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which may be used by manufacturers in sup-
port of petitions for waiver. These guidelines
are not mandatory and the Department may
determine that they do not apply to a par-
ticular model. Depending upon a manufac-
turer’s approach for conducting field testing,
additional data may be required. Manufac-
turers are encouraged to communicate with
the Department prior to the commencement
of field tests which may be used to support a
petition for waiver. Section 6.3 of this Ap-
pendix provides an example of field testing
for a clothes washer with an adaptive water
fill control system. Other features, such as
the use of various spin speed selections,
could be the subject of field tests.

6.2 Nonconventional Wash System Energy
Consumption Test. The field test may consist
of a minimum of 10 of the nonconventional
clothes washers (‘‘test clothes washers’) and
10 clothes washers already being distributed
in commerce (‘‘base clothes washers’). The
tests should include a minimum of 50 energy
test cycles per clothes washer. The test
clothes washers and base clothes washers
should be identical in construction except
for the controls or systems being tested.
Equal numbers of both the test clothes wash-
er and the base clothes washer should be
tested simultaneously in comparable set-
tings to minimize seasonal or consumer
laundering conditions or variations. The
clothes washers should be monitored in such
a way as to accurately record the average
total energy and water consumption per
cycle, including water heating energy when
electrically heated water is used, and the en-
ergy required to remove the remaining mois-
ture of the test load. Standby and off mode
energy consumption should be measured ac-
cording to section 4.4 of this test procedure.
The field test results should be used to deter-
mine the best method to correlate the rating
of the test clothes washer to the rating of
the base clothes washer.

6.3 Adaptive water fill control system field
test. (1) Section 3.2.3.1 of this Appendix de-
fines the test method for measuring energy
consumption for clothes washers which in-
corporate both adaptive and alternate man-
ual water fill control systems. Energy con-
sumption calculated by the method defined
in section 3.2.3.1 of this Appendix assumes
the adaptive cycle will be used 50 percent of
the time. This section can be used to develop
field test data in support of a petition for
waiver when it is believed that the adaptive
cycle will be used more than 50 percent of
the time. The field test sample size should be
a minimum of 10 test clothes washers. The
test clothes washers should be representative
of the design, construction, and control sys-
tem that will be placed in commerce. The
duration of field testing in the user’s house
should be a minimum of 50 energy test cy-
cles, for each unit. No special instructions as
to cycle selection or product usage should be
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given to the field test participants, other
than inclusion of the product literature pack
which would be shipped with all units, and
instructions regarding filling out data col-
lection forms, use of data collection equip-
ment, or basic procedural methods. Prior to
the test clothes washers being installed in
the field test locations, baseline data should
be developed for all field test units by con-
ducting laboratory tests as defined by sec-
tion 1 through section 5 of this Appendix to
determine the energy consumption, water
consumption, and remaining moisture con-
tent values. The following data should be
measured and recorded for each wash load
during the test period: Wash cycle selected,
the mode of the clothes washer (adaptive or
manual), clothes load dry weight (measured
after the clothes washer and clothes dryer
cycles are completed) in pounds, and type of
articles in the clothes load (e.g., cottons, lin-
ens, permanent press). The wash loads used
in calculating the in-home percentage split
between adaptive and manual cycle usage
should be only those wash loads which con-
form to the definition of the energy test
cycle.

Calculate:

T=The total number of energy test cycles
run during the field test.

T.=The total number of adaptive control en-
ergy test cycles.

Tw=The total number of manual control en-
ergy test cycles.

The percentage weighting factors:
P.=(T./T) x 100% (the percentage weighting

for adaptive control selection)
Po=(Tw/T) x 100% (the percentage weighting
for manual control selection)

(2) Energy consumption (HEt, MEr, and Dg)
and water consumption (Qr), values cal-
culated in section 4 of this Appendix for the
manual and adaptive modes, should be com-
bined using P, and P,, as the weighting fac-
tors.

[77 FR 13939, Mar. 7, 2012]

APPENDIXES K-Li TO SUBPART B OF PART
430 [RESERVED]

APPENDIX M TO SUBPART B OF PART
430—UNIFORM TEST METHOD FOR
MEASURING THE ENERGY CONSUMP-
TION OF CENTRAL AIR CONDITIONERS
AND HEAT PUMPS

NoTE: The procedures and calculations
that refer to off mode energy consumption
(i.e., sections 3.13 and 4.2.8 of this appendix
M) need not be performed to determine com-
pliance with energy conservation standards
for central air conditioners and heat pumps
at this time. However, any representation re-
lated to standby mode and off mode energy
consumption of these products made after
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corresponding revisions to the central air
conditioners and heat pumps test procedure
must be based upon results generated under
this test procedure, consistent with the re-
quirements of 42 U.S.C. 6293(c)(2). For resi-
dential central air conditioners and heat
pumps manufactured on or after January 1,
2015, compliance with the applicable provi-
sions of this test procedure is required in
order to determine compliance with energy
conservation standards.

1. DEFINITIONS
2. TESTING CONDITIONS

2.1 Test room requirements.

2.2 Test unit installation requirements.

2.2.1 Defrost control settings.

2.2.2 Special requirements for units hav-
ing a multiple-speed outdoor fan.

2.2.3 Special requirements for multi-split
air conditioners and heat pumps, and sys-
tems composed of multiple mini-split units
(outdoor units located side-by-side) that
would normally operate using two or more
indoor thermostats.

2.2.4 Wet-bulb temperature requirements
for the air entering the indoor and outdoor
coils.

2.2.4.1 Cooling mode tests.

2.2.4.2 Heating mode tests.

2.2.5 Additional refrigerant charging re-
quirements.

2.3 Indoor air volume rates.

2.3.1 Cooling tests.

2.3.2 Heating tests.

2.4 Indoor coil inlet and outlet duct con-
nections.

2.4.1 Outlet plenum for the indoor unit.

2.4.2 Inlet plenum for the indoor unit.

2.5 Indoor coil air property measurements
and air damper box applications.

2.5.1 Test set-up on the inlet side of the
indoor coil: For cases where the inlet damper
box is installed.

2.5.1.1 If the section 2.4.2 inlet plenum is
installed.

2.5.1.2 If the section 2.4.2 inlet plenum is
not installed.

2.5.2 Test set-up on the inlet side of the
indoor unit: For cases where no inlet damper
box is installed.

2.56.3 Indoor coil static pressure difference
measurement.

2.5.4 Test set-up on the outlet side of the
indoor coil.

2.5.4.1 Outlet air damper box placement
and requirements.

2.5.4.2 Procedures to minimize tempera-
ture maldistribution.

2.5.5 Dry bulb temperature measurement.

2.5.6 Water vapor content measurement.

2.5.7 Air damper box performance require-
ments.

2.6 Airflow measuring apparatus.

2.7 Electrical voltage supply.
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2.8 Electrical power and energy measure-
ments.

2.9 Time measurements.

2.10 Test apparatus for the secondary
space conditioning capacity measurement.

2.10.1 Outdoor Air Enthalpy Method.

2.10.2 Compressor Calibration Method.

2.10.3 Refrigerant Enthalpy Method.

2.11 Measurement of test room ambient
conditions.

2.12 Measurement of indoor fan speed.

2.13 Measurement of barometric pressure.

3. TESTING PROCEDURES

3.1 General Requirements.

3.1.1 Primary and secondary test meth-
ods.

3.1.2 Manufacturer-provided
overrides.

3.1.3 Airflow through the outdoor coil.

3.1.4 Airflow through the indoor coil.

3.1.4.1 Cooling Certified Air Volume Rate.

equipment

3.1.4.1.1 Cooling Certified Air Volume
Rate for Ducted Units.

3.1.4.1.2 Cooling Certified Air Volume
Rate for Non-ducted Units.

3.1.4.2 Cooling Minimum Air Volume

Rate.

3.1.4.3 Cooling Intermediate Air Volume
Rate.

3.1.4.4 Heating Certified Air Volume Rate.

3.1.4.4.1 Ducted heat pumps where the
Heating and Cooling Certified Air Volume
Rates are the same.

3.1.4.4.2 Ducted heat pumps where the
Heating and Cooling Certified Air Volume
Rates are different due to indoor fan oper-
ation.

3.1.4.4.3 Ducted heating-only heat pumps.

3.1.4.4.4 Non-ducted heat pumps, including
non-ducted heating-only heat pumps.

3.1.4.5 Heating Minimum Air
Rate.

3.1.4.6 Heating Intermediate Air Volume
Rate.

3.1.4.7 Heating Nominal Air Volume Rate.

3.1.5 Indoor test room requirement when
the air surrounding the indoor unit is not
supplied from the same source as the air en-
tering the indoor unit.

3.1.6 Air volume rate calculations.

3.1.7 Test sequence.

3.1.8 Requirement for the air temperature
distribution leaving the indoor coil.

3.1.9 Control of auxiliary resistive heating
elements.

3.2 Cooling mode tests for different types
of air conditioners and heat pumps.

3.2.1 Tests for a unit having a single-speed
compressor that is tested with a fixed-speed
indoor fan installed, with a constant-air-vol-
ume-rate indoor fan installed, or with no in-
door fan installed.

3.2.2 Tests for a unit having a single-speed
compressor and a variable-speed variable-air-
volume-rate indoor fan installed.

Volume
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3.2.2.1 Indoor fan capacity modulation
that correlates with the outdoor dry bulb
temperature.

3.2.2.2 Indoor fan capacity modulation
based on adjusting the sensible to total (S/T)
cooling capacity ratio.

3.2.3 Tests for a unit having a two-capac-
ity compressor.

3.2.4 Tests for a unit having a variable-
speed compressor.

3.3 Test procedures for steady-state wet
coil cooling mode tests (the A, A,, A, B, Bs,
Bi, Ev, and F, Tests).

3.4 Test procedures for the optional
steady-state dry coil cooling mode tests (the
C, Cy, and G, Tests).

3.5 Test procedures for the optional cyclic
dry coil cooling mode tests (the D, Dy, and I,
Tests).

3.5.1 Procedures when testing ducted sys-
tems.

3.5.2 Procedures when testing non-ducted
systems.

3.5.3 Cooling mode cyclic degradation co-
efficient calculation.

3.6 Heating mode tests for different types
of heat pumps, including heating-only heat
pumps.

3.6.1 Tests for a heat pump having a sin-
gle-speed compressor that is tested with a
fixed speed indoor fan installed, with a con-
stant-air-volume-rate indoor fan installed,
or with no indoor fan installed.

3.6.2 Tests for a heat pump having a sin-
gle-speed compressor and a variable-speed,
variable-air-volume-rate indoor fan: capacity
modulation correlates with outdoor dry bulb
temperature.

3.6.3 Tests for a heat pump having a two-
capacity compressor (see Definition 1.45), in-
cluding two-capacity, northern heat pumps
(see Definition 1.46).

3.6.4 Tests for a heat pump having a vari-
able-speed compressor.

3.6.5 Additional test for a heat pump hav-
ing a heat comfort controller.

3.7 Test procedures for steady-state Max-
imum Temperature and High Temperature
heating mode tests (the HO,, H1, H1,, H1,, and
Hly Tests).

3.8 Test procedures for the optional cyclic
heating mode tests (the HOC,, H1C, and H1C,
Tests).

3.8.1 Heating mode cyclic degradation co-
efficient calculation.

3.9 Test procedures for Frost Accumula-
tion heating mode tests (the H,, H2,, H2y,
and H2; Tests).

3.9.1 Average space heating capacity and
electrical power calculations.

3.9.2 Demand defrost credit.

3.10 Test procedures for steady-state Low
Temperature heating mode tests (the H;, H3,,
and H3, Tests).

3.11 Additional requirements for the sec-
ondary test methods.
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3.11.1 If using the Outdoor Air Enthalpy
Method as the secondary test method.

3.11.1.1 If a preliminary test precedes the
official test

3.11.1.2 If a preliminary test does not pre-
cede the official test.

3.11.1.3 Official test.

3.11.2 If using the Compressor Calibration
Method as the secondary test method.

3.11.3 If using the Refrigerant Enthalpy
Method as the secondary test method.

3.12 Rounding of space conditioning ca-
pacities for reporting purposes.

4. CALCULATIONS OF SEASONAL
PERFORMANCE DESCRIPTORS

4.1 Seasonal Energy Efficiency Ratio
(SEER) Calculations.

4.1.1 SEER calculations for an air condi-
tioner or heat pump having a single-speed
compressor that was tested with a fixed-
speed indoor fan installed, a constant-air-
volume-rate indoor fan installed, or with no
indoor fan installed.

4.1.2 SEER calculations for an air condi-
tioner or heat pump having a single-speed
compressor and a variable-speed variable-air-
volume-rate indoor fan.

4.1.2.1 Units covered by section 3.2.2.1
where indoor fan capacity modulation cor-
relates with the outdoor dry bulb tempera-
ture.

4.1.2.2 Units covered by section 3.2.2.2
where indoor fan capacity modulation is
used to adjust the sensible to total cooling
capacity ratio.

4.1.3 SEER calculations for an air condi-
tioner or heat pump having a two-capacity
compressor.

4.1.3.1 Steady-state space cooling capacity
at low compressor capacity is greater than
or equal to the building cooling load at tem-
perature Tj, Q='(Tj) > BL(T)).

4.1.3.2 Unit alternates between high (k=2)
and low (k=1) compressor capacity to satisfy
the building cooling load at temperature Tj,
Qk=1(T)) < BL(T)) < Q*=2(TY).

4.1.3.3 Unit only operates at high (k=2)
compressor capacity at temperature T; and
its capacity is greater than the building
cooling load, BL(T)) < QX=2(T})).

4.1.3.4 Unit must operate continuously at
high (k=2) compressor capacity at tempera-
ture Tj, BL(T)) > Q=2(T)).

4.1.4 SEER calculations for an air condi-
tioner or heat pump having a variable-speed
compressor.

4.1.4.1 Steady-state space cooling capacity
when operating at minimum compressor
speed is greater than or equal to the building
cooling load at temperature Tj, QM!(T;) =
BL(T}).

4.1.4.2 Unit operates at an intermediate
compressor speed (k=i) in order to match the
building cooling load at temperature Tj,
Q=1(Ty) < BL(T)) < Q:=2(Ty).
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4.1.4.3 Unit must operate continuously at
maximum (k=2) compressor speed at tem-
perature Tj, BL(T})) = QX:=2(T)).

4.2 Heating Seasonal Performance Factor
(HSPF) Calculations.

4.2.1 Additional steps for calculating the
HSPF of a heat pump having a single-speed
compressor that was tested with a fixed-
speed indoor fan installed, a constant-air-
volume-rate indoor fan installed, or with no
indoor fan installed.

4.2.2 Additional steps for calculating the
HSPF of a heat pump having a single-speed
compressor and a variable-speed, variable-
air-volume-rate indoor fan.

4.2.3 Additional steps for calculating the
HSPF of a heat pump having a two-capacity
compressor.

4.2.3.1 Steady-state space heating capac-
ity when operating at low compressor capac-
ity is greater than or equal to the building
heating load at temperature T, Qu<=!(Tj =
BL(T)).

4.2.3.2 Heat pump alternates between high
(k=2) and low (k=1) compressor capacity to
satisfy the building heating load at a tem-
perature Tj, Qhk:l(Tj) BL (T_]) < Qhk:Z(Tj)‘

4.2.3.3 Heat pump only operates at high
(k=2) compressor capacity at temperature T;
and its capacity is greater than the building
heating load, BL(T)) < Qu*=2(T)).

4.2.3.4 Heat pump must operate continu-
ously at high (k=2) compressor capacity at
temperature Tj, BL(T})) > Qu*=2(T)).

4.2.4 Additional steps for calculating the
HSPF of a heat pump having a variable-
speed compressor.

4.2.4.1 Steady-state space heating capac-
ity when operating at minimum compressor
speed is greater than or equal to the building
heating load at temperature Tj, Qu='(Tj) =
BL(T}).

4.2.4.2 Heat pump operates at an inter-
mediate compressor speed (k=i) in order to
match the building heating load at a tem-
perature Tj, Qhk:I(Tj) < BL(TI) < Qhk:2<Ti).

4.2.4.3 Heat pump must operate continu-
ously at maximum (k=2) compressor speed at
temperature Tj, BL(T}) > Qu*=2(T}).

4.2.5 Heat pumps having a heat comfort
controller.

4.2.5.1 Heat pump having a heat comfort
controller: Additional steps for calculating
the HSPF of a heat pump having a single-
speed compressor that was tested with a
fixed-speed indoor fan installed, a constant-
air-volume-rate indoor fan installed, or with
no indoor fan installed.

4.2.5.2 Heat pump having a heat comfort
controller: Additional steps for calculating
the HSPF of a heat pump having a single-
speed compressor and a variable-speed, vari-
able-air-volume-rate indoor fan.

4.2.5.3 Heat pumps having a heat comfort
controller: Additional steps for calculating
the HSPF of a heat pump having a two-ca-
pacity compressor.
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4.2.5.4 Heat pumps having a heat comfort
controller: Additional steps for calculating
the HSPF of a heat pump having a variable-
speed compressor. [Reserved]

4.3 Calculations of the Actual and Rep-
resentative Regional Annual Performance
Factors for Heat Pumps.

4.3.1 Calculation of actual regional annual
performance factors (APF,) for a particular
location and for each standardized design
heating requirement.

4.3.2 Calculation of representative re-
gional annual performance factors (APFgR)
for each generalized climatic region and for
each standardized design heating require-
ment.

4.4 Rounding of SEER, HSPF, and APF
for reporting purposes.

1. Definitions

1.1 Annual performance factor means the
total heating and cooling done by a heat
pump in a particular region in one year di-
vided by the total electric energy used in one
yvear. Paragraph (m)(3)(iii) of §430.23 of the
Code of Federal Regulations states the cal-
culation requirements for this rating
descriptor.

1.2 ARI means Air-Conditioning and Re-
frigeration Institute.

1.3 ARI Standard 210/240-2006 means the
test standard ‘‘Unitary Air-Conditioning and
Air-Source Heat Pump Equipment’” pub-
lished in 2006 by ARI.

1.4 ASHRAE means the American Society
of Heating, Refrigerating and Air-Condi-
tioning Engineers, Inc.

1.5 ASHRAE Standard 23-2005 means the
test standard ‘‘Methods of Testing for Rating
Positive Displacement Refrigerant Compres-
sors and Condensing Units’’ published in 2005
by ASHRAE.

1.6 ASHRAE Standard 37-2005 means the
test standard ‘‘Methods of Testing for Rating
Unitary Air-Conditioning and Heat Pump
Equipment” published in 2005 by ASHRAE.

1.7 ASHRAE Standard 41.1-86 (RA 01)
means the test standard ‘‘Standard Method
for Temperature Measurement’’ published in
1986 and reaffirmed in 2001 by ASHRAE.

1.8 ASHRAE Standard 41.2-87 (RA 92)
means the test standard ‘‘Standard Methods
for Laboratory Airflow Measurement’’ pub-
lished in 1987 and reaffirmed in 1992 by
ASHRAE.

1.9 ASHRAE Standard 41.6-94 (RA 01)
means the test standard ‘‘Method for Meas-
urement of Moist Air Properties’ published
in 1994 and reaffirmed in 2001 by ASHRAE.

