E11 Section 8.2 of ANSI/ASHRAE Standard 37 shall have the following changes:

E11.1 Add General Requirements. “General Requirements. If, during the testing process, an equipment set-up
adjustment is made that would alter the performance of the unit when conducting an already completed test, then repeat
all tests affected by the adjustment.”

E11.2 Section 8.2.2 of ANSI/ASHRAE Standard 37 shall have the following corrections and clarifications made for
indoor coils supplied without an enclosure:

E11.2.1 Modify the sentence to read: “No alterations to the equipment shall be made except for the
attachment of required test apparatus and instruments in the prescribed manner and disabling heat pump
resistance elements used for heating indoor air at all times, including during defrost cycles.”

E11.2.2 Add the following sentence: “For Uncased Coils enclosure, create an enclosure adequate for
structural requirements, such as sheet metal, ductboard, etc., having an insulated thermal resistance (“R” value)
between 4 and 6 h-ft2-°F/Btu. Size the enclosure and seal between the coil and/or drainage pan and the interior
of the enclosure as Specified in installation instructions shipped with the unit. Also seal between the plenum
and inlet and outlet ducts. For Cased Coils, no extra insulating or sealing is allowed.”

E11.4 Section 8.2.4 of ANSI/ASHRAE Standard 37 shall have the following requirements and modifications added
regarding interconnecting tubing.

E11.4.1 Requirements for Separated Assemblies. Such equipment in which the interconnection tubing is
furnished as an integral part of the machine not recommended for cutting to length shall be tested with the
complete length of tubing furnished. An exception is made for Split Systems units that are meant to be installed
indoors. The line sizes, insulation, and details of installation shall be in accordance with the manufacturer’s
published recommendation.

E11.4.2 For those systems where the outdoor section is located in the exterior ambient space, at least 40%
of the total line set of the interconnecting tubing shall be exposed to the outside conditions. The line sizes,
insulation, and details of insulation shall be in accordance with the manufacturer’s published recommendations.
E11.4.3 For those systems where the outdoor section is not located in the exterior ambient space, all of the
interconnecting tubing shall be exposed to the inside conditions. The line sizes, insulation, and details of
insulation shall be in accordance with the manufacturer’s published recommendations.

E11.4.4 Modify by appending “At a minimum, insulate the interconnecting vapor line(s) of a split-System
with insulation having an inside diameter that matches the refrigerant tubing and an R value between 4 to 6
hr-ft? -°F/Btu.”

E11.5 Replace Section 8.2.5 of ANSI/ASHRAE Standard 37 with the following: “If pressure measurement devices
are connected to a cooling/heating heat pump refrigerant circuit, the refrigerant charge M; that could potentially transfer
out of the connected pressure measurement systems (transducers, gauges, connections, and lines) between operating
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modes shall be less than 2% of the factory refrigerant charge listed on the nameplate of the Outdoor Unit. If the outdoor
unit nameplate has no listed refrigerant charge, or the heat pump is shipped without a refrigerant charge, use a factory
refrigerant charge equal to 30 ounces per ton of certified cooling capacity. Use Equation E1 to calculate M, for heat
pumps that have a single expansion device located in the Outdoor Unit to serve each Indoor Unit, and use Equation E2
to calculate M for heat pumps that have two expansion devices per Indoor Unit.”

Mi=pVs - fo+ Vg fo+Vs+V,=V,) El
Me=pVs-fs+ Vs fo) E2
Where

Vi = !nFegnaI volume of pressure measurement system (pressure lines, fittings, gauges and/or transducers) at location
fi = 'Illulging routing factor, O if the pressure measurement system is pitched upwards from the pressure tap location to

the gauge or transducer, 1 if it is not.

Table E1. Pressure Measurement Location
Location i
Compressor Discharge
Between Outdoor Coil and Outdoor Expansion Valve
Liquid Service Valve
Indoor Coil Inlet
Indoor Coil Outlet
Common Suction Port (i.e. vapor Service Valve)
Compressor Suction

N[OOI WIN(F

Calculate the internal volume of each pressure measurement system using internal volume reported for pressure
transducers and gauges in product literature, if available. If such information is not available, use the value of 0.1 in®
internal volume for each pressure transducer, and 0.2 in® for each pressure gauge. In addition, for heat pumps that have
a single expansion device located in the Outdoor Unit to serve each Indoor Unit, the internal volume of the pressure
system at location 2 (as indicated in Table E1 of AHRI Standard 210/240) shall be no more than 1 in®. Once the pressure
measurement lines are set up, no change shall be made until all tests are finished.

E11.6 Insert a new Section 8.2.8 into Section 8.2 of ANSI/ASHRAE Standard 37: “8.2.8. If the Outdoor Unit or the
outdoor portion of a Single Package Unit has a drain pan heater to prevent freezing of defrost water, the heater shall be
energized, subject to control to de-energize it when not needed by the heater’s thermostat or the unit’s control system,
for all tests.”

E12 Test Unit Installation Requirements. Append the following to Section 8.5.3 of ANSI/ASHRAE Standard 37. “In the
case of Non-ducted Systems having multiple indoor coils, locate a grid approximately 6 in upstream from the inlet of each
indoor coil. Position an air sampling device, or the sensor used to measure the water vapor content of the inlet air, immediately
upstream of the (each) entering air dry-bulb temperature sensor grid. If a grid of sensors is not used, position the entering air
sampling device (or the sensor used to measure the water vapor content of the inlet air) as if the grid were present.”

E13 Add the following (Sections E13.1 to E13.6 of this Standard) to make a new Section 8.5.6, with subsections, of
ANSI/ASHRAE Standard 37 entitled: “Air Sampling Requirements.”

E13.1 Purpose. The purpose of this section is to prescribe a method for the sampling of air to measure the dry-bulb
and wet-bulb temperatures for indoor inlet and outlet as well as outdoor inlet measurements. This section also defines
the requirements for controlling the air stratification and what is considered acceptable for a test. Measurement of the
air temperatures are needed to establish that the conditions are within the allowable tolerances of this Standard as well
as used for the calculation of the psychrometric capacity.

E13.2 Definitions.

E13.2.1 Air Sampling Device. A combination of Air Sampling Tree(s), conduit, fan and Aspirating
Psychrometer or Dew-point Hygrometer used to determine dry-bulb temperature and moisture content of an air
sample from critical locations.

113



AHRI STANDARD 210/240-2023 (2020)

114

E13.2.1.1 Air Sampling Tree. The Air Sampling Tree is an assembly consisting of a manifold with several
branch tubes with multiple sampling holes that draws an air sample from a critical location from the unit under
test (e.g. indoor air inlet, indoor air outlet, outdoor air inlet, etc.). See Section E4.4 for design requirements.

E13.2.2.2 Aspirating Psychrometer. A piece of equipment with a monitored airflow section that draws
uniform airflow through the measurement section and has probes for measurement of air temperature and water
vapor content. See Section E4.5 for design requirements.

E13.2.2.3 Dew-point Hygrometer. An instrument used to determine the water vapor content of air by detecting
visible condensation of moisture on a cooled surface.

E13.3 General Requirements. Temperature measurements shall be made in accordance with ANSI/ASHRAE
Standard 41.1. Where there are differences between this document and ANSI/ASHRAE Standard 41.1, this document
shall prevail.

To ensure adequate air distribution, thorough mixing, and uniform air temperature, it is important that the room and test
setup is properly designed and operated. To check for uniformity of outdoor inlet air, a grid of individual thermocouples
on the sampler tree(s) shall be installed, and a maximum of 2.0°F between individual thermocouple and the average grid
inlet air temperature shall be maintained. Air distribution at the test facility point of supply to the unit shall be reviewed
and may require remediation prior to the beginning of testing. Mixing fans can be used to ensure adequate air distribution
in the test room. If used, mixing fans shall be oriented such that they are pointed away from the air intake so that the
mixing fan exhaust cannot be directed at or away from the air entrance to the condenser air inlet. Particular attention
should be given to prevent recirculation of condenser fan exhaust air back through the unit.

E13.4 Air Sampling Tree Requirements. The Air Sampling Tree is intended to draw a sample of the air at the critical
locations of a unit under test. A typical configuration for the Air Sampling Tree is shown in Figure E2 of AHRI Standard
210/240. It shall be constructed of stainless steel, plastic or other suitable, durable materials. It shall have a main flow
trunk tube with a series of branch tubes connected to the trunk tube. Holes shall be on the side of the sampler facing the
upstream direction of the air source. Other sizes and rectangular shapes can be used, and shall be scaled accordingly
with the following guidelines:

E13.4.1 Minimum hole density of 6 holes per square foot of area to be sampled

E13.4.2  Sampler branch tube pitch (spacing) of 6 + 3 in

E13.4.3 Manifold trunk to branch diameter ratio having a minimum of 3:1 ratio

E13.4.4 Hole pitch (spacing) shall be equally distributed over the branch (1/2 pitch from the closed end to
the nearest hole)

E13.4.5 Maximum individual hole to branch diameter ratio of 1:2 (1:3 preferred)

The minimum average velocity through the Air Sampling Tree holes shall be 2.5 ft/s as determined by evaluating the
sum of the open area of the holes as compared to the flow area in the Aspirating Psychrometer. Preferentially, the Air
Sampling Tree should be hard connected to the Aspirating Psychrometer, but if space constraints do not allow this, the
assembly shall have a means of allowing a flexible tube to connect the Air Sampling Tree to the Aspirating Psychrometer.

