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IMPORTANT

SAFETY DISCLAIMER

ARI 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.

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

ARI CERTIFICATION PROGRAM PROVISIONS

Scope of the Certification Program

The Certification Program includes all Unitary Air-Conditioning and Air-Source Unitary Heat Pump equipment
rated below 65,000 Btu/h [19,000 W] at ARI Standard Rating Conditions (Cooling).

Certified Ratings

The following Certification Program ratings are verified by test:

Unitary Air-Conditioners

A. Air-cooled under 65,000 Btu/h [19,000 W]

1.
2.

ARI Standard Rating Cooling Capacity, Btu/h [W]
Seasonal Energy Efficiency Ratio, SEER, Btu/(W-h)

B. Water-cooled and evaporative-cooled under 65,000 Btu/h [19,000 W]

1.
2.

ARI Standard Rating Cooling Capacity, Btu/h [W]
Energy Efficiency Ratio, EER, Btu/(W-h)

Air-Source Unitary Heat Pumps

Air-cooled under 65,000 Btu/h [19,000 W]

1.

2.
3.
4

ARI Standard Rating Cooling Capacity, Btu/h [W]

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

High Temperature Heating Standard Rating Capacity, Btu/h [W]

Region IV Heating Seasonal Performance Factor, HSPF, Minimum Design Heating Requirement,
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.

Price $20.00 (M) $40.00 (NM) »
Printed in U.S.A. a~2s

Note:

This standard supersedes ARI Standard 210/240-94.

©Copyright 2003, by Air-Conditioning and Refrigeration Institute
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ARI STANDARD 210/240-2003

UNITARY AIR-CONDITIONING
AND AIR-SOURCE HEAT PUMP EQUIPMENT

Section 1. Purpose

1.1  Purpose. The purpose of this standard is to establish,
for Unitary Air-Conditioners and Air-Source Unitary Heat
Pumps: definitions; classifications; test requirements; rating
requirements; minimum data requirements for Published
Ratings; operating requirements; marking and nameplate
data; and conformance conditions.

1.1.1  Intent. This standard 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 Air-Source Unitary Heat Pumps 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 individual assemblies, such as condensing
units or coils, for separate use.

2.2.1 This standard does not apply to heat
operated air-conditioning/heat pump equipment, or to
packaged terminal air-conditioners/heat pumps, or to
room air-conditioners/heat pumps.

2.2.2  This standard does not apply to Unitary Air-
Conditioners as defined in ARI Standard 340/360
with capacities of 65,000 Btu/h [19,000 W] or
greater.

2.2.3  This standard does not apply to Air-Source
Unitary Heat Pumps as defined in ARI Standard
340/360 with cooling capacities of 65,000 Btu/h
[19,000 W] or greater, or to water-source heat
pumps, to ground water-source heat pumps, and to
ground source closed-loop heat pumps.

2.2.4  This standard does not include water heating
heat pumps.

2.2.5  This standard does not apply to rating units
equipped with desuperheater/water heating devices in
operation.

Section 3. Definitions

All terms in this document shall follow the standard industry
definitions in the current edition of ASHRAFE Terminology of
Heating, Ventilation, Air- Conditioning and Refrigeration,
unless otherwise defined in this section.

Note: See Appendix C for definitions that apply to the
testing and calculation procedures required by Appendix C.

3.1  Air-Source Unitary Heat Pump. One or more
factory-made assemblies which normally include an indoor
conditioning coil(s), compressor(s), and outdoor coil(s),
including means to provide a heating function. 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.

3.1.1  Functions. They 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.

3.2 Degradation Coefficient (Cp). The measure of the
efficiency loss due to the cycling of the units as determined
in Appendices C and D.

3.3 Design Heating Requirement (DHR). This is the
amount of heating required to maintain a given indoor
temperature at a particular outdoor design temperature.

3.4  Energy Efficiency Ratio (EER). A ratio of the cooling
capacity in Btu/h to the power input value in watts at any
given set of Rating Conditions expressed in Btu/(W-h).

3.4.1  Standard Energy Efficiency Ratio. A ratio
of the capacity to power input value obtained at
Standard Rating Conditions.

3.5  Heating Seasonal Performance Factor (HSPF). The
total heating output of a heat pump, including
supplementary electric heat necessary to achieve building
heating requirements during its normal annual usage period
for heating divided by the total electric power during the
same period, as determined in Appendices C (Section C4.2)
and D, expressed in Btu/(W-h).
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3.6  Integrated Part-Load Value (IPLV). A single number
part-load efficiency figure of merit calculated per the
method described in this standard.

3.7  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
capacity and type (identification) produced by the same
manufacturer. As used herein, 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.

3.71  Application Rating. A rating based on tests
performed at Application Rating Conditions (other
than Standard Rating Conditions).

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

3.8  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.

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

3.9  Seasonal Energy Efficiency Ratio (SEER). The total
cooling of a central air-conditioner during its normal usage
period for cooling (not to exceed 12 months) divided by the
total electric energy input during the same period as
determined in Appendices C (Section C4.1) and D,
expressed in Btu/(W-h).

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

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

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

3.11 Standard Air. Air weighing 0.075 Ib/ft’ [1.2 kg/m’]
which approximates dry air at 70°F [21°C] and at a
barometric pressure of 29.92 in Hg [101.3 kPa].

3.12  Unitary Air-Conditioner. One or more factory-made
assemblies which normally include an evaporator or cooling
coil(s), compressor(s), and condenser(s). Where such
equipment is provided in more than one assembly, the
separated assemblies are to be designed to be used together,
and the requirements of rating outlined in this standard are

based upon the use of these assemblies in operation
together.

3.12.1 Functions. Either alone or in combination
with a heating plant, the functions are to provide air-
circulation, air-cleaning, cooling with controlled
temperature and dehumidification, and may
optionally include the function of heating and/or
humidifying.

Section 4. Classifications

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

Section 5. Test Requirements

All Standard Ratings shall be verified by tests conducted in
accordance with ANSI/ASHRAE Standard 37 and with the
test methods and procedures as described in this standard
and its appendices.

Air-cooled units shall be tested in accordance with
Appendices C and D. Water-cooled and evaporative-cooled
units shall be tested in accordance with ANSI/ASHRAE
Standard 37.

Section 6. Rating Requirements

6.1 Standard Ratings. Standard Ratings shall be
established at the Standard Rating Conditions specified in
6.1.3.

Air-cooled units shall be rated at conditions specified in
Table 3 or Table 4.

Water-cooled and evaporative-cooled units shall be rated at
conditions specified in Table 5.

Standard Ratings relating to cooling or heating capacities
shall be net values, including the effects of circulating-fan
heat, but not including supplementary heat. Power input
shall be the total power input to the compressor(s) and
fan(s), plus controls and other items required as part of the
system for normal operation.

Standard Ratings of units which do not have indoor air-
circulating fans furnished as part of the model, i.c., split
systems with indoor coil alone, shall be established by
subtracting from the total cooling capacity 1,250 Btu/h per
1,000 cfm [775 W/m?/s], and by adding the same amount to
the heating capacity. Total power input for both heating and
cooling shall be increased by 365 W per 1,000 cfm [226
W/m?/s] of indoor air circulated.
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Standard Ratings of water-cooled units shall include a total
allowance for cooling tower fan motor and circulating water
pump motor power inputs to be added in the amount of 10.0
W per 1,000 Btu/h [34.1 W per 1,000 W] cooling capacity.

6.1.1 Values of Standard Capacity Ratings.
These ratings shall be expressed only in terms of

Btu/h [W] as shown:

[11,000 up to 19,000]

Capacity Ratings, Multiples, Btu/h [W]
Btu/h [W]
< 20,000 [5,900] 100 [30]
> 20,000 and < 38,000 200 [60]
[5,900 up to 11,000]
> 38,000 and < 65,000 500 [150]

6.1.2  Values of Measures of Energy Efficiency.
Standard measures of energy efficiency, whenever
published, shall be expressed in multiples of the
nearest 0.05 Btu/(W-h) for EER, SEER and HSPF.
and in multiples of 0.1 for IPLV.

6.1.3  Standard Rating Tests. Tables 3, 4 and 5
indicate the test and test conditions which are
required to determine values of standard capacity
ratings and values of measures of energy efficiency.

6.1.3.1 Assigned Degradation Factor. In
lieu of conducting C and D tests or the
heating cycling test (as shown in Table 3),
an assigned value of 0.25 may be used for
either the cooling or heating Degradation
Coefficient, Cp, or both. For units with two
compressor speeds, two compressors or
cylinder unloading, if the assigned Cp is
used for one cooling mode, it must be used
for both cooling modes. If the assigned Cp
is used for one heating mode, it must be
used for both heating modes.

6.1.3.2 Electrical Conditions. Standard
Rating tests shall be performed at the
nameplate rated voltage(s) and frequency.

For air-cooled equipment which is rated
with 208-230V 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.

6.1.3.3 Indoor-Coil Airflow Rate. All
Standard Ratings shall be determined at an
indoor-coil airflow rate as outlined below.
All airflow rates shall be expressed in terms
of Standard Air.

a. Equipment with indoor fans
intended for use with field
installed duct systems shall be
rated at the indoor-coil
airflow rate (not to exceed
37.5 SCFM per 1,000 Btu/h
[0.06 m*/s per 1,000 W] of
rated capacity) delivered
when operating against the
minimum external pressure
specified in 6.1.3.6 or at a
lower indoor-coil airflow rate
if so specified by the
manufacturer.

b. Equipment with indoor fans
not intended for use with field
installed duct systems (free
discharge) shall be rated at
the indoor-coil airflow rate
delivered when operating at 0
in H,O [0 Pa] external
pressure as specified by the
manufacturer.

c. Equipment which does not
incorporate an indoor fan, but
is rated in combination with a
device employing a fan shall
be rated as described under
6.1.3.3 a. For equipment of
this class which is rated for
general use to be applied to a
variety of heating units, the
indoor-coil airflow rate shall
be  specified by the
manufacturer in Standard
Ratings, not to exceed 37.5
SCFM/1,000 Btu/h [0.06 m*/s
per 1,000 W] of rated
capacity or the airflow rate
obtained through the indoor
coil assembly when the
pressure drop across the
indoor coil assembly and the
recommended enclosures and
attachment means is not
greater than 0.30 in H,O [75
Pa], whichever is less.
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Table 1. Classification of Unitary Air-Conditioners

Types of Unitary Air-Conditioners

Designation ARI Type '* Arrangement
Single Package SP-A
SP-E FAN | COMP
SP-W EVAP | COND
Refrigeration RCH-A COMP
Chassis RCH-E | EVAP | COND
RCH-W
Year-Round SPY-A FAN
Single SPY-E HEAT | COMP
Package SPY-W EVAP COND
Remote RC-A FAN
Condenser RC-E EVAP | COND
RC-W COMP
Year-Round RCY-A FAN
Remote RCY-E EVAP | COND
Condenser RCY-W HEAT
COMP
Condensing RCU-A-C | EVAP COND
Unlt, Coil RCU-E-C COMP
Alone RCU-W-C
Condensing RCU-A-CB FAN COND
Unit, Coil RCU-E-CB EVAP COMP
And Blower RCU-W-CB
Year-Round RCUY-A-CB FAN
Condensing RCUY-E-CB EVAP COND
Unit, Coil and Blower RCUY-W-CB HEAT COMP

Notes:
1

installed duct systems (6.1.3.3b).

2

A suffix of "-O" following any of the above classifications indicates equipment not intended for use with field-

A suffix of "-A" indicates air-cooled condenser, "-E" indicates evaporative-cooled condenser and "-W" indicates
water-cooled condenser.
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Table 2. Classification of Air-Source Unitary Heat Pumps

Types of Air-Source Unitary Heat Pumps

Designation ARI Type' Arrangement
Heating and Heating Only
Cooling
Single Package HSP-A HOSP-A
FAN COMP
INDOOR OUTDOOR
COIL COIL
Remote Outdoor Coil HRC-A-CB HORC-A-CB FAN
INDOOR COIL | OUTDOOR COIL |
COMP
Remote Outdoor Coil HRC-A-C HORC-A-C INDOOR COIL | OUTDOOR COIL |
With No Indoor Fan
COMP
Split System HRCU-A-CB HORCU-A-CB FAN COMP
INDOOR COIL OUTDOOR COIL
Split System HRCU-A-C HORCU-A-C COMP
With No Indoor Fan | INDOOR COIL | OUTDOOR COIL
Note:

1

installed duct systems (6.1.3.3 b.).

A suffix of "-O" following any of the above classifications indicates equipment not intended for use with field-
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Table 3. Conditions for Standard Rating Tests and Operating Requirement Tests for Air-
cooled Equipment Using Appendix C

INDOOR UNIT OUTDOOR UNIT
Air Entering Air Entering
TEST
Dry-Bulb Wet-Bulb Dry-Bulb Wet-Bulb
°F °C | °F °C | °F °C | °F °C
Standard Rating Conditions 80.0 26.7 | 67.0 19.4 | 95.0 350 | 75.0° 23.9
"A" Cooling Steady State '
"B" Cooling Steady State 80.0 26.7 | 67.0 19.4 | 82.0 27.8 | 65.0° 18.3
"C" Cooling Steady State Dry Coil 80.0 267 | 57.0° 13.9 | 82.0 27.8 | 65.0° 18.3
©
Z "D" Cooling Cyclic Dry Coil 80.0 26.7 | 57.0° 13.9 | 82.0 27.8 | 65.0° 18.3
=
o
8 Low Temperature Operation 67.0 194 | 57.0 139 | 67.0 194 | 57.0° 13.9
Cooling
Insulation Efficiency 80.0 26.7 | 75.0 23.9 [ 80.0 26.7 | 75.0° 23.9
Condensate Disposal 80.0 26.7 | 75.0 23.9 | 80.0 26.7 | 75.0° 23.9
Maximum Operating Conditions 80.0 26.7 | 67.0 19.4 | 115.0 46.1 | 75.0° 23.9
Standard Rating Conditions 70.0 21.1 | 60.0 15.6 | 47.0 831 43.0 6.1
High Temperature Heating (max)
Steady State
High Temperature Heating Cyclic 70.0 21.1 | 60.0 15.6 | 47.0 8.3 1430 6.1
(max)
@)
E High Temperature Heating® 70.0 21.1 | 60.0 15.6 | 62.0 16.7 | 56.5 13.6
;C_] Steady State (max)
an)
Low Temperature Heating 70.0 21.1 | 60.0 15.6 | 17.0 -83 [ 15.0 -9.4
Steady State (max)
Frost Accumulation 70.0 21.1 | 60.0 15.6 | 35.0 1.7 | 33.0 0.6
(max)
Maximum Operating Conditions 80.0 26.7 - - 1750 239 [ 65.0 18.3

Notes:
1

condensate.

Same conditions used for Voltage Tolerance Tests.
The wet-bulb temperature condition is not required when testing air-cooled condensers which do not evaporate

Same conditions used for Voltage Tolerance Tests (Heating-only units).
For two speed, two compressor or units with compressor unloading capability.
Wet-bulb temperature sufficiently low that no condensate forms on evaporator.
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Table 4. Conditions for Standard Rating Tests for Air-cooled Variable Speed Equipment
Meeting the Requirements of Appendix C

INDOOR COIL OUTDOOR COIL
AIR ENTERING AIR ENTERING
TEST Dry-Bulb Wet-Bulb Dry Bulb Wet Bulb

OF OC OF OC OF OC OF OC
"A" Cooling Steady State 80.0 26.7 | 67.0 194 | 95.0 350 | 75.0' 23.9
At Maximum (k=2) Compressor Speed
"B-2" Cooling Steady State 80.0 26.7 | 67.0 194 | 82.0 27.8 | 65.0' 18.3
At Maximum (k=2) Compressor Speed
"B-1" Cooling Steady State 80.0 26.7 | 67.0 194 | 82.0 27.8 | 65.0' 18.3
At Minimum (k=1) Compressor Speed
Low Ambient Cooling Steady State 80.0 26.7 | 67.0 194 | 67.0 194 | 535" 11.9
At Minimum (k=1) Compressor Speed
Dry Coil Cooling Steady State 80.0 26.7 | 57.0* 13.9 | 67.0 19.4 | 535" 11.9
At Minimum (k=1) Compressor Speed
Cyclic Cooling Dry Coil * 80.0 26.7 | 57.0* 139 | 67.0 194 | 535! 11.9
At Minimum (k=1) Compressor Speed
Intermediate Cooling Steady State 80.0 26.7 | 67.0 194 | 87.0 30.6 | 69.0' 20.6
At Intermediate (k=i) Compressor Speed
Standard Rating-Heating 70.0 21.1 | 60.0 15.6 | 47.0 83 | 43.0 6.1
At Nominal ? (k=n) Compressor Speed (max)
Max Temperature Heating 70.0 21.1 | 60.0 15.6 | 62.0 16.7 | 56.5 13.6
At Minimum (k=1)Compressor Speed
Cyclic Heating * 70.0 21.1 | 60.0 15.6 | 62.0 16.7 | 56.5 13.6
At Minimum (k=1) Compressor Speed
High Temperature Heating 70.0 21.1 | 60.0 15.6 | 47.0 83 | 43.0 6.1
At Maximum (k=2) Compressor Speed
High Temperature Heating 70.0 21.1 | 60.0 15.6 | 47.0 83 [ 43.0 6.1
At Minimum (k=1) Compressor Speed
Frost Accumulation * 70.0 21.1 | 60.0 15.6 | 35.0 1.7 | 33.0 0.6
At Maximum (k=2) and/or Intermediate
(k=1) Compressor Speed
Low Temperature Heating 70.0 21.1 | 60.0 15.6 | 17.0 -83 [ 15.0 -9.4
At Maximum (k=2) Compressor Speed

All tests are performed at the outdoor fan speed and indoor blower speed intended for normal operation.

k = Compressor speed
Notes:

1
2
3
4

Not maintained if no condensate rejected to outdoor coil.
Optional test used to determine the DHR. The nominal speed is the lesser of the cooling and heating maximum speeds.