1.10 ASHRAE Standard 41.9-00 means the
test standard ‘‘Calorimeter Test Methods for
Mass Flow Measurements of Volatile Refrig-
erants’ published in 2000 by ASHRAE.

1.11 ASHRAE Standard 51-99/AMCA
Standard 210-1999 means the test standard
“Laboratory Methods of Testing Fans for
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Aerodynamic Performance Rating’” pub-
lished in 1999 by ASHRAE and the Air Move-
ment and Control Association International,
Inc.

1.12 ASHRAE Standard 116-95 RA(05)
means the test standard ‘“Methods of Testing
for Rating for Seasonal Efficiency of Unitary
Air Conditioners and Heat Pumps’’ published
in 1995 and reaffirmed in 2005 by ASHRAE.

1.13 CFR means Code of Federal Regula-
tions.

1.14 Constant-air-volume-rate indoor fan
means a fan that varies its operating speed
to provide a fixed air-volume-rate from a
ducted system.

1.15 Continuously recorded, when refer-
ring to a dry bulb measurement, means that
the specified temperature must be sampled
at regular intervals that are equal to or less
than the maximum intervals specified in sec-
tion 4.3 part “‘a’” of ASHRAE Standard 41.1-
86 (RA 01). If such dry bulb temperatures are
used only for test room control, it means
that one samples at regular intervals equal
to or less than the maximum intervals speci-
fied in section 4.3 part ‘b’ of the same
ASHRAE Standard. Regarding wet bulb tem-
perature, dew point temperature, or relative
humidity measurements, continuously re-
corded means that the measurements must
be made at regular intervals that are equal
to or less than 1 minute.

1.16 Cooling load factor (CLF) means the
ratio having as its numerator the total cool-
ing delivered during a cyclic operating inter-
val consisting of one ON period and one OFF
period. The denominator is the total cooling
that would be delivered, given the same am-
bient conditions, had the unit operated con-
tinuously at its steady-state space cooling
capacity for the same total time (ON + OFF)
interval.

1.17 Coefficient of Performance (COP)
means the ratio of the average rate of space
heating delivered to the average rate of elec-
trical energy consumed by the heat pump.
These rate quantities must be determined
from a single test or, if derived via interpola-
tion, must be tied to a single set of operating
conditions. COP is a dimensionless quantity.
When determined for a ducted unit tested
without an indoor fan installed, COP must
include the section 3.7, 3.8, and 3.9.1 default
values for the heat output and power input of
a fan motor.

1.18 Cyclic Test means a test where the
unit’s compressor is cycled on and off for
specific time intervals. A cyclic test provides
half the information needed to calculate a
degradation coefficient.

1.19 Damper box means a short section of
duct having an air damper that meets the
performance requirements of section 2.5.7.

1.20 Degradation coefficient (Cp) means a
parameter used in calculating the part load
factor. The degradation coefficient for cool-
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ing is denoted by Cpc. The degradation coeffi-
cient for heating is denoted by Cph.

1.21 Demand-defrost control system
means a system that defrosts the heat pump
outdoor coil only when measuring a pre-
determined degradation of performance. The
heat pump’s controls monitor one or more
parameters that always vary with the
amount of frost accumulated on the outdoor
coil (e.g., coil to air differential temperature,
coil differential air pressure, outdoor fan
power or current, optical sensors, etc.) at
least once for every ten minutes of com-
pressor ON-time when space heating. One ac-
ceptable alternative to the criterion given in
the prior sentence is a feedback system that
measures the length of the defrost period and
adjusts defrost frequency accordingly.! In all
cases, when the frost parameter(s) reaches a
predetermined value, the system initiates a
defrost. In a demand-defrost control system,
defrosts are terminated based on monitoring
a parameter(s) that indicates that frost has
been eliminated from the coil.

A demand-defrost control system, which
otherwise meets the above requirements,
may allow time-initiated defrosts if, and
only if, such defrosts occur after 6 hours of
compressor operating time.

1.22 Design heating requirement (DHR)
predicts the space heating load of a residence
when subjected to outdoor design conditions.
Estimates for the minimum and maximum
DHR are provided for six generalized U.S. cli-
matic regions in section 4.2.

1.23 Dry-coil tests are cooling mode tests
where the wet-bulb temperature of the air
supplied to the indoor coil is maintained low
enough that no condensate forms on this
coil.

1.24 Ducted system means an air condi-
tioner or heat pump that is designed to be
permanently installed equipment and deliv-
ers conditioned air to the indoor space
through a duct(s). The air conditioner or
heat pump may be either a split system or a
single-packaged unit.

1.25 Energy efficiency ratio (EER) means
the ratio of the average rate of space cooling
delivered to the average rate of electrical en-
ergy consumed by the air conditioner or heat
pump. These rate quantities must be deter-
mined from a single test or, if derived via in-
terpolation, must be tied to a single set of
operating conditions. EER is expressed in
units of

Btu/h

W
When determined for a ducted unit tested
without an indoor fan installed, EER must

1Systems that vary defrost intervals ac-

cording to outdoor dry-bulb temperature are
not demand defrost systems.
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include the section 3.3 and 3.5.1 default val-
ues for the heat output and power input of a
fan motor.

1.26 Heating load factor (HLF) means the
ratio having as its numerator the total heat-
ing delivered during a cyclic operating inter-
val consisting of one ON period and one OFF
period. The denominator is the total heating
that would be delivered, given the same am-
bient conditions, if the unit operated con-
tinuously at its steady-state space heating
capacity for the same total time (ON plus
OFF) interval.

1.27 Heating seasonal performance factor
(HSPF) means the total space heating re-
quired during the space heating season, ex-
pressed in Btu’s, divided by the total elec-
trical energy consumed by the heat pump
system during the same season, expressed in
watt-hours. The HSPF used to evaluate com-
pliance with the Energy Conservation Stand-
ards (see 10 CFR 430.32(c), subpart C) is based
on Region IV, the minimum standardized de-
sign heating requirement, and the sampling
plan stated in 10 CFR 430.24(m), subpart B.

1.28 Heat pump having a heat comfort
controller means equipment that regulates
the operation of the electric resistance ele-
ments to assure that the air temperature
leaving the indoor section does not fall below
a specified temperature. This specified tem-
perature is usually field adjustable. Heat
pumps that actively regulate the rate of
electric resistance heating when operating
below the balance point (as the result of a
second stage call from the thermostat) but
do not operate to maintain a minimum de-
livery temperature are not considered as
having a heat comfort controller.

1.29 Mini-split air conditioners and heat
pumps means systems that have a single out-
door section and one or more indoor sec-
tions. The indoor sections cycle on and off in
unison in response to a single indoor thermo-
stat.

1.30 Multiple-split air conditioners and
heat pumps means systems that have two or
more indoor sections. The indoor sections
operate independently and can be used to
condition multiple zones in response to mul-
tiple indoor thermostats.

1.31 Non-ducted system means an air con-
ditioner or heat pump that is designed to be
permanently installed equipment and di-
rectly heats or cools air within the condi-
tioned space using one or more indoor coils
that are mounted on room walls and/or ceil-
ings. The unit may be of a modular design
that allows for combining multiple outdoor
coils and compressors to create one overall
system. Non-ducted systems covered by this
test procedure are all split systems.

1.32 Part-load factor (PLF) means the
ratio of the cyclic energy efficiency ratio
(coefficient of performance) to the steady-
state energy efficiency ratio (coefficient of
performance). Evaluate both energy effi-

10 CFR Ch. Il (1-1-13 Edition)

ciency ratios (coefficients of performance)
based on operation at the same ambient con-
ditions.

1.33 Seasonal energy efficiency ratio
(SEER) means the total heat removed from
the conditioned space during the annual
cooling season, expressed in Btu’s, divided by
the total electrical energy consumed by the
air conditioner or heat pump during the
same season, expressed in watt-hours. The
SEER calculation in section 4.1 of this ap-
pendix and the sampling plan stated in 10
CFR subpart B, 430.24(m) are used to evalu-
ate compliance with the Energy Conserva-
tion Standards. (See 10 CFR 430.32(c), subpart
C.

1.34 Single-packaged unit means any cen-
tral air conditioner or heat pump that has
all major assemblies enclosed in one cabinet.

1.35 Small-duct, high-velocity system
means a system that contains a blower and
indoor coil combination that is designed for,
and produces, at least 1.2 inches (of water) of
external static pressure when operated at
the full-loadair volume rate of 220-350 cfm
per rated ton of cooling. When applied in the
field, small-duct products use high-velocity
room outlets (i.e., generally greater than 1000
fpm) having less than 6.0 square inches of
free area.

1.36 Split system means any air condi-
tioner or heat pump that has one or more of
the major assemblies separated from the
others.

1.837 Standard Air means dry air having a
mass density of 0.075 1b/ft3.

1.38 Steady-state test means a test where
the test conditions are regulated to remain
as constant as possible while the unit oper-
ates continuously in the same mode.

1.39 Temperature bin means the 5 °F in-
crements that are used to partition the out-
door dry-bulb temperature ranges of the
cooling (= 65°F) and heating (<65°F) seasons.

1.40 Test condition tolerance means the
maximum permissible difference between the
average value of the measured test param-
eter and the specified test condition.

1.41 Test operating tolerance means the
maximum permissible range that a measure-
ment may vary over the specified test inter-
val. The difference between the maximum
and minimum sampled values must be less
than or equal to the specified test operating
tolerance.

1.42 Time adaptive defrost control system
is a demand-defrost control system (see defi-
nition 1.21) that measures the length of the
prior defrost period(s) and uses that informa-
tion to automatically determine when to ini-
tiate the next defrost cycle.

1.43 Time-temperature defrost control
systems initiate or evaluate initiating a de-
frost cycle only when a predetermined cumu-
lative compressor ON-time is obtained. This
predetermined ON-time is generally a fixed
value (e.g., 30, 45, 90 minutes) although it
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may vary based on the measured outdoor
dry-bulb temperature. The ON-time counter
accumulates if controller measurements
(e.g., outdoor temperature, evaporator tem-
perature) indicate that frost formation con-
ditions are present, and it is reset/remains at
zero at all other times. In one application of
the control scheme, a defrost is initiated
whenever the counter time equals the pre-
determined ON-time. The counter is reset
when the defrost cycle is completed.

In a second application of the control
scheme, one or more parameters are meas-
ured (e.g., air and/or refrigerant tempera-
tures) at the predetermined, cumulative,
compressor ON-time. A defrost is initiated
only if the measured parameter(s) falls with-
in a predetermined range. The ON-time
counter is reset regardless of whether a de-
frost is initiated. If systems of this second
type use cumulative ON-time intervals of 10
minutes or less, then the heat pump may
qualify as having a demand defrost control
system (see definition 1.21).

1.44 Triple-split system means an air con-
ditioner or heat pump that is composed of
three separate components: An outdoor fan
coil section, an indoor fan coil section, and
an indoor compressor section.

1.45 Two-capacity (or two-stage) com-
pressor means an air conditioner or heat
pump that has one of the following:

(1) A two-speed compressor,

(2) Two compressors where only one com-
pressor ever operates at a time,

(3) Two compressors where one compressor
(Compressor #1) operates at low loads and
both compressors (Compressors #1 and #2)
operate at high loads but Compressor #2
never operates alone, or

(4) A compressor that is capable of cylinder
or scroll unloading.

For such systems, low capacity means:

(1) Operating at low compressor speed,

(2) Operating the lower -capacity com-
pressor,

(3) Operating Compressor #1, or

(4) Operating with the compressor un-
loaded (e.g., operating one piston of a two-
piston reciprocating compressor, using a
fixed fractional volume of the full scroll,
ete.).

For such systems, high capacity means:

(1) Operating at high compressor speed,

(2) Operating the higher capacity com-
pressor,

(3) Operating Compressors #1 and #2, or

(4) Operating with the compressor loaded
(e.g., operating both pistons of a two-piston
reciprocating compressor, using the full vol-
ume of the scroll).

1.46 Two-capacity, northern heat pump
means a heat pump that has a factory or
field-selectable lock-out feature to prevent
space cooling at high-capacity. Two-capacity
heat pumps having this feature will typically
have two sets of ratings, one with the feature
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disabled and one with the feature enabled.
The indoor coil model number should reflect
whether the ratings pertain to the lockout
enabled option via the inclusion of an extra
identifier, such as ‘““+L0O.”” When testing as a
two-capacity, northern heat pump, the lock-
out feature must remain enabled for all
tests.

1.47 Wet-coil test means a test conducted
at test conditions that typically cause water
vapor to condense on the test unit evapo-
rator coil.

2. Testing Conditions

This test procedure covers split-type and
single-packaged ducted units and split-type
non-ducted units. Except for units having a
variable-speed compressor, ducted units test-
ed without an indoor fan installed are cov-
ered.

a. Only a subset of the sections listed in
this test procedure apply when testing and
rating a particular unit. Tables 1-A through
1-C show which sections of the test proce-
dure apply to each type of equipment. In
each table, look at all four of the Roman nu-
meral categories to see what test sections
apply to the equipment being tested.

1. The first category, Rows I-1 through I-4
of the Tables, pertains to the compressor and
indoor fan features of the equipment. After
identifying the correct “I” row, find the
table cells in the same row that list the type
of equipment being tested: Air conditioner
(AC), heat pump (HP), or heating-only heat
pump (HH). Use the test section(s) listed
above each noted table cell for testing and
rating the unit.

2. The second category, Rows II-1 and II-2,
pertains to the presence or absence of ducts.
Row II-1 shows the test procedure sections
that apply to ducted systems, and Row II-2
shows those that apply to non-ducted sys-
tems.

3. The third category is for special features
that may be present in the equipment. When
testing units that have one or more of the
three (special) equipment features described
by the Table legend for Category III, use
Row III to find test sections that apply.

4. The fourth category is for the secondary
test method to be used. If the secondary
method for determining the unit’s cooling
and/or heating capacity is known, use Row
IV to find the appropriate test sections. Oth-
erwise, include all of the test sections ref-
erenced by Row IV cell entries—i.e., sections
2.10 to 2.10.3 and 3.11 to 3.11.3—among those
sections consulted for testing and rating in-
formation.

b. Obtain a complete listing of all perti-
nent test sections by recording those sec-
tions identified from the four categories
above.

c. The user should note that, for many sec-
tions, only part of a section applies to the
unit being tested. In a few cases, the entire
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section may not apply. For example, sections
3.4 to 3.5.3 (which describe optional dry coil
tests), are not relevant if the allowed default
value for the cooling mode cyclic degrada-
tion coefficient is used rather than deter-
mining it by testing.

Example for Using Tables 1-A to 1-C

Equipment Description: A ducted air con-
ditioner having a single-speed compressor, a
fixed-speed indoor fan, and a multi-speed
outdoor fan.

Secondary Test Method: Refrigerant En-
thalpy Method

Step 1. Determine which of four listed Row
“I” options applies ==> Row I-2

Table 1-A: ““AC” in Row I-2 is found in the
columns for sections 1.1 to 1.47, 2.1 to 2.2,
2.2.4 to0 2.2.4.1, 2.2.5, 2.3 to0 2.3.1, 2.4 to 2.4.1, 2.5,
2.5.2 to 2.10, and 2.11 to 2.13.

Table 1-B: ‘“AC” is listed in Row I-2 for
sections 3 to 3.1.4, 3.1.5 to 3.1.8, 3.2.1, 3.3 to
3.5, 3.5.3, 3.11 and 3.12.

Table 1-C: ““AC” is listed in Row I-2 for
sections 4.1.1 and 4.4.

Step 2. Equipment is ducted ==> Row II-1
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Table 1-A: ““AC” is listed in Row II-1 for
sections 2.4.2 and 2.5.1 to 2.5.1.2.

Table 1-B: “AC” is listed in Row II-1 for
sections 3.1.4.1 to 3.1.4.1.1 and 3.5.1.

Table 1-C: no ‘“AC’’ listings in Row II-1.

Step 3. Equipment Special Features in-
clude multi-speed outdoor fan ==> Row III,
M

Table 1-A: “M” is listed in Row III for sec-
tion 2.2.2

Tables 1-B and 1-C: no “M” listings in Row
II1.

Step 4. Secondary Test Method is Refrig-
erant Enthalpy Method ==> Row IV, R

Table 1-A: “R” is listed in Row IV for sec-
tion 2.10.3

Table 1-B: “R’” is listed in Row IV for sec-
tion 3.11.3

Table 1-C: no ‘R’ listings in Row IV.

Step 5. Cumulative listing of applicable
test procedure sections 1.1 to 1.47, 2.1 to 2.2,
2.2.2,2.2.4 to 2.4.1, 2.2.5, 2.3 to 2.3.1, 2.4 to 2.4.1,
2.4.2, 2.5, 2.5.1 to 2.5.1.2, 2.5.2 to 2.10, 2.10.3,
2.11 to 2.13, 3. to 3.1.4, 3.1.4.1 to 3.1.4.1.1, 3.1.5
to 3.1.8, 3.2.1, 3.3 to 3.5, 3.5.1, 3.5.3, 3.11, 3.11.3,
3.12, 4.1.1, and 4.4.
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b. Inside these test rooms, use artificial
loads during cyclic tests and frost accumula-

2.1 Test room requirements. a. Test using

two side-by-side rooms, an indoor test room

tion tests, if needed, to produce stabilized

room air temperatures. For one room, select

and an outdoor test room. For multiple-split

air conditioners and heat pumps (see Defini-

an electric resistance heater(s) having a
heating capacity that is approximately equal

tion 1.30), however, use as many available in-

door test rooms as needed to accommodate
the total number of indoor units. These

to the heating capacity of the test unit’s

select a

heater(s) having a capacity that is close to

condenser. For the second room,

rooms must comply with the requirements

8.12 and 813 of

ASHRAE Standard 37-2005 (incorporated by

sections
reference, see §430.22).

in

specified

the sensible cooling capacity of the test
unit’s evaporator. When applied, cycle the

heater located in the same room as the test
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unit evaporator coil ON and OFF when the
test unit cycles ON and OFF. Cycle the heat-
er located in the same room as the test unit
condensing coil ON and OFF when the test
unit cycles OFF and ON.