Figure E2. Typical Air Sampling Tree
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The Air Sampling Tree shall also be equipped with a thermocouple thermopile, thermocouple grid or individual
thermocouples to measure the average temperature of the airflow over the Air Sampling Tree. Per ANSI/ASHRAE
Standard 116, the thermocouple arrangement per Air Sampling Tree shall have at least 16 measuring points, spaced
evenly across the Air Sampling Tree. In the outdoor inlet location, the Air Sampling Trees shall be placed within 6-24
in of the unit to minimize the risk of damage to the unit while ensuring that the air sampling tubes are measuring the air
going into the unit rather than the room air around the unit and care shall be taken to assure that the upper sampling
holes are not pulling in the discharge air leaving the outdoor section of the unit under test. Any sampler holes outside
of the plane perpendicular to the condenser fan discharge shall be blocked to prevent the sampling of recirculated air.
Blocking holes does not necessarily prohibit thermal transfer on samplers therefore the portion beyond the plane shall
be thermally shielded with a material with an R value between 4 to 6 h-ft? °F/Btu.

E13.5 Psychrometer. The Aspirating Psychrometer consists of a flow section and utilizes a fan to draw air through
the flow section and measures an average value of the sampled air stream. At a minimum, the flow section shall have a
means for measuring the dry-bulb temperature (typically, a resistance temperature device (RTD) and a means for
measuring the water vapor content (RTD with wetted sock, chilled mirror hygrometer, or relative water vapor content
sensor). In most typical applications, there are typically two sets of measurements for temperature and water vapor
content, one for the rough room control, and the other for the fine control and actual measurement. The Aspirating
Psychrometer shall include a fan that either can be adjusted manually or automatically to maintain required velocity
across the sensors. A typical configuration for the Aspirating Psychrometer is shown in Figure E3 of AHRI Standard
210/240.

The psychrometer shall be made from suitable material which may be plastic (such as polycarbonate), aluminum or other
metallic materials. Outside diameters are typically 4 in but may be as small as 2 in or as large as 6 in. All psychrometers
for a given system being tested, shall be constructed of the same material. Psychrometers shall be designed such that
radiant heat from the motor does not affect sensor measurements. For Aspirating Psychrometers, velocity across the
wet-bulb sensor shall be 1000 + 200 ft/min. For all other psychrometers, velocity shall be as stated by the sensor
manufacturer.

Aspirating Psychrometer for Condenser
Air Temperature Measurement

Waler Centrifugal fan
Dry-bull ‘""9533““ M ake-up variable speed

sefgor  SEnsor J,/remmlrended
Flexinle lube \ \ / Ifr

i 7B
— O

Alrfow
fram —
sampling E
tree /,-f""
Aspirating Peychrometer ‘\
heater Cup for wet-bulb

water
Figure E3. Aspirating Psychrometer

E13.6 Test Setup Description. For the outdoor air inlet location, wet-bulb and/or dry-bulb temperature shall be
measured at multiple locations entering the outdoor section, based on the airflow nominal face area at the point of
measurement. Multiple temperature measurements shall be used to determine acceptable air distribution and the mean
air temperature.

The Air Sampling Trees in the outdoor air inlet location shall be sized such that they cover at least 75% of the face area
of the side of the coil that they are measuring. The Air Sampler Tree may be larger than the face area of the side being
measured, however care shall be taken to prevent discharge air from being sampled (if an Air Sampler Tree dimension
extends beyond the inlet area of the unit, holes shall be blocked in the Air Sampler Tree to prevent sampling of discharge
air). Each outdoor coil side shall have one Air Sampler Tree.

The Air Sampler Trees shall be located at the geometric center of each side; either horizontal or vertical orientation of
the branches is acceptable. A maximum of four Air Sampling Trees shall be connected to each Aspirating Psychrometer.
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The Air Sampling Trees shall be connected to the Aspirating Psychrometer using tubing that is insulated with thermal
insulation with a nominal thermal resistance (R-value) of at least 19 h-ft?-F/Btu and routed to prevent heat transfer to
the air stream. In order to proportionately divide the flow stream for multiple Air Sampling Trees for a given Aspirating
Psychrometer, the tubing shall be of equivalent lengths for each Air Sampling Tree. Alternative to insulating the tubing
between the Air Sampling Tree and the Aspirating Psychrometer, a dry-bulb measuring device may be located at both
the immediate exit of the Air Sampling Tree and internal to the Aspirating Psychrometer, with both measurements
utilized to determine the water vapor content of sampled air.

Add the following to make a new Section 8.5.7 of ANSI/ASHRAE Standard 37:

E14.1 “The Air Sampling Tree and Psychrometer shall be used to measure inlet air properties for all tests and to
measure outlet air properties for all Steady State Tests. The Air Sampling Tree and Pyschrometer shall not be used to
measure the indoor outlet air properties for tests other than Steady State Tests, which shall have outlet air properties
measured with a thermopile or thermocouple grid.” [thermopile or thermocouple grid as defined in Section E7.2 of this
Standard].

E14.2 “Inlieu of an Air Sampling Tree and Psychrometer on every air-inlet side of an Outdoor Unit, it is permissible
to use an Air Sampling Tree on one or more faces of the Outdoor Unit and demonstrate air temperature uniformity as
follows. Install a grid of evenly-distributed thermocouples on each air-permitting face on the inlet of the Outdoor Unit.
Install the thermocouples on the air sampling device, locate them individually or attach them to a wire structure. If not
installed on the air sampling device, install the thermocouple grid 6 to 24 in from the unit. The thermocouples shall be
evenly spaced across the coil inlet surface and be installed to avoid sampling of discharge air or blockage of air
recirculation. The grid of thermocouples shall provide at least 16 measuring points per face or one measurement per
square foot of inlet face area, whichever is less. This grid shall be constructed and used as per Section 5.3 of
ANSI/ASHRAE Standard 41.1. The maximum difference between the readings of any two pairs of these individual
thermocouples located at any of the faces of the inlet of the Outdoor Unit, shall not exceed 2.0 °F.”

E14.3 Monitoring and Adjustment for Air Sampling Device Conduit Temperature Change and Pressure Drop. If dry-
bulb temperature is measured at a distance from the Air Sampling Tree exits, determine average conduit temperature
change as the difference in temperature between the dry-bulb temperature and the average of thermopiles or
thermocouple measurements of all Air Sampling Trees collecting air that is measured by the remote dry-bulb temperature
sensor. If this difference is greater than 0.5°F, measure dry-bulb temperature at the exit of each Air Sampling Tree (as
described in Section E13.4 of this appendix), and use these additional sensors to determine average entering air dry-bulb
temperature.

Measure gauge pressure at the sensor location of any instrument measuring water vapor content. If the pressure differs
from room pressure by more than 2 in H,O, use this gauge pressure measurement to adjust the atmospheric pressure
used to calculate the water vapor content ratio (in units of pounds of moisture per pound of dry air) at the measurement
location.

If either the 0.5°F temperature difference threshold or the 2 in H,O pressure difference threshold are exceeded, use a
two-step process to calculate adjusted air properties (e.g., wet-bulb temperature or enthalpy) for the one or more affected
Air Sampling Devices. First, calculate the moisture level (pounds water vapor per pound dry air) at the water vapor
content measurement location(s) using either the Aspirating Psychrometer dry-bulb and wet-bulb temperature
measurements or the Dew-point Hygrometer measurement, using for either approach the adjusted pressure, if it differs
from the room atmospheric pressure by 2 in H,O or more. Then calculate the air properties for the Air Sampling Tree
location based on the moisture level, the room atmospheric pressure, and the dry-bulb temperature at the Air Sampling
Tree location. If the Air Sampling Device fan serves more than one Air Sampling Tree, and the 0.5°F threshold was
exceeded, the dry-bulb temperature used in this calculation shall be the average of the Air Sampling Tree exit
measurements. Also, for multiple Air Sampling Trees, if water vapor content was measured using multiple Dew-point
Hygrometers, the moisture level used in this calculation shall be the average of the calculated moisture levels calculated
in the first step.

Section 8.7 of ANSI/ASHRAE Standard 37 shall have the following changes:

E15.1 Section 8.7 of ANSI/ASHRAE Standard 37 shall have the following corrections and clarifications made for
multiple speed outdoor fan motors. Add the following section: “Special Requirements for Units having a Multiple Speed
Outdoor Fan. The controls of the unit shall regulate the operation of the outdoor fan during all laboratory tests except
dry coil cooling mode tests. For dry coil cooling mode tests, the outdoor fan shall operate at the same speed used during
the required Wet-coil Test conducted at the same outdoor test conditions.”
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E15.2 Section 8.7.1 of ANSI/ASHRAE Standard 37 shall be modified by appending the following sentence, “The test
room reconditioning apparatus and equipment under test shall be operated under equilibrium conditions for at least 30
minutes before test data are reported.”

Section 8.8 of ANSI/ASHRAE Standard 37 shall have the following changes:

E16.1 Section 8.8.1 of ANSI/ASHRAE Standard 37 shall have the following corrections and clarifications made for
demand defrost systems. Add the following section: “Defrost Control Settings. Heat pump defrost controls shall be left
at the factory settings unless otherwise Specified by the Installation Instructions. For demand defrost systems, if
Specified by the manufacturer, a control board reset shall be allowed just prior to the defrost test.”

E16.2 Sections 8.8.2.3 and 8.8.3.4 of ANSI/ASHRAE Standard 37 shall be modified by replacing “one hour” with
“30-minute.” This requirement is waived when the heating test is at a frosting condition.