Optional equations may be used in lieu of the maximum speed test. The intermediate speed is the same as the cooling intermediate speed.
Wet-bulb temperature sufficiently low that no condensate forms on evaporator.
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Table 5. Conditions for Standard Rating Tests and Operating Requirement Tests for Water-cooled
and Evaporative-cooled Equipment Using ASHRAE Standard 37
INDOOR SECTION OUTDOOR SECTION
TEST Air Entering Evaporative-cooled Water-cooled
Air Entering Condenser Inlet Condenser
Dry-Bulb Wet-Bulb Dry-Bulb Wet-Bulb | Make-up Water > Outlet
°F °oC °F °oC °F °oC °F °oC °F oC °F °C °F °C
Standard Rating [80.0 26.7 67.0 194 95.0 35.0 75.0 239 |[85.0 294 85.0 294 95.0 35.0
Conditions
Cooling '
Low 67.0 194 57.0 13.9 67.0 194 57.0 139 [67.0 194 - - 70.0 21.1
Temperature
Operating
Cooling
&}
Z |Insulation 80.0 26.7 75.0 23.9 80.0 26.7 75.0 239 (850 294 - - 80.0 26.7
= .
3 Efficiency
@}
© |Condensate 80.0 26.7 75.0 239 80.0 26.7 75.0 239 (850 294 - - 80.0 26.7
Disposal
Maximum 80.0 26.7 67.0 194 100.0 37.8 80.0 26.7 (90.0 322 90.0 322 100.0 37.8
Operating
Conditions
Part-Load 80.0 26.7 67.0 194 80.0 26.7 67.0 194 [77.0 250 75.0% 23.9 - -
Conditions
(IPLV)
Notes:
! Same conditions used for Voltage Tolerance Tests
2 Water flow rate as determined from Standard Rating Conditions.
> Water in basin shall not overflow.

Indoor-coil airflow rates and pressures as
referred to herein apply to the airflow rate
experienced when the unit is cooling and
dehumidifying wunder the conditions
specified in this section. This airflow rate,
except as noted in 6.1.3.3 b and 8.4, shall be
employed in all other tests prescribed herein
without regard to resulting external static
pressure. Heating only units shall use the
airflow rate experienced when the unit is
operating under the High Temperature
Heating Standard Rating Conditions Test.

6.1.3.4 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, they 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. Once established, the
outdoor coil air circuit of the equipment shall remain
unchanged throughout all tests prescribed herein.

6.1.3.5 Requirements for Separated Assemblies. All
Standard Ratings for equipment in which the outdoor
section is separated from the indoor section, as in
Types RC, RCY, RCU, RCUY, HRC, HORC,
HRCU and HORCU (shown in Section 4), shall be
determined with at least 25 ft [7.6 m] of
interconnection tubing on each line of the size
recommended by the manufacturer. 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, or with 25 ft [7.6 m] of
tubing, whichever is greater. Atleast 10 ft[3.0 m] of
the interconnection 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.
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6.2

6.1.3.6 Minimum External Pressure. Indoor air-
moving equipment intended for use with field
installed duct systems shall be designed to operate
against, and tested at not less than, the minimum
external pressure shown in Table 6 when delivering
the rated capacity and airflow rate specified in
6.1.3.3.

Indoor air-moving equipment not intended for use
with field installed duct systems (free discharge)
shall be tested at 0 in H,O [0 Pa] external pressure.

Table 6. Minimum External Pressure

Standard Capacity Minimum

Ratings ' External
Resistance
MBtu/h kW in H,O Pa
<28 <8.2 0.10 25
> 28 and < 42 >82and < 12.4 0.15 37
>42and <65 | >124and<19.0 | 020 50

! Cooling capacity for units with cooling function;
High Temperature Heating Capacity for heating-only
units

Interpreting this requirement, it is understood that the
most restrictive filters, supplementary heating coils,
and other equipment specified as part of the unit be in
place and that the net external pressure specified
above is available.

6.1.3.7 Moisture Removal Determination. Indoor
air moisture removed shall be determined at Standard
Rating Conditions (cooling) for units tested in
accordance with both ANSI/ASHRAE Standard 37
and Appendix C. The expression of the removal rate
shall be based upon the net cooling capacity,
including an allowance of 1,250 Btu/h per 1,000 cfm
[775 W/m?/s] fan heat for blowerless equipment.

Part-Load Rating. Only systems which are capable

of capacity reduction shall be rated at 100% and at each step
of capacity reduction provided by the refrigeration system(s)
as published by the manufacturer. These rating points shall
be used to calculate the IPLV (see 6.2.2).

6.3

Application Ratings.  Ratings at conditions of

6.2.1 Part-Load Rating Conditions. Test conditions
for part-load ratings shall be per Table 5.

Any water flow required for system function shall be
at water flow rates established at (full load) Standard
Rating Conditions.

Capacity reduction means may be adjusted to obtain
the specified step of unloading. No manual
adjustment of indoor and outdoor airflow rates from
those of the Standard Rating Conditions shall be
made. However, automatic adjustment of airflow
rates by system function is permissible.

6.2.2  Integrated Part-Load Value (IPLV). For
equipment covered by this standard, the IPLV shall
be calculated as follows:

a. Determine the capacity and EER at the
conditions specified in Table 5

b. Determine the Part-Load Factor (PLF)
from Figure 1, "Part-Load Factor
Curve," at each rating point (see

Appendix E)
c. Use the following equation to calculate
IPLV:
(EER1 +EERZJ
IPLV = (PLF |~ PLF Z)X 5
(PLF oL ) (EER 2+EER3J
—+ 2_ 3 X—z R
(EER +EER )
n-1 n
+(PLF l—PLF jx
n— n 2
+(PLFn)>< (EERH)
where:
PLF = Part-load factor
determined from
Figure 1
n = Total number of
capacity steps
Superscript 1 = 100%  capacity
and EER at part-
load Rating
Conditions
Subscript 2, 3 etc. = Specific capacity
and EER at part-
load steps per 6.2

temperature or airflow rate other than those specified in

9
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6.1.3 and 6.2.1 may be published as Application Ratings,
and shall be based on data determined by the methods
prescribed in 6.1. Application Ratings in the defrost region
shall include net capacity and COP based upon a complete
defrost cycle.

6.4  Publication of Ratings. Wherever Application
Ratings are published or printed, they shall include, or be
accompanied by the Standard Ratings plus the IPLV (where
applicable), clearly designated as such, including a
statement of the conditions at which the ratings apply.

6.4.1  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 [W] at the
Standard Rating Conditions specified in 6.1.3 plus
part-load Rating Conditions specified in 6.2.1 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.

6.5 Tolerances. To comply with this standard, measured
test results shall not be less than 95% of Published Ratings
for performance ratios and capacities.

(Note: Products covered by the National Appliance Energy

Conservation Act (NAECA) shall be rated in accordance
with 10 CFR 430, Section 24 m (1) (i) and (ii).)

Section 7. Minimum Data Requirements for
Published Ratings
7.1  Minimum Data Requirements for Published Ratings.
As a minimum, Published Ratings shall consist of the
following information:

a. For Unitary Air-Conditoners (air-cooled)

1. ARI Standard Rating cooling capacity
2. Secasonal Energy Efficiency Ratio, SEER

b. For Unitary Air-Conditioners (water-cooled and
evaporative-cooled)

1. ARI Standard Rating cooling capacity
2. Energy Efficiency Ratio, EER

c. For all Air-Source Unitary Heat Pumps

1. ARI Standard Rating cooling capacity

2. Seasonal Energy Efficiency Ratio, SEER

3. High temperature heating Standard Rating
capacity

4. Region IV Heating Seasonal Performance

Factor, HSPF, minimum design heating
requirement
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7.2 Latent Capacity Designation. The moisture removal
designation shall be published in the manufacturer’s
specifications and literature. The value shall be expressed
consistently in either gross or net in one or more of the
following forms:

a. Sensible capacity/total capacity ratio and total
capacity
Latent capacity and total capacity

c. Sensible capacity and total capacity

7.3 Rating Claims. All claims to ratings within the scope
of this standard shall include the statement “Rated in
accordance with ARI Standard 210/240”. All claims to
ratings outside the scope of this standard shall include the
statement: “Outside the scope of ARI 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 will meet the requirements detailed herein.

8.2  Maximum Operating Conditions Test.  Unitary
equipment shall pass the following maximum operating
conditions test with an indoor-coil airflow rate as
determined under 6.1.3.3.

8.2.1  Temperature Conditions.  Temperature
conditions shall be maintained as shown in Tables 3,
4orS5.

8.2.2  Voltages. The test shall be run at the Range
A minimum utilization voltage from ARI 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.

8.2.3  Procedure.  The equipment shall be
operated for one hour at the temperature conditions
and voltage specified.

8.2.4  Requirements. The equipment shall operate
continuously without interruption for any reason for
one hour.

8.2.4.1 Units with water-cooled
condensers shall be capable of operation
under these maximum conditions at a water-
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PART LOAD FACTOR CURVE
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where: PLF = Part-Load Factor
Q = Percent of full-load capacity at part-load
conditions.
A0 = -0.12773917 x 10-°
Al = —0.27648713 x 103
A2 = 0.50672449 x 103
A3 = —0.25966636 x 10-*
A4 = 0.69875354 x 10-°
AS = —0.76859712 x 10-8
A6 = 0.28918272 x 10-'°

rating

Figure 1. Part-Load Factor Curve
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pressure drop not to exceed 15.0 psi [103
kPa], measured across the unit.

8.3  Voltage Tolerance Test. Unitary equipment shall
pass the following voltage tolerance test with a cooling coil
airflow rate as determined under 6.1.3.3.

83.1  Temperature Conditions.  Temperature
conditions shall be maintained at the standard cooling
(and/or standard heating, as required) steady state
conditions as shown in Table 3, Table 4 or Table 5.

8.3.2  Voltages.

8.3.2.1 Tests shall be run at the Range B
minimum and maximum utilization voltages
from ARI 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 The power supplied to single phase
equipment shall be adjusted just prior to the
shut-down period (8.3.3.2) so 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 200V or 208V nameplate
rated equipment the restart voltage shall be
set at 180V 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 Within one minute after the
equipment has resumed continuous
operation (8.3.4.3), the voltage shall be
restored to the values specified in 8.3.2.1.

8.3.3 Procedure.

8.3.3.1 The equipment shall be operated
for one hour at the temperature conditions
and voltage(s) specified.

8.3.3.2 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 restored.
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8.3.4  Requirements.

8.3.4.1 During both tests, the equipment
shall operate without failure of any of its
parts.

8.3.4.2 The equipment shall operate
continuously without interruption for any
reason for the one hour period preceding the
power interruption.

8.3.4.3 The unit shall resume continuous
operation within two hours of restoration of
power and shall then operate continuously
for one half hour. Operation and resetting
of safety devices prior to 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 rates as determined in 6.1.3.3
and 6.1.3.4 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 3
or Table 5.

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 specified
temperature conditions. The unit will be permitted to
start and stop under control of an automatic limit
device, if provided.

8.43  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 air
quantity shall not drop more than 25% from
that determined under the Standard Rating
test.

8.4.3.3 During the test and during the
defrosting period after the completion of the
test, all ice or meltage must 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 rates as determined in 6.1.3.3 and 6.1.3.4 with
controls, fans, dampers, and grilles set to produce the
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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 3 or
Table 5.

8.5.2  Procedure. After establishment of the
specified temperature conditions, 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 6.1.3.3 and 6.1.3.4 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 (8.5).

8.6.1  Temperature Conditions.  Temperature
conditions shall be maintained as shown in Table 3 or
Table 5.

8.6.2  Procedure. After establishment of the
specified temperature conditions, 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.

8.7  Tolerances. The conditions for the tests outlined in
Section § are average values subject to tolerances of + 1.0°F
[+ 0.6°C] for air wet-bulb and dry-bulb temperatures,
+ 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, and electrical characteristics.

Nameplate voltages for 60 Hertz systems shall include one
or more of the equipment nameplate voltage ratings shown
in Table 1 of ARI Standard 110. Nameplate voltages for 50
Hertz systems shall include one or more of the utilization
voltages shown in Table 1 of IEC Standard Publication
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 its Purpose (Section 1) and
Scope (Section 2) unless such claims meet all of the
requirements of this standard.

13
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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.
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Al.1  ANSI/ASHRAE Standard 37-1988, Methods
of Testing for Rating Unitary Air-Conditioning and
Heat Pump Equipment, 1988, American Society of
Heating, Refrigerating and Air-Conditioning
Engineers, Inc., 1791 Tullie Circle N.E., Atlanta, GA
30329, U.S.A.

Al1.2  ANSI/ASHRAE Standard 41.1-1986 (RA
2001), Standard Method for Temperature
Measurement, 2001, American Society of Heating,
Refrigerating and Air-Conditioning Engineers, Inc.,
1791 Tullie Circle, N.E., Atlanta, GA 30329, U.S.A.

Al1.3  ARI Standard 110-2002, Air-Conditioning
and Refrigerating Equipment Nameplate Voltages,
Air-Conditioning and Refrigeration Institute, 2002,
4100 North Fairfax Drive, Suite 200, Arlington, VA
22203, U.S.A.

Al.4  ARI Standard 340/360-2000, Commercial
and Industrial Unitary Air-Conditioning and Heat
Pump Equipment, 2000, Air-Conditioning and
Refrigeration Institute, 4100 North Fairfax Drive,
Suite 200, Arlington, VA 22203, U.S.A.

Al1.5 ASHRAE Terminology of Heating,
Ventilation, Air-Conditioning and Refrigeration,
Second Edition, 1991, American Society of Heating,
Refrigerating and Air-Conditioning Engineers, Inc.,
1791 Tullie Circle, N.E., Atlanta, GA 30329, U.S.A.

Al.6 IEC Standard Publication 60038, IEC
Standard Voltages, 1983, International
Electrotechnical Commission, 3, rue de Varembe,
P.O. Box 131, 1211 Geneva 20, Switzerland.

APPENDIX B. REFERENCES - INFORMATIVE

None.
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APPENDIX C. *UNIFORM TEST METHOD FOR
MEASURING THE ENERGY CONSUMPTION OF
CENTRAL AIR-CONDITIONERS - NORMATIVE

(Note: All items in this Appendix previously labeled ""A'" are now to be referred to as ""C")

Foreword
This appendix to ARl Standard 210/240-94
is derived from the appropriate combining

and ediung by ARI of "Unitorm Test Methad
for Measuring the Energy Consumption of
Centra! Air-Conditioners” Appendix M to
Subpart B, pages 76707 through 76723, Fed-
eral Remister, Vol. 44, No. 249, Thursday, De-
cember 27, 1879 and “Par: 430—Energy Con-
servation Program fer Consumer Procucts,”
pages 8311 through 8319 tomitting page 5312
and parts of pages 8311 and 8313), Federal
Register, Vol. §3 No. 49, Monday. March 14,
1983, Note the prefix A has been added to all
section numbers in this appendix for clarity
(to avoid confusion with section numbers in
the standard).