2.2 Test unit installation requirements. a.
Install the unit according to section 8.2 of
ASHRAE Standard 37-2005 (incorporated by
reference, see §430.22). With respect to inter-
connecting tubing used when testing split
systems, however, follow the requirements
given in section 6.1.3.5 of ARI Standard 210/
240-2006 (incorporated by reference, see
§430.22). When testing triple-split systems
(see Definition 1.44), use the tubing length
specified in section 6.1.3.5 of ARI Standard
210/240-2006 (incorporated by reference, see
§430.22) to connect the outdoor coil, indoor
compressor section, and indoor coil while
still meeting the requirement of exposing 10
feet of the tubing to outside conditions.
When testing split systems having multiple
indoor coils, connect each indoor fan-coil to
the outdoor unit using: (a) 25 feet of tubing,
or (b) tubing furnished by the manufacturer,
whichever is longer. If they are needed to
make a secondary measurement of capacity,
install refrigerant pressure measuring in-
struments as described in section 8.2.5 of
ASHRAE Standard 37-2005 (incorporated by
reference, see §430.22). Refer to section 2.10 of
this appendix to learn which secondary
methods require refrigerant pressure meas-
urements. At a minimum, insulate the low-
pressure line(s) of a split-system with insula-
tion having an inside diameter that matches
the refrigerant tubing and a nominal thick-
ness of 0.5 inch.

b. For units designed for both horizontal
and vertical installation or for both up-flow
and down-flow vertical installations, the
manufacturer must specify the orientation
used for testing. Conduct testing with the
following installed:

(1) the most restrictive filter(s);

(2) supplementary heating coils; and

(3) other equipment specified as part of the
unit, including all hardware used by a heat
comfort controller if so equipped (see Defini-
tion 1.28). For small-duct, high-velocity sys-
tems, configure all balance dampers or
restrictor devices on or inside the unit to
fully open or lowest restriction.

c. Testing a ducted unit without having an
indoor air filter installed is permissible as
long as the minimum external static pres-
sure requirement is adjusted as stated in
Table 2, note 3 (see section 3.1.4). Except as
noted in section 3.1.9, prevent the indoor air
supplementary heating coils from operating
during all tests. For coil-only indoor units
that are supplied without an enclosure, cre-
ate an enclosure using 1 inch fiberglass
ductboard having a nominal density of 6
pounds per cubic foot. Or alternatively, use
some other insulating material having a
thermal resistance (‘‘R” value) between 4
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and 6 hr-ft2- °F/Btu. For units where the coil
is housed within an enclosure or cabinet, no
extra insulating or sealing is allowed.

2.2.1 Defrost control settings. Set heat
pump defrost controls at the normal settings
which most typify those encountered in gen-
eralized climatic region IV. (Refer to Figure
2 and Table 17 of section 4.2 for information
on region IV.) For heat pumps that use a
time-adaptive defrost control system (see
Definition 1.42), the manufacturer must
specify the frosting interval to be used dur-
ing Frost Accumulation tests and provide
the procedure for manually initiating the de-
frost at the specified time. To ease testing of
any unit, the manufacturer should provide
information and any necessary hardware to
manually initiate a defrost cycle.

2.2.2 Special requirements for units hav-
ing a multiple-speed outdoor fan. Configure
the multiple-speed outdoor fan according to
the manufacturer’s specifications, and there-
after, leave it unchanged for all tests. The
controls of the unit must regulate the oper-
ation of the outdoor fan during all lab tests
except dry coil cooling mode tests. For dry
coil cooling mode tests, the outdoor fan
must operate at the same speed used during
the required wet coil test conducted at the
same outdoor test conditions.

2.2.3 Special requirements for multi-split
air conditioners and heat pumps, and sys-
tems composed of multiple mini-split units
(outdoor units located side-by-side) that
would normally operate using two or more
indoor thermostats. For any test where the
system is operated at part load (i.e., one or
more compressors ‘‘off”’, operating at the in-
termediate or minimum compressor speed,
or at low compressor capacity), the manufac-
turer shall designate the particular indoor
coils that are turned off during the test. For
variable-speed systems, the manufacturer
must designate at least one indoor unit that
is turned off for all tests conducted at min-
imum compressor speed. For all other part-
load tests, the manufacturer shall choose to
turn off zero, one, two, or more indoor units.
The chosen configuration shall remain un-
changed for all tests conducted at the same
compressor speed/capacity. For any indoor
coil that is turned off during a test, take
steps to cease forced airflow through this in-
door coil and block its outlet duct. Because
these types of systems will have more than
one indoor fan and possibly multiple outdoor
fans and compressor systems, references in
this test procedure to a single indoor fan,
outdoor fan, and compressor means all in-
door fans, all outdoor fans, and all com-
pressor systems that are turned on during
the test.

2.2.4 Wet-bulb temperature requirements
for the air entering the indoor and outdoor
coils.

2.2.4.1 Cooling mode tests. For wet-coil
cooling mode tests, regulate the water vapor
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content of the air entering the indoor unit to
the applicable wet-bulb temperature listed in
Tables 3 to 6. As noted in these same tables,
achieve a wet-bulb temperature during dry-
coil cooling mode tests that results in no
condensate forming on the indoor coil. Con-
trolling the water vapor content of the air
entering the outdoor side of the unit is not
required for cooling mode tests except when
testing:

(1) Units that reject condensate to the out-
door coil during wet coil tests. Tables 3-6 list
the applicable wet-bulb temperatures.

(2) Single-packaged units where all or part
of the indoor section is located in the out-
door test room. The average dew point tem-
perature of the air entering the outdoor coil
during wet coil tests must be within +3.0 °F
of the average dew point temperature of the
air entering the indoor coil over the 30-
minute data collection interval described in
section 3.3. For dry coil tests on such units,
it may be necessary to limit the moisture
content of the air entering the outdoor side
of the unit to meet the requirements of sec-
tion 3.4.

2.2.4.2 Heating mode tests. For heating
mode tests, regulate the water vapor content
of the air entering the outdoor unit to the
applicable wet-bulb temperature listed in
Tables 9 to 12. The wet-bulb temperature en-
tering the indoor side of the heat pump must
not exceed 60 °F. Additionally, if the Outdoor
Air Enthalpy test method is used while test-
ing a single-packaged heat pump where all or
part of the outdoor section is located in the
indoor test room, adjust the wet-bulb tem-
perature for the air entering the indoor side
to yield an indoor-side dew point tempera-
ture that is as close as reasonably possible to
the dew point temperature of the outdoor-
side entering air.

2.2.5 Additional refrigerant charging re-
quirements. Charging according to the
“manufacturer’s published instructions,” as
stated in section 8.2 of ASHRAE Standard 37—
2005 (incorporated by reference, see §430.22),
means the manufacturer’s installation in-
structions that come packaged with the
unit.If a unit requires charging but the in-
stallation instructions do not specify a
charging procedure, then evacuate the unit
and add the nameplate refrigerant charge.
Where the manufacturer’s installation in-
structions contain two sets of refrigerant
charging criteria, one for field installations
and one for lab testing, use the field installa-
tion criteria. For third-party testing, the
test laboratory may consult with the manu-
facturer about the refrigerant charging pro-
cedure and make any needed corrections so
long as they do not contradict the published
installation instructions. The manufacturer
may specify an alternative charging criteria
to the third-party laboratory so long as the
manufacturer thereafter revises the pub-
lished installation instructions accordingly.
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2.3 Indoor air volume rates. If a unit’s
controls allow for overspeeding the indoor
fan (usually on a temporary basis), take the
necessary steps to prevent overspeeding dur-
ing all tests.

2.3.1 Cooling tests. a. Set indoor fan con-
trol options (e.g., fan motor pin settings, fan
motor speed) according to the published in-
stallation instructions that are provided
with the equipment while meeting the air-
flow requirements that are specified in sec-
tions 3.1.4.1 to 3.1.4.3.

b. Express the Cooling Full-load Air Vol-
ume Rate, the Cooling Minimum Air Volume
Rate, and the Cooling Intermediate Air Vol-
ume Rate in terms of standard air.

2.3.2 Heating tests. a. If needed, set the
indoor fan control options (e.g., fan motor
pin settings, fan motor speed) according to
the published installation instructions that
are provided with the equipment. Do this
set-up while meeting all applicable airflow
requirements specified in sections 3.1.4.4 to
3.1.4.7.

b. Express the Heating Certified Air Vol-
ume Rate, the Heating Minimum Air Volume
Rate, the Heating Intermediate Air Volume
Rate, and the Heating Nominal Air Volume
Rate in terms of standard air.

2.4 Indoor coil inlet and outlet duct con-
nections. Insulate and/or construct the out-
let plenum described in section 2.4.1 and, if
installed, the inlet plenum described in sec-
tion 2.4.2 with thermal insulation having a
nominal overall sistance (R-value) of at least
19 hr-ft2- °F/Btu.

2.4.1 Outlet plenum for the indoor unit. a.
Attach a plenum to the outlet of the indoor
coil. (NOTE: for some packaged systems, the
indoor coil may be located in the outdoor
test room.)

b. For systems having multiple indoor
coils, attach a plenum to each indoor coil
outlet. Connect two or more outlet plenums
to a single common duct so that each indoor
coil ultimately connects to an airflow meas-
uring apparatus (section 2.6). If using more
than one indoor test room, do likewise, cre-
ating one or more common ducts within each
test room that contains multiple indoor
coils. At the plane where each plenum enters
a common duct, install an adjustable airflow
damper and use it to equalize the static pres-
sure in each plenum. Each outlet air tem-
perature grid (section 2.5.4) and airflow
measuring apparatus are located down-
stream of the inlet(s) to the common duct.

c. For small-duct, high-velocity systems,
install an outlet plenum that has a diameter
that is equal to or less than the value listed
below. The limit depends only on the cooling
Full-Load Air Volume Rate (see section
3.1.4.1.1) and is effective regardless of the
flange dimensions on the outlet of the unit
(or an air supply plenum adapter accessory,
if installed in accordance with the manufac-
turer’s installation instructions).
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d. Add a static pressure tap to each face of
the (each) outlet plenum, if rectangular, or
at four evenly distributed locations along
the circumference of an oval or round ple-
num. Create a manifold that connects the
four static pressure taps. Figure 1 shows two
of the three options allowed for the manifold
configuration; the third option is the bro-
ken-ring, four-to-one manifold configuration
that is shown in Figure 7a of ASHRAE
Standard 37-2005 (incorporated by reference,
see §430.22). See Figures Ta, 7b, 7c, and 8 of
ASHRAE Standard 37-2005 (incorporated by
reference, see §430.22) for the cross-sectional
dimensions and minimum Ilength of the
(each) plenum and the locations for adding
the static pressure taps for units tested with
and without an indoor fan installed.

Maximum diameter* of
outlet plenum
(inches)

Cooling full-load air volume rate
(scfm)

<500
501 to 700
701 to 900 ..
901 to 1100

1101 to 1400
1401 to 1750 ..

0 0WoON®

1
1

*If the outlet plenum is rectangular, calculate its equivalent
diameter using (4A/P,) where A is the area and P is the pe-
rimeter of the rectangular plenum, and compare it to the listed
maximum diameter.

2.4.2 Inlet plenum for the indoor unit. In-
stall an inlet plenum when testing a coil-
only indoor unit or a packaged system where
the indoor coil is located in the outdoor test
room. Add static pressure taps at the center
of each face of this plenum, if rectangular, or
at four evenly distributed locations along
the circumference of an oval or round ple-
num. Make a manifold that connects the
four static-pressure taps using one of the
three configurations specified in section
2.4.1. See Figures Th, 7c, and Figure 8 of
ASHRAE Standard 37-2005 (incorporated by
reference, see §430.22) for cross-sectional di-
mensions, the minimum length of the inlet
plenum, and the locations of the static-pres-
sure taps. When testing a ducted unit having
an indoor fan (and the indoor coil is in the
indoor test room), the manufacturer has the
option to test with or without an inlet ple-
num installed. Space limitations within the
test room may dictate that the manufac-
turer choose the latter option. If used, con-
struct the inlet plenum and add the four
static-pressure taps as shown in Figure 8 of
ASHRAE Standard 37-2005 (incorporated by
reference, see §430.22). Manifold the four
static-pressure taps using one of the three
configurations specified in section 2.4.1.
Never use an inlet plenum when testing a
non-ducted system.

2.5 Indoor coil air property measurements
and air damper box applications. a. Measure
the dry-bulb temperature and water vapor
content of the air entering and leaving the
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indoor coil. If needed, use an air sampling de-
vice to divert air to a sensor(s) that meas-
ures the water vapor content of the air. See
Figure 2 of ASHRAE Standard 41.1-86 (RA 01)
(incorporated by reference, see §430.22) for
guidance on constructing an air sampling de-
vice. The sampling device may also divert
air to a remotely located sensor(s) that
measures dry bulb temperature. The air sam-
pling device and the remotely located tem-
perature sensor(s) may be used to determine
the entering air dry bulb temperature during
any test. The air sampling device and the re-
motely located leaving air dry bulb tempera-
ture sensor(s) may be used for all tests ex-
cept:

(1) Cyclic tests; and

(2) Frost accumulation tests.

b. An acceptable alternative in all cases,
including the two special cases noted above,
is to install a grid of dry bulb temperature
sensors within the outlet and inlet ducts.
Use a temperature grid to get the average
dry bulb temperature at one location, leav-
ing or entering, or when two grids are ap-
plied as a thermopile, to directly obtain the
temperature difference. A grid of tempera-
ture sensors (which may also be used for de-
termining average leaving air dry bulb tem-
perature) is required to measure the tem-
perature distribution within a cross-section
of the leaving airstream.

c. Use an inlet and outlet air damper box
when testing ducted systems if conducting
one or both of the cyclic tests listed in sec-
tions 3.2 and 3.6. Otherwise, install an outlet
air damper box when testing heat pumps,
both ducted and non-ducted, that cycle off
the indoor fan during defrost cycles if no
other means is available for preventing nat-
ural or forced convection through the indoor
unit when the indoor fan is off. Never use an
inlet damper box when testing a non-ducted
system.

2.56.1 Test set-up on the inlet side of the
indoor coil: for cases where the inlet damper
box is installed. a. Install the inlet side
damper box as specified in section 2.5.1.1 or
2.5.1.2, whichever applies. Insulate or con-
struct the ductwork between the point where
the air damper is installed and where the
connection is made to either the inlet ple-
num (section 2.5.1.1 units) or the indoor unit
(section 2.5.1.2 units) with thermal insula-
tion that has a nominal overall resistance
(R-value) of at least 19 hr-ft2- °F/Btu.

b. Locate the grid of entering air dry-bulb
temperature sensors, if used, at the inlet of
the damper box. Locate the air sampling de-
vice, or the sensor used to measure the water
vapor content of the inlet air, at a location
immediately upstream of the damper box
inlet.

2.5.1.1 If the section 2.4.2 inlet plenum is
installed. Install the inlet damper box up-
stream of the inlet plenum. The cross-sec-
tional flow area of the damper box must be
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equal to or greater than the flow area of the
inlet plenum. If needed, use an adaptor plate
or a transition duct section to connect the
damper box with the inlet plenum.

2.5.1.2 If the section 2.4.2 inlet plenum is
not installed. Install the damper box imme-
diately upstream of the air inlet of the in-
door unit. The cross-sectional dimensions of
the damper box must be equal to or greater
than the dimensions of the indoor unit inlet.
If needed, use an adaptor plate or a short
transition duct section to connect the damp-
er box with the unit’s air inlet. Add static
pressure taps at the center of each face of
the damper box, if rectangular, or at four
evenly distributed locations along the cir-
cumference, if oval or round. Locate the
pressure taps between the inlet damper and
the inlet of the indoor unit. Make a manifold
that connects the four static pressure taps.

2.56.2 Test set-up on the inlet side of the
indoor unit: for cases where no inlet damper
box is installed. If using the section 2.4.2
inlet plenum and a grid of dry bulb tempera-
ture sensors, mount the grid at a location
upstream of the static pressure taps de-
scribed in section 2.4.2, preferably at the en-
trance plane of the inlet plenum. If the sec-
tion 2.4.2 inlet plenum is not used, but a grid
of dry bulb temperature sensors is used, lo-
cate the grid approximately 6 inches up-
stream from the inlet of the indoor coil. Or,
in the case of non-ducted units having mul-
tiple indoor coils, locate a grid approxi-
mately 6 inches upstream from the inlet of
each indoor coil. Position an air sampling
device, or the sensor used to measure the
water vapor content of the inlet air, imme-
diately upstream of the (each) entering air
dry-bulb temperature sensor grid. If a grid of
sensors is not used, position the entering air
sampling device (or the sensor used to meas-
ure the water vapor content of the inlet air)
as if the grid were present.

2.5.3 Indoor coil static pressure difference
measurement. Section 6.5.2 of ASHRAE
Standard 37-2005 (incorporated by reference,
see §430.22) describes the method for fabri-
cating static-pressure taps. Also refer to Fig-
ure 2A of ASHRAE Standard 51-99/AMCA
Standard 210-99 (incorporated by reference,
see §430.22). Use a differential pressure meas-
uring instrument that is accurate to within
+0.01 inches of water and has a resolution of
at least 0.01 inches of water to measure the
static pressure difference between the indoor
coil air inlet and outlet. Connect one side of
the differential pressure instrument to the
manifolded pressure taps installed in the
outlet plenum. Connect the other side of the
instrument to the manifolded pressure taps
located in either the inlet plenum or incor-
porated within the air damper box. If an
inlet plenum or inlet damper box are not
used, leave the inlet side of the differential
pressure instrument open to the surrounding
atmosphere. For non-ducted systems that
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are tested with multiple outlet plenums,
measure the static pressure within each out-
let plenum relative to the surrounding at-
mosphere.

2.5.4 Test set-up on the outlet side of the
indoor coil. a. Install an interconnecting
duct between the outlet plenum described in
section 2.4.1 and the airflow measuring appa-
ratus described below in section 2.6. The
cross-sectional flow area of the inter-
connecting duct must be equal to or greater
than the flow area of the outlet plenum or
the common duct used when testing non-
ducted units having multiple indoor coils. If
needed, use adaptor plates or transition duct
sections to allow the connections. To mini-
mize leakage, tape joints within the inter-
connecting duct (and the outlet plenum).
Construct or insulate the entire flow section
with thermal insulation having a nominal
overall resistance (R-value) of at least 19
hr-ft2- °F/Btu.

b. Install a grid(s) of dry-bulb temperature
sensors inside the interconnecting duct.
Also, install an air sampling device, or the
sensor(s) used to measure the water vapor
content of the outlet air, inside the inter-
connecting duct. Locate the dry-bulb tem-
perature grid(s) upstream of the air sampling
device (or the in-duct sensor(s) used to meas-
ure the water vapor content of the outlet
air). Air that circulates through an air sam-
pling device and past a remote water-vapor-
content sensor(s) must be returned to the
interconnecting duct at a point:

(1) Downstream of the air sampling device;

(2) Upstream of the outlet air damper box,
if installed; and

(3) Upstream of the section 2.6 airflow
measuring apparatus.

2.5.4.1 Outlet air damper box placement
and requirements. If using an outlet air
damper box (see section 2.5), install it within
the interconnecting duct at a location down-
stream of the location where air from the
sampling device is reintroduced or down-
stream of the in-duct sensor that measures
water vapor content of the outlet air. The
leakage rate from the combination of the
outlet plenum, the closed damper, and the
duct section that connects these two compo-
nents must not exceed 20 cubic feet per
minute when a negative pressure of 1 inch of
water column is maintained at the plenum’s
inlet.

2.5.4.2 Procedures to minimize tempera-
ture maldistribution. Use these procedures if
necessary to correct temperature mal-
distributions. Install a mixing device(s) up-
stream of the outlet air, dry-bulb tempera-
ture grid (but downstream of the outlet ple-
num static pressure taps). Use a perforated
screen located between the mixing device
and the dry-bulb temperature grid, with a
maximum open area of 40 percent. One or
both items should help to meet the max-
imum outlet air temperature distribution
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specified in section 3.1.8. Mixing devices are
described in sections 6.3—6.5 of ASHRAE
Standard 41.1-86 (RA 01) (incorporated by ref-
erence, see §430.22) and section 5.2.2 of
ASHRAE Standard 41.2-87 (RA 92) (incor-
porated by reference, see §430.22).