Section 10.1 of ANSI/ASHRAE Standard 37 shall have the following changes:

E17.1 Insert Section 10.1.2.1 to ANSI/ASHRAE Standard 37: 10.1.2.1 For this capacity (heat balance) comparison,
use the Indoor Air Enthalpy Method capacity that is calculated in Sections 7.3.3 and 7.3.4 of ANSI/ASHRAE Standard
37 (except, if testing a Coil-only System, do not make the after-test fan heat adjustments).

Tables 2a and 2b of ANSI/ASHRAE Standard 37 shall have the following data added:

E18.1 2.0% Electrical voltage Test Operating Tolerance.
E18.2 1.5% Electrical voltage Test Condition Tolerance.
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APPENDIX F. ANSI/ASHRAE STANDARD 116- 2010
CLARIFICATIONS/EXCEPTIONS — NORMATIVE

Definitions.
F1.1  Add the following definitions to ANSI/ASHRAE Standard 116:

F1.1.1 Damper Box. A short section of insulated duct having a means to block airflow during the off cycle
of the Cyclic Test.

F1.1.2 Defrost Cycle. The period from Defrost Initiation to Defrost Termination.

F1.1.3 Defrost Initiation. The moment the controls of the heat pump first alter its normal heating operation
in order to eliminate possible accumulations of frost on the Outdoor Coil.

F1.1.4 Defrost Termination. The moment the controls of the heat pump actuate the first change in
converting from defrost operation to normal heating operation.

F1.1.5 Dry-Coil Test. Cooling mode test where the wet-bulb temperature of the air supplied to the indoor
coil is maintained low enough that no condensate forms on the evaporator coil.

Section 5.1.4 of ANSI/ASHRAE Standard 116 shall be modified as follows: “It is required that the same instrumentation

be used for making both steady-state and non-steady (cyclic) test measurements”.

F3

Section 5.4 of ANSI/ASHRAE Standard 116 shall have the following clarifications made for the electrical instruments

section:

F4

F3.1  Section 5.4.1 of ANSI/ASHRAE Standard 116 shall be clarified by adding the following: “When performing
Cyclic Tests on Non-ducted Systems, provide instrumentation to determine the average electrical power consumption
of the indoor fan motor to within +1.0%. This same instrumentation requirement applies when testing air-conditioners
and heat pumps having a Constant-torque AMS or a Constant-volume AMS.”

F3.2  Section 5.4.2 of ANSI/ASHRAE Standard 116 shall be clarified with the following: “Use an integrating power
(watt-hour) measuring system to determine the electrical energy or average electrical power supplied to all components
of the air-conditioner or heat pump (including auxiliary components such as controls, transformers, Crankcase Heater,
integral condensate pump on Non-ducted Indoor Units, etc.). Activate the scale or meter having the lower power rating
within 15 seconds after beginning an OFF cycle. Activate the scale or meter having the higher power rating active
within 15 seconds prior to beginning an ON cycle. When testing air-conditioners and heat pumps having a Variable
Speed Compressor, do not use an induction watt/watt-hour meter.”

F3.3  Append the following sentence to Section 5.4.2 of ANSI/ASHRAE Standard 116: “When performing test that

are not Steady State Tests on Non-ducted Systems, provide instrumentation to determine the average electrical power
consumption of the indoor blower motor to within +1.0%.”

The second and third sentences of Section 6.1.1 of ANSI/ASHRAE Standard 116 shall be modified to say: “The dampers

shall be capable of being completely opened or completely closed within a time period not to exceed 5 seconds for each action.
Airflow through the equipment being tested should stop within 5 seconds after the airflow measuring device is de-energized.”

FS
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Add the following sentences to Section 6.1.1 of ANSI/ASHRAE Standard 116:

F5.1  “The arrangement and size(s) of the components may be altered to meet the physical requirements of the unit
to be tested.”

F5.2 “Use an inlet and outlet air Damper Box or Airflow Prevention Device when testing Ducted Systems if
conducting one or both of the Cyclic Tests. Otherwise, install an outlet air Damper Box or Airflow Prevention Device
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when testing heat pumps, both ducted and non-ducted, that cycle off the indoor fan during Defrost Cycles if no other
means is available for preventing natural or forced convection through the Indoor Unit when the indoor fan is off.”

F5.3 “Inlet damper(s) or Airflow Prevention Device(s) shall not be used on Non-ducted systems.”

F5.4 “Dampers shall have a cross-sectional flow area of the Damper Box that shall be equal to or greater than the
flow area of the inlet plenum.”

F5.5 “Install the Damper Box immediately upstream of the inlet plenum. The cross-sectional dimensions of the
Damper Box shall be equal to or greater than the dimensions of the indoor unit inlet. If needed, use an adaptor plate or
a short transition duct section to connect the Damper Box with the unit's inlet plenum.”

F5.6 “If using an outlet air Damper Box, install it within the interconnecting duct at a location upstream of the
location where air from the sampling device is reintroduced or upstream of the in-duct sensor that measures water vapor
content of the outlet air. The leakage rate from the combination of the outlet plenum, the closed damper, and the duct
section that connects these two components shall not exceed 20 cfm when a negative pressure of 1.0 in H,O is maintained
at the outlet of the outlet air damper.”

F5.7  Add the following new paragraph to Section 6.1.1 of ANSI/ASHRAE Standard 116: “Airflow Prevention
Device Requirements: Construct the Airflow Prevention Device having a cross-sectional flow area equal to or greater
than the flow area of the inlet plenum. Install the Airflow Prevention Device immediately upstream of the inlet plenum
(if installed, otherwise immediately upstream of the Indoor Unit) and construct ductwork connecting it to the inlet
plenum. If needed, use an adaptor plate or a transition duct section to connect the Airflow Prevention Device with the
inlet plenum. If an inlet plenum is not used, add static pressure taps at the center of each face of a rectangular Airflow
Prevention Device Insulate the ductwork and inlet plenum with thermal insulation that has a nominal overall resistance
(R-value) of at least 19 h - ft? - °F/Btu.”

F6  The third and fourth sentences of Section 6.1.2 of ANSI/ASHRAE Standard 116 shall be replaced with the following:
“For at least one cooling mode test and one heating mode test per calibration period not to exceed 1 year (or anytime a change
is made to the measuring system), monitor the temperature distribution of the air leaving the indoor coil using the grid of
individual sensors. For this 30-minute data collection interval used to determine capacity, the maximum difference among the
outlet dry-bulb temperatures from any data sampling shall not exceed 1.5°F.”

F7  Add the following new Section 6.1.6 to Section 6.1 of ANSI/ASHRAE Standard 116 “6.1.6 Test set up, temperature and
electrical measurements methods shall be identical for both the dry steady state and their corresponding Cyclic Tests (e.g. "C"
and "D" tests) in order to minimize errors in the cyclic Degradation Coefficient, Cp.”

F8  Section 6.3 of ANSI/ASHRAE Standard 116 shall be replaced entirely with the following: “Inside the indoor and outdoor
psychrometric rooms, use artificial loads during Cyclic Tests and frost accumulation tests, if needed, to produce stabilized room
air temperatures. For the outdoor pyschrometric room, select an electric resistance heater(s) having a heating capacity that is
approximately equal to the heating capacity of the test unit's condenser. For the indoor psychrometric room, select a heater(s)
having a capacity that is close to the Sensible Cooling Capacity of the test unit's evaporator. When applied, cycle the heater
located in the same room as the test unit evaporator coil ON and OFF when the test unit cycles ON and OFF. Cycle the heater
located in the same room as the test unit condensing coil ON and OFF when the test unit cycles OFF and ON.”

F9  Thermal Mass Correction. Replace Section 7.4.3.4.5 (a) of ANSI/ASHRAE Standard 116 with the following: “Thermal
mass shall be calculated using the method identified in Section C5.2 of AHRI Standard 210/240 Appendix C.”

F10 Test procedures for Frost Accumulation heating mode tests (H2pwi, H2int, and H2,04). Replace Section 8.2.2 of
ANSI/ASHRAE Standard 116 and its subsections in their entirety with the following:

F10.1 For heat pumps containing defrost controls which cause Defrost Initiation at intervals less than one hour, the
preliminary test period starts at the termination of an automatic Defrost Cycle and ends at the termination of the next
occurring automatic Defrost Cycle. For heat pumps containing defrost controls which cause Defrost Initiation at intervals
exceeding one hour, the preliminary test period shall consist of a heating interval lasting at least one hour followed by a
Defrost Cycle that is either manually or automatically initiated. In all cases, the heat pump's own controls shall govern
when a Defrost Cycle terminates.

F10.2 The official test period begins when the preliminary test period ends, at Defrost Termination. The official test
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period ends at the next automatically occurring Defrost Termination.

F10.2.1  When testing a heat pump that uses a Time Adaptive Defrost Control System, however, manually
initiate the Defrost Cycle that ends the official test period at the instant indicated by instructions provided by
the manufacturer. If the heat pump has not undergone a defrost after 6 hours, immediately conclude the test
and use the results from the full 6-hour period to calculate the average space heating capacity and average
electrical power consumption.

F10.2.2  For heat pumps that turn the indoor fan off during the Defrost Cycle, airflow shall be stopped
through the indoor coil by blocking the outlet and inlet plenum whenever the heat pump's controls cycle off the
indoor fan. If it is installed, use the outlet Damper Box described in Section 6.1.1 of ANSI/ASHRAE Standard
116 to affect the blocked outlet duct. If it is installed, use the inlet Damper Box described in Section 6.1.1 of
ANSI/ASHRAE Standard 116 to affect the blocked inlet plenum.