Appendix M to Subpart B—Uniform
Test Method for Measuring the Energy
Consumption of Central Air
Conditioners

Al. Definitions

Al.l “Annual performance factor” means
the total heaung and cooling done by a heat
pump in a particular region in one year di-
vided by the total electnc power used in cne
year,

Al.2 “ARI™ means Air-Conditioming and Re-
frigeration Institute

Al3 “ARI Brandard 210/240-94" means the
test standard published w 1994 by the ARI
and titled “Unitary Air-Conditioning and Air-
Source Heat Pump Equipment”

Al.4 “ARI] Standard 320-93" means the test
standard published in 1993 by ARI and titled
“Water-Source Heat Pumps”™

AlS5 “ASHRAE™ means the American Soci-
ety of Heating, Refrigeration and Air-Condi-
tioning Engineers, Inc.

Al.6 “ASHRAFE Standard 37-88 means the
test standard published by ASHRAE in 1988
and titled “Methods of Testing for Rating Un-
itary Air-Conditiomang and Heat Pump Equip-
ment.” )

A1.7 “Continuously recorded" means a
method of recording measurements in inter-
vals no greater than 5 seconds,

AlR& “Cooling load factor (CLF)" means the
ratio of the total cooling done in 2 complete
cycle of a specified time period, consisting of
an “on” time and "ofl” time, 1o the steady-state
cooling done over the same period at constant
ambient conditions.

Al9 "“Cyclic Test” means a test where the
indoor and cutdoor conditions are held con-
stant, but the unit 1s manually turned “on”
and “off” for specific time periods to simulate
part-load operation.

Al10 “Degradation coefficient (C;)" means
the measure of the efficiency loss due to the
cyeling of the unit.

Al.ll “Demand-defrost contro] svstem”
means a system which is designed to perform
tne defrost function on the outdoor coil of the
heat pump only when a predetermined deg-
radation of pertormance is measured.

Note: The following examples of explana-
tions are offered (reference James A Smith,

Department of Energy, latter of Novemnber 23,

1581 to Robert Newell, Kheem A/C Div. )

“Examples which comply are:

1. differential air pressure sensors,

2. differential temperature (coil to ambient

air),

3. feedback svstems that measure length of
defrost period and adjust defrost fre-
quency accordingly,

4. systems that measure outdoor fan

power, znd/or current,

5. optical sensors.

A demand defrost svstem must be able to
munitor at least one parameter which always
vanes with the amount of frost accumulated
on the outdoor coil of the heat pump. When
this parameter reaches a certain value, the
svstem initiates a defrost. The termination of
the defrost can be accomplished by measuring
any parameter that can be used to sense the
elimmation of frost from the coil.

Swstems that vary defrost intervals accord-
ing to outdoor dry-bulb temperature are not
demand defrost systems. This is because
knowledge of dry-bulb temperature only pre-
dicts the occurrence of frost. A demand defrost
system must function in response 1o a param-
eter which varies directly with fresting.

When a demand defrost system is used in
conjunction with a time-initiated defrost svs-
tem. the combination will not be considersd a
demand system if time initiated defrosts oceur
more freguently than every 6 hours of com-
pressor operating time.”

Al.12 “Design heating requirement (DHRY"
is the amount of heating required to maintain
a given indoor temperature at a particular
outdoor design temperature,

All3 “Dry-coil test” means a test conducted
at 2 wet-bulb temperature and a dry-bulb
temperature such that moisture will not con-
dense on the evaporator coil of the unit.

Al.l4 “Heating seascnal performance factor
(HSPF!" means the tota) heating output of 2
heat pump during its normal annual usage
period for heating divided by the total elecinic
power input during the same period.

Al.15 “Heating load factor (HLFJ” means
the ratio of the total heating done in a com-
plete cycle of a specified time period. consist-
ing of an “ca” time “off” time, to the steady
siate heating done over the same perind at
constant ambient conditions

ALl6 “Latent cooling” means the amount of
cooling in Btu's necessary Lo remove water va-
por from the air passing over the indoor coil
by eondensation during a period of time.

Al.17 “Part-load factor (PLF)” means the
ratio of the cvelic energy efficiency ratio to the
steady-state energy efficiency ratio at identi-
cal ambient conditions.

Al.1B "“Beasonzl energy efficiency ratio
(SEER)" means the total cooling of a central
air conditioner 1 Bru's during 1ts normal an.
nual usage pertod for cooling divided by the
total electric power input in watt-hours dur-
ing the same period.

Al.19 “Sensible cooling” means the amount
of cooling in Btu's performed by 2 unit over a
period of time, excluding latent cooling.

Al20 *“Single package unit”" means any cen-

tral air conditioner in which all the major as-
semblies are enciosed i one cabinet.

Al21 “Split system” means any central air
conditioner in which one or more of the major
azsemblies are separate from the others

A1.22 “Steadv-state iest” means a test in
which all 1ndoor and outdeor conditions are
held constant and the unit isin non-changing
operating mode.

Al23 “Temperature bin” means a 5 F incre-
ment over a drv-bulb temperature range of
65 F through 104 F for the cooling cvele and
- 25 F through 64 F for the heating cvcle.

Al.24 “Time-temperature defrost control
system” means a svstern which automatieally
provides the defrost functicn at a predeter-
mined time interval whenever the outdeor
temperature drops below a jevel where frost-
ing witl occur.

Al.25 “Test condition tolerance” means the
maximum permussible vaniation of the aver-
age of the test observations from the standard
or desired test condition as provided in A6.1.1,
A6.2.2 and AB.2.3.

Al.26 “Test operating tolerance” means the
maximum permissible difference between the
maximum and the minimum instrument ob-
servation during a test as provided in A6.1.1,
A6.2.1, A6.2.2 and A6.2.3.

Al.27 "Wet-coil test” means a test con-
ducted at a wei-bulb temperature and & dry-
bulb temperature such that moisture will con-
dense on the test unit evaporator coil.

A128 “Central air conditioner” (DOE Cov-
ered) means a product, other than a packaged
terminal air conditioner powered by single
phase electric eurrent, which 1= air-cooled,
rated below 65,000 Bruh, not contained
within the same cabinet as a furnace, the
rated capacity of which 15 above 225 000 Btuk,
and is a heat pump or a cooling only unit.

Al.29 “Heat pump” (DOE Covered) means a
product, other than & packaged terminal heat
pump. which consists of one or more assem-
blies, powered by single phase electric cur-
rent, rated belew 55,000 Btuh, utilizing an
indoor conditioning coil, compresser, and te-
frigerant-to-outdoor air heat exchanger to
provide air heating, and may also provide air
cooling. dehumidifying, humidifying circulat-
ing, and air cleaning.

Al1.30 “Coil family” means 3 group of coils
with the same basic design leatures that af-
fect the heat exchanger performance. These
features are the basic eom‘xgumtion. ie., A-
shape, V-shape, slanted or fat top, the heat
transfer surfaces on refrigerant and air sides
(flat tubes vs. grooved tubes, fin shapes), the
tube and fin materials, and the coil circuitry.
When & group of coils has all these features
i commen, it constitutes a “coll family”

A2. Testing Required

A2.1 Testing reguired for oir source cooling
only units. Two steady state wet coil tests are
required to be performed test A and test B.
Test A is to be conducted as an outdoor dry
bulb temperature of 95 F and test B at 82 F.
Test C and D are optional tests to be con-
ducted when cyclic performance parameters

15
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are to be measured in order to determine the
degradation coefficient, C Test C is a steady
state dry coil test conducted at an cutdoor dry
bulb temperature of B2 F. Test D is 2 cyche
test also conducted ar an outdoor dry bulb
temparature of 82 F. In lieu of conducting
tests C and D, an azsigned value of 0.25 may
be used for the degradation coefficient, Cp.

A2.1.1 Testing required for units with single
speed compressors end single speed condenser
fans. Test A and test B shall be performed
according to the test procedures cutlined in
A4.1 of this Appendix. In addition. the cyvelic
performance shall be evaluated by conducting
test Coand D according to the requirements
outlined in A4.1.

A21.2 Testing required for units with single
;peed compressors and multiple-speed con-

enser fans. The test requirements for muly-
ple-speed condenser fas units shall be the
same as described in section A2.1.1 for single
speed condensor fan units.

AZ21.3 Testing required for units with two-
speed compressors, two compressors, or cvlin-
der unloading. The test requirements for two-
speed COMPressor units. two compressor
units, or units with cylinder unloading are the
same as described in A2 1.1 except that test
A and test B shall be performed at each com-
pressor speed or at each compressor capacity.

A2.1.4 Testing required for units with two-
speed cornpressors, two compressors, or cylin-
der unloading capable of varving the sensible
to total (S/T) capacity ratic. When a unit em-
ploving a twe-spesd compressor, two compres-
sors, or ¢vlinder unloading provides a method
of varving the ratio of the sensible cooling ca-
pacity to the total cooling capacity, (S/T), the
test requirements are the same as for two-
speed compressor units as described 1n A2.1.3.

A2.15 Testing required for wnuts with triple-
capacity compressors. {Reserved}

A2.1.6 Testing required for units with vari-
able-speed compressors. The tests for variable-
speed equipment consist of five (5) wet coil
tests and two (2) dry coil tests. Two of the wet
coil tests, A and B, are conducted at the max-
tmum speed. Two wet coil tests, B, and low
temperature test, are conducted at the mini-
mum speed. The fifth wet coil test is con-
ducted at an intermediate speed. Dry coil
tests, C and D, are conducted at the mimimum
speed if the coefficient of degradation (Cy)
value of 0.25 is not adopted. The test condi-
tions and procedures for the above are out-
lined in sections A3.1 and A4.1.

A2.1.7 Testing required for split-type duct-
less systems. The tests for split-type ductless
systems are detsrmined by the type of com-
pressor installed in the outdoor unit. For the
appropriate tests rafer to sections AZ.1.1,
A21.2, A2.1.3. A2.1.4, A2.1.5. or A2.1.6.

A22 Testing required for air source haating
only wnits.

A2.2.1 Testing requtred for units with single
speed compressors. Units with single speed
compressors shall be subected ms»pec’.ive!gég
the High Temperature Test at 47 F deseri

in secion A3.2.1.1. the Cylic Test as described
in sectiop A3.2.1.2, the Frost Accumulation
Test as deseribed 1n section A3.2.1.3, and the
i‘;‘:? 'Il'emperatm Test as described in section
A3214.

A22.2 Testing required for units with two.
speed compressors, two compressors, or cylin-
der unloading, With the unit operating: at
high compressor speed (two-speed compres-
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sor |, with both compressors in operation (two-
compressors), or at the maximum capacity
ievlinder unloading); the following tests are
required to be performed on all units; the
High Temperature Test a1 47 F. the Frost Ace
cumulation Test. and the Low Temperature
Test. An additional test tovelic at 47 F) is ree
guired, with the unit operaung at the hgh
compressor speed (two-speed compresser)
with both compressors in operation (two com-
pressors), or at the maximum capacity (eyl-
inder unloading); if the normal mode of oper-
ation requires cycling “on” and “off” of the
compressoris| at high speed or maximum ca-
ity

With the unit operating: at the low com-
pressor speed (two-speed compressor), with
the single compressor which normally oper-
ates at low loads (twe compressors), or at the
low compressor capacity (cvlinder unloading):
the following tests are required to be per-
formed on aE units: the High Temperature
Test at 47 F, the High Temperature Test at
62 F. and the Cyche Test. Additional tests,
(Frost Acsummulation Test and Low Temper-
ature Test) are required, with the unit oper-
ating: on low compressor speed {two-speed
compressor), with the single compressor
which normally operates at low loads (two
compressors) or at the low compressor capac-
ity evlinder unloading), if the unit's low speed,
one compressor or low capacity performance
at and below 40 F is needed to calculate 1=
seasonal performance.

A223 Testing reguired for unite with triple-
capacity compressors, {Reserved)

A2.24 Testing required for units with veri-
able-speed compressors. There are seven basic
tests and one optional test for vanable-speed
units. tests (high temperature test, low
temperature test, and frost accumulation
test) are performed at the maximum speed.
Three tests (two high temperatures and ons
cveclie test) are periormed with the unit oper-
sting at minimum speed. A second frost ac-
cumulation test is performed at an interme-
diate speed. The intermediate speed is the
same as in the cooling mode.

In liew of the maximum speed frost accu-

mulation test, two equations are provided in
section A4.2. In lieu of the cyclic test an as-
signed value of 0.25 may be used for the coel-
ficient of degradation Cy. The optional test is
a nominal capacity test applicable 10 units
which have 2 heating mode maximum speed
greater than the cooling mode maximum
sged. The conditions and procedures for the
above tests are decribed in sections A3.2 and
A4.2 respectively.
A2235 Testing reguired for split-type duct-
less svstern. The tvpe of compressor instalied
ir the outdoor unit determines the testing re-
guired, refer to previous sections A2.2.1,
AR22 A223, or A2.2.4. The conditions and
procedures will be modified as indicated for
the various types as stated in sections A3.2
and A4.2 respectively.

A2.3 Testing required for gir source uniis
whichk provide both hea:m,i‘z] end cooling. The
requirements for units which provide both
heating and cooling shall be the same as the
requirements in Section A2.1 and A2.2.

A3. Testing conditions

A3.1 Testing conditions for cir source cool-
ing only units. The test room requirement and
equipment insiallation procedures are the
same as those specified in section 8.1 and 86
of ASHRAE Standard 37-88 Units designed

for both honzontal and vertical installation
shall be tested in the cnentation in which
they are most frequently installed. All tests
shall be performed at the normal residential
voltage and frequency for which the equip-
ment is designed (ether 115 or 230 volts and
60 hertz), the test instafation shall be de-
signed such that there will be no air flow
through the cooling coil due to natural or
forced convection while the mndoor fan is “off”.
This shall be accomplished by mnstalling dam-
pers upsiream and dewnstream of the test
unit to block the off period air flow. Values of
capaaty for rating purposes gra {6 be rounded
oft to the nearest 100 Buuh for capacities less
than 20,000 Btuh, to the nearest 200 Bruh for
capacities between 20,000 and 37,999 Btuh.
and to the nearest 500 Biuh for capacities be-
tween 38,000 and 64,999 Bruh,

The following conditions hsted in ARI Stan-
dard 210/240-94 shall apply to all tests per-
formed in Section A3.1: 5.1.3.3 "Cooling Coil
Air Quantity.” 5.1.3.5 “Reguirements for Sep-
arated Assemblies.”

A3.1.1 Testing conditions for units with sin-
gle speed compressors and single speed con-
denser fens. .

A3.1.1.1 Steady siate wet-coil performance
tests (Test A and Test B). Test A and test B
shzil be performed with the air entering the
indoor side of the unit having a drv-bulb tem-
perature of 80 F and a wet-bulb temperature
of 67T F. The dry-bulb temperature of the air
entering the outdoor side of the unit shall be
45F intest A and 82 F in test B. The temper-

ture of the air surrounding the outdoor side
of the unit in each test shali be the same as
the outdoor entering air temperature except
for units or sections therecf intended to be
installed only indoors. in which case the dry-
bulb temperature surrounding that indoor
sitde of the unit shall be 80 F. For those unis
which reject condensate to the condenser, lo-
cated in the outdoor side of the unit, the out-
door wet-bulb temperature surrounding the
outdoor side of the unit shall be 75 F in test
Aand 65 F in test B,

A3.1.1.2 Steady state dry coil performance
test (Test C) and cyclic dry coil performance
test (Test D). Test C and test D shail be per-
formed with the air entering the indoor side
of the unit having a dry-bulb temperature of
80 F and a wet-bulb temperature which does
niot result in formation of condensate on the
indoor coil. (1t 1s recommended that an indoor
wet-bulh temperature of 5T F or less be used.)
The drv-bulb temperature of the air enter.i:;g
the outdoor portion of the unit shall be 82 F.
The outdoor portion of the unit shall be sub-
ject to the same conditions as the require-
ments for conducting test B as stated previ-
ously in section A3.1.1.1, Test C shall be
‘conducted with the unit operating steadily.
Test D shall be conducted by cycling the unit
“on™ and “off” by manual or automatic opera-
tion of the normal control grcuit of the unit
The unit shall cycle with the compressor “on”
for 6 minutes and “off” for 24 minutes. The
indoor fan shall alsp cycle “on” and “off”, the
duration of the indoor fan “on” and “off” pe-
ricds being governed by the automatic con-
trols which the manufacturer normaily sup-
pligs with the unit. The results of tests C and
D shall be used to caleulate a degredation
%eflﬁciena C, by the procedures outlined in

A3.1.2 Testing conditions for units with sin-
gle speed compressors and multiple-speed con-
denser fans. The condenser fan speed to be
used in test A shall be that speed which nor-
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mally occurs ar an outdoor dry-bulb temper-
ature 95 F, and for test B. the fan speed shall
be that which normally oceurs at an outdoor
dry-bulb temperature of 82 F. If elected to be
periormed. tests C and D shall be conducted
at the same condenser fan speed as intest B,

A3.1.3 Testing conditions for units with two-
speed compressors, lwo compressors, ar cylin-

er unioading. The condenser fan speed used
i eonducting test A at each compressor speed
shall be that which normall oceurs at an out-
door dry-bulb temperature of 45 F. For test B,
the condenser fan speed at each compressor
speed shall be that which normally ocours at
an outdoor dry-bulb Lemperature of 82F. [T
elected to be performed, tests C and D shall
be conducted at the low compressor speed
with the same condenser fan speed as used in
test B For these twe-speed units in which the
normal mode of operation invelves cveling the
compressor-“on” and “of” at high speed, tests
" and D shall also be performed with the com-
pressor operating at high speed and at a con-
denser {an speed that normally occurs at test
A ambient conditions. Units consisting of two
campressors are subject to the same reguire-
ments a4s these units containing tweo-speed
compressors, except that when operated at
high speed. both compressors shall be oper-
aung and when operating at low speed, only
the compressor which normally eperates at an
outdoor dry-bulb temperature of 82 F shali be
aperating.