2.5.4.3 Minimizing air leakage. For small-
duct, high-velocity systems, install an air
damper near the end of the interconnecting
duct, just prior to the transition to the air-
flow measuring apparatus of section 2.6. To
minimize air leakage, adjust this damper
such that the pressure in the receiving
chamber of the airflow measuring apparatus
is no more than 0.5 inch of water higher than
the surrounding test room ambient. In lieu
of installing a separate damper, use the out-
let air damper box of sections 2.5 and 2.5.4.1
if it allows variable positioning. Also apply
these steps to any conventional indoor blow-
er unit that creates a static pressure within
the receiving chamber of the airflow meas-
uring apparatus that exceeds the test room
ambient pressure by more than 0.5 inches of
water column.

2.5.5 Dry bulb temperature measurement.
a. Measure dry bulb temperatures as speci-
fied in sections 4, 5, 6.1-6.10, 9, 10, and 11 of
ASHRAE Standard 41.1-86 (RA 01) (incor-
porated by reference, see §430.22). The tran-
sient testing requirements cited in section
4.3 of ASHRAE Standard 41.1-86 (RA 01) (in-
corporated by reference, see §430.22) apply if
conducting a cyclic or frost accumulation
test.

b. Distribute the sensors of a dry-bulb tem-
perature grid over the entire flow area. The
required minimum is 9 sensors per grid.

2.5.6 Water vapor content measurement.
Determine water vapor content by meas-
uring dry-bulb temperature combined with
the air wet-bulb temperature, dew point tem-
perature, or relative humidity. If used, con-
struct and apply wet-bulb temperature sen-
sors as specified in sections 4, 5, 6, 9, 10, and
11 of ASHRAE Standard 41.1-86 (RA 01) (in-
corporated by reference, see §430.22). As spec-
ified in ASHRAE 41.1-86 (RA 01) (incor-
porated by reference, see §430.22), the tem-
perature sensor (wick removed) must be ac-
curate to within +0.2°F. If used, apply dew
point hygrometers as specified in sections 5
and 8 of ASHRAE Standard 41.6-94 (RA 01)
(incorporated by reference, see §430.22). The
dew point hygrometers must be accurate to
within #0.4°F when operated at conditions
that result in the evaluation of dew points
above 35°F. If used, a relative humidity (RH)
meter must be accurate to within +0.7% RH.
Other means to determine the psychrometric
state of air may be used as long as the meas-
urement accuracy is equivalent to or better
than the accuracy achieved from using a
wet-bulb temperature sensor that meets the
above specifications.

2.5.7 Air damper box performance require-
ments. If used (see section 2.5), the air damp-
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er box(es) must be capable of being com-
pletely opened or completely closed within
10 seconds for each action.

2.6 Airflow measuring apparatus. a. Fab-
ricate and operate an Air Flow Measuring
Apparatus as specified in section 6.6 of
ASHRAE Standard 116-95 (RAO05) (incor-
porated by reference, see §430.22). Refer to
Figure 12 of ASHRAE Standard 51-99/AMCA
Standard 210-99 (incorporated by reference,
see §430.22) or Figure 14 of ASHRAE Stand-
ard 41.2-87 (RA 92) (incorporated by ref-
erence, see §430.22) for guidance on placing
the static pressure taps and positioning the
diffusion baffle (settling means) relative to
the chamber inlet.

b. Connect the airflow measuring appa-
ratus to the interconnecting duct section de-
scribed in section 2.5.4. See sections 6.1.1,
6.1.2, and 6.1.4, and Figures 1, 2, and 4 of
ASHRAE Standard 37-2005 (incorporated by
reference, see §430.22), and Figures D1, D2,
and D4 of ARI Standard 210/240-2006 (incor-
porated by reference, see §430.22) for illus-
trative examples of how the test apparatus
may be applied within a complete laboratory
set-up. Instead of following one of these ex-
amples, an alternative set-up may be used to
handle the air leaving the airflow measuring
apparatus and to supply properly condi-
tioned air to the test unit’s inlet. The alter-
native set-up, however, must not interfere
with the prescribed means for measuring air-
flow rate, inlet and outlet air temperatures,
inlet and outlet water vapor contents, and
external static pressures, nor create abnor-
mal conditions surrounding the test unit.
(Note: Do not use an enclosure as described
in section 6.1.3 of ASHRAE Standard 37-2005
(incorporated by reference, see §430.22) when
testing triple-split units.)

2.7 Electrical voltage supply. Perform all
tests at the voltage specified in section
6.1.3.2 of ARI Standard 210/240-2006 (incor-
porated by reference, see §430.22) for ‘“‘Stand-
ard Rating Tests.”” Measure the supply volt-
age at the terminals on the test unit using a
volt meter that provides a reading that is ac-
curate to within +1.0 percent of the measured
quantity.

2.8 Electrical power and energy measure-
ments. a. Use an integrating power (watt-
hour) measuring system to determine the
electrical energy or average electrical power
supplied to all components of the air condi-
tioner or heat pump (including auxiliary
components such as controls, transformers,
crankcase heater, integral condensate pump
on non-ducted indoor units, etc.). The watt-
hour measuring system must give readings
that are accurate to within +0.5 percent. For
cyclic tests, this accuracy is required during
both the ON and OFF cycles. Use either two
different scales on the same watt-hour meter
or two separate watt-hour meters. Activate
the scale or meter having the lower power
rating within 15 seconds after beginning an
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OFF cycle. Activate the scale or meter hav-
ing the higher power rating active within 15
seconds prior to beginning an ON cycle. For
ducted units tested with a fan installed, the
ON cycle lasts from compressor ON to indoor
fan OFF. For ducted units tested without an
indoor fan installed, the ON cycle lasts from
compressor ON to compressor OFF. For non-
ducted units, the ON cycle lasts from indoor
fan ON to indoor fan OFF. When testing air
conditioners and heat pumps having a vari-
able-speed compressor, avoid using an induc-
tion watt/watt-hour meter.

b. When performing section 3.5 and/or 3.8
cyclic tests on non-ducted units, provide in-
strumentation to determine the average
electrical power consumption of the indoor
fan motor to within +1.0 percent. If required
according to sections 3.3, 3.4, 3.7, 3.9.1, and/or
3.10, this same instrumentation requirement
applies when testing air conditioners and
heat pumps having a variable-speed con-
stant-air-volume-rate indoor fan or a vari-
able-speed, variable-air-volume-rate indoor
fan.

2.9 Time measurements. Make elapsed
time measurements using an instrument
that yields readings accurate to within +0.2
percent.

2.10 Test apparatus for the secondary
space conditioning capacity measurement.
For all tests, use the Indoor Air Enthalpy
Method to measure the unit’s capacity. This
method uses the test set-up specified in sec-
tions 2.4 to 2.6. In addition, for all steady-
state tests, conduct a second, independent
measurement of capacity as described in sec-
tion 3.1.1. For split systems, use one of the
following secondary measurement methods:
Outdoor Air Enthalpy Method, Compressor
Calibration Method, or Refrigerant Enthalpy
Method. For single packaged units, use ei-
ther the Outdoor Air Enthalpy Method or the
Compressor Calibration Method as the sec-
ondary measurement.

2.10.1 Outdoor Air Enthalpy Method. a. To
make a secondary measurement of indoor
space conditioning capacity using the Out-
door Air Enthalpy Method, do the following:

(1) Measure the electrical power consump-
tion of the test unit;

(2) Measure the air-side capacity at the
outdoor coil; and

(3) Apply a heat balance on the refrigerant
cycle.

b. The test apparatus required for the Out-
door Air Enthalpy Method is a subset of the
apparatus used for the Indoor Air Enthalpy
Method. Required apparatus includes the fol-
lowing:

(1) An outlet plenum containing static
pressure taps (sections 2.4, 2.4.1, and 2.5.3),

(2) An airflow measuring apparatus (sec-
tion 2.6),

(3) A duct section that connects these two
components and itself contains the instru-
mentation for measuring the dry-bulb tem-
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perature and water vapor content of the air
leaving the outdoor coil (sections 2.5.4, 2.5.5,
and 2.5.6), and

(4) On the inlet side, a sampling device and
optional temperature grid (sections 2.5 and
2.5.2).

c. During the preliminary tests described
in sections 3.11.1 and 3.11.1.1, measure the
evaporator and condenser temperatures or
pressures. On both the outdoor coil and the
indoor coil, solder a thermocouple onto a re-
turn bend located at or near the midpoint of
each coil or at points not affected by vapor
superheat or liquid subcooling. Alter-
natively, if the test unit is not sensitive to
the refrigerant charge, connect pressure
gages to the access valves or to ports created
from tapping into the suction and discharge
lines. Use this alternative approach when
testing a unit charged with a zeotropic re-
frigerant having a temperature glide in ex-
cess of 1°F at the specified test conditions.

2.10.2 Compressor Calibration Method.
Measure refrigerant pressures and tempera-
tures to determine the evaporator superheat
and the enthalpy of the refrigerant that en-
ters and exits the indoor coil. Determine re-
frigerant flow rate or, when the superheat of
the refrigerant leaving the evaporator is less
than 5 °F, total capacity from separate cali-
bration tests conducted under identical oper-
ating conditions. When using this method,
install instrumentation, measure refrigerant
properties, and adjust the refrigerant charge
according to section 7.4.2 of ASHRAE Stand-
ard 37-2005 (incorporated by reference, see
§430.22). Use refrigerant temperature and
pressure measuring instruments that meet
the specifications given in sections 5.1.1 and
5.2 of ASHRAE Standard 37-2005 (incor-
porated by reference, see §430.22).

2.10.3 Refrigerant Enthalpy Method. For
this method, calculate space conditioning
capacity by determining the refrigerant en-
thalpy change for the indoor coil and di-
rectly measuring the refrigerant flow rate.
Use section 7.5.2 of ASHRAE Standard 37—
2005 (incorporated by reference, see §430.22)
for the requirements for this method, includ-
ing the additional instrumentation require-
ments, and information on placing the flow
meter and a sight glass. Use refrigerant tem-
perature, pressure, and flow measuring in-
struments that meet the specifications given
in sections 5.1.1, 5.2, and 5.5.1 of ASHRAE
Standard 37-2005 (incorporated by reference,
see §430.22).

2.11 Measurement of test room ambient
conditions. a. If using a test set-up where air
is ducted directly from the conditioning ap-
paratus to the indoor coil inlet (see Figure 2,
Loop Air-Enthalpy Test Method Arrange-
ment, of ASHRAE Standard 37-2005 (incor-
porated by reference, see §430.22)), add in-
strumentation to permit measurement of the
indoor test room dry-bulb temperature.
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b. If the Outdoor Air Enthalpy Method is
not used, add instrumentation to measure
the dry-bulb temperature and the water
vapor content of the air entering the outdoor
coil. If an air sampling device is used, con-
struct and apply the device as per section 6
of ASHRAE Standard 41.1-86 (RA 01) (incor-
porated by reference, see §430.22). Take steps
(e.g., add or re-position a lab circulating fan),
as needed, to minimize the magnitude of the
temperature distribution non-uniformity.
Position any fan in the outdoor test room
while trying to keep air velocities in the vi-
cinity of the test unit below 500 feet per
minute.

c. Measure dry bulb temperatures as speci-
fied in sections 4, 5, 6.1-6.10, 9, 10, and 11 of
ASHRAE Standard 41.1-86 (RA 01) (incor-
porated by reference, see §430.22). Measure
water vapor content as stated above in sec-
tion 2.5.6.

2.12 Measurement of indoor fan speed.
When required, measure fan speed using a
revolution counter, tachometer, or strobo-
scope that gives readings accurate to within
+1.0 percent.

2.13 Measurement of barometric pressure.
Determine the average barometric pressure
during each test. Use an instrument that
meets the requirements specified in section
5.2 of ASHRAE Standard 37—
2005(incorporated by reference, see §430.22).

3. Testing Procedures

3.1 General Requirements. If, during the
testing process, an equipment set-up adjust-
ment is made that would alter the perform-
ance of the unit when conducting an already
completed test, then repeat all tests affected
by the adjustment. For cyclic tests, instead
of maintaining an air volume rate, for each
airflow nozzle, maintain the static pressure
difference or velocity pressure during an ON
period at the same pressure difference or ve-
locity pressure as measured during the
steady-state test conducted at the same test
conditions.

3.1.1 Primary and secondary test meth-
ods. For all tests, use the Indoor Air En-
thalpy Method test apparatus to determine
the unit’s space conditioning capacity. The
procedure and data collected, however, differ
slightly depending upon whether the test is a
steady-state test, a cyclic test, or a frost ac-
cumulation test. The following sections de-
scribed these differences. For all steady-
state tests (i.e., the A, A,, Ay, B, B,, By, C, Cy,
EV, F,, G, HO,, H,, H1,, H1,, HIN, H;3, H3,, and
H3, Tests), in addition, use one of the accept-
able secondary methods specified in section
2.10 to determine indoor space conditioning
capacity. Calculate this secondary check of
capacity according to section 3.11. The two
capacity measurements must agree to within
6 percent to constitute a valid test. For this
capacity comparison, use the Indoor Air En-
thalpy Method capacity that is calculated in
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section 7.3 of ASHRAE Standard 37-2005 (in-
corporated by reference, see §430.22) (and, if
testing a coil-only unit, do not make the
after-test fan heat adjustments described in
section 3.3, 3.4, 3.7, and 3.10 of this appendix).
However, include the appropriate section 3.3
to 3.5 and 3.7 to 3.10 fan heat adjustments
within the Indoor Air Enthalpy Method ca-
pacities used for the section 4 seasonal cal-
culations.

3.1.2 Manufacturer-provided equipment
overrides. Where needed, the manufacturer
must provide a means for overriding the con-
trols of the test unit so that the com-
pressor(s) operates at the specified speed or
capacity and the indoor fan operates at the
specified speed or delivers the specified air
volume rate.

3.1.3 Airflow through the outdoor coil.
For all tests, meet the requirements given in
section 6.1.3.4 of ARI Standard 210/240-
2006(incorporated by reference, see §430.22)
when obtaining the airflow through the out-
door coil.

3.1.4 Airflow through the indoor coil.

3.1.4.1 Cooling Full-load Air Volume Rate.

3.1.4.1.1 Cooling Full-Load Air Volume
Rate for Ducted Units. The manufacturer
must specify the Cooling Full-load Air Vol-
ume Rate. Use this value as long as the fol-
lowing two requirements are satisfied. First,
when conducting the A or A, Test (exclu-
sively), the measured air volume rate, when
divided by the measured indoor air-side total
cooling capacity must not exceed 37.5 cubic
feet per minute of standard air (scfm) per
1000 Btu/h. If this ratio is exceeded, reduce
the air volume rate until this ratio is
equaled. Use this reduced air volume rate for
all tests that call for using the Cooling Full-
load Air Volume Rate. The second require-
ment is as follows:

a. For all ducted units tested with an in-
door fan installed, except those having a
variable-speed, constant-air-volume-rate in-
door fan. The second requirement applies ex-
clusively to the A or A, Test and is met as
follows.

1. Achieve the Cooling Full-load Air Vol-
ume Rate, determined in accordance with
the previous paragraph;

2. Measure the external static pressure;

3. If this pressure is equal to or greater
than the applicable minimum external static
pressure cited in Table 2, this second require-
ment is satisfied. Use the current air volume
rate for all tests that require the Cooling
Full-load Air Volume Rate.

4. If the Table 2 minimum is not equaled or
exceeded,

4a. reduce the air volume rate until the ap-
plicable Table 2 minimum is equaled or

4b. until the measured air volume rate
equals 95 percent of the air volume rate from
step 1, whichever occurs first.

5. If the conditions of step 4a occur first,
this second requirement is satisfied. Use the
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step 4a reduced air volume rate for all tests
that require the Cooling Full-load Air Vol-
ume Rate.

6. If the conditions of step 4b occur first,
make an incremental change to the set-up of
the indoor fan (e.g., next highest fan motor
pin setting, next highest fan motor speed)
and repeat the evaluation process beginning
at above step 1. If the indoor fan set-up can-
not be further changed, reduce the air vol-
ume rate until the applicable Table 2 min-
imum is equaled. Use this reduced air vol-
ume rate for all tests that require the Cool-
ing Full-load Air Volume Rate.

b. For ducted units that are tested with a
variable-speed, constant-air-volume-rate in-
door fan installed.For all tests that specify
the Cooling Full-load Air Volume Rate, ob-
tain an external static pressure as close to
(but not less than) the applicable Table 2
value that does not cause instability or an
automatic shutdown of the indoor blower.

c. For ducted units that are tested without
an indoor fan installed. For the A or A, Test,
(exclusively), the pressure drop across the in-
door coil assembly must not exceed 0.30
inches of water. If this pressure drop is ex-
ceeded, reduce the air volume rate until the
measured pressure drop equals the specified
maximum. Use this reduced air volume rate
for all tests that require the Cooling Full-
loadAir Volume Rate.

Cooling Minimum Air Vol. Rate = Cooling Full-load Air Vol. Rate x

where ‘‘Cooling Minimum Fan Speed’ cor-
responds to the fan speed used when oper-
ating at low compressor capacity (two-ca-
pacity system), the fan speed used when op-
erating at the minimum compressor speed
(variable-speed system), or the lowest fan
speed used when cooling (single-speed com-
pressor and a variable-speed variable-air-vol-
ume-rate indoor fan). For such systems, ob-
tain the Cooling Minimum Air Volume Rate
regardless of the external static pressure.

A, B, C, F, &G, TestAP, = AP, , X

where AP A, is the applicable Table 2 min-
imum external static pressure that was tar-
geted during the A, (and B,) Test.

10 CFR Ch. Il (1-1-13 Edition)

TABLE 2—MINIMUM EXTERNAL STATIC PRES-
SURE FOR DUCTED SYSTEMS TESTED WITH AN
INDOOR FAN INSTALLED

Minimum external resistance 3

Rated Cooling ' or (Inches of water)

Heating2 ?apacity Small-duct, high-
Btu/h) All other systems velocity sys-
tems 4.5
Up Thru 28,800 ......... 0.10 1.10
29,000 to 42,500 . 0.15 1.15
43,000 and Above ..... 0.20 1.20

1For air conditioners and heat pumps, the value cited by
the manufacturer in published literature for the unit's capacity
when operated at the A or A, Test conditions.

2For heating-only heat pumps, the value the manufacturer
cites in published literature for the unit’s capacity when oper-
ated at the H7 or H1, Test conditions.

3For ducted units tested without an air filter installed, in-
crease the applicable tabular value by 0.08 inch of water.

4 See Definition 1.35 to determine if the equipment qualifies
as a small-duct, high-velocity system.

51f a closed-loop, air-enthalpy test apparatus is used on the
indoor side, limit the resistance to airflow on the inlet side of
the indoor blower coil to a maximum value of 0.1 inch of
water. Impose the balance of the airflow resistance on the
outlet side of the indoor blower.

3.1.4.1.2 Cooling Full-load Air Volume
Rate for Non-ducted Units. For non-ducted
units, the Cooling Full-load Air Volume Rate
is the air volume rate that results during
each test when the unit is operated at an ex-
ternal static pressure of zero inches of water.