F10.2.3  For the purpose of determining defrost operation sequence, the first action of Defrost Termination
and Defrost Initiation shall be Specified by the manufacturer and be made available to the laboratory.

F10.3 To constitute a valid Frost Accumulation test, the test tolerances identified in ANSI/ASHRAE Standard 116
Table 3C shall be satisfied during both the preliminary and official test periods. As noted in ANSI/ASHRAE Standard
116 Table 3C, Test Operating Tolerances are stated for two sub-intervals: (1) When heating, except for the first 10
minutes after the termination of a Defrost Cycle (Sub-interval H, as described in ANSI/ASHRAE Standard 116Table
3C) and (2) when defrosting, plus these same first 10 minutes after Defrost Termination (Sub-interval D, as described
in ANSI/ASHRAE Standard 116Table 3C). Evaluate compliance with ANSI/ASHRAE Standard 116 Table 3C Test
Condition Tolerances and the Test Operating Tolerances using the averages from measurements recorded only during
Sub-interval H. Continuously record the dry-bulb temperature of the air entering the indoor coil, and the dry-bulb
temperature and water vapor content of the air entering the Outdoor Coil. Sample the remaining parameters listed in
ANSI/ASHRAE Standard 116 Table 3C at equal intervals that span 10 minutes or less. Note that the 10 minutes
identified here shall replace the 5 minutes identified in ANSI/ASHRAE Standard 116 Table 3C footnote (1).

F10.4 For the official test period, collect and use the following data to calculate average space heating capacity and
electrical power. During heating and defrosting intervals when the controls of the heat pump have the indoor fan on,
continuously record the dry-bulb temperature of the air entering (as noted above) and leaving the indoor coil. If using a
thermopile, continuously record the difference between the leaving and entering dry-bulb temperatures during the
interval(s) that airflows through the indoor coil. For heat pumps tested without an indoor fan installed, determine the
corresponding cumulative time (in hours) of indoor coil airflow, At.. Sample measurements used in calculating the air
volume rate (refer to Sections 7.7.2.1 and 7.7.2.2 of ANSI/ASHRAE Standard 37) at equal intervals that span 10 seconds
or less. Record the electrical energy consumed, expressed in watt-hours, from Defrost Termination to Defrost
Termination, eper¥(35), as well as the corresponding elapsed time in hours, Ateg,

F10.5 For heat pumps having a constant-air-volume-rate indoor fan and if the average of the external static pressures
measured during sub-Interval H exceeds the minimum (or targeted) ESP (APmix) by 0.03 in H,O or more, follow the
procedures in AHRI Standard 210/240 Section 6.1.5.1.3.

Test procedures for the optional cyclic dry-coil cooling-mode tests (Dguii, Diow, and low). Add the following sentences

immediately following the title of Section 8.2.4 of ANSI/ASHRAE Standard 116: “If optional Cyclic Tests are conducted, they
shall follow immediately after the Steady-state Test that requires the same test conditions. When testing heat pumps during the
compressor OFF cycles, leave the reversing valve in the same position as used for the compressor ON cycles, unless
automatically changed by the controls of the unit.”
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F11.1 Add the following as new Section 8.2.4.3 to ANSI/ASHRAE Standard 116: “For Blower Coil Systems or
Coil-only Systems rated with an indoor fan time delay, the ON cycle lasts from compressor ON to indoor fan OFF. For
Ducted Systems tested without an indoor fan time delay, the ON cycle lasts from compressor ON to compressor OFF.
For Non-ducted Systems, the ON cycle lasts from indoor fan ON to indoor fan OFF.”

F11.2 Add the following as new Section 8.2.4.4 to ANSI/ASHRAE Standard 116: “Inside the psychrometric test
rooms (both indoor and outdoor), use artificial loads during Cyclic Tests and frost accumulation tests, if needed, to
produce stabilized room air temperatures. For the outdoor room, select an electric resistance heater(s) having a heating
capacity that is approximately equal to the heat rejection capacity of the Outdoor Unit. For the indoor room, select a
heater(s) having a capacity that is close to the Sensible Cooling Capacity of the Indoor Unit. In the indoor room, cycle



AHRI STANDARD 210/240-2023 (2020)

the heater ON when the Indoor Unit is ON and cycle the heater OFF when the Indoor Unit is OFF. In the outdoor room,
cycle the heater ON when the Outdoor Unit is OFF and cycle the heater OFF when the Outdoor Unit is ON.

F11.3 Add the following as new Section 8.2.4.5 to ANSI/ASHRAE Standard 116: “Inside the psychrometric test
rooms (both indoor and outdoor), use artificial loads during Cyclic Tests and frost accumulation tests, if needed, to
produce stabilized room air temperatures. For the outdoor room, select an electric resistance heater(s) having a heating
capacity that is approximately equal to the heat rejection capacity of the Outdoor Unit. For the indoor room, select a
heater(s) having a capacity that is close to the Sensible Cooling Capacity of the Indoor Unit. In the indoor room, cycle
the heater ON when the Indoor Unit is ON and cycle the heater OFF when the Indoor Unit is OFF. In the outdoor room,
cycle the heater ON when the Outdoor Unit is OFF and cycle the heater OFF when the Outdoor Unit is ON.

F11.4 Add the following as new Section 8.2.4.6 to ANSI/ASHRAE Standard 116: “For units having a Constant-
volume AMS or Constant-torque AMS, the manufacturer has the option of electing at the outset whether to conduct the
Cyclic Test with the indoor fan enabled or disabled. Conduct the cyclic dry coil test using the draw-through approach
described below if any of the following occur when testing with the fan operating:

F11.4.1  The test unit automatically cycles off;

F11.4.2 Its blower motor reverses; or

F11.4.3  The unit operates for more than 30 seconds at an ESP that is equal to or greater than 0.1 in H,O
higher than the value measured during the prior Steady-state Test.

For the draw-through approach, disable the indoor fan and use the exhaust fan of the airflow measuring apparatus to
generate the stated flow nozzles static pressure difference or velocity pressure. If the exhaust fan cannot deliver the
required pressure difference because of resistance created by the unpowered blower, temporarily remove the blower.”

F11.5 Add the following as new Section 8.2.4.7 to ANSI/ASHRAE Standard 116: “With regard to the Table 3b of
ANSI/ASHRAE Standard 116 parameters, continuously record the dry-bulb temperature of the air entering both the
Indoor Coil and Outdoor Coils during periods when air flows through the respective coils. Sample the water vapor
content of the indoor coil inlet air at least every 2 minutes during periods when air flows through the coil. Record ESP
and the air volume rate indicator (either nozzle pressure difference or velocity pressure) at least every minute during the
interval that air flows through the indoor coil. (These regular measurements of the airflow rate indicator are in addition
to the required measurement at 15 seconds after flow initiation.) For units having a variable-speed indoor blower that
ramps, the tolerances listed for the external resistance to airflow apply from 30 seconds after achieving full speed until
ramp down begins. Sample the electrical voltage at least every 10 seconds beginning 30 seconds after compressor start-
up. Continue until the compressor, the outdoor fan, and the indoor fan (if it is installed and operating) cycle off.”

F11.6  Add the following as new Section 8.2.4.8 to ANSI/ASHRAE Standard 116: “For Ducted Systems, continuously
record the dry-bulb temperature of the air entering (as noted in Section 8.2.4.7) and leaving the indoor coil. Or if using
a thermopile, continuously record the difference between these two temperatures during the interval that air flows
through the Indoor Coil. For Non-ducted Systems, make the same dry-bulb temperature measurements beginning when
the compressor cycles on and ending when indoor coil airflow ceases.”

F11.7 Add the following as new Section 8.2.4.9 to ANSI/ASHRAE Standard 116: “Integrate each complete cycle as
follows:

F11.7.1  For Blower Coil Systems tested with an indoor fan installed and operating or Coil-only Systems
rated with an indoor fan time delay, integrate electrical power from indoor fan OFF to indoor fan OFF.

F11.7.2  For all other Ducted Systems and for Non-ducted Systems, integrate electrical power from
compressor OFF to compressor OFF.

F11.7.3  Capacity integration of all systems is from indoor fan ON to indoor fan OFF.”

F11.8 Add the following as new Section 8.2.4.10 to ANSI/ASHRAE Standard 116: “Ducted system procedures for
the optional cyclic dry-coil cooling-mode tests (Dguii, Diow, @nd liow). The automatic controls that are normally installed
with the test unit shall govern the OFF/ON cycling of the air moving equipment on the indoor side (exhaust fan of the
airflow measuring apparatus and, if installed, the indoor fan of the test unit). For Coil-only Systems rated based on using
a fan time delay, the indoor coil airflow shall be controlled according to the rated ON and/or OFF delays provided by
the fan time delay. For Ducted Systems having a Constant-volume AMS or Constant-torque AMS that has been disabled
(and possibly removed), the indoor airflow shall be started and stopped at the same instances as if the fan were enabled.
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F12

F13
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For all other Ducted Systems tested without an indoor fan installed, the indoor coil airflow shall be cycled in unison
with the cycling of the compressor. Air dampers shall be closed on the inlet and outlet side (see ANSI/ASHRAE
Standard 116 Section 6.1.1) during the OFF period.