In fieu of conducting tests € and 1. an as-
slgmed value of (.23 may be used for the deg-
radation coefficient, C,, at each compressor
speed. If the assigned degradation coefficient
1s used for one compressor speed it must also
be used for the other compressor speed.

Inthe case of units with evlinder unisading,
the loaded and the unloaded conditions cor-
respoend to high and low compressor speed on
two-speed units respectively

A3.14  Testing condittons for unuls with two-
speed compressors, two compressors, or exlin-

r unlogding capable of verwng the sensible
to total (ST capucity retie, The mode of op-
eration selected for controlling the 87 ratio
in the performance of test A-and test B at each
compressor speed shall be such that it does
not result in an operating configuration which
Is not typical of a normal residential ipstal-
lation. If elected to be performed, tests C and
[} shall be conducted at low compressor speed
Isingie compressor operating! with the same
ST vontrol mode as used in test B when per-
fermed at the low compressor speed, Like-
wise, tests (C and [ shall also be conducted at
high compressor speed 1two compressors op-
erating’ and with the same ST coutrol mode
as i test A when performed at the high com-
pressor speed.

In the-tase of unite with evlinder unloading,
the loaded and unloaded conditions corte-
spond to high and low compressor speed on
Lwo-speed units respectively.

A3.1.5  Testing conditions for unsds with tri-
ple-capactiy compressors. { Reserved)

A3.1.6 Addittona! testing conditions for
cooling-only units with varieble-speed com-
pressors, For cooling-only units and arr-source
heat pumps with variable-speed compressors,
the air flow rate at fan speeds less than the
maximum fan speed shall be determined by
using the fan law for 2 fixed resistance svs-
tem. The air flow rate is given by the ratio of
the actual fan speed to the maximum fan
speed multiplied by the air flow rate at the
maximum fan speed. Minimum static pres-

sure requirements only apply when thedn is
running at the maximum spaed,

A3.1.6.1 Testing concitions for stemiostate

- wet coil tests. Tests A and B shall ke per-

formed at the maximum speed at commifions
specified in section A3.1.1. Test B, and: dre low
temperature test are J:erformed at tihe mini-
mum speed with outdoor dry bulk tempera-
tures of 82 F and 67 F respectively Thu mter-
mediate speed wet coil test is performed at
the outdoor dry bulb temperature of 57 & For
units which reject condensate the onthur wet
bulb temperature shall be maintatmediav 75 F
for Test A 65 F for Tests B and B,. 325F for
the low temperature test and 69 F G wie in.
termediate test The indoor conditarss far all
wet coil tests are the same as these whwn in
section A3.1.1.

A3.1.8.2 Test conditions for dry sai tests,
Dry coil Tests C and D are condisdisd at an
outdoor dry bulb temperature of 57 % For
units which reject condensate the authoorwet
bulb temperature shall be meistaind at
53.5 F. The indoor drv bulb temperatumeshall
be S0 F and the wet bulb temperatiure shall
be suffieiently low so no condensatics arurs
on the evaporator ([U is recommerndec: tat an
ind:éor wet bulb temperature of 57 ¥ 65 lsss be
used|,

A3.1.T Spliu-type ductless systers Testoon-
ditions shall be the same as those spec:fia for
the same singie outdoor unit compeesssartvpe,
assuming it was matched with a sexgheiimdoor
coil.

A3.1.7.1 Interconnection. Far spfatype
ductless svstems. all standard ratveg tests
shall be performed with a mimimess liamyah of
25 feet of intercennecting tubing leaween
each indoor fan-coil unit and the canumonout-
door unit. Such equipment in which tinenter-
connection tubing 1s furnished as =7 mingral
part of the machine not recommemnstas Myreut-
ting to length shall be tested with wanplete
lengeh of tubing furmshed, or with 45 fhat of
tubing. whichever is greater. At beast 4 feet
of the interennection tubing shall 2 xsuosed
to the outside conditions. The line =, in-
sulation and details of installation sizali%e in
accordance with the manufactunury pub-
lished recommendation,

A3.LT7.2 Control testing conditrars Frsplit-
tvpe ductiess systems. For split-type ciudless
systems. a single control circuit shall fnesub-
stituted for any multiple thermostass brunder
to maintam a uniform cycling rate dnsingtest
D and the high temperature hesmue oyclic
test. During the steady-state tests 2l sher-
mostats shail be shunted reslting tzal! andoor
fan-coil units being in operation.

A3.L.7.3 Split-type ductiess sxstenss with
multiple coils or multiple dischoans crelets
shall have short plenums aitached 1 swdivout-
let. Each plenum shall discharge wste s single
common §uc§-'5mims; the duct sexgour inturn
discharmng inte the alr measurmg davace lor
a suitable dampering device when dumat air
measurement is not employed), Ezcr idonum
shall have an adjustable restrictor lezund in
the plane where the plenums enter ciw som-
mon duct section for the purpose of eomdining
the static pressures in each plewum. The
length of the plenum is 3 minimuwm off 23 »
(A x By, A = width and B = heleitafiduct

or outlet. Static pressure readings wra itken

atadistanceof 2 x (A x BV from dnetiet,

AZ.2 Testing condifions for air seuree teal-
ing only units, The equipment undes s hall

be installed according to the requirmments of
Section 8.5 of ASHRAE Standard 3788 and
Section 5.1.3.5 of ARI Standard Zi1¥240-94
Test chamber requirements are: the same as
mven in Section 8.1 of ASHRAE Standard 37-
B8, Units designed for both horrrearal and
vertical installation shall be tested anthe on-
entation in which they are most #iten 1n-
stalied, All tests shall be performed aicahe nor-
mal residential voltage and freqwency for
which the equipment 15 designed rewder 115
or 230 voits and 60 heriz). Values of capacity
for rating purposes are to be rounded off to
the nearest 100 Bruh for capacities less than
20.000 Bruh, to the nearest 200 Biuis for ca-
pacities between 20,000 and 37.99% %ah: and
to the nearest 500 Btuh for capacities setween
38,000 and 64,999 Bruh,

A3.2.1 Testing vonditions for unus with sin-
gle speed compressars.

A3.2.1.1 High temperature test wrditions

The High Temperature Test at 47 & shall be
conducted at an outdoor dry-bully nmpera-
ture of 47 F and an outdoor wet-bulls temper-
ature of 43 F The High Temperaturs Test at
62 F shall be conducted at an outdosrdry-bulb
temperature of 62 F and an outdoor wet-bull
temperature of 56.5 . For both tests the dry-
bulb air temperature entering and. suround-
ing the indoor portion of the unit sheafibe 7D F
und a maximum wet-bulb tempremture of
60 F The duration of the tests shall be for a
minimum of ¥ hour

A3.2.1.2 Cycling test conditions, The Cy-
cling Test at 47 F shall be conducted at the
same dry-bulb and wet-bulb temperature as
the High Temperature Test at 47 F as de-
seribed in A3.2.1.1, Duning the Cyeling Test,
the indoor fan shall cvele “on’ and “ofT, as the
compressor eycles “on” and “of”, except that
the indoor fan cycling times may be J:;layed
due to eontrols that are normaily installed
with the unit. The compressor cyeling times
shall be 6 munutes "On" and 24 minutes “off.”
The test installation shall be designed such
that there will be no airflow through the in-
door unit due to natural or forced convection
while the indoor fan 1s “ofl.” This shall be ac-
complished by installing dampers tream
and downsiream of the test unit to block the
off period airflow.

AB.2.1.3 Frost accumulation test conditions.
The dry-bulb temperature and the resultant
dew-point temperature of the air entering the
outdoor portion of the unit shall be 35 F and
30 F respectively. The indoor dry-bulb tem-
perature shall be TOF and the maximum in-
door wet-bulb temperature shall be 60 F. 1 e
Frost Accumulation Test requires that the
ynit undergo a defrost prior to the actual test,
The test then begins at defrost termination
and ends at the next defrost termisation. De-
frost termination oteurs when the controls
normally installed within the unit are ac-
tuated to cause it to change defrost operation
to normal heating operation. During the test,
auxiliary resistance heaters shall not be em-
ploved during either the heating or defrost
portion of the test.

A3.2.14 Low temperoture test conditions.
The Low Temperature Test shall be

at a drv-bulb temperature entering the out-
doar portion of the urut of 17 F and a wet-bulb
temperature of 15 F. The air entennﬁ the -
door portion of the unit shall have a dry-bulb
temperature of 70 F and & maximum wet-bulb
temperature of 60 F

A3.2.1.5 Addiional testing conditions, All

17
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tests shall be conducted at the inasor-side air
quantities specified in Section 3 ! 33 5.1.3.6
and Table 6 of ARI Standard 210724094 The
fotowing conditions hsted in AR| Standard
218724094 shall apply to ail tests performed
wBection A3 2; 51 3:4 "Ourdoor-Side Air
Quantity™ 5.1.3.5 “Reguirements for Sepa-
rated Assemblies.” In all tests. the spec:ﬁed
dry-buib temperature entering the outdoor
portion of the umt also applies to the air tem-
prrature surrounding the cutdoer portion of
the v Sumilarly. models where portions are
intended to be instalied mdoors shall have the
air temperature surrounding that portion of
the unil the same as the mdoor aw lempera-
ture.

A3.22 Testing conditions for unstsunith tivo
specd COMmpressors, (o pUMmpressess or cxlin.
aer unieading. The testing conditions {for two-
speed compressors, two compressors. or oyl
nder unloading shall be the same as those for
single speed units as described in A3.2.1

A323 Testing conditions for units with iri-
ple-capactty compressors. (Reserved)

A3.2.4 Testing conditions forunite with var-
luble-speed compressors. The testing condition
for variable-speed compressors shall be the
same as those for single speed units as de-
scribed in section A3.2.1 with the followin
exceptions: the cyelic test 1s performed wit
an outdoor dry bulb temperature of 62 F and
a wet bulb temperature of 56.5 F. The op-
tional, nominal capacity test shall be per-
formed at the conditions specified for the 47 F
high temperature test.

A3.25 Testungconditions for split-type duct-

less gvstems. The testing conditions for split-

1vpe ductless systems shall be based on the

type of compressor installed in the single out-

dogr umt, 'Fhe heating mode shall have the

s&me piping and control requirements as 1h
5 Sr e

A3.3  Testing conditions for air source units
which provide both heating and cooling, The
1esting conditions for units which provide
both heating and cooling shall be the same as
the requirements in Section A3.L. and A3.2,

4.0 Testing procedures. Measure all electrjs
cal inputs as described in the procedures be-
low. All electneal measurements during all
“on” and "off" periods shall include auxibary
power or energy (controls, transformers.
crarikeaze heaters, etc ) delivered to the unit.

A4.Y Testing procedures for atr source cool-
ing only units. All'steady-state wet- and dry-
coil perforniance tests on singie package units
shall simultaneously employ the Air-En-
thalpy Method | Section 7.3 of ASHRAE Stan-
dard 37-88) on the ingoer side and one other
method consisting of either the Air-Enthalpy
Method or the Compresser Calibration
Method (Section 7.4 of ASHRAE Standard 37-
S81 on the outdoor side. All steadv-state wer.
and dryv.coil performance tests on spliit sys-
tems shall simultaneously employ the Air-En-
thalpy Method or the Compressor Calibration
Method on the indoor side and the Air-En-
thalpy Methed, the Compressor Calibration
Methed or the Refnigerant Flow Method (Sec-
tion 7.6.2 of ASHRAE Standard 37-88) on the
outside. All cyelic dry-coil performance tests
shall empioy the Air-Enthalpy Methed, indoor
side only The values calculated from the two
test methods must agree within 6 percent in
order 1o constitute a valid test. Only the re-
sults from the Air-Enthalpy Method on the
indnor side shall be used in the calculations
in Section 5.1 Units shall be installed and
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tested tn such @ manner that when operated
under steady-state conditions, the cooling coil
and condenser eoil arr fiows meet the reguire-
ments of Sections 5134, 5136, and 5136
of ARl Standard 210/240-94.

Adll

Adll.l Steadvestate wat-coil performance
tests 'Test A and Test B Steadv-state wet-coil
performance tests (A and B shall be con-
gugzed 10 accerdanee with the conditions de-
seribed 1n sections A3.1.1.1, A3.1.2, A3.1.3.
Ad 14 and Ad.1.5 of this appendix and the
test procedures described for cooling tests in
Section 8 of ASHRAE standard 37-88 and
wvaluated 1n accordance with the cooling-re-
jated requirements of Section 10 of the ASH.
RAE Standerd 37:88 The test room recondi-
tioning apparatus and the equipment under
tezt shall be operated until eguilibrium con-
ditions are attained.

A4LL2 Sieady-staie and evelic and drv-cail
performarnce tests (Tes: C and D.. The steady-
state and cychic dry-coil tests (C and D) shall
bé conducted as described below in accordance
with the conditions described in sections
A31.1.2 A312 A3.1.3 A3.14, and A3.1.5
and A3.18.2 The results shall be evaluated
in accordance with the cooling related re-
quirements of Section 10.1.3, 10.1.6 and
10.1.7, of ASHRAE Standard 37-83. The test
room reconditioning apparatus and the equip-
ment under test shall be operated until equi-
librium conditions are attained, but not for
less than one hour before data for test C are
recorded. For all equipment test methods in-
cluding the Compressor Calibration Method,
test C shall be performed with data recorded
at 10-minute intervals until four consecutive
sets-of readings are attained with the toler-
2nce prescribed 1n Section 9.2 of ASHRAE
Standard 37-88. When the Air-Enthalpy
Method is used on the outdoor side for test C,
the requirements of this section shall apply 1
both the preliminary test and the regular
equpment test; the reguirements of Section
8.5 of ASHRAE Standard 37-58 shall alse ap-
ply. Immediately after test C is completed t}
test unit shall be manually eveled “off™ and
“on” using the time periods from A3.1.1 of this
Appendix until steadilv repeating ambient
conditions are again achieved in both the in-
door and outdoor test chambers, but for not
less than 2 complete “off '“on" cycles, Without
& break in the cyveling pattern, the unit shall
be run through an 25 itional "off Mon" cyele
duning which the test data required in A35.1
shall be recorded. During this last cyele,
which s referred (0 a5 the test cyele, the in-
door and outdoor test room ambient condi-
tions shall remain within the tolerances spec-
ifted in A4.1.3 during the evelic dry-coil tests,
all air moving equipment on the condenser
stde shall evele “on”™ and “sf" when the com-
pressor cycles “on” and “off". The indoor air
moving equipment shall aige cvele "off as
governed by any automatic controls normally
installed with the unit. This last requirement
apphies to units having an indoor fan time de-
lay. Units not supphied with an indoor fan
ume delay shall have the indoor air moving
pquipment cyvcle “on” and "ofl” us the com-
presser cycles “on” and “off.” }
Cooling cyclic tests for vanable-speed units
shall be conducted by cveling the compressor
12 minutes “en” and 45 minutes “ofl, ca
pacity shall be measured for the integration
time (H), which is the eompressor “on’ time of
12 minutes or the “on” ume as extended by
fan delay, if so equipped. The electrical energy
shall be measured for the total integration

Test aperating procedures.

ume e, ) of 60 minutes. In lieu of conductin
C and [} tests. an assigned value of 0.25 sha§
be used for the degradation coefficient for cool-
ing Cy,

A4.L1.3  Tesnng procedures for triple-capac-
ity campressors. | Reserved) )

Ad.1.14  Intermediate cooling steady-state
test for wnsts with varablespeed compressors.
For units with variable-speed compressors, an
intermediate cooling steadv-state test shall be
conducted mnowhich the unit shall be operated
aL a constant, intermediate compressor speed
tk=11in which the drv-bulh and wet-bulb
temperatures of the air entering the indoor
cost are 80 F . and 67 F, end the outdoor coil
are 87 ooand 68 Fy,. The tolsrances for the
drv-buld and wt-buf temperatures of Lhe ar
entering the indoor and outdoor cotls shall be
the test operating tolerance and test condition
tolerance specified in A6.1.1 The intermedi-
ate tompressor ¢peed thall be the mnimum
compressor epeed plus one-third the diffar.
ence between the maximum and minimum
speeds of the cooling mode (Inter speed =
min speed - 5 max. speed — min, speed.) A
tolerance of plus five percent or the next
higher inverter {requency step from that cal-
culated is aliowed,

A4.1.1.5 Testing procedures for splititvpe
ductioss systems. Uyclic tests of duetless upits
will be sanducted without dampers The date
cvele shall be preceded by a minimum of two
cvcles in whieh the indoor fan coveles on and
off with the eempressor For the data cvele the
mdoor fan wilk operate three minutes prior Lo
compresser cut-on and remam on for three
minutes after compressor cut-off. The integra-
tion Lime for capacity and power shall be from

‘compressor, cut-on time to indoor fan cut-off

time. The fan power for three minutes after
compressor cut-off shall be added to the inte-
grated cooling capacity.