3.1.4.2 Cooling Minimum Air Volume
Rate. a. For ducted units that regulate the
speed (as opposed to the cfm) of the indoor
fan,

Cooling Minimum Fan Speed
A,Test Fan Speed

b. For ducted units that regulate the air
volume rate provided by the indoor fan, the
manufacturer must specify the Cooling Min-
imum Air Volume Rate. For such systems,
conduct all tests that specify the Cooling
Minimum Air Volume Rate—(i.e., the A,, B,
C,, Fi, and G, Tests)—at an external static
pressure that does not cause instability or
an automatic shutdown of the indoor blower
while being as close to, but not less than,

Cooling Minimum Air Volume Rate
Cooling Full-load Air Volume Rate

c. For ducted two-capacity units that are
tested without an indoor fan installed, the
Cooling Minimum Air Volume Rate is the
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higher of (1) the rate specified by the manu-
facturer or (2) 75 percent of the Cooling Full-
load Air Volume Rate. During the laboratory
tests on a coil-only (fanless) unit, obtain this
Cooling Minimum Air Volume Rate regard-
less of the pressure drop across the indoor
coil assembly.

d. For non-ducted units, the Cooling Min-
imum Air Volume Rate is the air volume
rate that results during each test when the
unit operates at an external static pressure

Cooling Intermediate Air Vol. Rate = Cooling Full-load Air Vol. Rate x

For such units, obtain the Cooling Inter-
mediate Air Volume Rate regardless of the
external static pressure.

b. For ducted units that regulate the air
volume rate provided by the indoor fan, the
manufacturer must specify the Cooling In-
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of zero inches of water and at the indoor fan
setting used at low compressor capacity
(two-capacity system) or minimum com-
pressor speed (variable-speed system). For
units having a single-speed compressor and a
variable-speed variable-air-volume-rate in-
door fan, use the lowest fan setting allowed
for cooling.

3.1.4.3 Cooling Intermediate Air Volume
Rate. a. For ducted units that regulate the
speed of the indoor fan,

E, Test Fan Speed
A, Test Fan Speed’

termediate Air Volume Rate. For such sys-
tems, conduct the Ey Test at an external
static pressure that does not cause insta-
bility or an automatic shutdown of the in-
door blower while being as close to, but not
less than,

E, Test AP, = AP

st, A,

where APy A, is the applicable Table 2 min-
imum external static pressure that was tar-
geted during the A, (and B,) Test.

c. For non-ducted units, the Cooling Inter-
mediate Air Volume Rate is the air volume
rate that results when the unit operates at
an external static pressure of zero inches of
water and at the fan speed selected by the
controls of the unit for the Ey Test condi-
tions.

3.1.4.4 Heating Full-load Air
Rate.

3.1.4.4.1 Ducted heat pumps where the
Heating and Cooling Full-load Air Volume
Rates are the same. a. Use the Cooling Full-
load Air Volume Rate as the Heating Full-
loadAir Volume Rate for:

1. Ducted heat pumps that operate at the
same indoor fan speed during both the A (or
A») and the H1 (or H1,) Tests;

2. Ducted heat pumps that regulate fan
speed to deliver the same constant air vol-

Volume

Heating Full-load Air Volume Rate = Cooling Full-load Air Volume Rate x

« Cooling Intermediate Air Volume Rate ’
Cooling Full-load Air Volume Rate

ume rate during both the A (or A,) and the
H1 (or H1,) Tests; and

3. Ducted heat pumps that are tested with-
out an indoor fan installed (except two-ca-
pacity northern heat pumps that are tested
only at low capacity cooling—see 3.1.4.4.2).

b. For heat pumps that meet the above cri-
teria ‘1’ and ‘‘3,” no minimum requirements
apply to the measured external or internal,
respectively, static pressure. For heat pumps
that meet the above criterion ‘‘2,”’ test at an
external static pressure that does not cause
instability or an automatic shutdown of the
indoor blower while being as close to, but
not less than, the same Table 2 minimum ex-
ternal static pressure as was specified for the
A (or A») cooling mode test.

3.1.4.4.2 Ducted heat pumps where the
Heating and Cooling Full-loadAir Volume
Rates are different due to indoor fan oper-
ation. a. For ducted heat pumps that regu-
late the speed (as opposed to the cfm) of the
indoor fan,

HI or H1, Test Fan Speed
Aor A, Test Fan Speed
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For such heat pumps, obtain the Heating
Full-loadAir Volume Rate without regard to
the external static pressure.

b. For ducted heat pumps that regulate the
air volume rate delivered by the indoor fan,
the manufacturer must specify the Heating
Full-load Air Volume Rate. For such heat

Heating Full-load AP, = Cooling Full-load AP, X {

where the Cooling Certified APy is the appli-
cable Table 2 minimum external static pres-
sure that was specified for the A or A, Test.

c. When testing ducted, two-capacity
northern heat pumps (see Definition 1.46),
use the appropriate approach of the above
two cases for units that are tested with an
indoor fan installed. For coil-only (fanless)
northern heat pumps, the Heating Full-load
Air Volume Rate is the lesser of the rate
specified by the manufacturer or 133 percent
of the Cooling Full-load Air Volume Rate.
For this latter case, obtain the Heating Full-
load Air Volume Rate regardless of the pres-
sure drop across the indoor coil assembly.

3.1.4.4.3 Ducted heating-only heat pumps.
The manufacturer must specify the Heating
Full-load Air Volume Rate.

a. For all ducted heating-only heat pumps
tested with an indoor fan installed, except
those having a variable-speed, constant-air-
volume-rate indoor fan. Conduct the fol-
lowing steps only during the first test, the
H1 or H1, Test.

1. Achieve the Heating Full-load Air Vol-
ume Rate.

2. Measure the external static pressure.

3. If this pressure is equal to or greater
than the Table 2 minimum external static
pressure that applies given the heating-only
heat pump’s rated heating capacity, use the
current air volume rate for all tests that re-
quire the Heating Full-load Air Volume
Rate.

4. If the Table 2 minimum is not equaled or
exceeded,

4a. reduce the air volume rate until the ap-
plicable Table 2 minimum is equaled or

4b. until the measured air volume rate
equals 95 percent of the manufacturer-speci-
fied Full-load Air Volume Rate, whichever
occurs first.

5. If the conditions of step 4a occurs first,
use the step 4a reduced air volume rate for

Heating Minimum Air Vol. Rate = Heating Full-load Air Vol. Rate x
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pumps, conduct all tests that specify the
Heating Full-load Air Volume Rate at an ex-
ternal static pressure that does not cause in-
stability or an automatic shutdown of the
indoor blower while being as close to, but
not less than,

Heating Full-load Air Volume Rate ’
Cooling Full-load Air Volume Rate

all tests that require the Heating Full-load
Air Volume Rate.

6. If the conditions of step 4b occur first,
make an incremental change to the set-up of
the indoor fan (e.g., next highest fan motor
pin setting, next highest fan motor speed)
and repeat the evaluation process beginning
at above step 1. If the indoor fan set-up can-
not be further changed, reduce the air vol-
ume rate until the applicable Table 2 min-
imum is equaled. Use this reduced air vol-
ume rate for all tests that require the Heat-
ing Full-load Air Volume Rate.

b.For ducted heating-only heat pumps that
are tested with a variable-speed, constant-
air-volume-rate indoor fan installed. For all
tests that specify the Heating Full-load Air
Volume Rate, obtain an external static pres-
sure that does not cause instability or an
automatic shutdown of the indoor blower
while being as close to, but not less than, the
applicable Table 2 minimum.

c. For ducted heating-only heat pumps
that are tested without an indoor fan in-
stalled. For the H1 or H1, Test, (exclusively),
the pressure drop across the indoor coil as-
sembly must not exceed 0.30 inches of water.
If this pressure drop is exceeded, reduce the
air volume rate until the measured pressure
drop equals the specified maximum. Use this
reduced air volume rate for all tests that re-
quire the Heating Full-load Air Volume
Rate.

3.1.4.4.4 Non-ducted heat pumps, including
non-ducted heating-only heat pumps. For
non-ducted heat pumps, the Heating Full-
loadAir Volume Rate is the air volume rate
that results during each test when the unit
operates at an external static pressure of
zero inches of water.

3.1.4.5 Heating Minimum Air Volume
Rate. a. For ducted heat pumps that regulate
the speed (as opposed to the cfm) of the in-
door fan,

Heating Minimum Fan Speed
H1,Test Fan Speed
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where ‘“‘Heating Minimum Fan Speed’ cor-
responds to the fan speed used when oper-
ating at low compressor capacity (two-ca-
pacity system), the lowest fan speed used at
any time when operating at the minimum
compressor speed (variable-speed system), or
the lowest fan speed used when heating (sin-
gle-speed compressor and a variable-speed
variable-air-volume-rate indoor fan). For
such heat pumps, obtain the Heating Min-
imum Air Volume Rate without regard to
the external static pressure.

HO,, H1,, H2,, H3,, Test AP, = AP,

where AP

is the minimum external static pressure that
was targeted during the H1, Test.

c. For ducted two-capacity northern heat
pumps that are tested with an indoor fan in-
stalled, use the appropriate approach of the
above two cases.

d. For ducted two-capacity heat pumps
that are tested without an indoor fan in-
stalled, use the Cooling Minimum Air Vol-
ume Rate as the Heating Minimum Air Vol-
ume Rate. For ducted two-capacity northern
heat pumps that are tested without an in-
door fan installed, use the Cooling Full-load
Air Volume Rate as the Heating Minimum
Air Volume Rate. For ducted two-capacity
heating-only heat pumps that are tested
without an indoor fan installed, the Heating
Minimum Air Volume Rate is the higher of
the rate specified by the manufacturer or 75

Heating Intermediate Air Volume Rate = Heating Full-load Air Volume Rate X

For such heat pumps, obtain the Heating
Intermediate Air Volume Rate without re-
gard to the external static pressure.

b. For ducted heat pumps that regulate the
air volume rate delivered by the indoor fan,
the manufacturer must specify the Heating

H2, Test AP, AP

t, Hl,
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b. For ducted heat pumps that regulate the
air volume rate delivered by the indoor fan,
the manufacturer must specify the Heating
Minimum Air Volume Rate. For such heat
pumps, conduct all tests that specify the
Heating Minimum Air Volume Rate—<(i.e.,
the HO,, H1,, H2,, and H3, Tests)—at an exter-
nal static pressure that does not cause insta-
bility or an automatic shutdown of the in-
door blower while being as close to, but not
less than,

Htg Minimum Air Vol. Rate !
Htg Full-load Air Vol. Rate

percent of the Heating Full-load Air Volume
Rate. During the laboratory tests on a coil-
only (fanless) unit, obtain the Heating Min-
imum Air Volume Rate without regard to
the pressure drop across the indoor coil as-
sembly.

e. For non-ducted heat pumps, the Heating
Minimum Air Volume Rate is the air volume
rate that results during each test when the
unit operates at an external static pressure
of zero inches of water and at the indoor fan
setting used at low compressor capacity
(two-capacity system) or minimum com-
pressor speed (variable-speed system). For
units having a single-speed compressor and a
variable-speed, variable-air-volume-rate in-
door fan, use the lowest fan setting allowed
for heating.

3.1.4.6 Heating Intermediate Air Volume
Rate. a. For ducted heat pumps that regulate
the speed of the indoor fan,

H2, Test Fan Speed
HI, Test Fan Speed ’

Intermediate Air Volume Rate. For such
heat pumps, conduct the H2y Test at an ex-
ternal static pressure that does not cause in-
stability or an automatic shutdown of the
indoor blower while being as close to, but
not less than,

. . . 2
Heating Intermediate Air Volume Rate

st, HI,

Heating Full-load Air Volume Rate
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where AP

is the minimum external static pressure that
was specified for the H1, Test.

c. For non-ducted heat pumps, the Heating
Intermediate Air Volume Rate is the air vol-
ume rate that results when the heat pump
operates at an external static pressure of
zero inches of water and at the fan speed se-
lected by the controls of the unit for the H2y
Test conditions.

Heating Nominal Air Volume Rate = Heating Full-load Air Volume Rate x

10 CFR Ch. Il (1-1-13 Edition)

3.1.4.7 Heating Nominal Air Volume Rate.
Except for the noted changes, determine the
Heating Nominal Air Volume Rate using the
approach described in section 3.1.4.6. Re-
quired changes include substituting ‘“Hln
Test”” for H2y Test” within the first section
3.1.4.6 equation, substituting ‘“‘Hln Test AP’
for “H2y Test APy’ in the second section
3.1.4.6 equation, substituting ‘“Hlx Test” for
each ‘“H2y Test’’, and substituting ‘‘Heating
Nominal Air Volume Rate’ for each ‘‘Heat-
ing Intermediate Air Volume Rate.”

H1Test Fan Speed
H1,Test Fan Speed ’

Heating Nominal Air Volume Rate ’

HI, Test AP, = AP

st, HI,

3.1.5 Indoor test room requirement when
the air surrounding the indoor unit is not
supplied from the same source as the air en-
tering the indoor unit. If using a test set-up
where air is ducted directly from the air re-
conditioning apparatus to the indoor coil
inlet (see Figure 2, Loop Air-Enthalpy Test
Method Arrangement, of ASHRAE Standard
37-2005) (incorporated by reference, see
§430.22), maintain the dry bulb temperature
within the test room within +5.0 °F of the ap-
plicable sections 3.2 and 3.6 dry bulb tem-

Heating Full-load Air Volume Rate

perature test condition for the air entering
the indoor unit.

3.1.6 Air volume rate calculations. For all
steady-state tests and for frost accumulation
(H2, H2,, H2,, H2y) tests, calculate the air
volume rate through the indoor coil as speci-
fied in sections 7.7.2.1 and 7.7.2.2 of ASHRAE
Standard 37-2005 (incorporated by reference,
see §430.22). When using the Outdoor Air En-
thalpy Method, follow sections 7.7.2.1 and
7.7.2.2 to calculate the air volume rate
through the outdoor coil. To express air vol-
ume rates in terms of standard air, use:

< me me
A = Tbm 3D
0075 — % v, - [1+W,] 0075 =% v,
ft ft
yhere, 0.075 = the density associated with standard
V, = air volume rate of standard (dry) air, (ary) air, Ibm/ft?) . )
(£t3/min)qa vn = specific volume of the dry air portion of

Vmx = air volume rate of the air-water vapor
mixture, (ft3/min)m,x

Vo' = specific volume of air-water vapor mix-
ture at the nozzle, ft3 per lbm of the air-
water vapor mixture

W, = humidity ratio at the nozzle, 1lbm of
water vapor per 1lbm of dry air

the mixture evaluated at the dry-bulb
temperature, vapor content, and baro-
metric pressure existing at the nozzle, ft3
per 1bm of dry air.
(Note: In the first printing of ASHRAE
Standard 37-2005, the second IP equation for
Qmi should read,

1097CA, ([P, v, )***
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3.1.7 Test sequence. When testing a ducted
unit (except if a heating-only heat pump),
conduct the A or A, Test first to establish
the Cooling Full-load Air Volume Rate. For
ducted heat pumps where the Heating and
Cooling Full-loadAir Volume Rates are dif-
ferent, make the first heating mode test one
that requires the Heating Full-load Air Vol-
ume Rate. For ducted heating-only heat
pumps, conduct the H1 or H1, Test first to es-
tablish the Heating Full-load Air Volume
Rate. When conducting an optional cyclic
test, always conduct it immediately after
the steady-state test that requires the same
test conditions. For variable-speed systems,
the first test using the Cooling Minimum Air
Volume Rate should precede the Ey Test if
one expects to adjust the indoor fan control
options when preparing for the first Min-
imum Air Volume Rate test. Under the same
circumstances, the first test using the Heat-
ing Minimum Air Volume Rate should pre-
cede the H2y Test. The test laboratory
makes all other decisions on the test se-
quence.

3.1.8 Requirement for the air temperature
distribution leaving the indoor coil. For at
least the first cooling mode test and the first
heating mode test, monitor the temperature
distribution of the air leaving the indoor coil
using the grid of individual sensors described
in sections 2.5 and 2.5.4. For the 30-minute
data collection interval used to determine
capacity, the maximum spread among the
outlet dry bulb temperatures from any data
sampling must not exceed 1.5 °F. Install the
mixing devices described in section 2.5.4.2 to
minimize the temperature spread.

3.1.9 Control of auxiliary resistive heating
elements. Except as noted, disable heat
pump resistance elements used for heating
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indoor air at all times, including during de-
frost cycles and if they are normally regu-
lated by a heat comfort controller. For heat
pumps equipped with a heat comfort con-
troller, enable the heat pump resistance ele-
ments only during the below-described, short
test. For single-speed heat pumps covered
under section 3.6.1, the short test follows the
H1 or, if conducted, the H1C Test. For two-
capacity heat pumps and heat pumps covered
under section 3.6.2, the short test follows the
H1, Test. Set the heat comfort controller to
provide the maximum supply air tempera-
ture. With the heat pump operating and
while maintaining the Heating Full-loadAir
Volume Rate, measure the temperature of
the air leaving the indoor-side beginning 5
minutes after activating the heat comfort
controller. Sample the outlet dry-bulb tem-
perature at regular intervals that span 5
minutes or less. Collect data for 10 minutes,
obtaining at least 3 samples. Calculate the
average outlet temperature over the 10-
minute interval, Tcc.

3.2 Cooling mode tests for different types
of air conditioners and heat pumps.

3.2.1 Tests for a unit having a single-speed
compressor that is tested with a fixed-speed
indoor fan installed, with a constant-air-vol-
ume-rate indoor fan installed, or with no in-
door fan installed. Conduct two steady-state
wet coil tests, the A and B Tests. Use the
two optional dry-coil tests, the steady-state
C Test and the cyclic D Test, to determine
the cooling mode cyclic degradation coeffi-
cient, Cpe. If the two optional tests are con-
ducted but yield a tested Cpc that exceeds
the default Cpc or if the two optional tests
are not conducted, assign Cpc the default
value of 0.25. Table 3 specifies test conditions
for these four tests.

TABLE 3—COOLING MODE TEST CONDITIONS FOR UNITS HAVING A SINGLE-SPEED COMPRESSOR AND
A FIXED-SPEED INDOOR FAN, A CONSTANT AIR VOLUME RATE INDOOR FAN, OR NO INDOOR FAN

Air entering indoor Air entering outdoor
Test description unit temperature (°F) unit temperature (°F) Cooling air volume rate
Dry bulb | Wetbulb | Dry bulb | Wet bulb
A Test—required (steady, wet coil) ... 80 67 95 175 | Cooling full-load 2
B Test—required (steady, wet coil) 80 67 82 165 | Cooling full-load 2
C Test—optional (steady, dry coil) 80 ®) 82 . | Cooling full-loadthnsp;2
D Test—optional (cyclic, dry coil) 80 ®) 82 (4)

1The specified test condition only applies if the unit rejects condensate to the outdoor coil.

2Defined in section 3.1.4.1.

3The entering air must have a low enough moisture content so no condensate forms on the indoor coil. (It is recommended

that an indoor wet-bulb temperature of 57 °F or less be used.)