The following algorithm shall be used to calculate Ecgqj x and qc,gq;,, in lieu of Equations 11.30 and 11.25, at the
manufacturer’s discretion, if the indoor fan ramps its speed when cycling.

F11.8.1 Measure the electrical power consumed by the Constant-volume AMS or Constant-torque AMS at
a minimum of three operating conditions: at the speed/air volume rate/ESP that was measured during the
Steady-state Test, at operating conditions associated with the midpoint of the ramp-up interval, and at
conditions associated with the midpoint of the ramp-down interval. For these measurements, the tolerances on
the airflow volume or the ESP are the same as required for the Steady State Test.

F11.8.2 For each case, determine the indoor fan power from the average of measurements made over a
minimum of 5 minutes.

F11.8.3  Approximate the electrical energy consumption of the indoor fan if it had operated during the Cyclic
Test using all three power measurements. Assume a linear profile during the ramp intervals. The manufacturer
shall provide the durations of the ramp-up and ramp-down intervals. If a manufacturer-supplied ramp interval
exceeds 45 seconds, use a 45-second ramp interval nonetheless when estimating the fan energy.”

F11.9 Add the following as new Section 8.2.4.11 to ANSI/ASHRAE Standard 116: “Non-ducted System procedures
for the optional cyclic dry-coil cooling-mode tests (Deyir, Diow, and Iiow).

Do not use dampers when conducting Cyclic Tests on Non-ducted Systems. Until the last OFF/ON compressor cycle,
airflow through the Indoor Coil must cycle off and on in unison with the compressor. For the last OFF/ON compressor
cycle—the one used to determine energy and capacity—use the exhaust fan of the airflow measuring apparatus and the
indoor fan of the test unit to have indoor airflow start 3 minutes prior to compressor cut-on and end three minutes after
compressor cutoff. Subtract the electrical energy used by the indoor fan during the 3 minutes prior to compressor cut-
on from the integrated electrical energy. Add the electrical energy used by the indoor fan during the 3 minutes after
compressor cutoff to the integrated cooling capacity. For the case where the Non-ducted System uses a variable-speed
indoor fan which is disabled during the Cyclic Test, correct ecyc dry and Qeye,ary USINgG the same approach as prescribed in
Section 8.2.4.9 [Section F11.7 of AHRI 210/240] for Blower Coil Systems with Constant-volume AMS or Constant-
torque AMS which has the blower disabled for Cyclic Test.”

F11.10  If an upturned duct is used, measure the dry-bulb temperature at the inlet of the device at least once every
minute and ensure that its Test Operating Tolerance is within 1.0°F for each compressor OFF period.

F11.11  Drain the drain pan and plug the drain opening. Thereafter, the drain pan should remain completely dry.

F11.11  After completing the steady-state dry-coil test, remove the outdoor air enthalpy method test apparatus, if
connected, and begin manual OFF/ON cycling of the unit’s compressor. The test set-up should otherwise be identical to
the set-up used during the steady-state dry coil test.

Heating Cyclic Test Modification. Append the following to Section 9.2.4 of ANSI/ASHRAE Standard 116:

F12.1  “Test procedures for the optional cyclic heating mode tests (HOCow, H1Crui, and H1C oy ). If optional Cyclic
Tests are conducted, they shall follow immediately after the Steady-state Test that requires the same test conditions.”
F12.2 “Ifaheat pump Defrost Cycle is manually or automatically initiated immediately prior to or during the OFF/ON
cycling, operate the heat pump continuously until 10 minutes after Defrost Termination. After the 10 minute interval,
begin cycling the heat pump immediately or delay until the required test conditions have been re-established. Prevent
defrosts after beginning the cycling process (contact the manufacturer for the procedure on how to prevent defrost). For
heat pumps that cycle off the indoor fan during a Defrost Cycle, do not restrict the air movement through the indoor coil
while the fan is off. Resume the OFF/ON cycling while conducting a minimum of two complete compressor OFF/ON
cycles before determining capacity and energy consumption.”

Make the following corrections to ANSI/ASHRAE Standard 116:

F13.1 Change 43500 to 43400 in Table A-2.
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F14

F15

F13.2 Change “Two-Speed” in the title of Table A-5 to "Variable —Speed".

F13.3 Table A-8 shall be revised as per below. The revised data then provides a match for the example calculations
in Table A-3.

Table A-8 Corrected
k=1 k=2
q(62) 42000 *
q(47) 30000 65000
g(35) 22000 50000
q(17) 17000 42000
E(62) 3077 *
E(47) 2930 7054
E(35) 2865 6370
E(17) 2491 5128
Cd 0.2 **

F13.4  The equation for intermediate speed capacity (k=i) on page 25 begins 0ss=X(t) = qssk*(tasq) +. This should be
gsski(t) = qss¥(tar) +.

F13.5 On page 25 is the statement "Once the equation for gss¥(t) has been determined, the temperature at which
gssk! (t) = BL(t) can be found. This temperature, designated as tyc, shall be calculated by

the following equation:" - the 1’s should be i’s.

F13.6 The equation for t,. on page 25 begins 33-qss‘™ (ta14). Table 8b then lists t.14 as a minimum speed point at
67F. ta2 is the intermediate speed point, which is the data used in the example calculations of page 41 - the equation
for ty. on page 25 should begin 33-gss* (ta).

F13.7 Intotal, there are 15 references to tal4 on page 25 that should be tai2.

F13.8 Based on Equation Ess*“/(t,c) = ESS* (taa) + Me(tvc-tase) ON page 25

(bottom left) - the equation on page 39 (bottom right) which reads Ess**' (86.88) = 1450-8.556 - (86.88-87.0) should
read Ess **' (86.88) = 1450+8.556 - (86.88-87.0) then the next line will change from EER2ss"/(86.88) = 1451.0 watts
to EER2ss"7/(86.88) = 1449.0 watts.

F13.9 The coefficient at the top of page 40 is calculated as “= - 29.950” the result should be “=-21.950".

F13.10 The example calculations on page 44 for temperature t;y use F4 in the equation, which agrees with the sentence
on page 32 above the equation for t;y that indicates use F3 in the calculation if the calculated value for t is greater than
taz (17F) - the sentence on page 32, and on page 44 below the equation for ty should read “.if LESS than..”.

F13.11 Table A-11 gives the regional outdoor design temperature for region IV as 10°F - this temperature should be
5°F, the same as listed in Table 14.

F13.12 ANSI/ASHRAE Standard 116 applies the demand defrost credit to the entire heating load, which includes
any auxiliary heat. The credit shall only apply to the heat pump capacity.

Inlet plenum may include a damper section or Airflow Prevention Device.

F14.1 The inlet and outlet damper leakage rate shall not exceed a combined 20 cfm when a negative pressure of 1.0
in H20 is maintained at the plenum’s inlet.

F14.2  The outlet plenum, minimum of 9 individual temperature sensors, shall not exceed a difference of 1.5°F during
the ON cycle. Use of mixers and/or perforated screen shall be used to meet this requirement.

Electrical Voltage, Power and Energy Measurement.

F15.1 The supply voltage at the terminals on the test unit, using a voltage meter that provides a reading that is accurate
to within £1.0% of the measured quantity shall be used. During the ON and OFF cycle the voltage total observed range,
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F16

F17

excluding the 30 seconds after compressor startup and shutdown, shall not exceed 2.0% and the set-point average error
shall not exceed 1.5%.

F15.2 Watt hour measurement system shall be accurate within £0.5% or 0.5 W/h, whichever is greater, for both ON
and OFF cycles. If two measurement systems are used, then the meters shall be switched within 15 seconds of the start
of the OFF cycle and switched within 15 seconds prior to the start of the ON cycle.

Grid Differential Temperature.

F16.1 While conducting the steady state test associated with the Cyclic Test, observe the difference between the
entering dry-bulb and leaving dry-bulb temperature using both the grid/thermopile and the primary psychrometer
sensors. When sample rates are less than 1 minute apart, formula F1 shall be used to integrate results. When sample
values are one minute apart from all sensors, formula F2 shall be used. Determine the value of Fcp.

Fop = [ 28D F1
CD fo Atpc
1w At
Fep = -6~ F2
7 Atrc

Aty shall be the temperature differential between inlet air stream and outlet air stream as measured by RTDs, or

equivalent, meeting the accuracy requirements for steady state testing. At shall be the temperature differential between
inlet air stream and outlet air stream as measured by thermocouple grid, thermocouple thermopile, or equivalent, meeting
the response requirements for cyclic testing.

F16.2 If any Fcp calculated throughout the steady state test (total of 5 values) is outside the range of 0.94 to 1.06 then
stop the test and recalibrate the temperature sensors.

F16.3 The final value of the Fcp ratio shall be set to Fi,. Use F7p, as a correction factor applied to the grid or
thermopile measurement during the Cyclic Test. If the temperature sensors used to provide the primary measurement
of the indoor-side dry-bulb temperature difference during the steady-state dry-coil test and the subsequent cyclic dry-
coil test are the same, set F;,= 1.

Cycle Stability Requirements. Conduct three complete compressor OFF/ON cycles with the Test Operating Tolerances

and Test Condition Tolerances given in ASHRAE 37 Table 2b satisfied. Calculate the degradation coefficient Cp for each
complete cycle. If all three Cp values are within 0.02 of the average Cp then stability has been achieved, and the highest Cp
value of these three shall be used. If stability has not been achieved, conduct additional cycles, up to a maximum of eight cycles
total, until stability has been achieved between three consecutive cycles. Once stability has been achieved, use the highest Cp
value of the three consecutive cycles that establish stability. If stability has not been achieved after eight cycles, use the highest
Cp from cycle one through cycle eight, or the default Cp, whichever is lower.