Ad.1.2 Test instrmentetion. The steady-
state and cvclic performance tests shall have
the same requirements pertaming Lo instru-
mentation and data as those specified n See-
tion & and Table 5 of ASHRAE Standard 37-
88, For the cvehe dryv-coil performance teste,
the dri-bulb temperature of the air entering
and leaving the cooling coil. or the difference

between these two dre-bulb temperatures,

shall be continuously recorded with instru-
mentation aceurate to within =0.3 F of indi-
cated value and have a response time of 2.5
seconds or less. Response time 1s the time re-
quired for the instrumentation to obtain 63
percent of the final steadv-state temperature
differance when sublested to 2 step changg in
temperature difference of 15 F or more. Else-
tricai measurement devices (watt-hour me-
ters| used during all tests shall be accurate to
within = 0.5 percent of indicated value.

A4.1.3 Tes! toleranees. A steady-state wey-
and dryv-col performance tests shall be per-
formed within the applicable sperating and
rest cendition tolerances speafied in Section
8.2 and Teble 4 of ASHRAE Standard 37-88.

A4.1.3.1 The indoor and outdoor average:
dry-bulb temperature for the evelic dry coil
test D shall both be within 1.0 F of the indoor
ang sutdeor sverage dry bulb temperature for
the steady-state dry coil test C. respectively

4.1.3.2 The test condition and test operating
tolerances for condusting test D are stated
AB.1.1. Variation tn the test conditions
greater than the tilerances preseribed 1n
A6.1.1shall invalidate the test. It is suggested
that an electric resistance heater having a
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heating capacity approximately egual to the
sum of the cocling capacity and compressor
and condenser fan power s?muld be installed
in the cutdoor test room and cycled “ofl” and
“on” as the unit cysles “on™ and “off” respec-
uvely to 1mprove control in the outdoor test
room. Similarly, an ejectric resistance heater
having a heating capacity approximately
egual to the cooling capacity of the unit couid
be installed in the indoor test room, and cveled
“on” and “"ofl” as the test unit cycles "on” and
“off” to improve indsor room control

A4.2 Testing procedures for air source heat-
tng only unuts.

Ad.2.1 Test operating procedures. All High
Temperature '[‘?aes;s. tr’;;gé ){a:}-ci:c Test, the Frost
Agcumulation Test, and the low Temperature
test shall have the performance evaluated by
the Air-Enthalpy Method on the indoor side.
In addition, the High Temperature Test and
the Low Temperature Test shall have a si-
multaneous test method (as described inA4.1)
used a5 & check. The values calculated from
the two methods must agree within 6 percent
in order to constitute 2 valid test. Only the
resuits from the Air-Enthalpy Method on the
indoer side shall be used in the calculations
in section AJ.2.

A4.2.1.1 Test procedure for high tempera-
ture test. When the outdoor Air-Enthalpy
Method 1= used, the outdoor chamber must not
interfere with the normal air circulating pat-
tern during the preliminary test. It is neces-
sary to determine and adjust for system resis-
tante when the outdoor air measuring
apparatus is attached to the outdoor portion
of the unit. The test room apparatus and test
units must be operated for at least one hour
with at least ¥z hour at equilibrium and at the
specified test conditions prior 1o starting the
test. The High Temperature Test shall then
be conducted for a minimum of % hour with
intermittent datz being recorded at 10-min-
ute intervals, For all units, especially those
having cantrols which periodically cause the
unit to operate in defrost mode, attention
should be given to prevent defrost durmil the
High Temperature Test, Units which have
undergene a defrost should operate in the
heating mode for at least 10-minutes after de-
frost termination proir to the start of the test.
When the outdoor Air-Enthaipy Method is
used as a second test then a preiiminary test
must be conducted for a mintmum of 30 min-
utes with 4 or more sets of data recorded al
10 minute intervals, all remaining require-
ments 6f Section 8.5 in the ASHRAF Standard
37-88 shall then apply in conductng the pre-
liminary test for the outdoor air enthalpy
method. For some unuts, at the ambient con-
dition of the test, frost may accumulate on the
outdeor coil. If the supply air temperature or
the difference between the supply air temper-
ature and the indoor air entering temperature
has decrezsed by more than 1.5 F at the end
of the test, the unit shall be defrosted and the
test restarted. Only the results of this second
High Temperature Test shail be used in the
heating seasonal performance caleulation in
section A5.2. Prior to beginning the }h&t
Temperature Test, a unit operate in
heating mode for at least 10 minutes after
defrost termination to esteblish egquilibrium
conditions for the unit and the room recondi-
tioning apparatus. The High Temperature
Test may only begin when the test unit and
reom conditions are within the test condition
tolerances specified in Section A6.2.1.

A4212 Test procedures for the cyclic test.
The cyclic test shall follow the High Temper-

ature Test and by cycled “on” and “off” as spec-
ified in A3.2,1.2 until steadily repeating am-
bient conditions are achieved for bo:i the
indoor and outdoor test chambers, but for not
less than 2 complete “off“on" cycles. Without
a break in the cycling pattern, the unit shall
be operated through an additional “off"™on"
cvcle, during which the required test data
shall be recorded. During the last cvele, which
i referred to @5 the test cycle, the indoor and
outdoor test room ambient conditions shall re-
main within the tolerances specified in section
AB.2.2. If, prior to the High Temperature Test,
the unit underwent a defrost cyele to rig the
outdoor coil of ani avcurnuiated frost, then
prior to cyvcling the unit “off and “on” it
should be made to undergo a defrost, After
defrost i1s completed and before starung the
cveling process, the unit shall be operated con-
tinuously in the heating mode for at least 10
minutes to assure that equilibrium conditions
have again been established for the unit and
the room conditioning apparatus. Cyeling the
unit may begin when the test unit and room
conditions are within the High Temperature
Test condition tolerances specified in section
A6.2.1. Attention chouid be given to prevent
defrost after the cycling process has begun.

The cycle times for variable-spead units is
the same as the cyclic time in the cooling mode
as specified in section A4.1.1.2. Cyelic tests of
split-type ductless units will be conducted
without dampers, and the data cycle shall be
preceded by a minimum of two cycles in which
the indoor fan cycles on and off with the com-
pressor. During the data cycle for the split
type ductless units, the indoor fan will operate
three minutes prior to compressor “cut-on”
and remain on for threz minutes after com-
pressor “out-off”. The integration time for ca-
pacity and power will be from compressor
“cut-on’ tirne to indoor fan “cut-off" time. The
fan power for the three minutes after com-
pressor “cut-off” shall be subtracted from the
integrated heating capacity, For split-tyvpe
ductiess systems which turn the indoor fan off
during defrost, the indoor supply duct shall
not be blocked.

4.2.1.3 Test procedures for the frost oecu-
mulation test. The defrost controls shall be set
at the normal settings which most typify those
encountered in Region IV as deseribed In sec-
tion A6.2.4 and A6.2.5. The test room recon-
ditioning equipment and the unit under test
shall be operated for at least ¥2 hour prior to
the start of a “preliminary” test period. The
preliminary test period and the test period
stseif are 1o be condueted within the test tol-
erances given in section A4.2.3.3. In some
cases, the preliminary defrost cyele may be
manually induced, however, it is important
that the r ¥ operating controls govern
the defrost termination inﬁl cases, For units
tontaining defrost controls which are likely 1o
cause defrost at intervals less then one hour
when the unit is operating at the required test
conditions, the prelimnary test period shall
start at the termination of a defrost cycle
which automatically occurs and shall end at
the termination of the next automatically oe-
curring defrost cycle. For units containing de-
frost contrals which are likely to cause defrost
at intervals exceeding one hour when operat-
ing at the reguired test condition, the prelim-
inary test period consists of “heating-only”
preliminary operation for at least one hour,
afier which a defrost suay be manually or au-
tomatically induced. The test period then be-
gins at the termination of this defrost cycle
and ends at the termination of the next auto-
matically occurring defrost cyele. If the unit

has not undergone a defrost after 12 hours,
then the tests shall be concluded and the re-
sults calculated for this 12-hour period. For
units which turn the indoor fan off during de-
frost the indoor supply duct shall be blocked
durinf all defrost cvcles to prevent natural or
forced convection through the indoor unit.
During defrost, resistance heaters normally
installed with the unit shall be prevented
from operating,

For units with variable-speed compressors,
the frost accumulation test at the intermedi-
ate s shall be conducted such that the
unit will operate at a constant. intermediate
compressor speed (k = i) as determned in sec-
tion A4.1.1.4. The following two eguations
may be used in lieu of the frost accumulation
test for variable-speed.

{2) Q4:335) = 090 = QL 01T
+ Q4 — Q-raam
x (35 = 1TVi4T = 17))
{b) Ef;%(35) = 0985 x [EL 71T
+ (ER-2(47) = EX2 (170
3 (35-17V47-171]

A4.2.1.4 Test procedures for the low temper-
ature test. Where applicable, the High Tem-
perature Test preparation and periormance
requirements shall alse be used in the Low
Temperature Test. The test room recondition-
ing equipment shall first be operated in a
steady-state manner for at least one-half hour
at eguilibrium and at the specified test con-
ditions. The unit shall then undergo a defrost,
either automatic or manually induced. It is
important that the unit terminate the defrost
uence by the action of its own defrost con-
f:}gl.s. The defrost controls are Lo remain at the
same setting as specified in A4.2.1.3. At a time
no earlier 10 minutes after defrost ter-
mination, the test shall start. Test duration is
one-half hour. For all units, defrost should be
prevented during the one-half test period.

Ad4.22 Test instrumentation.

A422.1 Test instrumentation for the high
ternperature test. The indoor air flow rate shall
be determined as described in Section 7.8
through 7.8.3 of ASHRAE Standard 37-88.
This requires the construction of an air re-
cei-.;pdg chamber and discharge chamber sep-
arated by partition in which one or more noz-
zles are located. The receiving chamber is
connected to the indbor air discharge side of
the test specimen through a short plenum.
The exhaust side of the air fiow rate measur-
ing device contains an exhaust fan with some

‘means Lo vary its capacity to obtain the de-

sired exte resistance to air flow rate. The
exhaust side is then left open to the test room
or is ducted through a conditioning algrmtus
and then back to the test specimen inlet. The
static pressure across the nozzles, the velocity
pressure, and the static pressure measure-
ments at the nozzle throat shall be measured
with manometers which will result in errors
which are no greater than =1.0 percent of
indicated value and having manimum scale
divisions not exceeding 2.0 percent of the
reading. Static pressure and temperature
measurements must be taken at the nozzle
throat in order to obtain density of the air.
The areas of the nozzles shall be determined
by measuring their diameter with an error no
greater than = 0.2 percent in four places ap-
proximately 45 degrees apart around the noz-
zle in each of twe places through the nozzle
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throat. one at the outlets and the others in the
straight section near the radius. The energy
usage of the compressor, indoor and outdoor
fan, and all other equipment components
shall be measured with a watt-hour meter
which is accurate to within =0.5 percent of
the quantity measured. Measurements of the
alr temperature entering and leaving the in-
door coll or the difference between these two
shall be made 1n accordance with the recgmre
ments of ASHRAE Standard 41.1-86 “Stan
dard Method for Temperature Measurement.”
These temperatures shall be continuously re-
corded with instrumentztion having 2 toual
svstem accuracy with = 0.3 F of indicated
value and @ response time of 2.5 seconds or
lese, upstream of the static pressure tap on
the Inlet and downstream of the static pres-
sur¢ taps on the outiet. The indoor and out-
door dry-bulb temperatures shall be continu-
ously recorded with instrumentation which
wili result in an ervor no greater than =03 F
of indieated value. The outdoor wet-bulb tem-
perature shall be continucusly recorded.
Static pressure measurements in the dects
and across the unit shall be made in accor-
dance with Section 6.4 of ASHRAE Standard
37-88 using equipment which will result in an
error no greaster than =0.01 inch of water.
Static pressure measurements shall be made
and recorded at 5 minute intervals. All other
data not continuously recorded shall be re-
torded at 10 minute intervals.

A4.2.2.2 Test instrumentations for the cy-
cling test. The air flow rate dunng the on-
period of the Cyclic Test shall be the same
agreement within = 1. percent as the air flow
rate measured during the previously con-
ducted High Temperature Test. All other 1n-
strumentation requirements are identical to
Ad4.2.2.1.

A4.2.2.3 Test instrumentation for the frost
accumulation test. The air flow rate for the
Frost Accumulation Test shall be the same as
described in A4.2.2.1. The indoor-side dry-
bulb temperature and outdoor-side dry-bulb
temperature shall be continuously recorded
with instrumentation having a total system
accuracy within =0.3 F of indicated value.
The outdoor dew point temperature shall be
determined with an error no greater than
=0.5 F of indicated value using continuously
recording instrumentation. All other data
shall be recorded at 10 minute intervals dur-
ing the heating cycle. Defrost initiation, ter-
mination and complete test cycle time (from
defrest termination to defrost termination)
shall be recorded. Defrost initiation is defined
as the actuation (either automatically or man-
ually) of the controls normally installed with
the wnit which cause it to alter its normal
heating operation in order to eliminate pos-
sibie accumulations of frost on the outdoor
coil Defrost termination occurs when the con-
trols normally within the unit are actuated to
change from defrost operation to normal heat-
ing operation. Provisions sheuld be made so
that instrumentation 1s capable of recording
the cooling done during defrost as well as the
total electnical energy usage during defrost.
These data and the continuously recorded
datz need be the only data obtained during
defrost.

4224 Testinstrumentation for the low tem-

perature test. Instrumentation for the Low

Temperature Test is identical to that of the

Eigg 2Tempemzure Test described in section
4.2.2.1.

A42.3 Test wlerances.

A4.23.1 Test tolerances for the high temper-
aiure test. All tests shall be conducted within
the tolerances specified in Section A6.2.1.
Varnation greater than those given shall in-
validate the test. The heating capacity results
by the indoor Air Enthalpy Method shall
agree within 6 percent of the value deter-
mined by any other simultaneously conducted
capacity test in order for the test to be valid.

A4.2.3.2 Test tolerpnces for the cvelic test,
The test condition tolermncss and test oper-
aung tolerances for the on-period portien of
the test evele are specified in Section A6.2.2.
Variations exceeding any specified test toler-
ances shall invalidate the test results.

A4.2.3.3 Test tolerances for the frost accu-
mulation test, Test condition and test operat-
ing tolerances for Frost Actumulation Tests
are specified 1n Section A8.2.3 Test operating
tolerances during heating applies when the
unit is in the heating mode, exzept for the first
§ minutes after the termination of a defrost
cvele. Test operati.nf toleranece dunng defrost
applies during a defrest evele and during the
first 5 minutes after defrost termination when
the unit is operating in the heating mode, In
determining whether the test condition toler-
ances are met, only the heating portion of the
test period shall be used n calculating the av-
erage values. Vanations exceeding the toler-
ances presented in Section A6.2.3 shall inval-
idate the test.

A4.234 Test tolerances for the low temper-
ature test. Duning the test period for the Low
Temperature Test, the operating conditions
_shallclag ;rx‘i&hizz the tolerances specified in Sec-
tion AG.2.1.