4Maintain the airflow nozzles static pressure difference or velocity pressure during the ON period at the same pressure dif-

ference or velocity pressure as measured during the C Test.

3.2.2 Tests for a unit having a single-speed
compressor and a variable-speed variable-air-
volume-rate indoor fan installed.

3.2.2.1 Indoor fan capacity modulation
that correlates with the outdoor dry bulb
temperature. Conduct four steady-state wet

coil tests: The A,, A, , B,, and B, Tests. Use
the two optional dry-coil tests, the steady-
state C, Test and the cyclic D; Test, to de-
termine the cooling mode cyclic degradation
coefficient, Cpe. If the two optional tests are
conducted but yield a tested Cpc that exceeds
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the default Cpc or if the two optional tests
are not conducted, assign Cpc the default
value of 0.25

3.2.2.2 Indoor fan capacity modulation
based on adjusting the sensible to total (S/T)
cooling capacity ratio. The testing require-
ments are the same as specified in section

10 CFR Ch. Il (1-1-13 Edition)

3.2.1 and Table 3. Use a Cooling Full-load Air
Volume Rate that represents a normal resi-
dential installation. If performed, conduct
the steady-state C Test and the cyclic D Test
with the unit operating in the same S/T ca-
pacity control mode as used for the B Test.

TABLE 4—COOLING MODE TEST CONDITIONS FOR UNITS HAVING A SINGLE-SPEED COMPRESSOR AND
A VARIABLE AIR VOLUME RATE INDOOR FAN THAT CORRELATES WITH THE OUTDOOR DRY BULB

TEMPERATURE (SEC. 3.2.2.1)

Air entering indoor unit | Air entering outdoor unit
Test description temperature (°F) temperature (°F) Cooling air volume rate

Dry bulb Wet bulb Dry bulb Wet bulb

A, Test—required (steady, wet coil) ...... 80 67 95 175 | Cooling full-load 2

A, Test—required (steady, wet coil) 80 67 95 175 | Cooling minimum3

B. Test—required (steady, wet coil) 80 67 82 165 | Cooling full-load2

B, Test—required (steady, wet coil) 80 67 82 165 | Cooling minimum 2

C, Test4—optional (steady, dry coil) ..... 80 (%) 82 ... | Cooling minimum 3

D, Test4—optional (cyclic, dry coil) ....... 80 (%) 82 5)

1The specified test condition only applies if the unit rejects condensate to the outdoor coil.

2Defined in section 3.1.4.1.
3 Defined in section 3.1.4.2.

4The entering air must have a low enough moisture content so no condensate forms on the indoor coil. (It is recommended

that an indoor wet-bulb temperature of 57 °F or less be used.)

5Maintain the airflow nozzles static pressure difference or velocity pressure during the ON period at the same pressure dif-

ference or velocity pressure as measured during the C, Test.

3.2.3 Tests for a unit having a two-capac-
ity compressor. (See Definition 1.45.) a. Con-
duct four steady-state wet coil tests: the A,
B,, By, and F, Tests. Use the two optional
dry-coil tests, the steady-state C, Test and
the cyclic D, Test, to determine the cooling-
mode cyclic-degradation coefficient, Cpe. If
the two optional tests are conducted but
yield a tested Cpc that exceeds the default
Cpe or if the two optional tests are not con-
ducted, assign Cpc the default value of 0.25.
Table 5 specifies test conditions for these six
tests.

b. For units having a variable speed indoor
fan that is modulated to adjust the sensible
to total (S/T) cooling capacity ratio, use
Cooling Full-load and Cooling Minimum Air
Volume Rates that represent a normal resi-
dential installation. Additionally, if con-
ducting the optional dry-coil tests, operate
the unit in the same S/T capacity control
mode as used for the B, Test.

c. Test two-capacity, northern heat pumps
(see Definition 1.46) in the same way as a sin-
gle speed heat pump with the unit operating
exclusively at low compressor capacity (see
section 3.2.1 and Table 3).

d. If a two-capacity air conditioner or heat
pump locks out low-capacity operation at
higher outdoor temperatures, then use the
two optional dry-coil tests, the steady-state
C, Test and the cyclic D, Test, to determine
the cooling-mode cyclic-degradation coeffi-
cient that only applies to on/off cycling from
high capacity, Cpe(k=2). If the two optional
tests are conducted but yield a tested
Cpe(k=2) that exceeds the default Cpc(k=2) or
if the two optional tests are not conducted,
assign Cpc(k=2) the default value. The de-
fault Cpe(k=2) is the same value as deter-
mined or assigned for the low-capacity cy-
clic-degradation coefficient, Cpc [or equiva-
lently, Cpe(k=1)].

TABLE 5—COOLING MODE TEST CONDITIONS FOR UNITS HAVING A TWO-CAPACITY COMPRESSOR

Test description

Air entering indoor
unit temperature (°F)

Air entering outdoor unit
temperature (°F)

Compressor capacity

Cooling air volume rate

Dry bulb | Wet bulb | Dry bulb Wet bulb
A, Test—required ........... 80 67 95 175 High oo Cooling Full-Load.?2
(steady, wet coil)
B, Test—required ........... 80 67 82 165 High s Cooling Full-Load.2
(steady, wet coil)
B, Test—required ........... 80 67 82 165 LOW e Cooling Minimum. 3
(steady, wet coil)
C, Test—optional .. 80 (%) 82 High Cooling Full-Load. 2.
(steady, dry-coil)
D, Test—optional ........... 80 (4) 82 High (%).
(cyclic, dry-coil)
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TABLE 5—COOLING MODE TEST CONDITIONS FOR UNITS HAVING A TWO-CAPACITY COMPRESSOR—

Continued

Test description

Air entering indoor
unit temperature (°F)

Air entering outdoor unit
temperature (°F)

Compressor capacity

Cooling air volume rate

Dry bulb | Wet bulb | Dry bulb Wet bulb
C, Test—optional ........... 80 4 82 Low | Cooling Minimum. 3.
(steady, dry-coil)
D; Test—optional .. 80 (%) 82 Low (9).
(cyclic, dry-coil)
F, Test—required ........... 80 67 67 1535 | LOW coeeeieeieeieeiees Cooling Minimum. 3
(steady, wet coil)

1The specified test condition only applies if the unit rejects condensate to the outdoor coil.

2Defined in section 3.1.4.1.
3 Defined in section 3.1.4.2.

4The entering air must have a low enough moisture content so no condensate forms on the indoor coil. DOE recommends

using an indoor air wet-bulb temperature of 57 °F or less.

5Maintain the airflow nozzle(s) static pressure difference or velocity pressure during the ON period at the same pressure or

velocity as measured during the C, Test.

6Maintain the airflow nozzle(s) static pressure difference or velocity pressure during the ON period at the same pressure or

velocity as measured during the C, Test.

3.2.4 Tests for a unit having a variable-
speed compressor. a. Conduct five steady-
state wet coil tests: The A,, Evy, B,, B, and
F, Tests. Use the two optional dry-coil tests,
the steady-state G; Test and the cyclic I,
Test, to determine the cooling mode cyclic
degradation coefficient,Cpc. If the two op-

Intermediate speed = Minimum speed +

where a tolerance of plus 5 percent or the
next higher inverter frequency step from
that calculated is allowed.

b. For units that modulate the indoor fan
speed to adjust the sensible to total (S/T)
cooling capacity ratio, use Cooling Full-load,
Cooling Intermediate, and Cooling Minimum
Air Volume Rates that represent a normal
residential installation. Additionally, if con-
ducting the optional dry-coil tests, operate
the unit in the same S/T capacity control
mode as used for the F, Test.

c. For multiple-split air conditioners and
heat pumps (except where noted), the fol-
lowing procedures supersede the above re-
quirements: For all Table 6 tests specified

tional tests are conducted but yield a tested
Cpe that exceeds the default Cpe or if the two
optional tests are not conducted, assign Cpc
the default value of 0.25.Table 6 specifies test
conditions for these seven tests. Determine
the intermediate compressor speed cited in
Table 6 using:

Maximum speed — Minimum speed
3

for a minimum compressor speed, at least
one indoor unit must be turned off. The man-
ufacturer shall designate the particular in-
door unit(s) that is turned off. The manufac-
turer must also specify the compressor speed
used for the Table 6 Eyv Test, a cooling-mode
intermediate compressor speed that falls
within Y4 and % of the difference between the
maximum and minimum cooling-mode
speeds. The manufacturer should prescribe
an intermediate speed that is expected to
yield the highest EER for the given Ey Test
conditions and bracketed compressor speed
range. The manufacturer can designate that
one or more indoor units are turned off for
the Ey Test.

TABLE 6—COOLING MODE TEST CONDITION FOR UNITS HAVING A VARIABLE-SPEED COMPRESSOR

Test description

Air entering indoor
unit temperature (°F)

Air entering outdoor unit
temperature (°F)

Compressor speed

Cooling air volume rate

Dry bulb | Wet bulb | Dry bulb Wet bulb
A, Test—required ........... 80 67 95 175 Maximum ........ccccoeeees Cooling Full-Load?
(steady, wet coil)
B, Test—required ........... 80 67 82 165 Maximum ........ccoceees Cooling Full-Load?
(steady, wet coil)
Ev Test—required .......... 80 67 87 169 Intermediate ............... Cooling Intermediate 3
(steady, wet coil)
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TABLE 6—COOLING MODE TEST CONDITION FOR UNITS HAVING A VARIABLE-SPEED COMPRESSOR—

Continued
Air entering indoor Air entering outdoor unit
Test description unit temperature (°F) temperature (°F) Compressor speed Cooling air volume rate
Dry bulb | Wet bulb | Dry bulb Wet bulb
B, Test—required ........... 80 67 82 165 | Minimum .......ccccooveee Cooling Minimum 4
(steady, wet coil)
F, Test—required .. 80 67 67 153.5 | Minimum .. Cooling Minimum 4
(steady, wet coil)
G Test5—optional ......... 80 (©) 67 Minimum Cooling Minimum 4.
(steady, dry-coil)
I} Test5—optional .......... 80 Q] 67 | Minimum | (5).
(cyclic, dry-coil)

1The specified test condition only applies if the unit rejects condensate to the outdoor coil.

2Defined in section 3.1.4.1.
3 Defined in section 3.1.4.3.
4 Defined in section 3.1.4.2.

5The entering air must have a low enough moisture content so no condensate forms on the indoor coil. DOE recommends

using an indoor air wet bulb temperature of 57 °F or less.

6Maintain the airflow nozzle(s) static pressure difference or velocity pressure during the ON period at the same pressure dif-

ference or velocity pressure as measured during the G, Test.

3.3 Test procedures for steady-state wet
coil cooling mode tests (the A, A,, A, B, B,,
B., Ev, and F, Tests). a. For the pretest in-
terval, operate the test room reconditioning
apparatus and the unit to be tested until
maintaining equilibrium conditions for at
least 30 minutes at the specified section 3.2
test conditions. Use the exhaust fan of the
airflow measuring apparatus and, if in-
stalled, the indoor fan of the test unit to ob-
tain and then maintain the indoor air vol-
ume rate and/or external static pressure
specified for the particular test. Continu-
ously record (see Definition 1.15):

(1) The dry-bulb temperature of the air en-
tering the indoor coil,

(2) The water vapor content of the air en-
tering the indoor coil,

(3) The dry-bulb temperature of the air en-
tering the outdoor coil, and

(4) For the section 2.2.4 cases where its
control is required, the water vapor content
of the air entering the outdoor coil.

Refer to section 3.11 for additional require-
ments that depend on the selected secondary
test method.

b. After satisfying the pretest equilibrium
requirements, make the measurements spec-
ified in Table 3 of ASHRAE Standard 37-2005
(incorporated by reference, see §430.22) for
the Indoor Air Enthalpy method and the
user-selected secondary method. Except for
external static pressure, make the Table 3
measurements at equal intervals that span
10 minutes or less. Measure external static
pressure every 5 minutes or less. Continue
data sampling until reaching a 30-minute pe-
riod (e.g., four consecutive 10-minute sam-
ples) where the test tolerances specified in
Table 7 are satisfied. For those continuously
recorded parameters, use the entire data set

from the 30-minute interval to evaluate
Table 7 compliance. Determine the average
electrical power consumption of the air con-
ditioner or heat pump over the same 30-
minute interval.

c. Calculate indoor-side total cooling ca-
pacity as specified in sections 7.3.3.1 and
7.3.3.3 of ASHRAE Standard 37-2005 (incor-
porated by reference, see §430.22). Do not ad-
just the parameters used in calculating ca-
pacity for the permitted variations in test
conditions. Evaluate air enthalpies based on
the measured barometric pressure. Assign
the average total space cooling capacity and
electrical power consumption over the 30-
minute data collection interval to the vari-
ables QX(T) and EX(T), respectively. For
these two variables, replace the ‘T’ with the
nominal outdoor temperature at which the
test was conducted. The superscript k is used
only when testing multi-capacity units. Use
the superscript k=2 to denote a test with the
unit operating at high capacity or maximum
speed, k=1 to denote low capacity or min-
imum speed, and k=v to denote the inter-
mediate speed.

d. For units tested without an indoor fan
installed, decrease QX(T) by

1250 Btu/h =
R Vs s
1000 scfm
and increase EX(T) by,
5w 3
1000 scfm

where V, is the average measured indoor air
volume rate expressed in units of cubic feet
per minute of standard air (scfm).
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TABLE 7—TEST OPERATING AND TEST CONDITION TOLERANCES FOR SECTION 3.3 STEADY-STATE
WET CoIL COOLING MODE TESTS AND SECTION 3.4 DRY CoIL COOLING MODE TESTS

Indoor dry-bulb, °F
Entering temperature ...
Leaving temperature ...

Indoor wet-bulb, °F
Entering temperature ...
Leaving temperature ....

Outdoor dry-bulb, °F
Entering temperature ...
Leaving temperature ...

Outdoor wet-bulb, °F
Entering temperature ...
Leaving temperature ..........

External resistance to airflow, inches of water
Electrical voltage, % of rdg. ....
Nozzle pressure drop, % of rdg. .......

Test operating tolerance ? Test condition tolerance 2
2.0 0.5
2.0
1.0 30.3

31.0
2.0 0.5
42.0
1.0 50.3
41.0
0.05 60.02
2.0 1.5
2.0

1See Definition 1.41.
2See Definition 1.40.

30nly applies during wet coil tests; does not apply during steady-state, dry coil cooling mode tests.

4Only applies when using the Outdoor Air Enthalpy Method.

50nly applies during wet coil cooling mode tests where the unit rejects condensate to the outdoor coil.

6Only applies when testing non-ducted units.

d. For air conditioners and heat pumps
having a constant-air-volume-rate indoor
fan, the five additional steps listed below are
required if the average of the measured ex-
ternal static pressures exceeds the applicable
sections 3.1.4 minimum (or target) external
static pressure (APmin) by 0.03 inches of water
or more.

1. Measure the average power consumption
of the indoor fan motor (E,,) and record the
corresponding external static pressure (AP;)
during or immediately following the 30-
minute interval used for determining capac-
ity.

E fan,min —

AP, — AP,

5. Increase the total space cooling capac-
ity, QX(T), by the quantity (Efan.i — Efanmin),
when expressed on a Btwh basis. Decrease
the total electrical power, EX(T), by the
same fan power difference, now expressed in
watts.

3.4 Test procedures for the optional
steady-state dry-coil cooling-mode tests (the
C, Cy, C,, and G, Tests).

a. Except for the modifications noted in
this section, conduct the steady-state dry
coil cooling mode tests as specified in sec-
tion 3.3 for wet coil tests. Prior to recording
data during the steady-state dry coil test,
operate the unit at least one hour after
achieving dry coil conditions. Drain the
drain pan and plug the drain opening. There-

_ Efan,Z - Efan,l

2. After completing the 30-minute interval
and while maintaining the same test condi-
tions, adjust the exhaust fan of the airflow
measuring apparatus until the external stat-
ic pressure increases to approximately AP, +
(AP| — APmin).

3. After re-establishing steady readings of
the fan motor power and external static
pressure, determine average values for the
indoor fan power (Emn2) and the external
static pressure (AP,) by making measure-
ments over a 5-minute interval.

4. Approximate the average power con-
sumption of the indoor fan motor at AP
using linear extrapolation:

(APmin - API) + Efan,l'

after, the drain pan should remain com-
pletely dry.

b. Denote the resulting total space cooling
capacity and electrical power derived from
the test as Qwary and Egary. With regard to a
section 3.3 deviation, do not adjust Qg.ary for
duct losses (i.e., do not apply section 7.3.3.3
of ASHRAE Standard 37-2005 (incorporated
by reference, see §430.22)). In preparing for
the section 3.5 cyclic tests, record the aver-
age indoor-side air volume rate, V, specific
heat of the air, Cp,a (expressed on dry air
basis), specific volume of the air at the noz-
zles, v/, humidity ratio at the nozzles, W,,
and either pressure difference or velocity
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pressure for the flow nozzles. For units hav-
ing a variable-speed indoor fan (that pro-
vides either a constant or variable air vol-
ume rate) that will or may be tested during
the cyclic dry coil cooling mode test with
the indoor fan turned off (see section 3.5), in-
clude the electrical power used by the indoor
fan motor among the recorded parameters
from the 30-minute test.

3.5 Test procedures for the optional cyclic
dry-coil cooling-mode tests (the D, D;, D,,
and I, Tests). a. After completing the steady-
state dry-coil test, remove the Outdoor Air
Enthalpy method test apparatus, if con-
nected, and begin manual OFF/ON cycling of
the unit’s compressor. The test set-up should
otherwise be identical to the set-up used dur-
ing the steady-state dry coil test. When test-
ing heat pumps, leave the reversing valve
during the compressor OFF cycles in the
same position as used for the compressor ON
cycles, unless automatically changed by the
controls of the unit. For units having a vari-
able-speed indoor fan, the manufacturer has
the option of electing at the outset whether
to conduct the cyclic test with the indoor
fan enabled or disabled. Always revert to
testing with the indoor fan disabled if cyclic
testing with the fan enabled is unsuccessful.

b. For units having a single-speed or two-
capacity compressor, cycle the compressor
OFF for 24 minutes and then ON for 6 min-
utes (Ateyeary = 0.5 hours). For units having a
variable-speed compressor, cycle the com-
pressor OFF for 48 minutes and then ON for
12 minutes (Atcycary = 1.0 hours). Repeat the
OFF/ON compressor cycling pattern until
the test is completed. Allow the controls of
the unit to regulate cycling of the outdoor
fan.

c. Sections 3.5.1 and 3.5.2 specify airflow re-
quirements through the indoor coil of ducted
and non-ducted systems, respectively. In all
cases, use the exhaust fan of the airflow
measuring apparatus (covered under section
2.6) along with the indoor fan of the unit, if
installed and operating, to approximate a
step response in the indoor coil airflow. Reg-
ulate the exhaust fan to quickly obtain and
then maintain the flow nozzle static pressure
difference or velocity pressure at the same
value as was measured during the steady-
state dry coil test. The pressure difference or
velocity pressure should be within 2 percent
of the value from the steady-state dry coil
test within 15 seconds after airflow initi-
ation. For units having a variable-speed in-
door fan that ramps when cycling on and/or
off, use the exhaust fan of the airflow meas-
uring apparatus to impose a step response
that begins at the initiation of ramp up and
ends at the termination of ramp down.

d. For units having a variable-speed indoor
fan, conduct the cyclic dry coil test using
the pull-thru approach described below if any
of the following occur when testing with the
fan operating:

10 CFR Ch. Il (1-1-13 Edition)

(1) The test unit automatically cycles off;

(2) Its blower motor reverses; or

(3) The unit operates for more than 30 sec-
onds at an external static pressure that is 0.1
inches of water or more higher than the
value measured during the prior steady-state
test.