F18

Oil Recovery. The Oil Recovery Mode shall be activated during testing. If Oil Recovery prevents a Steady-state test

use the transient test procedure as described in Section 8.8.3 (except Section 8.8.3.3) of ANSI/ASHRAE Standard 37, with
the revisions in the following section:
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F18.1 For tests that cannot reach Steady-state because of Oil Recovery, Section 8.8.3 (except Section 8.8.3.3) of
ANSI/ASHRAE Standard 37shall be modified by replacing all mentions of “defrost” with “Oil Recovery”, replacing
all mentions of “Heat Pump” with “system” and replacing all mentions of “heating” with “conditioning”. The test
tolerances identified in Table 2 of ANSI/ASHRAE Standard 37for “heat portion” under “heat with frost” must be
satisfied when conducting the tests. The test tolerance parameters included in Table 2 of ANSI/ASHRAE Standard 37-
must be sampled throughout the preconditioning and data collection period. For the purpose of evaluating compliance
with the stated test tolerances, the dry-bulb temperature of the air entering the indoor-side and the outdoor-side, and
the water vapor content of the air entering the outdoor-side must be sampled at least every minute. All other
parameters must be sampled at equal intervals that span five minutes or less.
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APPENDIX G. UNIT CONFIGURATION FOR STANDARD
EFFICIENCY DETERMINATION - NORMATIVE

Scope.  This appendix only applies to Split Systems with 3-phase Outdoor Units or 3-phase Single Package Units. This
appendix shall not be applied to Small-duct High-velocity Systems.

Purpose. This appendix is used to determine the configuration of different components for determining representations, which
include the Standard Rating Cooling and Heating Capacity and efficiency metrics.

Gl Configuration Requirements. For the purpose of Standard Ratings, units shall be configured for testing as defined in
this Appendix.

G1.1 Basic Model. Basic Model means all units manufactured by one manufacturer within a single equipment
class, having the same or comparably performing compressor(s), heat exchangers, and air moving system(s) that have
a common “nominal” Cooling Capacity.

G.1.2 All components indicated in the following list shall be present and installed for all testing for each indoor
unit and outdoor unit, as applicable, and shall be the components distributed in commerce with the model. Individual
models that contain/use (different or alternate) versions of the same component shall either be represented separately
as a unique Basic Model or certified within the same Basic Model based on testing of the least efficient configuration.

Compressor(s)

Outdoor coil(s) or heat exchanger(s)

Outdoor fan/motor(s) (air-cooled systems only)

Indoor coil(s)

Refrigerant expansion device(s)

Indoor fan/motor(s) (except for Coil-Only Indoor Units)
System controls

For an individual model distributed in commerce with any of the following heating components, these heating
components shall be present and installed for testing:
e Reverse cycle heat pump functionality

e  Gas furnace
o  Electric resistance
e Steam and hydronic coils (if not optional per Section G2.10)
G2 Optional System Features. The following features are optional during testing. Individual models with these features

may be represented separately as a unique Basic Model or certified within the same Basic Model as otherwise identical
individual models without the feature pursuant to the definition of “Basic Model”.

If an otherwise identical model (within the same Basic Model) without the feature is distributed in commerce, test the otherwise
identical model.

If an otherwise identical model (within the Basic Model) without the feature is not distributed in commerce, conduct tests with
the feature present but configured and de-activated so as to minimize (partially or totally) the impact on the results of the test.
Alternatively, the manufacturer may indicate in the supplemental testing instructions (STI) that the test shall be conducted
using a specially-built otherwise identical unit that is not distributed in commerce and does not have the feature.

G2.1 UV Lights. A lighting fixture and lamp mounted so that it shines light on the indoor coil, that emits
ultraviolet light to inhibit growth of organisms on the indoor coil surfaces, the condensate drip pan, and/or
other locations within the equipment. UV lights shall be turned off for testing.

G2.2  High-Effectiveness Indoor Air Filtration. Indoor air filters with greater air filtration effectiveness

than the Standard Filter. Remove the non-Standard Filter and the test systems with external minimum static
pressure adjustment per note 1 of Table 10.
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G2.3  Air Economizers. An automatic system that enables a cooling system to supply and use outdoor air
to reduce or eliminate the need for mechanical cooling during mild or cold weather. They provide significant
energy efficiency improvements on an annualized basis, but are also a function of regional ambient conditions
and are not considered in the EER2, SEER2, or HSPF2 metrics. If an air economizer is installed during the
test, it shall be in the 100 % return position with outside air dampers closed and sealed using tape or equivalent
means to block any leakage.

G2.4  Fresh Air Dampers. An assembly with dampers and means to set the damper position in a closed
and one open position to allow air to be drawn into the equipment when the indoor fan is operating. If fresh
air dampers are installed during the test, test with the fresh air dampers closed and sealed using tape or
equivalent means to block any leakage.

G2.5 Barometric Relief Dampers. An assembly with dampers and means to automatically set the damper
position in a closed position and one or more open positions to allow venting directly to the outside a portion
of the building air that is returning to the unit, rather than allowing it to recirculate to the indoor coil and back
to the building. If barometric relief dampers are installed during the test, test with the barometric relief
dampers closed and sealed using tape or equivalent means to block any leakage.

G2.6  Ventilation Energy Recovery System (VERS). An assembly that pre-conditions outdoor air entering
equipment through direct or indirect thermal and/or moisture exchange with the unit’s exhaust air, which is
defined as the building air being exhausted to the outside from the equipment. If a VERS is installed during
the test, test with the outside air and exhaust air dampers closed and sealed using tape or equivalent means to
block any leakage.

G2.6.1 Process Heat recovery / Reclaim Coils / Thermal Storage. A heat exchanger located inside
the unit that conditions the equipment’s Supply Air using energy transferred from an external source
using a vapor, gas, or liquid. If such a feature is present for testing, it shall be disconnected from its
heat source.

G2.7 Indirect/Direct Evaporative Cooling of Ventilation Air. Water is used indirectly or directly to cool
ventilation air. In a direct system the water is introduced directly into the ventilation air and in an indirect
system the water is evaporated in secondary air stream and the heat is removed through a heat exchanger. If
an indirect/direct evaporative cooler is present for testing, operate disconnected from a water supply, i.e.
without active evaporative cooling of ventilation air.

G2.8 Evaporative Pre-cooling of Condenser Intake Air. Water is evaporated into the air entering the air-
cooled condenser to lower the dry-bulb temperature and thereby increase efficiency of the refrigeration cycle.
If an evaporative pre-cooler is present for testing, operate disconnected from a water supply, i.e. without
active evaporative cooling.

G2.9 Desiccant Dehumidification Components. An assembly that reduces the moisture content of the Supply
Air through moisture transfer with solid or liquid desiccants. If such a feature is present for testing, it shall
be deactivated.

G2.10 Steam/Hydronic Heat Coils. Coils used to provide supplemental heating. Steam/hydronic heat coils
are an optional system feature only if all otherwise identical individual models without the steam/hydronic
heat coils that are part of the same Basic Model have another form of primary heating other than reverse
cycle heating (e.g. electric resistance heating or gas heating). If all individual models of the Basic Model
have either steam or hydronic heat coils and no other form of heat, test with steam/hydronic heat coils in
place but providing no heat.

G2.11 Refrigerant Reheat Coils. A heat exchanger located downstream of the indoor coil that heats the
Supply Air during cooling operation using high pressure refrigerant in order to increase the ratio of moisture
removal to Cooling Capacity provided by the equipment. If this feature is present for testing, it shall be de-
activated so as to provide the minimum (none if possible) reheat achievable by the system controls.

G2.12 Powered Exhaust/Powered Return Air Fans. A Powered Exhaust Fan is a fan that transfers directly to
the outside a portion of the building air that is returning to the unit, rather than allowing it to recirculate to
the indoor coil and back to the building. A Powered Return Fan is a fan that draws building air into the
equipment. If a powered exhaust or return fan is present for testing, it shall be set up as indicated by the
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supplemental testing instructions (STI).

G2.13 Coated Coils. An indoor coil or outdoor coil whose entire surface, including the entire surface of both
fins and tubes, is covered with a thin continuous non-porous coating to reduce corrosion. Corrosion durability
of these coil coatings shall be confirmed through testing per ANSI/ASTM B117 or the ANSI/ASTM G85
salt spray test to a minimum of 500 hours or more. If an otherwise identical model (within the Basic Model)
without the coated coil is not distributed in commerce, conduct tests with the coated coil present.

G2.14 Power Correction Capacitors. A capacitor that increases the power factor measured at the line
connection to the equipment. Power correction capacitors shall be removed for testing.

G2.15 Hail Guards. A grille or similar structure mounted to the outside of the unit covering the outdoor coil
to protect the coil from hail, flying debris and damage from large objects. Hail guards shall be removed for
testing.

(G2.18 Non-Standard Ducted Condenser Fans. A higher-static condenser fan/motor assembly designed for
external ducting of condenser air that provides greater pressure rise and has a higher rated motor horsepower
than the condenser fan provided as a standard component with the equipment. If a non-standard ducted
condenser fan is installed for the test, operate the non-standard ducted condenser fan at zero ESP (either
without ducts connected, or, if using the outdoor air enthalpy method, with ESP set to zero). Non-standard
ducted condenser fans are not considered an optional feature for Double-duct Systems.