Ad.3  Testing procedures for air source unils
which provide both heating and cooling. The
testing procedures for units which provide
both heating and cooling shall be the same as
those specified in Sections A4.1 and A4.2. Also
dunng the off-period of the dry-coil cooling
test (test D), the switch-over valve shall re-
main in the cooling mode, unless the controls
normally supplied with the unit are designed
to reverse it, in which case the controls shall
operate the valve. During the off-period of the
cvelic test at 47 F, the switch-over valve shall
remain in the heating mode, unless the con-
trols normally supplied with the unit are de-
signed to reverse it, in which case the controls
shall operate the valve.

AS5.0 Calculations for perfarmance factors.

A5.1 Caleulations of seasonal energy effi-
ctency ratios (SEER) in air-source units, The
testing daia and results required to caloulate
the seasonal energy efficiency ratio (SEER} in
Biu's per watt-hour shall include the follow-
ng:

(1) Cooling capacities (Btuh) from tests A
and B and, if applicable, the cooling capacity
(Btuh) from test C and the total cooling done
from test D (Btu'sh

8__' (95F)
_M(8IF)
Q..dry
Gl dT¥

{ii) Electrical power irput to ali components
and controls (watts! from tests A, B, and, if
applicable, the electrical power input to all
components and controls (watts) from test C
%nd the electrical usage (watt-hour) from test

E _'85F)
E _*i82F)
E. 'dry
E,.dry

(i1} Indoor air flow rate (SCFM ) and exter-
nal resistance to indoor air flow (inches of
water W.C.),

(v} Air termperatures (F1

Qutdoor dry bulb
Qutdoor wet bulb
Indeor dry bulb
Indeor wet buik

Where the cooling capagities @ ' (95F),
from test A, Q. 182), from test E. and Q .,
dry, from test C, are calculated using the
eguation specified in section 7.3.3 of ASHRAE
Standard 37-88. The total cooling done. Q..
dry from test D, is caleulated using equation
1) below.

Units which do not have indoor air circulat-
ing fans furnished as part of the model shall
have their measured total cooling capacities
adjusted by subtracting 1250 Btuh per 1.000
CFM of measured indoor 2ir flow and adding
to the total steady-state electrical power input -
365 watts per 1,000 CFM of measured indoor
air fiow

Energy efficiency ratios fromteste A B, and
C. EER,. EER,, EER_, drv respectively, are
each calculated as the ratio of the total cooling
capacity in Btuh to the total electrical power
Imput I watts,

Units which do not have indoor air cireulat-
ing fans furnished as part of the model shall
adjust their total coching done and energy
used in one complete cycle for the effect of
circulating indoor air equipment power The
vaue to be used for the circulating indoor air
equipment power shall be 1250 Btuh per
1.000 CFM of circulating indoor air, The en-
ergy usage required in one comlete cycle re-
quired for indoor air circulation is the product
of the circulating indoor air equipment power
and the duration of time in one cycle that the
circulaung indeor air acg;zpmem is on. The
total cooling done shall then be the measured
cooling in one complete cvele minus the ane
ergy usage required for indoor air circulation
in one complete cyele, The total electrical en-
ergy usage shall be the sum of the energy
uszge required for indeor air circulation in
one complete cvele and the energy used by the
rémaining equipment COMpONnents (compres-
sorisl, outdoar fan, crankease heater. trans-
formeris). etc) in one complete test cyele.

Energy efficiency ratio from tesis D. EER-
v dry 1s calculated as the ratio of the total
cooling done in Btu's to the total electrical en-
ergy usage in watt-hours.
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The results of the cvelic and steady-
state dry-coil performance tests shall be
used wm he following {4) equations:

60X VX Cp XT
(1) Q“"‘"_[V.'th-é— -}I
where

Qepe. ey = TotAl 2a0ling over & eyele consisting of one
somprassor "ol period and nt cOmpressor
= “on’ period (Blis). .
F=indoor air flow rate (cfm) st the dry-bulk
tempersture, himmidity mstic, sand pressure
xisiing 14 the region of measrement.
Cy.=Specitic heat 81 constant pressure of sir-
wnter muztare per pound of dry wr,
Brudn- ¥ )
V. =Specific volume of air-water mizture st the
sume dry-bull temperatire, humadily mbio,
And pressire ueed ih the determunation of
the indoor air flow rate (N31h),
Wo=1lnmidity ratio Ubib).

and I' thr.-F i, which 1s deseribed by the
equation:

(2)
J’ttime Indoor fan off)
=
{

tirse iodoor fan on)

[Taalt) — Taalt))dt

whers
T =Dy, bolb rempersture of air entening the
smennr eoil (F 8t time upe, 2
Tatit) = Liry-piib temparstire of:ir leaving the indoor
<ot I Foar umein

CLF= Q:rc dry

(33 Q.quf

whare
_ CLFwecoling load fasctor, _
Q.. drv = Totnl segdy-siate conling capacity from test C

wh
ra Durition of time (hours) for one complets
eyele fonsssting ol one compressor “'on’ Ume
st one rormpressor o™ Lime.

The preceding equations are then used
in the following eguation to calcuiste B
degradation coefeent Cp rounded to the
nesrest .01,

Eﬁﬂcn.dg

T
EER .. aev
@) o=
where
EERu 4= Enemy eMeweney rstio from test C, (Buw
wati-hr).
A5.1.1 Method for caleulating a SEER for

units with single-speed compressor and sin-
gle-speed condenser fans. The seasonal en-
ergy efficiency ratio for units employing sin-
gle-speed compressors and single-speed
condenser fans shall be based on the perfor-
mance of test B and a method outlined in
AZ 1.1 and A%.1.1 to account for the cyclic per-
formance.

The sessonal energy efficiency ratio in
Btu's/watt-bour shull Le determined Dby
the equation:

SEER=FLF(0.5) X EERs

where

ELR--Ermgy eificieney mio determined from

iest B ows outlined in 2001

FILFi0.5) = Part-lond performance [actor when cooling
losd [mstor =05 ks determined Ifrom the
eyuaiion:

PLF{(0.5)=1-0.5%XCp
whers
Cu=1s the degradation coefickent described in 201 o
B3 saculaied in equAiion (4) sbove,

A5.1.2 Meéthod Tor calculating & SEER for
units with single-speed compressors and
multi-speed condenser fans. The seasonal en-

ergy efficiency ratio ‘SEER! for units employ-
inz single-speed compressors and multi-speed
condenser fans shall be based on the energy
efficiency ratie obtained for test B and the
method outiined in AZ1 2 to account for the
performance under cvelic conditions. The en-
ergy efficiency ratio for test B is abtained with
the unit operating with the condenser fan
speed which normally oceurs at test B am-
bient canditions, ;

The seasonal energy efficiency ratin ia
Btu's/watt-hour shall be dotermined by
the equation:

SEER=PLF(0.5) X EER

where
EERp= efficiency ratie determined [rem
1esL E in 28

PLFOS) =Part-lcad perforiimnce fctor a5 deter-
* muned from the equation:

PLF(3.5)=1—03xCp
w
Co=The & tlon coefMosen! deseribed 1n 212 or
as caleulsted in equstion (3 sbave.

AS5.1.3 Method for caleulatirz 8 SEER for
units with two speed compressors or two com-
pressors, or cviinder unloading. The caleula-
tion procedure described in this section shall
be based on the performance of test A and B
at each of the compressor speeds for two-speed
compressor units, subiect to the conditions on
condenser fan speed deseribed in A313

Units eperating with two compressers shali
have the SEER caleulated in the same man-
ner as two-speed compressor units. The su-
perscripted index k=1 fand the term "low-
speed”) designates the compressor that nor-
mally operates at an outdoor dry-bulb tem-
perature of 82 F ad k=2 (and the term “high
speed”) denotes operation with both compres.
S0TS.

[n order to evaluate the steadyv-state capac-
ity QT and power input, £, (T, at tem-
perature T, for each compressor speed, k=1,

k=2, the results of tests A and B from AS.1

shall be used in the following eguation:

Qn‘(T;}': 501{95 F)
9 Q..“(BZ P)"'Qu"{QS ?}
. 95—82

133~ (3X 1
where

4,798 F1 o steady state capagity measured [rom Lest A
- as outhined in A2 1 3
#7182 Frs Stesdy-state copacity measured from test B
as cutisned 10 AZ 13
Eu.( Ti]“‘ Eu‘ (95 F)
Bt (82 F)—F, 4 (95 F)
T =
#5582

[33—={5x )]

when

(B85 Frs Electngal power wpul meapured using e

A nz ogiimed 1p AZ.L3
E,.'182 F1e Electrical power inpul measured fram wsing
o5t Aae outhned 18 AZ1 S
The building cooling lead BL (T for the
four cases described in section A5.1.3.1

through A5.1.3.4 shall be obtained from the
following equation:

BL(T) =X =8, T (B F)

where

Q.. Y185 Fi= Steady.state capacity measured (rom test
A AZY ot the high compressor speed

The value of the degradation coefficient
€ ' for low compressor speed cycling and
%, < for high speed onvofl compressor eycling
15 determined as described 1n section A2.1.3,
or as caleulated above in equation (1),

A5.1.3.1 Units operating at low compressor
speed (k=11 for which the steady-state cool-
ing capaaity. @, ' (T, is greater than or equal
to the building cooling load. BL (T |, evaluate
the following equations

Tor pe
a  xesBUT)
gl FF
where
Xi-i=TLoad tactor.
£LT » Burlding geciing load i Bruhr at temperature

T {rom secuion AS L3

§F 21T - Steadv-statesooling capbeiny i Bruh i at tempe:
giures T from section AD 1 3

Q§T:')_ - -1 ;
(23 -w*__;r-——x' el (T')XE'

where
{Ts}
Qw-;-'w =rstio of toisl cooling (Btu) in temperatire
bin 7 1o:the number of temperatitre Bt howrs,
N, .
i the fragtional number of hours it Lemperatyre bin #
C frem AB 13

B{T) X' EFVT) ., n

) =F =P Xy
where
F%tLJ:kau(ZMrs&'uﬁﬁef\t‘lll'ht.;ln&mm!:lm

biri § to the number of lomperature bin Hoirs.
PLEv =1 —C5 (1= Xmt),

Where C,, the degradation coefficient as de-
gertbed 1n osection A2.1.3 or as calculated
above tn equation (11,

A5.1.3.2 When a unit must alternate be-
wween high (&= 2 and low (k= 1) comnpressor
speeds 1o sausfy the bullding cooling load at
atemperature T, evaluate the following equa-

tions:
; QT —BL(T)
i T LI ALl W LAY
) A QU Ti) =5 (T
(23 i=i=]— Xt

QUTY

(3) SE=X=X@r(T)
+ XX QT IX Y
(4) BT =[Xt=1x ESNT)

+ XX B TOIX R

A5,1.8.3 When a unit must cycle on and off
at high compressar speed (k=2) 1n order 1o
satisfy the bwiding cooling load at a temper-
ature T, evaluate the equations provided in
section A5.1.3.1 replacing (k=1) data with
1£=2) data

A5.1.3.4 When a unit operates continuously
at high compressor speed (k = 2] at an outdoor
wemperature T, evaluate the following equa-
tions:

m Lo <}
{2) ﬁ*gfilxsrw ) xl‘,\{
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A5.1.3.5 Calculate the SEER in Btu's/watt-
hr. using the values for the terms
QT

N
E(T;)

N

as determined at each temperature bin ac-
cording to the applicable conditions described
in sections A5.1.3.1 through A3.1.3.4 as fol-
lows:

and

(
SEER=_"0-
)S E(T;)

=N

-]

T
B T,—
=1

A5.1.4 Method for calculating a SEER for
units with two speed compressor, two com-
pressor or cylinder unloading capable of vary-
ing the sensible to total capacity (S/T) ratio.
Multi-speed compressor and two-speed com-
pressor units capable of varving the sensible
to total capacity ratio (S/T) shall have the sea-
sonal energy efficiency ratio determined as
described in section A5.1.3. For such units,
the mode of operation selected to determine
the steady-state capacities @,%(93), @..*(82),
E, *93), E *(82), and power inputs at each
compressor speed k=1, k=2, for tests A and
B is outlined in section A2.10.

A5.1.5 Seasonal energy efficiency ratio for
air-source units with triple-capacity compres-
sors. (Reserved)

AS5.1.6 Seasonal energy efficiency ratio for
air-source units with variable-speed compres-
sors. For air-source units with variable-speed
compressors, the seasonal energy efficiency
ratio (SEER), shall be defined as follows:

s QT)
2N

SEER = o
Zf-, _!\FL

where the number of hours in the j* temper-
ature bin (n /N is defined in Table A6.1.2.

The SEER shall be determined by evaluat-
ing three cases of the compressor operation.
Case I is the same as specified in A5.1.3.1 with
the exception that the quantities @,,* (T))
and E%, '(T)) shall be calculated by the follow-
ing equations:

QUT) = @ 82F)
Q@ UBTF) — Q@ N82F)

82 — 67
x (82 -T)

EYNT) = B4 482 F)
E*\67F) — EX Y(82F)
N 82 - 67
x (82 - T))

Case Il is when the compressor operates at
any intermediate (k=v) speed between the
maximum (& = 2) and minimum (k =1) speeds
to satisfy the building cooling load. Evaluate
the following equations:

QT = BL(T)

22

“(T)
EiuT,) = D)
! EERL “(T)
(T) n
Q_.- = Q:.'v (T) x =
N ) N
E(T) n,
— = E::\-D {Tr] w =L
N : N
where
E,,* 7IT,) the electrical power input required by the
unit to deliver capacity matching the build-
ing load at temperature T,
where

Q.. "“IT,)=the capacity delivered by the unit
maiching the building load at temperature

EER,* '(T)1= I.FIJe steady-state energy efficiency ratio at
temperature T, and an intermediate speed
at which the unit capacity matches the
building load.

Before the steady-state intermediate speed
energy efficiency ratio, EER_**“(T)), can be
calculated, the unit performance has to be
evaluated at the compressor speed (k=i) at
which the intermediate speed test was con-
ducted. The capacity of the unit at any tem-
perature T, when the compressor operates at
the intermediate speed (k=i) may be deter-
mined by:

QT = @ (8T) + Mo (T, - 87)
Where:

Q.," ~'(B7)=the capacity of the unit at 87 F determined by
the intermediate cooling steady-state test.
Mg =slope of the capacity curve for the intermediate
compressor speed (k=1

_ QLNB2) — @NET)

Mo = 82 - 67
x (1 - Ng)
Q495) — @-%82)
+ A? 5
o 95 — 82
QBT — QN8
I\'Q =

T @4 %BT) — @4(8T)

Once the equation for @,.* (T, has been
determined, the temperature where
./=BLI(T)) can be found. This temperature
is designated as (T,.). The electrical power in-
put for the unit operating at the intermediate
compressor speed (k=1) and the temperature
(T, ) 1s determined by:

Et ' (T.) = Et-* (87) + Ms (T, - 87)

where:

E..* Y871 =the electrical power input of the unit at 87 F
determined by tiie intermediate cooling
steady-state test .

M, = scope of the electrical power input curve for the
intermediate compressor speed (k=)

E*-\(82) — E*1(67)
82 - 67

x 1 — Ng]

E*-%95) — E* %82)
95 — 82

E*-487) — E&-8T)

E; %(87) — EL'(8T)

The energy efficiency ratio of the unit,

EER,.(T..), at the intermediate speed (k=1i)

and temperature T, can be calculated by the
equation:

£ =

+ Ng

Ng=

T

EL(T.)

Similarly, energy efficiency ratios at tem-
perature T, and T, can be calculated by the
equations:

EER::(T,.) =

o _ QENT)
EER!NT,) = m

gy QAT
EER:, 2szJ = m
where:

T = temperature at which the unit, operating at
the minimum compressor speed, delivers
capacity equal to the building load
(@y" " '(Ty1=BLI(T3)), found by equatin
the capacity equation lrQ,,"’l:TqJ,}J an
building load equation [BL (T,)] in section
A5.1.3 and solving for temperature.

Ty = temperature at which the unit, operating at
the maximum compressor speed. delivers
capacity equal to the building load
(Qs.*"*Ta1=BL (Ty)). found by equating
the capacity equation [(@,," =% T,)] and the
building equation [BL(7, | in section A5.1.3
and solving for temperature.

EER,'”!(T||=the steady state energy efficiency ratio at
the minimum compressor speed at temper-
ature Ty, .

EER,*” % Ty) =the steady state energy efficiency ratio at
the maximum compressor speed at temper-
ature To.

E.*~ YT, =the electrical power input at the minimum
compressor speed at temperature T, cal-
culated by the eqution in section A5.1.3.

E..* %Tyl =the electrical power input at the maximum
compressor speed at temperature Ty, cal
culated by the equation in section A5.1.3.