For the pull-thru approach, disable the in-
door fan and use the exhaust fan of the air-
flow measuring apparatus to generate the
specified flow nozzles static pressure dif-
ference or velocity pressure. If the exhaust
fan cannot deliver the required pressure dif-
ference because of resistance created by the
unpowered blower, temporarily remove the
blower.

e. After completing a minimum of two
complete compressor OFF/ON cycles, deter-
mine the overall cooling delivered and total
electrical energy consumption during any
subsequent data collection interval where
the test tolerances given in Table 8 are satis-
fied. If available, use electric resistance
heaters (see section 2.1) to minimize the var-
iation in the inlet air temperature.

f. With regard to the Table 8 parameters,
continuously record the dry-bulb tempera-
ture of the air entering the indoor and out-
door coils during periods when air flows
through the respective coils. Sample the
water vapor content of the indoor coil inlet
air at least every 2 minutes during periods
when air flows through the coil. Record ex-
ternal static pressure and the air volume
rate indicator (either nozzle pressure dif-
ference or velocity pressure) at least every
minute during the interval that air flows
through the indoor coil. (These regular
measurements of the airflow rate indicator
are in addition to the required measurement
at 15 seconds after flow initiation.) Sample
the electrical voltage at least every 2 min-
utes beginning 30 seconds after compressor
start-up. Continue until the compressor, the
outdoor fan, and the indoor fan (if it is in-
stalled and operating) cycle off.

g. For ducted units, continuously record
the dry-bulb temperature of the air entering
(as noted above) and leaving the indoor coil.
Or if using a thermopile, continuously record
the difference between these two tempera-
tures during the interval that air flows
through the indoor coil. For non-ducted
units, make the same dry-bulb temperature
measurements beginning when the com-
pressor cycles on and ending when indoor
coil airflow ceases.

h. Integrate the electrical power over com-
plete cycles of length Ateyecary. For ducted
units tested with an indoor fan installed and
operating, integrate electrical power from
indoor fan OFF to indoor fan OFF. For all
other ducted units and for non-ducted units,
integrate electrical power from compressor
OFF to compressor OFF. (Some cyclic tests
will use the same data collection intervals to
determine the electrical energy and the total
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space cooling. For other units, terminate
data collection used to determine the elec-
trical energy before terminating data collec-
tion used to determine total space cooling.)

TABLE 8—TEST OPERATING AND TEST CONDI-
TION TOLERANCES FOR CycLiIC DRy CoiL
COOLING MODE TESTS

Test Test
Operating Condition
Tolerance ! Tolerance 2

Indoor entering dry-bulb tem-
perature3, °F ......cccceiirienns 2.0 0.5
Indoor entering wet-bulb tem-
perature, °F ......cccooiieniennns
Outdoor entering dry-bulb
temperature 3, °F ...
External resistance to air-
flow3, inches of water ........ 0.05
Airflow nozzle pressure dif-
ference or velocity pres-
sure 3, % of reading .. . 2.0 52.0
Electrical voltage 8, % of rdg. 2.0 1.5

...................... *)
2.0 0.5

1See Definition 1.41.

2See Definition 1.40.

3 Applies during the interval that air flows through the indoor
(outdoor) coil except for the first 30 seconds after flow initi-
ation. For units having a variable-speed indoor fan that ramps,
the tolerances listed for the external resistance to airflow
apply from 30 seconds after achieving full speed until ramp
down begins.

4Shall at no time exceed a wet-bulb temperature that re-
sults in condensate forming on the indoor coil.

5The test condition shall be the average nozzle pressure
difference or velocity pressure measured during the steady-
state dry coil test.

6 Applies during the interval when at least one of the fol-
lowing—the compressor, the outdoor fan, or, if applicable, the
indoor fan—are operating except for the first 30 seconds after
compressor start-up.

i. If the Table 8 tolerances are satisfied
over the complete cycle, record the meas-
ured electrical energy consumption as €cyc.dary
and express it in units of watt-hours. Cal-
culate the total space cooling delivered,
Qeye.dry, in units of Btu using,

60-V-C,,T
eyedy =7 7
[v'~(1+Wn)}

n

_60-V-Cp,-T

Vi

3.5-D

where %, Cpa, Vo' (Or v,), and W, are the val-
ues recorded during the section 3.4 dry
coil steady-state test and,

T
j— o
I'= ] [T,(t)- T, (t)|dt, hr-°F.
T
T.u(t) = dry bulb temperature of the air enter-
ing the indoor coil at time 1, °F.
T.(t) = dry bulb temperature of the air leav-
ing the indoor coil at time 1, °F.
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1, = for ducted units, the elapsed time when
airflow is initiated through the indoor
coil; for non-ducted units, the elapsed
time when the compressor is cycled on,
hr.

1, = the elapsed time when indoor coil air-
flow ceases, hr.

3.5.1 Procedures when testing ducted sys-
tems. The automatic controls that are nor-
mally installed with the test unit must gov-
ern the OFF/ON cycling of the air moving
equipment on the indoor side (exhaust fan of
the airflow measuring apparatus and, if in-
stalled, the indoor fan of the test unit). For
example, for ducted units tested without an
indoor fan installed but rated based on using
a fan time delay relay, control the indoor
coil airflow according to the rated ON and/or
OFF delays provided by the relay. For
ducted units having a variable-speed indoor
fan that has been disabled (and possibly re-
moved), start and stop the indoor airflow at
the same instances as if the fan were en-
abled. For all other ducted units tested with-
out an indoor fan installed, cycle the indoor
coil airflow in unison with the cycling of the
compressor. Close air dampers on the inlet
(section 2.5.1) and outlet side (sections 2.5
and 2.5.4) during the OFF period. Airflow
through the indoor coil should stop within 3
seconds after the automatic controls of the
test unit (act to) de-energize the indoor fan.
For ducted units tested without an indoor
fan installed (excluding the special case
where a variable-speed fan is temporarily re-
moved), increase ecycary by the quantity,

365 W =
OOW v, -1l 35-2
1000 scfm  ° 2} G52
and decrease Jeycary Y,
1250 Btu/h =
V.1, -1, 35-3
1000 scfm * [ z 1] ( )

where V, is the average indoor air volume
rate from the section 3.4 dry coil steady-
state test and is expressed in units of
cubic feet per minute of standard air
(scfm). For units having a variable-speed
indoor fan that is disabled during the cy-
clic test, increase ecyay and decrease
Qeye.dary Dased on:

a. The product of [t - t;] and the indoor
fan power measured during or following the
dry coil steady-state test; or,

b. The following algorithm if the indoor
fan ramps its speed when cycling.

1. Measure the electrical power consumed
by the variable-speed indoor fan at a min-
imum of three operating conditions: at the
speed/air volume rate/external static pres-
sure that was measured during the steady-
state test, at operating conditions associated
with the midpoint of the ramp-up interval,
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and at conditions associated with the mid-
point of the ramp-down interval. For these
measurements, the tolerances on the airflow
volume or the external static pressure are
the same as required for the section 3.4
steady-state test.

2. For each case, determine the fan power
from measurements made over a minimum
of 5 minutes.

3. Approximate the electrical energy con-
sumption of the indoor fan if it had operated
during the cyclic test using all three power
measurements. Assume a linear profile dur-
ing the ramp intervals. The manufacturer
must provide the durations of the ramp-up
and ramp-down intervals. If a manufacturer-
supplied ramp interval exceeds 45 seconds,
use a 45-second ramp interval nonetheless
when estimating the fan energy.

The manufacturer is allowed to choose op-
tion a, and forego the extra testing burden of
option b, even if the unit ramps indoor fan
speed when cycling.

3.5.2 Procedures when testing non-ducted
systems. Do not use air dampers when con-
ducting cyclic tests on non-ducted units.
Until the last OFF/ON compressor cycle, air-
flow through the indoor coil must cycle off
and on in unison with the compressor. For
the last OFF/ON compressor cycle—the one
used to determine ecycary and Qeycary—use the
exhaust fan of the airflow measuring appa-
ratus and the indoor fan of the test unit to
have indoor airflow start 3 minutes prior to
compressor cut-on and end three minutes
after compressor cutoff. Subtract the elec-
trical energy used by the indoor fan during
the 3 minutes prior to compressor cut-on
from the integrated electrical energy, €cycary.
Add the electrical energy used by the indoor
fan during the 3 minutes after compressor
cutoff to the integrated cooling capacity,
Qeyeary- FOr the case where the non-ducted
unit uses a variable-speed indoor fan which
is disabled during the cyclic test, correct
€cyc,dry ANd Qeyeary USing the same approach as
prescribed in section 3.5.1 for ducted units
having a disabled variable-speed indoor fan.

3.5.3 Cooling-mode cyclic-degradation co-
efficient calculation. Use the two optional
dry-coil tests to determine the cooling-mode
cyclic-degradation coefficient, Cpc. Append
‘“(k=2)"’ to the coefficient if it corresponds to
a two-capacity unit cycling at high capacity.
If the two optional tests are conducted but
yield a tested Cpc that exceeds the default

10 CFR Ch. Il (1-1-13 Edition)

Cpe or if the two optional tests are not con-
ducted, assign Cpc the default value of 0.25.
The default value for two-capacity units cy-
cling at high capacity, however, is the low-
capacity coefficient, i.e., Cps(k=2)=Cpc.
Evaluate Cpc using the above results and
those from the section 3.4 dry-coil steady-
state test.

1— EERcyc,dry
o _ EER( gy
T 1-CLF
where,
EERCyC,dry _ qcyc,dry ,
cyc,dry

the average energy efficiency ratio during
the cyclic dry coil cooling mode
test, Btw/W-h

_ st,dry

ss,dry = ’
ss,dry

EER

the average energy efficiency ratio during
the steady-state dry coil cooling mode test,
Btuw/W-h

qcyc,dry

9
st,dry : ATcyc,dry

the cooling load factor dimensionless.

Round the calculated value for Cpc to the
nearest 0.01. If Cpc is negative, then set it
equal to zero.

3.6 Heating mode tests for different types
of heat pumps, including heating-only heat
pumps.

3.6.1 Tests for a heat pump having a sin-
gle-speed compressor that is tested with a
fixed speed indoor fan installed, with a con-
stant-air-volume-rate indoor fan installed,
or with no indoor fan installed. Conduct the
optional High Temperature Cyclic (H1C) Test
to determine the heating mode cyclic-deg-
radation coefficient, Cph. If this optional test
is conducted but yields a tested Cph that ex-
ceeds the default Cph or if the optional test
is not conducted, assign Cph the default value
of 0.25. Test conditions for the four tests are
specified in Table 9.

CLF =

TABLE 9—HEATING MODE TEST CONDITIONS FOR UNITS HAVING A SINGLE-SPEED COMPRESSOR AND
A FIXED-SPEED INDOOR FAN, A CONSTANT AIR VOLUME RATE INDOOR FAN, OR NO INDOOR FAN

Air entering indoor unit Air entering outdoor unit
Test description Temperature (°F) Temperature (°F) Heating air volume rate
Dry bulb Wet bulb Dry bulb Wet bulb
H1 Test (required, steady) 70 60(max) 47 43 | Heating Full-load '
H1C Test (optional, cyclic) . 70 60(max) 47 43| (®
H2 Test (required) .......ccccccucee. 70 60(max) 35 33 | Heating Full-load !
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TABLE 9—HEATING MODE TEST CONDITIONS FOR UNITS HAVING A SINGLE-SPEED COMPRESSOR AND
A FIXED-SPEED INDOOR FAN, A CONSTANT AIR VOLUME RATE INDOOR FAN, OR NO INDOOR FAN—

Continued

Air entering indoor unit

Test description Temperature (°F)

Air entering outdoor unit

Temperature (°F) Heating air volume rate

Dry bulb Wet bulb

Dry bulb Wet bulb

H3 Test (required, steady) ....... 70 60(max)

17 15 | Heating Full-load?

1Defined in section 3.1.4.4.

2Maintain the airflow nozzles static pressure difference or velocity pressure during the ON period at the same pressure dif-

ference or velocity pressure as measured during the H1 Test.

3.6.2 Tests for a heat pump having a sin-
gle-speed compressor and a variable-speed,
variable-air-volume-rate indoor fan: capacity
modulation correlates with outdoor dry bulb
temperature. Conduct five tests: two High
Temperature Tests (Hl, and H1,), one Frost
Accumulation Test (H2,), and two Low Tem-
perature Tests (H3, and H3;). Conducting an
additional Frost Accumulation Test (H2)) is
optional. Conduct the optional High Tem-
perature Cyclic (H1C,) Test to determine the

heating mode cyclic-degradation coefficient,
Cph. If this optional test is conducted but
yields a tested Cph that exceeds the default
Cph or if the optional test is not conducted,
assign Cph the default value of 0.25. Test con-
ditions for the seven tests are specified in
Table 10. If the optional H2, Test is not per-
formed, use the following equations to ap-
proximate the capacity and electrical power
of the heat pump at the H2, test conditions:

17(35) = QR (33)-{Q1 (17)+ 06 [ Q! (47)- Qb (17)]}

B51(35) = PRE2(35). {E‘fl(n) +0.6- (B (47) - B} (17)]}

where,

QR;(35)=~

2% (39)

Q= (17)+0.6-[Q}~ (47) - QE>(17)]

E;~(35)

PR}™%(35) =

The quantities Qu<=2(47), Ep<=2(47), Qu*='(47),
and E x=1(47) are determined from the H1l, and
HI1, Tests and evaluated as specified in sec-
tion 3.7; the quantities Qn*<=2(35) and E,*=2(35)
are determined from the H2, Test and evalu-

EX=(17)+0.6-[EF2(47) - Ef2a7)]

ated as specified in section 3.9; and the quan-
tities  Qu=2(17), E =2(17), Qu='(17), and
Enk=1(17), are determined from the H3, and
H3, Tests and evaluated as specified in sec-
tion 3.10.

TABLE 10—HEATING MODE TEST CONDITIONS FOR UNITS HAVING A SINGLE-SPEED COMPRESSOR
AND A VARIABLE AIR VOLUME RATE INDOOR FAN

Air entering indoor unit Air entering outdoor unit
Test description temperature (°F) temperature (°F) Heating air volume rate
Dry bulb Wet bulb Dry bulb Wet bulb
H1, Test (required, steady) .. 70 | 60max) 47 43 | Heating Full-load.
H1, Test (required, steady) .. 70 | 60max) 47 43 | Heating Minimum. 2
H1C, Test (optional, cyclic) 70 | 60@max) 47 43| (®)
H2, Test (required) .............. 70 | 60max) 35 33 | Heating Full-load.
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TABLE 10—HEATING MODE TEST CONDITIONS FOR UNITS HAVING A SINGLE-SPEED COMPRESSOR
AND A VARIABLE AIR VOLUME RATE INDOOR FAN—Continued

Air entering indoor unit

Test description temperature (°F)

Air entering outdoor unit

temperature (°F) Heating air volume rate

Dry bulb Wet bulb Dry bulb Wet bulb
H2, Test (optional) ............... 70 | 60(max) 35 33 | Heating Minimum. 2
H3, Test (required, steady) .. 70 | 600max) 17 15 | Heating Full-load.
H3, Test (required, steady) .. 70 | 60max) . 17 15 | Heating Minimum. 2

1Defined in section 3.1.4.4.
2Defined in section 3.1.4.5.

3Maintain the airflow nozzles static pressure difference or velocity pressure during the ON period at the same pressure dif-

ference or velocity pressure as measured during the H1, Test.

3.6.3 Tests for a heat pump having a two-
capacity compressor (see Definition 1.45), in-
cluding two-capacity, northern heat pumps
(see Definition 1.46). a. Conduct one Max-
imum Temperature Test (HO0,), two High
Temperature Tests (H1l, and H1,), one Frost
Accumulation Test (H2,), and one Low Tem-
perature Test (H3,). Conduct an additional
Frost Accumulation Test (H2;) and Low
Temperature Test (H3;) if both of the fol-
lowing conditions exist:

1. Knowledge of the heat pump’s capacity
and electrical power at low compressor ca-

pacity for outdoor temperatures of 37 °F and
less is needed to complete the section 4.2.3
seasonal performance calculations; and

2.The heat pump’s controls allow low-ca-
pacity operation at outdoor temperatures of
37 °F and less.

If the above two conditions are met, an al-
ternative to conducting the H2, Frost Accu-
mulation is to use the following equations to
approximate the capacity and electrical
power:

2L (35)=0.90-{Q} 1 (17)+ 0.6+ Q) (4D - Q) (17) ||
ES'(35) = 0.985-{ 5 (1) + 0.6+ BV A7) - B (17)J}

. Determine the quantities Qu*=' (47) and
Ep=! (47) from the H1, Test and evaluate
them according to Section 3.7. Determine the
quantities Qpk=! (17) and Exk=! (17) from the
H3, Test and evaluate them according to
Section 3.10.

b. Conduct the optional High Temperature
Cyclic Test (H1C,) to determine the heating-
mode cyclic-degradation coefficient, Cph. If
this optional test is conducted but yields a
tested Cph that exceeds the default Cph or if
the optional test is not conducted, assign Cph
the default value of 0.25. If a two-capacity
heat pump locks out low capacity operation

at lower outdoor temperatures, conduct the
optional High Temperature Cyclic Test
(H1C,) to determine the high-capacity heat-
ing-mode cyclic-degradation coefficient, Cph
(k=2). If this optional test at high capacity is
conducted but yields a tested Cph (k=2) that
exceeds the default Cph (k=2) or if the op-
tional test is not conducted, assign Cph the
default value. The default Cph (k=2) is the
same value as determined or assigned for the
low-capacity cyclic-degradation coefficient,
Cph [or equivalently, Cph (k=1)]. Table 11
specifies test conditions for these nine tests.

TABLE 11—HEATING MODE TEST CONDITIONS FOR UNITS HAVING A TWO-CAPACITY COMPRESSOR

Air entering indoor Air entering outdoor unit
Test description unit temperature (°F) temperature (°F) Compressor capacity | Heating air volume rate
Dry bulb | Wet bulb | Dry bulb Wet bulb
HO, Test oo 70 60 max) 62 56.5 | LOW .ooceeeviiieiieciiieies Heating Minimum. ?
(required, steady)
H1; Test .o 70 B60(max) 47 43 High oo Heating Full-Load. 2
(required, steady)
H1C, Test v 70 60(max) 47 43 | High oo ©
(optional, cyclic)
H1, Test e 70 60 (max) 47 43 LOW i Heating Minimum. ?
(required)
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TABLE 11—HEATING MODE TEST CONDITIONS FOR UNITS HAVING A TWO-CAPACITY COMPRESSOR—

Continued
Air entering indoor Air entering outdoor unit
Test description unit temperature (°F) temperature (°F) Compressor capacity | Heating air volume rate
Dry bulb | Wet bulb | Dry bulb Wet bulb
H1C; Test wvvveiieiinens 70 60(max) 47 43 LOW v (4)
(optional, cyclic)
H2, Test .. 70 B60(max) 35 33 Heating Full-Load. 2
(required)
H2, Test5:6 .. 70 60 (max) 35 33 LOW i Heating Minimum. ?
(required)
H3, Test oo 70 60 (max) 17 15 High oo Heating Full-Load. 2
(required, steady)
H3, Test5 ... 70 B60(max) 17 15 Low ... Heating Minimum. 1
(required, steady)

1Defined in section 3.1.4.5.