G2.19 Sound Traps/Sound Attenuators. An assembly of structures through which the Supply Air passes
before leaving the equipment or through which the return air from the building passes immediately after
entering the equipment for which the sound insertion loss is at least 6 dB for the 125 Hz octave band
frequency range. If an otherwise identical model (within the Basic Model) without the sound traps/sound
attenuators is not distributed in commerce, conduct tests with the sound traps/sound attenuators present.

G2.20 Fire/Smoke/lsolation Dampers. A damper assembly including means to open and close the damper
mounted at the supply or return duct opening of the equipment. Such adamper may be rated by an appropriate
test laboratory according to the appropriate safety standard, such as UL 555 or UL 555S. If a
fire/smoke/isolation damper is present for testing, set the damper in the fully open position.

G2.21 Hot Gas Bypass. A method for adjusting Cooling Capacity that diverts a portion of the high pressure,
hot gas refrigerant from the outdoor coil and delivers it to the low pressure portion of the refrigerant system.
If hot gas bypass is present for testing, set the hot gas bypass as indicated in manufacturer’s supplemental
testing instructions.

G3 Non-Standard Indoor Fan Motors. The standard indoor fan motor is the motor Specified by the manufacturer for testing
and shall be distributed in commerce as part of a particular model. A non-standard motor is an indoor fan motor that is not the
standard indoor fan motor and that is distributed in commerce as part of an individual model within the same Basic Model. The
minimum allowable efficiency of any non-standard indoor fan motor shall be related to the efficiency of the standard motor as
identified in Section G.3.1. If the standard indoor fan motor can vary fan speed through control system adjustment of motor
speed, all non-standard indoor fan motors shall also allow speed control (including with the use of VFD).

G3.1 Determination of Motor Efficiency for Non-standard Indoor Fan Motors.

G3.1.1 Standard and non-standard indoor fan motor efficiencies shall be based on the test
procedures indicated in Table G1.

G3.1.2 Reference motor efficiencies shall be determined for the standard and non-standard
indoor fan motor as indicated in Table G1.

G3.1.3 Non-standard motor efficiency shall meet the criterion in equation G1.

Nstandard ~"reference standard

Nnon-standard = 1— ' (1 - 771’efe1’ence non—standard) + nreference non-standard Gl
Nreference standard

Where:
Nstandard = the tested efficiency of the standard indoor fan motor
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Nnon —standard = the tested efficiency of the non-standard indoor fan motor
Nreference standard = the reference efficiency from Table G1 for the standard indoor fan motor
Nreference non-stanaara = the reference efficiency from Table G1 for the non-standard indoor fan motor

Table G1. Test Procedures and Reference Motor Efficiency

Standard or Non-standard

Motor — Test Procedure? Reference Motor Efficiency?

Federal standard levels for capacitor-start capacitor-run and

Single Phase <2 hp 10 CFR 431.444 capacitor-start induction run, 4 pole, open motors at 10 CFR
446
Single Phase > 2 hp and < 3 hp 10 CFR 431.444 Federal standard levels for polyphase, 4 pole, open motors at

10 CFR 431.446.

Single Phase > 3hp 10 CFR 431.444

Federal standard levels for 4 pole, open motors at 10 CFR
431.25(h).

Polyphase < 3 hp For cases in
which the standard and/or non- 10 CFR 431.444
standard indoor fan motor is <1 hp

Federal standard levels for polyphase, 4 pole, open motors at
10 CFR 431.446.

Polyphase < 3 hp For cases in
which both the standard and non-
standard indoor fan motor are > 1

hp

For standard and/or non-standard 2-digit frame size motors
(except 56-frame enclosed > 1 HP) <3 HP: Federal standard
levels for polyphase, 4 pole open motors at 10 CFR 431.446

10 CFR 431.444

For all other standard and/or non-standard motors <3 HP:
Federal standard levels for 4 pole, open motors at 10 CFR
431.25(h).

Appendix B to Subpart
B of 10 CFR 431

Polyphase > 3 hp

Appendix B to Subpart | Federal standard levels for 4 pole, open motors at 10 CFR
B of 10 CFR 431 431.25(h).

BLDC?® motor or ECM* > 1 hp CSA 747-09°

Federal standard levels for 4 pole, open motors at 10 CFR
431.25(h).

BLDC motor or ECM < 1 hp CSA 747-09° Use Table G2.

Notes:

1.

akrw

Air-over motors shall be tested to the applicable test procedure based on the motor’s phase count and horsepower,
except that the NEMA MG1-2016, Supplement 2017 procedure for air-over motor temperature stabilization shall be
used rather than the temperature stabilization procedure stated in the applicable test procedure based on the motor’s
phase count and horsepower. The NEMA MG1-2016, Supplement 2017 procedure for air-over motor temperature
stabilization offers three options — the same option shall be used by the manufacturer for both the standard and non-
standard motor.

For standard or non-standard motors with horsepower ratings between values given in the references, use the steps at
10 CFR 431.446(b) to determine the applicable reference motor efficiency (i.e., use the efficiency of the next higher
reference horsepower for a motor with a horsepower rating at or above the midpoint between two consecutive
standard horsepower ratings or the efficiency of the next lower reference horsepower for a motor with a horsepower
rating below the midpoint between two consecutive standard horsepower ratings.

Brushless DC (BLDC) permanent magnet motor.

Electronically commutated motor.

BLDC motors and ECMs shall be tested and rated for efficiency at full speed and full rated load. CSA 747-09 may be
applied to motors > 1 hp.
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Table G2. BLDC Motor and ECM - Fractional hp — Reference Efficiencies

Motor hp Reference Motor Efficiency!?
0.25 78.0
0.33 80.0
0.50 825
0.75 84.0

For standard or non-standard motors with horsepower ratings between values given in Table G2, use the steps at
10 CFR 431.446(b) to determine the applicable reference motor efficiency (i.e., use the efficiency of the next
higher reference horsepower for a motor with a horsepower rating at or above the midpoint between two
consecutive standard horsepower ratings or the efficiency of the next lower reference horsepower for a motor
with a horsepower rating below the midpoint between two consecutive standard horsepower ratings).

For BLDC motors and ECMs > 0.75 and < 1 hp, use Table G2 for motors < 0.875 hp, and use Federal standard
levels for 1 hp, 4 pole, open motors at 10 CFR 431.25(h) for motors > 0.875 hp.
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APPENDIX H. OFF-MODE TESTING - NORMATIVE

H1 Laboratory Testing to Determine Off-mode Average Power Ratings.

Voltage tolerances: As a percentage of reading, Test Operating Tolerance shall be 2.0% and test condition tolerance shall be
1.5%.

Power Measurement Tolerance: Power measurements shall utilize equipment accurate to within 1% or 0.5W whichever is
greater.

Conduct one of the following tests: If the central air-conditioner or heat pump lacks a compressor Crankcase Heater, perform
the test in Section H1.1 of this appendix; if the central air-conditioner or heat pump has a compressor Crankcase Heater that
lacks controls and is not self-regulating, perform the test in Section H1.1 of this appendix; if the central air-conditioner or heat
pump has a Crankcase Heater with a fixed power input controlled with a thermostat that measures ambient temperature and
whose sensing element temperature is not affected by the heater, perform the test in Section H1.1 of this appendix; if the central
air-conditioner or heat pump has a compressor Crankcase Heater equipped with self-regulating control or with controls for
which the sensing element temperature is affected by the heater, perform the test in Section H1.2 of this appendix.

H1.1  This test determines the off-mode average power rating for central air-conditioners and heat pumps that lack a
compressor Crankcase Heater, or have a compressor crankcase heating system that can be tested without control of
ambient temperature during the test. This test has no ambient condition requirements.

H1.1.1  Test Sample Set-up and Power Measurement. For Coil-only Systems, provide a furnace or Modular
Blower that is compatible with the system to serve as an interface with the thermostat (if used for the test) and
to provide low-voltage control circuit power. Make all control circuit connections between the furnace (or
Modular Blower) and the Outdoor Unit as Specified by the Installation Instructions. Measure power supplied
to both the furnace or Modular Blower and power supplied to the Outdoor Unit. Alternatively, provide a
compatible transformer to supply low-voltage control circuit power, as described in Section H1.4 of this
Appendix. Measure transformer power, either supplied to the primary winding or supplied by the secondary
winding of the transformer, and power supplied to the Outdoor Unit. For blower coil and single-package
systems, make all control circuit connections between components as Specified by the Installation Instructions,
and provide power and measure power supplied to all system components.

H1.1.2  Configure Controls. Configure the controls of the central air-conditioner or heat pump so that it
operates as if connected to a building thermostat that is set to the OFF position. Use a compatible building
thermostat if necessary to achieve this configuration. For a thermostat-controlled Crankcase Heater with a fixed
power input, bypass the Crankcase Heater thermostat if necessary to energize the heater.

H1.1.3  Measure P2,. If the unit has a Crankcase Heater time delay, make sure that time delay function is
disabled or wait until delay time has passed. Determine the average power from non-zero value data measured
over a 5- minute interval of the non-operating central air-conditioner or heat pump and designate the average
power as P2, the heating season total off-mode power.