The energy efficiency ratio, EER,* *(T),
shall be calculated by the following equation:

EER"(T)=A+BxT, +Cx T

3]

where coefficients A, B, and C shall be evalu-
ated using the following calculation steps:

TS - T%
i
i EERY 1Ty - EERY 4Ty - DIEERY “Ty1 - EERY 4T,
Ti-Ta=D x Ty = To)
i EERY "Ty - EERL YTy - B x Ty - Ty
~ Tt -T3
A=EERLUT) - BxTi-Cx 1§

Case [I1 is the same as specified in A5.1.3.4.
The quantities @,,**(T,) and E,*"*T) and

E_*~¥T,) shall be calculated by the equations
prescribed in A5.1.3.

A5.1.7 Seasonal energy efficiency ratio for
split-type ductless systems. For split-?pe
ductless systems, SEER shall be defined as
specified in section A5.1.1 for each combina-
tion set of indoor coils to be used with a com-
mon outdoor unit.

A5.2 Calculation of Heating Seasonal Per-
formance Factors (HSPF) for Air-
Source Units.

The testing data and results required to cal-
culate the heating seasonal performance fac-
tor (HSPF), in Btu's per watt-hr, shall include
the following:

(1) Heating capacities (Btuh) from the in-
door air enthalpy method for the High
Temperature Tests, and the total heat-
ing done (Btu's) for the cyclic and frost
accumulation tests.

Q..(47) or Q..(62).

Q..(17).
QG’!{‘-{)-
Qper(35).
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(ii) Eleetrical power input to all com-
ponents (watts) for the steady state
tests, and the electrical usage
(watt-hours) for the cyclic and frost
accumulation tests

E..(47) or E,.(62).

E, (17
F.,,(47).
Indeor air flow rate (SCFM) and exter-
nal resistance to indoor air flow (inches
of water W.C.1
(1) Alr temperature (F)
Outdoor dry bulb
Outdoor wet bulh or dew point
Indoor dry bulb and
Indoor wet bulh,
(v) Data as specified in Table 5 of ASH-
RAE Standard 37-38

Where the heating capacities @_.(47),
Q,.(62)and @ (17) and the indoor air flow rate
are calculated using the equations specified in
section 7.3.4 and 7.8.3 of ASHRAE standard
37-88. The total heating done, @.,.(47) and
Qper33) are calculated using the equations

ow.

Units not having an indoer fan as part of
the model tested shall add 1250 Btuh per
1,000 SCFM of indoor air handled to the
measured capacity to obtain the total heatin
capacity,@,.(17), §,.(47), or §,(62), and adg
365 watts per 1,000 SCFM of indoor air han-
dled ta the measured power to obtain the total
power input, E_(17), E_(47), or E_(62), to the
unit.

(1

The coefficients of performance (COP)
for the High Temperature Tests COP,,(52)
or COP,,(47), and Low Temperature Test,
COP.,(17), are calculated as the ratio of
the heating capacity in Btuh to the
produet of 5.413 and the power inputs to
the indoor fan in watts and the power
inputs to the remaining equipment com-
ponents (inciuding all controls) in watts,

Units which do not have indoor air cir-
culating fans furnished as part of the
model shall have their total heating done
(Qeyo(47)) and energy used £,,.(47) in one
complete eyele adjusted for the effect of
eirculating indoor air equipment power,
For units tested without an indoor fan as
part of the model, Qcc(47) shall he in-
creased by a quantity of heat equal to the
product of 1250 Btuh per 1.000 SCFM,
the length of the on-period of the test cycle
in hours, and the flow rate of indoor air
circulated in units of 1,000 SCFM. The
total energy usage, E.,.(47), shall he the
sum of the cnergy usage required for air
circulation during the test eyele and the
energy used hy the remaining equipment
components {including all controls) (uring
the test cycle, Units not having an indoor
fan as part of the mocicl tested, shall set the
energy reguired for indoor air eirculation
equal to the quantity given by the product
of 365 watts per 1000 SCFM, the length of
the on-period of the test cycle in hours, and
the rate of indoor air circulated in units of
1000 SCFM.

The ecyclie coefficient of performance,
co Pmi‘l?} is calcuiated as the ratio of the
total heating done (Q.,.(47)) in Btu's to
the product of 3.413 Btu/watt-hour and the
total energy usage (E.,,,(47)) in watt hours,

The net heating capacity, @ (35} Btuh, is
the total net heating done over the test period
(including any credit for the indoor fan heat)
divided by the total length of the test period,
in hours,

For air-source units that are equipped with
“demand defrost control systems”, the value
for HSPF, as determined above shall be mul-
tiplied by an enhancement factor F, to com-
pensate for improved performance not meas-
ured in the Frost Accumulation Test. The
factor F,, depends on the number of defrost
eveles in a 12-hour period and should be cal-
culated as follows:

Fly=1 = 003211 1Ty = 901100 — 5011

where;
Fuy=demand defrest eredit (used as a muluplier to
H3PF!
Ty = time between defrast terminations i minutes or
0. iwhichever is greater|

T.ui = magimum time between defrosts allowed by con-
trols, (in minutes or 720 (whichever 1s |ess:

For units tested without indoor fans, the
value determined for @,.{35) below shall be
increased by a quantity of heat equal to the
product of 1250 Btuh per 1000 SCFM, the
length of time in hours during the Frost Ac-
cumulation Tast that there were indoor air

’ci.rculazing, and the average flow rate of in-
door air cireulated in units of 1000 SCFM.

The total energy usage, E,:{35) shall be
the sum of the energy usage required for in-
door-air circulation during the test period and
the energy used by the remaining equipment
components during the test period. Unuts not
having an indoor fan as part of the model
tested. shall set the energy required for indoor
air circulation equal to the quantity given by
the product of 365 watts per 1000 SCFM, the
length of time in hours during the Frost Ac-
cumulation Test that there was indoor air cir-
culating, and the average flow rate of indoor
air circulated in units of 1000 SCFM.

The actual heating done during the
Cyclic Test, @.,.(47), shall be determincil
using the following equation:

_B0XT X CoeXT

w =X W]

where

Qere(47)

V= the flow rate during the on-period ealculated in
accordance with sestion 7.8.3 of ASHRAE Stan-
dard 37-88 in CFM.

Cpe=3Specific heat at constant pressure of air-water
mixture per pound of dry air. (Bru/lb-F),

Vil=specinic voliune of amr-water mixture at the same
dry-bulb temperature, himidity ratio, and
pressure used in the determination of the indoor
air flow rate ((t31h).

Wa=1Iumidliy ratio (1b/lb).

and I thr-F), which is described by the
equation:

r ‘-:fmme indoar fan offy Ta()—T, o

(tima indoor fun ou) L

where

Taslty=Dry-hulb temperztirs of air entering the ine
door coil (F) at time 141,
Taalt)= Diry-tuly temperzture of air leaving the in-
door-coil (F) at time (£),
The net heating, Qper (85) in Btu's
dlone during the test period shall be deter-
mined using the following equation;

Qnmr(Bé)—anvx Coa XT

@ T VaX (14 W)

where

V= the average of the:air flow rate caleulated at four
or mare time intervals throughout the heating
phase of the test using the equation in section
7.8,3 of ASHRAE Standard 37.88

Coa=S8peilic heat 8t constant pressire of airwater
mixture per pound of dry air, Blalb-F

Vir=3pecine voliume ol aie-water mixture al (he same
dry-hulb 1emperatire, hum:dity ratio, and pres-
sire 11sed in the determinavion of e ndoor air
low rate Jtitb).

Wy =Tumidity ratio (1b/1b), '

and | (hr.-F), which is deseribed by th
equation:

J".Limc of next delrest termination)
) (time of defrost termination

X[Toa()— Ty (1))
wheve

T {t)=Dry-bulb temperatitre of air entering the -
door coll (Frat time (¢

Ta*{t)=Dry-bnlb temperatire of air leaving the indoor
coil IFIat time (4],

The cyelic degradation coefficient shall
be calculated as follows:

1 COP,,,(47)
T COP,,(47)
where

Cp=the ¢yclic degradation coeMicient rounded
to the nearest .01 E

COPeyo(47) as defined above
COP.(4T) as defined above

HLF is the heating load factor calculated as
follows:

L Que4D)
Q1. (47) X7

where
Qeye(47) 85 defined above
(47} ‘as defined above

r=Duration of time (hours) for one complete
evele conzisting of one compressor “on’' Lime
and one compressor 'of" time.

A5.2.1 Calculation of the heating seasonal
performance factor (HSPF) for air-
source heat pumps with single speed
COMpIessors.

For each climate region listed in section
AB.2.4, and for design heating requirements
equal to both the standardized minimum and
maximum design heating requirements de-
fined below, calculate the HSPF defined as:

*HSPF
> ¥ BUT)
I

T=m X(T) ;
[;F —P—‘mr) S(THE(T)

RH(T;
+ BT

*These items have been corrected in accordance with a letter from the
Department of Energy. dated December 7, 1980,

23
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where

= 1:.’.3.5 . ., B corresponds 1o the 2 lempan
are it
nitoial tismber of hon-zero lemperatire bing
i the shimatie TERION
T,= (67 =31 i3 the represeniztive lanperstire of
the "M hin (P
X incicsted the quanyiy following the symbal
SR 15 16 bs surmined pver all Ler peraiure bing
g (T

U= qupyiementary  Tesistence heat term sl

N {emperature T, reguured in those cases where

the hest pump sutomatically twurns of

IT.< Tott} O when it 18 neaded to meet the

balance of the building hesling requiremenis.
IwBllL),

Z 415 tne number of hotirs in the 1 temperATunE

N bip disided by N5 nyand 15 referred 1o 28

4 "

the "irsetional hougsin )10 temperature bin”.

3410w 2 b convession fsotor whieh converls wall
hiiurs W B,

BLIT = puildsng lazd axtemperature 7. Bish

5T =heat pump jew temperstilre eitt-out (azion

ATy = neat pump heanng lesd aan.

PLFIN ;=heat pisnp part losd lketor,

The ouantities BLCT,), 8(T;), X(T\)
PLE(X) and

RHI(T;)
-5
are defined by the {ollowing cquations:

BL.’T,]:(S:-}“?

£ Yo ¢ >y
o) (C)(DHE)

where

fOE=00T ds 3 ctreestipn fastor which tends to
m-,gm:e the agrepment between cicylated
and messired Duitding leads
LFef 1B = the mimimitm and mexinum design beating
requirement winch the heat pump is lisely
10 encounter when mstalled in & residence,
rounded off 1o the nearest siandsrdized DER
in eeckion AG.26 (n Biuh

where

{minimum design hesting reguirement)
Q..047) EE;_-E{'?W}. for regions 1,

- 11, 111, IV, and VI

G,,(47), for region V

and |

maximum design heating requirement
26, 047) l?é_:'é.ﬁ{{’.*ﬁ. for regions I,

= 11, 111, IV, 2nd VI

2.2G,.047), for region V
where
Quoan = the hwal pump capacily mgq_;a;}wd during

)

thie High Temperature Test 1o 47 )
Tes i the stooor design lemperature given in
seclion AR.L 4
0, T; < Torr 2
T
or Qe il
(3413(E(T)

i Torrl T € Ton

QLT -1
(3.413)(E(T)

B3l -

#(T)=

1; 7> Tox g
PR L€ i) N
(3413)(E(T

24

JBL(T,\

X(T)={ Ty
5 QUT)SBL(T))

PLF(X}=1=Cs(1—X{Tj))

TQUT 2BLIT)

gy BLUTI-QTIX(T)HTIY
L 3313

whare

Torr=the ontdoor (emperpliiry that the compressor s
sutoratically shut oft st (! ne siek lempers.
vare exists, T; 5 adwsys greater than Tors and

ox.}

Tox=the outtdoos temperattire that the sompresior 5
. euiomatiendly uuned. on U tw:tabi:éuii

q;mm:ﬁ for low lemperatire mitcmatic 1!
of.

Cr=dopaduiion factor detemined described in
seetion ASZ and AZ. 2.1

In using the above equation to caleulate
HEPF, the heat pump capacity in Biuh, €
and the power in watts, £, shall be obtained
as follows:

( Qa 17‘;7 ) = Qu{ 17 })
30 '

T;245F or T, €17F

Q{17+

QT = . .
{QGZ{{EE‘ ) _Qn( 17) )
K {T—17)

18 '

\TF L T;< 45F
(E.(47)=E, Q1))

X(T=17)
30 :

T;245F or T;<17F

QuiiT) +

E.1T)+

E{ Tl’)""‘ . .

(Eper(35) = E,(17)
E.17) X{Tioi),
LA ’ ls

17TFL T;<(45F

where @ ,147) and £ (47) and @ ,5<(33) and
E (4T)and @ f17) and E ,{17) are the capac-
ities (in Btuh) and %owem (in watts), meas-
ure ' during the High Temperature Test, the
Frost Accumulation test, and the Low Tem-
perature Test, respectively. i

*For each of the six regionis sgecified in sec-
tion A46.2.5, calculate the heating seasonal
performiance factors and seasonal operating
costs corresponding to the standardized max-
tmum and minimum design heating require-
ments and for all other standardized design

heating requirements (see sectiomAb.2.6) be-

tween the maximum and the minimurn,

A5.22 Calculation of the heating seasonal
performance factor (HSPF) for air
source heat pumps with a two-speed
COMPresser, LWO compressors; or ovl-
ander unicading.

For each climatic region hsted in section
4524 and for design %‘&atin requirements
witliml " *he standardized minimum and
TERMCN wewifh heatsnghrequiremams de-
fined below, calculate the HSPF defined as:

3§ BUT)
HEPF E'JT-'P RETT
I:? N '+$ };’ }
where

¥ s defined i A5 21

as defined in AS 2!

SR

as defined in A5 %3

and BLIT | s the buslding load at température
T, in Btuh. ealculated by:

: 85 T,
BLLT‘,m(m)xmxfmm

where

{Ch=077 is a correction lactor which tends to
improve the apreement between cAloilsied
and meesiured building loads

(D#R) =the minimnm AnG maxiom design heating
requrement which 1he heat pump i hikely
to eneolinter when installed in s residence,
roanded 9f to the nescess sandardized
DHR i section AR LS in Blub

where
(minimum design heating requirement)

"!--:. T {ﬁa_Tﬂnj
Qeican) B2 Ton)

= 11, HI, IV, and V1

i for regions i,

\Qi4=2(47), for region ¥
and
(maximum design heating requirement)

20473 (47) @{ﬁwl for regions 1,
= 11, IIT, IV and V1

2,2Q'~*(47) for region V
where

@, V4T Is the heat pump capscity measured during
the high temperature performance test at
47 F. with the uait éperating ul the high
compressor speed o7 with both compressor
in operation, in Bluk )
Tup 16 the outdoor desipn temperature given in
section A5 2.4 an degrees F.

Note: The superseript (k=1) and (k=12)
refer to the heat pump operating at low
peed or single compresser operation and
high speecd or two compressor operation
respectively.

ErTy isthe heat pump electrical energy usage in the '

= temperature hindivided by the toal numberofin

Y hours and 15 evaluated accarding to the four pos-

wibie caxes of heat pump speration denoted balow
in walts

RHIT. asdefined in A5 2.) and s evalupted according to
—— tie faur pogsible cases of heat pump gperation de-
roted beipw 1in watts

Case [.—Units operating at low com-
pressor speedt or with a single compressor,
i.e., k=1, for which the building hesting
load, BL{T;} is less than or equal to the
heating eapacity, @ T},

BL(T)) £Q"(T,)
E(T;) E-(THX=(TH¥(T) n;
— e S BLF B
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ny P
EH{TF}__R‘-' BL{T:‘)H“ { Tr”
¥ - 3.413
X T = BL(T;)
Q&-i( T:j
PLF— =1 -y (1-X7Y)
Gz TIE TCIFT

¥(T={): Tops < Ti& Tou
1; T:;>Tox

Case JT.—Units alternating hetween high
speed or Twa compressor operation (k=2)
and low speed or single compressor opera-
tion (k=1) to gatisfy the building heating
load at temperature T,.