H1.1.4  Measure Py For Coil-only Systems and for Blower Coil Systems for which a furnace or a Modular
Blower is the designated air mover: Disconnect all low- voltage wiring for
the outdoor components and outdoor controls from the low-voltage transformer. Determine the average power
from non-zero value data measured over a 5- minute interval of the power supplied to the (remaining) low-
voltage components of the central air-conditioner or heat pump, or low- voltage power, Px. This power
measurement does not include line power supplied to the Outdoor Unit. It is the line power supplied to the air
mover, or, if a compatible transformer is used instead of an air mover, it is the line power supplied to the
transformer primary coil. If a compatible transformer is used instead of an air mover and power output of the
low-voltage secondary circuit is measured, Py is zero.

H1.1.5 Calculate P2. Set the number of compressors (n:) equal to the unit’s number of single-stage
compressors (ns) plus 1.75 times the unit’s number of compressors that are not single-stage (ny).

n. =ng+ (1.75 - n,) H1

For Single Package Units and Blower Coil Systems for which the designated air mover is not a furnace or
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Modular Blower, divide the heating season total off-mode power (P2,) by the number of compressors (n¢) to
calculate P2, the heating season per- compressor off-mode power. Round P2 to the nearest watt. The expression
for calculating P2 is as follows:

p2 =" H2

N¢

For Coil Only Systems and Blower Coil Systems for which a furnace or a Modular Blower is the designated
air mover, subtract the low-voltage power (Px) from the heating season total off-mode power (P2) and divide
by the number of compressors (n¢) to calculate P2, the heating season per- compressor off-mode power. Round
P2 to the nearest watt. The expression for calculating P2 is as follows:

P2, — Py

Nn¢

P2 = H3

H1.1.6  Shoulder Season per-compressor off-mode power, P1: If the system does not have a Crankcase
Heater, has a Crankcase Heater without controls that is not self-regulating, or has a value for the Crankcase
Heater turn-on temperature (as certified in the DOE Compliance Certification Database) that is higher than
71°F, then P1is equal to P2.

Otherwise, de-energize the Crankcase Heater (by removing the thermostat bypass or otherwise disconnecting
only the power supply to the Crankcase Heater) and repeat the measurement as described in Section H1.1.3 of
this appendix. Designate the measured average power as P1,, the Shoulder Season total off-mode power.

Determine the number of compressors (n) as described in Section H1.1.5 of this appendix

For Single Package Units and Blower Coil Systems for which the designated air mover is not a furnace or
Modular Blower, divide the Shoulder Season total off-mode power (P1,) by the number of compressors (nc) to
calculate P1, the Shoulder Season per- compressor off-mode power. Round P1 to the nearest watt. The
expression for calculating P1 is as follows:

P1,

n¢

P1 = H4

For Coil-only Systems and Blower Coil Systems for which a furnace or a Modular Blower is the designated air
mover, subtract the low-voltage power (Py) from the Shoulder Season total off-mode power (P1,) and divide
by the number of compressors (n) to calculate P1, the Shoulder Season per- compressor off-mode power.
Round P1 to the nearest watt. The expression for calculating P1 is as follows:

_ Ply—Py

Ne

P1 H5

H1.2  This test determines the off-mode average power rating for central air-conditioners and heat pumps for
which ambient temperature can affect the measurement of Crankcase Heater power.

H1.2.1  Test Sample Set-up and Power Measurement. Set up the test and measurement as described in
Section H1.1.1 of this appendix.

H1.2.2  Configure Controls. Position a temperature sensor to measure the outdoor dry-bulb temperature in
the air between 2 and 6 in from the Crankcase Heater control temperature sensor or, if no such temperature
sensor exists, position it in the air between 2 and 6 in from the Crankcase Heater. Utilize the temperature
measurements from this sensor for this portion of the test procedure. Configure the controls of the central air-
conditioner or heat pump so that it operates as if connected to a building thermostat that is set to the OFF
position. Use a compatible building thermostat if necessary to achieve this configuration.

Conduct the test after completion of the By or Biow test. Alternatively, start the test when the outdoor dry-
bulb temperature is at 82°F and the temperature of the compressor shell (or temperature of each compressor’s
shell if there is more than one compressor) is at least 81°F. Then adjust the outdoor temperature at a rate of
change of no more than 20°F per hour and achieve an outdoor dry-bulb temperature of 72°F. Maintain this
temperature within +2°F while making the power measurement, as described in Section H1.2.3 of this appendix.
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H1.2.3  Measure P1,. If the unit has a Crankcase Heater time delay, make sure that time delay function is
disabled or wait until delay time has passed. Determine the average power from non-zero value data measured
over a 5- minute interval of the non-operating central air-conditioner or heat pump and designate the average
power as P1y, the Shoulder Season total off-mode power. For units with Crankcase Heater which operate during
this part of the test and whose controls cycle or vary Crankcase Heater power over time, the test period shall
consist of three complete Crankcase Heater cycles or 18 hours, whichever comes first. Designate the average
power over the test period as P1,, the Shoulder Season total off-mode power.

H1.2.4  Reduce Outdoor Temperature. Approach the target outdoor dry-bulb temperature by adjusting the
outdoor temperature at a rate of change of no more than 20°F per hour. This target temperature is five degrees
Fahrenheit less than the temperature Specified by the OUM at which the Crankcase Heater turns on. Maintain
the target temperature within +2°F while making the power measurement, as described in Section H1.2.5 of
this appendix.

H1.2.5  Measure P2,. If the unit has a Crankcase Heater time delay, make sure that time delay function is
disabled or wait until delay time has passed. Determine the average non-zero power of the non-operating central
air-conditioner or heat pump over a 5-minute interval and designate it as P2y, the heating season total off-mode
power. For units with Crankcase Heater whose controls cycle or vary Crankcase Heater power over time, the
test period shall consist of three complete Crankcase Heater cycles or 18 hours, whichever comes first.
Designate the average power over the test period as P2y, the heating season total off-mode power.

H1.2.6  Measure Py. For Coil-only Systems and for Blower Coil Systems for which a furnace or Modular
Blower is the designated air mover: Disconnect all low- voltage wiring for the outdoor components and outdoor
controls from the low-voltage transformer. Determine the average power from non-zero value data measured
over a 5- minute interval of the power supplied to the (remaining) low-voltage components of the central air-
conditioner or heat pump, or low- voltage power, Pyx. This power measurement does not include line power
supplied to the Outdoor Unit. It is the line power supplied to the air mover, or, if a compatible transformer is
used instead of an air mover, it is the line power supplied to the transformer primary coil. If a compatible
transformer is used instead of an air mover and power output of the low-voltage secondary circuit is measured,
Py is zero.

H1.2.7  Calculate P1. Set the number of compressors (nc) equal to the unit’s number of single-stage
compressors (ns) plus 1.75 times the unit’s number of compressors that are not single-stage (ny).

For Single Package Units and Blower Coil Systems for which the air mover is not a furnace or Modular Blower,
divide the Shoulder Season total off-mode power (P1x) by the number of compressors (n¢) to calculate P1, the
Shoulder Season per-compressor off-mode power. Round to the nearest watt. The expression for calculating
P1 is as follows:

P1,

n¢

P1= H6

For Coil-only Systems and Blower Coil Systems for which a furnace or a Modular Blower is the designated air
mover, subtract the low-voltage power (Px) from the Shoulder Season total off-mode power (P1y) and divide
by the number of compressors (n:) to calculate P1, the Shoulder Season per- compressor off-mode power.
Round to the nearest watt. The expression for calculating P1 is as follows:

Ply — Py

N¢

P1= H7

H1.2.8  Calculate P2. Determine the number of compressors (nc) as described in Section H1.2.7 of this
appendix.

For Single Package Units and Blower Coil Systems for which the air mover is not a furnace, divide the heating

season total off-mode power (P2) by the number of compressors (n¢) to calculate P2, the heating season per-
compressor off-mode power. Round to the nearest watt. The expression for calculating P2 is as follows:

p2="% H8
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For Coil-only Systems and Blower Coil Systems for which a furnace or a Modular Blower is the designated air
mover, subtract the low-voltage power (Py) from the heating season total off-mode power (P2,) and divide by
the number of compressors (n¢) to calculate P2, the heating season per- compressor off-mode power. Round to
the nearest watt. The expression for calculating P2 is as follows:

_ P2x— Py

Ne

P2 H9

H1.3  When testing a Coil-only System, install a toroidal-type transformer to power the system’s low-voltage
components, complying with any additional requirements for the transformer mentioned in the Installation Instructions
included with the unit by the OUM. If the Installation Instructions do not provide specifications for the transformer, use
a transformer having the following features:

H1.3.1 A nominal volt-amp rating such that the transformer is loaded between 25% and 90% of this rating
for the highest level of power measured during the off-mode test;

H1.3.2  Designed to operate with a primary input of 230 V, single phase, 60 Hz; and
H1.3.3  That provides an output voltage that is within the stated range for each low-voltage component.
Include the power consumption of the components connected to the transformer as part of the total system

power consumption during the off-mode tests; do not include the power consumed by the transformer when no
load is connected to it.

133



AHRI STANDARD 210/240-2023 (2020)

APPENDIX |. VERIFICATION TESTING - NORMATIVE

To comply with this standard, single sample production verification tests shall meet the certified Standard Rating performance
metrics shown in Table 11 with the listed acceptance criteria.

Table I1. Acceptance Criteria

Performance Metric | Acceptance Criteria
Cooling Metrics
Capacity* >95%
SEER?2 >95%
EER2a runl >95%
Heating Metrics
Capacity? >95%
HSPF2 >95%
Notes:
1. Cooling capacity at Agy conditions
2. Heating capacity at H1g,; or Hlyom conditions, as appropriate.
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