O\ 7)< BLITH <O T))

E_(‘g"_)ﬁl_ght(r'.}xt-lff"}
L BT XU T(T)
ny ’ :
RE(T)) _3'? BL{T O —=8(T:)]
N T 3.413
i 7,y = Q7 Ti) = BL(T)
’ Q=3 (T =@ ('Y
X (T)=1—-X"'T;}
0; T:< Torr
8'(T5) %; Pors<Ti<Ton
1; T >Ton

Case IT1.—TUnits cyeling on and offl at
high compressor speed or eyeling both com-
pressors on and off together (k=2) in orcer
to sausly the building heating load ot tem-
perature T,

F=U T <BL(T,) <~ Ty

gry ETHTIRHT)(TE

N PLF=z

ny # s
N 3.413

X3 T,) =__B£(_&}.
=Ty

PLF*==1-Cy*(1—X*(T}))

03 T <Torr
3T )= %; Tors < Ti X Tox

1; 7> Ton

Case I'V.—Tnits operating continuously
at hugh compressor speedl or with loth cam-
Pressers in continuous operation (k=2) in
order to satisfy the building heating load
at temperature T}

BL(T,) 20Ty
Ef“:{{} = pre=i{ ToXe={T, )8 T*] %
BH(T;)

[BL(T:) — Q@3 T)) X+=X(T,)8" (1)) §
3.413 :
X={T;)=1.0
0; 7y% Torr

=

Q3(Ts)
————————————————— 1
(3AL3N(ESHT;) )<

1 -
51 Torr{Ti< Tox

Q=:(T)
(3413) (BT

1; T;Z Ton

5”{?‘,‘) i

Q=(T;)
(3.413)(E2(T))

Where n each of the above cases

XiT - hea! pump heatzng load factor
PLF = heat pump part ioad factor (nol required for
cases |l ané IV1
BT = hent pump low temperaturs sut-oet factor.
T.nas defined in A5.2
T, as defined 1n A5 2]

;! Vethe par load degradation facior deseribed in
section A22.] and A5.2 for the unu cvching a3
high compressor speed or with both compres:
sors simuitaneousiy evcling 1 appheable:

= the part load degradation factor described in
seciion AZ.2.1 and A5.2 for the unit cycling at
jow compressor speed or with the singie com-
oressor that normaliy operates at low heating
Ipaas

oyttt

QL (4T)
(Q (62)— @' (47))
y X (T;=47)
! 15 L

T=40F
Qi (17)
(Q5E4(35) =& (17))
X{T—17).
18 i

ITF=T<40F

@ (T =

L
-+

- (1)

(Qi=1 (47) — (5=1{17))
i RK(Tp=~17)

30

T<17F

Gy
(@ (a7)—Qre17))
; X(Ti~17)
! 30 !
Bomt ()= Tz45For T=17F
Qi iaT)
(QE(33)— Qir2(17))
; X{T=17).
1 _15 .
17F<T <45 F
T Ei(4n)
(Em1(62)—Eimr(47)
! X AT —47)
: i3 i
T=40F )
2
y {EGe(35)—EF{17))
B T=y X{T=17)
! 18 J
17F=T<40F
B0
(E4T) = ESH(IT))
Y X(T;—17).
b d{) n
T<17F
BT
(B2(4T) — Be (1))
| XA(Ti—=17).
ki 30 L]
E’*':(T,}n: T=45For-F=17F
B (17)
(FE53(35) —ES2 (7))
N X (T,—17).
L1 18 i
17 F<T<45F
17

For each of the six remans specified in sec-
tion A#.2.5. calculate the heating seasonal
performance factors and seasonal operating
costs correspending to the standardized max-
imum and mimimum design heating require-
ments and for all ether standardized design
heating requirements (see section AG.2.6) be-
tween the maximum and the minimum.

A3.2.3 Heating secsonal performance factor
for air-source units with triple-capecity com
pressors. (Reserved!

A5.2.4 Heating seasonal performance faettor
for units with variable-speed compressors. For
units with veriable-speed compressors, the
heating seasonal performance factor (HSPF!
15 defined by the following equation:

S, = BUT)

HP v ET) RHE”F_;E}
_-’.., N T ey N

25
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n; epom
N 3.413
xeeicmyy o BT
=Ty
PLF=i=1—CpH (1= X)
0; Ty < Torr

(T = %; Tarr< T,ﬂ Tox

1; T;>Tox
Case IT.—TUnits alternating hetween high
speed or two compressor operation (k=2)
and low speed or single compressor opera-

tion (k=1) to satisfy the buiiding heating
load at temperature T

G (T < BL(T) Q@51
E_(‘g"_)al_g&—:(ri}xt-tfr‘)
+ECHTH XTI (T B

ny ’ 2
RH(T) N BL{T 1 —8(T))]
N - 3.413
yimi( 7,y = QT — BL(T)
Q= (T - T
X3 (T =1—-X+"1{T;}
0; i< Tosr
' (T;) %; Torsg < T;< Toxn
1; T,>Ton

Case IT1.—TUnits cyeling on and ofl at
high compressor speed or cysling both com-
pressors on and off together (k=2) in ovcer
to sausly the building heating load ot tem-
perature T,

QU T KBL(T,) <@ Ti)

BT X (TN (T) G
PLF*

E(T;)
i

NBL(THN—8" (T

RE(T;)
; 3.413

N

BL(T:)
Q= Ty

PLPE:=] — (33 (1— X*=2(T},))

X=H(T))=

0; T, <Torr
3(T;)= f;_; Toes < Ti < Tox

1; Ti>Ten

26

Case IV.—Tnits operating sontinuously
at high compresser speeil or with loth eom-
pressors in continuous operation (k=2) in
order to satisfy the building hesting load
at temperature T,

BL(T,) 20Ty
B0 _ e myim(r)e () Y
BRH(TH)
N
[BL(T:) — Q=T X=X T8 (7] §
= 3.413
X T =1.0
0; T:‘ﬁ Tarr i
(T
—_— e 7 ]
" A (BT
%: Torrl Ti< Tox
SF'fT')‘: Q“-:(TI') >1
(3.413)(E=HT;))
1; T;= Ton )
Q=(T)
(3.413) (E=(T))

Where i each of the above cases

XiT - hea! pusmp heatang load factor
PLF = heat pump part tesd factor (nei required for
cases 1l and IV
BT = heat pump low temperature cut-oul factor.
T as defined in A5.2 )
T,m as defined 1n A3 2.)

i T=the part load degradation facier dessribed in
section A2:2.1 and A5.2 for the unit cveling as
high compressor ?eed or with both compres:
sors stmultaneousiy eveling 11f apphicable:

= the part load degradation {actor described in
seciion AZ.2.1 and A5.2 for the unit cycling at
iow compressor speed or with the singie com-
oressor that normaily operates 2t low heating
ipadas

o

QL (4T)
(@ (62)—@ri(47)
g X (Ty=47) ,
¢ 15 A

T=40F
Qrt(17)
(@i (35)— & (17))
X{Ti—17).
18 i

1TF=T<40F

Q1 (T) =

L
-

@ (17)

(@ (47) — G51(1T))
K (T=17)

+ 30

T<17F

&
(= (47)— @&+ 17))
: X (Ti—17).
* 30 d
=45 =17
Gt (T, = T=z45For T=17F
Qi
(QHi35)— Qr=(17))
: X(T;=17)
] ls ]
1ITF<T <45 F
T EEri(4T)
(Bt (62)—Eim(47)
5 X (T, —47) .
H 35 '
T=40F
E5H D)
) ( E5(35)— B (17))
Ex=t{Ti)asy X T:=17)
- 5 5
17F=T<40F
E(1T)
(E4T) = EEH(ITY)
; X(T;—17)
b i 30 h
T<I7TF
EST)
(B2 {4T) — ES3 (170
. HKAT;=17).
ki 30 L]
BT = T=45Fer £=17F
Er(1m)
(E55(35) —ES(1T))
g X (T;—17).
L .\5 "
17 F<T<45F
17

For each of the six regions specified in sec-
tion Af.2.5, calculate the heating seasonal
performance {actors and seasonal operating
costs corresponding to the standardized max-
imum and minimyum design heating require-
ments and for all other standardized design
heating reguirements (se section AG.2.6) be-
tween the maximum and the minimum.

A5.2.3 Heating secsonal performance factor
for air-source units with triple-capecity com
pressors. (Reserved!

A5.2.4 Hecting seasonal performance factor
for units with variable-speed compressers. For
units with veriable-speed compressors, the
heating seasoneal perfermance factor (HSPF!
15 defined by the fsllowing equation:

S ZBuT)

HEF~ v ET) Rﬁf’a’}i)
TN T TR
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AS5.3.2 Calculation of representative re-
gional annual performance factors
(APF,) for each region and for each
standardized design heating re-
quirement,

(CLHR) (Q.*(95F))
+ (HLHgz)(DHR)(C)
(CLHI) (Qu'fQSF) }
SEER
 (HLHg)(DHR)(C)
g HSFPF

(APFgz)

Q. I5F ) is defined in AS.1,
(DHR) 15 defined in A5.2,2
tC s defined in A5.2.2.

where

ICLH ! 15 the representative cooling lond hours for each
heating lond hours ragion. as determined in sec-
thon AG.3.

tHLH g1 is the representtive heating load hours for each
region as determined in section A6.2.5.

{SEER) is the seasonal energy efficiency ratio as deter-
mined in section AS5.1.

\HSPF! is the heating seasonal performance factor as
determined in saction A5.2 for each region and
for each standardized design heating require.
ment within each region.

where the regions are listed in section A6.2.5
and, the standardized design heating require-
ments within the regions are determined in
sections A5.2 and A6.2.6.

A5.4 Calculations of Seasonal Energy Effi
ciency Ratio for Water Source Units
Which Prouvide Both Heating and Cool-
ing. (Reserved)

Calculation of Heating Seasonal Per.
formance Factor for Water Source
Units Which Provide Both Heating and
Cooling. (Reserved)

Calculation of Annual Performance
Factor For Water Source Units Which
Provide Both Heating and Cooling
(Reserved)

AB.5

A5.6

27
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AB.2.6 Standard Design Heating Requ.irements_ (Btuh)
5,000 25,000 50,000 90,000
10,000 30,000 60,000 100,000
15,000 35,000 70,000 110,000
20,000 - 40,000 80,000 130,000
A6.3 Representative Cooling Load Hours (CLHR) for Each Heating

Load Hours Region

Region CLHgr . HLHp
1 - 2400 750
11 1800 1250
ITI 1200 ‘1750
v 800 2250
v 400 2750
Vi 200 2750
A6.4 Ground Water Temperature Map (Reserved)

[FR Doc. 79-3£793 Filed 12-17-79; 8:45 am]
BLLING CODE $450-01-C
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APPENDIX D. PRESCRIPTIVE METHODOLOGY
FOR THE CYCLIC TESTING OF DUCTED SYSTEMS
REQUIRED BY C4.1 AND C4.2 - NORMATIVE

For the purpose of uniformity in the cyclic test requirements
of Appendix C, the following test apparatus and conditions
shall be met:

D1  The test apparatus is a physical arrangement of
dampers, damper boxes, mixers, thermopile and ducts all
properly sealed and insulated. See Figures D1 through D4
for typical test apparatus. The arrangement and size(s) of
the components may be altered to meet the physical
requirements of the unit to be tested.

D2  Dampers and their boxes shall be located outside of
the ANSI/ASHRAE Standard 37 pressure measurement
locations in the inlet air and outlet air ducts.

D3  The entire test apparatus shall not have a leakage rate
which exceeds 20 ¢fm [0.01 m*/s ] when a negative pressure
of 1.0 in H,0 [0.25 kPa] is maintained at the apparatus exit
air location.

D4  The apparatus shall be insulated to have "U" value
not to exceed 0.04 Btu/(h-ft*-°F) total.

DS  The air mixer and a 40% maximum open area
perforated screen shall be located in the outlet air portion of
the apparatus upstream of the outlet damper. The mixer(s)
shall be as described in ANSI/ASHRAE Standard 41.1. The
mixing device shall achieve a maximum temperature spread
of 1.5°F [0.8 °C] across the device. An inlet air mixer is not
required.

D6 The temperature difference between inlet air and
outlet air shall be measured by a thermopile. The thermopile
shall be constructed of 24 gauge thermocouple wire with 16
junctions at each end. At each junction point the wire
insulation shall be stripped for a length of 1.0 in [25 mm)].
The junction of the wires shall have no more than two
bonded turns.

34

D7  The dampers shall be capable of being completely
opened or completely closed within a time period not to
exceed 10 seconds for each action. Airflow through the
equipment being tested should stop within 3 seconds after
the airflow measuring device is de-energized. The air
pressure difference (AP) at the nozzle shall be within 2% of
steady state AP within 15 seconds from the time the air
measuring device is re-energized.

D8  Test set up, temperature and electrical measurements
must be identical for "C" and "U" tests in order to obtain
minimum error in Cp. Electrical measurements shall be
taken with an integrating type meter per ANSI/ASHRAE
Standard 37 having an accuracy for all ranges experienced
during the cyclic test.

D9  Prior to taking test data, the unit shall be operated at
least one hour after achieving dry coil conditions. The drain
pan shall be drained and the drain opening plugged. The
drain pan shall be completely dry in order to maximize
repeatability and reproducibility of test results.

D10 For coil only units not employing an enclosure, the
coil shall be tested with an enclosure constructed of 1.0 in
[25 mm ] fiberglass ductboard with a density of 6 Ib/ft* [100
kg/m’] or an equivalent "R" value. For units with
enclosures or cabinets, no extra insulating or sealing shall be
employed.
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E1l

E2

APPENDIX E. EXAMPLE OF CALCULATING

Purpose and Scope.

E1.1  Purpose.

This appendix shows example

calculations for determining Integrated Part-Load

Values (IPLV).

E1.2  Scope.
covered by this standard.

This appendix is for equipment

General Equation and Definitions of Terms.

+
IPLV = (PLF, - PLF, ) (@j El
+
+ (PLF, - PLF;) [Mj
+
(PLF,, - PLF, ) (M)
+ (PLF, )(EER,)
where:
PLF = Part-load factor

Subscript 1

Subscript 2, 3, etc.

determined from Figure
El

Total number of capacity
steps

100% capacity and EER
at part- load Rating
Conditions

Specific capacity and
EER at part-load steps
per 6.2 of this standard

INTEGRATED PART-LOAD VALUES (IPLV) - NORMATIVE

Calculation Example for a Four Capacity Step

System.

E3.1  Assume equipment has four capacity steps as
follows:

1 100% (full load)
2 75% of full load
3 50% of full load
4 25% of full load

E3.2  Obtain part-load factors from Figure E1.

E3.3  Obtain EER at each capacity step per 6.2 of
this standard.

E3.4  Calculate IPLV using the general equation
with:

n=4

PLF, = 1.0 EER; = 8.9
PLF, = 0.9 EER, = 7.7
PLF; = 04 EER; = 7.1
PLF, = 0.1 EER; = 5.0

Enter the above values in Equation E1:

89+7.7
(1.0-0.9) (Tj

IPLV

< 0900 (21221

+

7.1+5.0
(0.4-0.1) (T]

0.1x5.0

+

= (0.1 x8.3)+ (0.5 x 7.4)

+(0.3x6.0)+0.5

0.83+3.70+1.80+0.5

IPLV 6.8 Btu/(W-h)

To further illustrate the calculation process,
see the example in Table E1.
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PERCENT OF FULL-LOAD CAPACITY AT
PART-LOAD CONDITIONS

Note: The curve is based on following equation:
PLF = A0 + (A1xQ)+(A2x Q)+ (A3 x Q) +(A4x Q") +(A5xQ°)+(A6x Q°)

where: PLF = Part-Load Factor
Q = Percent of full-load capacity at part-load rating
conditions.
A0 = —0.12773917 x 10-*
Al = —0.27648713-x 10-°
A2 = (0.50672449 x 10-°
A3 = —0.25966636 x 10-*
A4 = (.69875354 x 10-°
AS = —0.76859712 x 10-*
A6 = 0.28918272 x 10-"

I-P Units
40

Figure E1. Part -Load Factor Example
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Using information from E3:

Table E1. Example IPLV Calculation
Capacity % Full PLF’ Mfts. Avg. PLF Diff. Avg. EER x Weighted
Step Load Part- Part- PLF Diff. = Avg.
Cap.’ Load Load
EER EER
1 100% 1.0 8.9° (1.0-09)= | 83x0.1 = 0.83
= 8.3 0.1
2 75% 0.9 7.7 7.4x0.5 = 3.70
= 7.4 09-04)=
3 50% 0.4 7.1 0.5 6.0x0.3 = 1.80
= 6.0
4 25% 0.1 5.0 04-01)=|50'x01 = 0.50
=| s0' 0.3
0% 00 | | - Single number 6.83*
(0.1-0.0)= | IPLV
0.1
Notes:
! For the range between 0% capacity and the last capacity step, use EER of the last capacity step for the
average EER.
* The 100% capacity and EER are to be determined at the part-load Rating Conditions.
3 Part-load factor from Figure E1.
* Rounded to 6.8 Btu/(W-h).
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