2Defined in section 3.1.4.4.

3Maintain the airflow nozzle(s) static pressure difference or velocity pressure during the ON period at the same pressure or
velocity as measured during the H1, Test.

4Maintain the airflow nozzle(s) static pressure difference or velocity pressure during the ON period at the same pressure or
velocity as measured during the H7, Test.

5Required only if the heat pump’s performance when operating at low compressor capacity and outdoor temperatures less
than 37 °F is needed to complete the section 4.2.3 HSPF calculations. .

61f table note #5 applies, the section 3.6.3 equations for Quk=! (35) and E,*=! (17) may be used in lieu of conducting the H2,

Test.

3.6.4 Tests for a heat pump having a vari-
able-speed compressor. a. Conduct one Max-
imum Temperature Test (HO0,), two High
Temperature Tests (Hl, and H1,), one Frost
Accumulation Test (H2y), and one Low Tem-
perature Test (H3;). Conducting one or both
of the following tests is optional: An addi-
tional High Temperature Test (Hln) and an
additional Frost Accumulation Test (H2,).
Conduct the optional Maximum Tempera-
ture Cyclic (HOC,) Test to determine the

Intermediate speed = Minimum speed +

where a tolerance of plus 5 percent or the
next higher inverter frequency step from
that calculated is allowed. If the H2, Test is

heating mode cyclic-degradation coefficient,
Cph. If this optional test is conducted but
yields a tested Cph that exceeds the default
Cph or if the optional test is not conducted,
assign Cph the default value of 0.25. Test con-
ditions for the eight tests are specified in
Table 12. Determine the intermediate com-
pressor speed cited in Table 12 using the
heating mode maximum and minimum com-
pressors speeds and:

Maximum speed — Minimum speed
3

not done, use the following equations to ap-
proximate the capacity and electrical power
at the H2, test conditions:

2709 =090 {6117 +06 069617

E(35) = 0.985-{E}y2(17) + 06 [E} 7 (47) - E} 2 (17)] |

b. Determine the quantities Qhk:2(47) and
from E;k=2(47) from the H1, Test and evaluate
them according to section 3.7. Determine the
quantities Qu=2(17) and E;*2(17) from the H3,
Test and evaluate them according to section
3.10. For heat pumps where the heating mode
maximum compressor speed exceeds its cool-

ing mode maximum compressor speed, con-
duct the Hly Test if the manufacturer re-
quests it. If the Hly Test is done, operate the
heat pump’s compressor at the same speed as
the speed used for the cooling mode A, Test.
Refer to the last sentence of section 4.2 to
see how the results of the Hly Test may be
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used in calculating the heating seasonal per-
formance factor.

10 CFR Ch. Il (1-1-13 Edition)

TABLE 12—HEATING MODE TEST CONDITIONS FOR UNITS HAVING A VARIABLE-SPEED COMPRESSOR

Air entering indoor Air entering outdoor unit
Test description unit temperature (°F) temperature (°F) Compressor speed Heating air volume rate
Dry bulb | Wet bulb | Dry bulb Wet bulb

HO; Test wvvvvvvieeeecineeeenn 70 B0 (max) 62 56.5 | Minimum ........ccccevuneens Heating Minimum. ?
(required, steady)
HOC, Test ... 70 60(max) 62 56.5 | Minimum .. (2
(optional, steady)
H1, Test oo 70 60 (max) 47 43 Maximum .......ccccceeunes Heating Full-Load. 3
(required, steady)
H1; Test i 70 60 (max) 47 43 Minimum ......oooevvveeennn Heating Minimum. ?
(required, steady)
Hiy Test .. 70 60 (max) 47 43 Cooling Mode Max- Heating Nominal. 4
(optional, steady) imum.
H2; Test oo 70 60 (max) 35 33 Maximum .......cccceeunes Heating Full-Load. 3
(optional)
H2y Test ..oocveiiiiiiie 70 60 (max) 35 33 Intermediate ............... Heating Intermediate. 5
(required)
H3, Test .. 70 B60(max) 17 15 Maximum Heating Full-Load. 3
(required, steady)

1Defined in section 3.1.4.5.

2Maintain the airflow nozzle(s) static pressure difference or velocity pressure during an ON period at the same pressure or ve-

locity as measured during the HO; Test.
3 Defined in section 3.1.4.4.
4 Defined in section 3.1.4.7.
5Defined in section 3.1.4.6.

c. For multiple-split heat pumps (only),
the following procedures supersede the above
requirements. For all Table 12 tests specified
for a minimum compressor speed, at least
one indoor unit must be turned off. The man-
ufacturer shall designate the particular in-
door unit(s) that is turned off. The manufac-
turer must also specify the compressor speed
used for the Table 12 H2y Test, a heating-
mode intermediate compressor speed that
falls within % and 3% of the difference be-
tween the maximum and minimum heating-
mode speeds. The manufacturer should pre-
scribe an intermediate speed that is expected
to yield the highest COP for the given H2y
Test conditions and bracketed compressor
speed range. The manufacturer can designate
that one or more specific indoor units are
turned off for the H2y Test.

3.6.5 Additional test for a heat pump hav-
ing a heat comfort controller. Test any heat
pump that has a heat comfort controller (see
Definition 1.28) according to section 3.6.1,
3.6.2, or 3.6.3, whichever applies, with the
heat comfort controller disabled. Addition-
ally, conduct the abbreviated test described
in section 3.1.9 with the heat comfort con-
troller active to determine the system’s
maximum supply air temperature. (Note:
heat pumps having a variable speed com-
pressor and a heat comfort controller are not
covered in the test procedure at this time.)

3.7 Test procedures for steady-state Max-
imum Temperature and High Temperature
heating mode tests (the HO0,, H1, H1,, H1,, and
Hiln Tests). a. For the pretest interval, oper-
ate the test room reconditioning apparatus

and the heat pump until equilibrium condi-
tions are maintained for at least 30 minutes
at the specified section 3.6 test conditions.
Use the exhaust fan of the airflow measuring
apparatus and, if installed, the indoor fan of
the heat pump to obtain and then maintain
the indoor air volume rate and/or the exter-
nal static pressure specified for the par-
ticular test. Continuously record the dry-
bulb temperature of the air entering the in-
door coil, and the dry-bulb temperature and
water vapor content of the air entering the
outdoor coil. Refer to section 3.11 for addi-
tional requirements that depend on the se-
lected secondary test method. After satis-
fying the pretest equilibrium requirements,
make the measurements specified in Table 3
of ASHRAE Standard 37-2005 (incorporated
by reference, see §430.22) for the Indoor Air
Enthalpy method and the user-selected sec-
ondary method. Except for external static
pressure, make the Table 3 measurements at
equal intervals that span 10 minutes or less.
Measure external static pressure every 5
minutes or less. Continue data sampling
until a 30-minute period (e.g., four consecu-
tive 10-minute samples) is reached where the
test tolerances specified in Table 13 are sat-
isfied. For those continuously recorded pa-
rameters, use the entire data set for the 30-
minute interval when evaluating Table 13
compliance. Determine the average elec-
trical power consumption of the heat pump
over the same 30-minute interval.
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TABLE 13—TEST OPERATING AND TEST CONDI-
TION TOLERANCES FOR SECTION 3.7 AND
SECTION 3.10 STEADY-STATE HEATING MODE
TESTS

Test Test
operating condition
tolerance® | tolerance?
Indoor dry-bulb, °F:
Entering temperature ... 2.0 0.5
Leaving temperature . 2.0
Indoor wet-bulb, °F:
Entering temperature ... 1.0
Leaving temperature ... 1.0
Outdoor dry-bulb, °F:
Entering temperature ... 2.0 0.5
Leaving temperature .... 22.0
Outdoor wet-bulb, °F:
Entering temperature ... 1.0 0.3
Leaving temperature .... 31.0
External resistance to
inches of water 0.05 40.02
Electrical voltage, % of rdg . 2.0 15
Nozzle pressure drop, % of rdg ... 2.0

1See Definition 1.41.
2See Definition 1.40.
30nly applies when the Outdoor Air Enthalpy Method is

used.
4Only applies when testing non-ducted units.

b. Calculate indoor-side total heating ca-
pacity as specified in sections 7.3.4.1 and
7.3.4.3 of ASHRAE Standard 37-2005 (incor-
porated by reference, see §430.22). Do not ad-
just the parameters used in calculating ca-
pacity for the permitted variations in test
conditions. Assign the average space heating
capacity and electrical power over the 30-
minute data collection interval to the vari-
ables Qnk and En&(T) respectively. The T
and superscripted ‘‘k” are the same as de-
scribed in section 3.3. Additionally, for the
heating mode, use the superscript to denote
results from the optional Hly Test, if con-
ducted.

c. For heat pumps tested without an indoor
fan installed, increase Qu&(T) by

1250 Btu/h =
.V,
1000 scfm

and increase Ek(T) by,
365 W \—,S ,
_ 1000 sefm

where V is the average measured indoor air
volume rate expressed in units of cubic feet
per minute of standard air (scfm). During the
30-minute data collection interval of a High
Temperature Test, pay attention to pre-
venting a defrost cycle. Prior to this time,
allow the heat pump to perform a defrost
cycle if automatically initiated by its own
controls. As in all cases, wait for the heat
pump’s defrost controls to automatically
terminate the defrost cycle. Heat pumps that
undergo a defrost should operate in the heat-
ing mode for at least 10 minutes after defrost
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termination prior to beginning the 30-minute
data collection interval. For some heat
pumps, frost may accumulate on the outdoor
coil during a High Temperature test. If the
indoor coil leaving air temperature or the
difference between the leaving and entering
air temperatures decreases by more than 1.5
°F over the 30-minute data collection inter-
val, then do not use the collected data to de-
termine capacity. Instead, initiate a defrost
cycle. Begin collecting data no sooner than
10 minutes after defrost termination. Collect
30 minutes of new data during which the
Table 13 test tolerances are satisfied. In this
case, use only the results from the second 30-
minute data collection interval to evaluate
Qnk(47) and Epk(47).

d. If conducting the optional cyclic heating
mode test, which is described in section 3.8,
record the average indoor-side air volume
rate, V, specific heat of the air, C,. (ex-
pressed on dry air basis), specific volume of
the air at the noazzles, v, (or v,), humidity
ratio at the nozzles, W,, and either pressure
difference or velocity pressure for the flow
nozzles. If either or both of the below cri-
teria apply, determine the average, steady-
state, electrical power consumption of the
indoor fan motor (Egumn,1):

1. The section 3.8 cyclic test will be con-
ducted and the heat pump has a variable-
speed indoor fan that is expected to be dis-
abled during the cyclic test; or

2. The heat pump has a (variable-speed)
constant-air volume-rate indoor fan and dur-
ing the steady-state test the average exter-
nal static pressure (AP;) exceeds the applica-
ble section 3.1.4.4 minimum (or targeted) ex-
ternal static pressure (APni») by 0.03 inches of
water or more.

Determine Eg, by making measurements
during the 30-minute data collection inter-
val, or immediately following the test and
prior to changing the test conditions. When
the above ‘2 criteria applies, conduct the
following four steps after determining Egmn
(which corresponds to AP)):

i. While maintaining the same test condi-
tions, adjust the exhaust fan of the airflow
measuring apparatus until the external stat-
ic pressure increases to approximately AP, +
(AP; — APnmin).

ii. After re-establishing steady readings for
fan motor power and external static pres-
sure, determine average values for the indoor
fan power (Enn2) and the external static pres-
sure (AP;) by making measurements over a 5-
minute interval.

iii. Approximate the average power con-
sumption of the indoor fan motor if the 30-
minute test had been conducted at APumin
using linear extrapolation:

- Ef 27 Ef 1 .
Efan,min = H(Apmin - AP] ) + Efan,l .
27 1
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iv. Decrease the total space heating capac-
ity, Qu(T), by the quantity (Egn,i — Efanmin),
when expressed on a Btwh basis. Decrease
the total electrical power, E.(T) by the same
fan power difference, now expressed in watts.

3.8 Test procedures for the optional cyclic
heating mode tests (the HOC,, H1C, H1C, and
H1C, Tests). a. Except as noted below, con-
duct the cyclic heating mode test as speci-
fied in section 3.5. As adapted to the heating
mode, replace section 3.5 references to ‘‘the
steady-state dry coil test’” with ‘‘the heating
mode steady-state test conducted at the
same test conditions as the cyclic heating
mode test.” Use the test tolerances in Table
14 rather than Table 8. Record the outdoor
coil entering wet-bulb temperature accord-
ing to the requirements given in section 3.5
for the outdoor coil entering dry-bulb tem-
perature. Drop the subscript “dry’” used in
variables cited in section 3.5 when referring
to quantities from the cyclic heating mode
test. Determine the total space heating de-
livered during the cyclic heating test, qcyc, as
specified in section 3.5 except for making the
following changes:

(1) When_evaluating Equation 3.5-1, use the
values of V, C,., vy, (or v,), and W, that were
recorded during the section 3.7 steady-state
test conducted at the same test conditions.

(2) Calculate I' using,

r= J[Taz(r) ~T,,(1)]81, hr-°F.

b. For ducted heat pumps tested without
an indoor fan installed (excluding the special
case where a variable-speed fan is tempo-
rarily removed), increase Qcyc by the amount
calculated using Equation 3.5-3. Addition-
ally, increase e.,. by the amount calculated
using Equation 3.5-2. In making these cal-
culations, use the average indoor air volume
rate (V) determined from the section 3.7
steady-state heating mode test conducted at
the same test conditions.

c. For non-ducted heat pumps, subtract the
electrical energy used by the indoor fan dur-
ing the 3 minutes after compressor cutoff
from the non-ducted heat pump’s integrated
heating capacity, Qeyc.

d. If a heat pump defrost cycle is manually
or automatically initiated immediately prior
to or during the OFF/ON cycling, operate the
heat pump continuously until 10 minutes
after defrost termination. After that, begin
cycling the heat pump immediately or delay
until the specified test conditions have been
re-established. Pay attention to preventing
defrosts after beginning the cycling process.
For heat pumps that cycle off the indoor fan
during a defrost cycle, make no effort here
to restrict the air movement through the in-
door coil while the fan is off. Resume the
OFF/ON cycling while conducting a min-
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imum of two complete compressor OFF/ON
cycles before determining qcyc and ecye.

3.8.1 Heating mode cyclic-degradation co-
efficient calculation. Use the results from
the optional cyclic test and the required
steady-state test that were conducted at the
same test conditions to determine the heat-
ing-mode cyclic-degradation coefficient Cph.
Add ““(k=2)" to the coefficient if it cor-
responds to a two-capacity unit cycling at
high capacity. For the below calculation of
the heating mode cyclic degradation coeffi-
cient, do not include the duct loss correction
from section 7.3.3.3 of ASHRAE Standard 37—
2005 (incorporated by reference, see §430.22)
in determining Qu¥(Teye) (O Qeye). If the op-
tional cyclic test is conducted but yields a
tested Cph that exceeds the default Cph or if
the optional test is not conducted, assign Cph
the default value of 0.25. The default value
for two-capacity units cycling at high capac-
ity, however, is the low-capacity coefficient,
i.e., Cph (k=2) = Cph. The tested Cph is cal-
culated as follows:

1 COP,,
. COR(Ty)
P 1-HLF
where,
eve
COP,, = ——=
* 3413BW/h

cyc

the average coefficient of performance dur-

ing the cyclic heating mode test,
dimensionless.
“k
COP(T,,) = Qh(T.y.
ss\ Teye ) < Btu/h - ’
3413 Ef(Tye)

the average coefficient of performance dur-
ing the steady-state heating mode test con-
ducted at the same test conditions—i.e.,
same outdoor dry bulb temperature, Tey., and
speed/capacity, k, if applicable—as specified

for the cyclic heating mode test,
dimensionless.
q
HLF = - i

i\
Qh (Tcyc) : A‘Ecyc
the heating load factor, dimensionless.

Teye = the nominal outdoor temperature at
which the cyclic heating mode test is con-
ducted, 62 or 47 °F.

Ateye = the duration of the OFF/ON intervals;
0.5 hours when testing a heat pump having a
single-speed or two-capacity compressor and
1.0 hour when testing a heat pump having a
variable-speed compressor.
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Round the calculated value for Cp" to the
nearest 0.01. If Cph is negative, then set it
equal to zero.

TABLE 14—TEST OPERATING AND TEST CONDI-
TION TOLERANCES FOR CYCLIC HEATING MODE
TESTS.

Test Test
operating condition
tolerance ! tolerance 2
Indoor entering dry-bulb tem-
perature, 3 °F ......cooiiiiiiee 2.0 0.5
Indoor entering wet-bulb tem-
perature, 3 °F ......coooviiiiiine 1.0
Outdoor entering dry-bulb tem-
perature, 3 °F .. . 2.0 0.5
Outdoor entering
perature, 3 °F ... 2.0 1.0
External resistance to air-flow, 3
inches of water ...................... 0.05
Airflow nozzle pressure dif-
ference or velocity pressure,®
% of reading ......cccoevereerienns 2.0 42.0
Electrical voltage, > % of rdg ..... 2.0 1.5

1See Definition 1.41.

2See Definition 1.40.

3 Applies during the interval that air flows through the indoor
(outdoor) coil except for the first 30 seconds after flow initi-
ation. For units having a variable-speed indoor fan that ramps,
the tolerances listed for the external resistance to airflow shall
apply from 30 seconds after achieving full speed until ramp
down begins.

“4The test condition shall be the average nozzle pressure
difference or velocity pressure measured during the steady-
state test conducted at the same test conditions.

5Applies during the interval that at least one of the fol-
lowing—the compressor, the outdoor fan, or, if applicable, the
indoor fan—are operating, except for the first 30 seconds after
compressor start-up.

3.9 Test procedures for Frost Accumula-
tion heating mode tests (the H2, H2,, H2y,
and H2, Tests). a. Confirm that the defrost
controls of the heat pump are set as specified
in section 2.2.1. Operate the test room recon-
ditioning apparatus and the heat pump for at
least 30 minutes at the specified section 3.6
test conditions before starting the ‘‘prelimi-
nary’ test period. The preliminary test pe-
riod must immediately precede the ‘‘official”’
test period, which is the heating and defrost
interval over which data are collected for
evaluating average space heating capacity
and average electrical power consumption.

b. For heat pumps containing defrost con-
trols which are likely to cause defrosts at in-
tervals less than one hour, the preliminary
test period starts at the termination of an
automatic defrost cycle and ends at the ter-
mination of the next occurring automatic
defrost cycle. For heat pumps containing de-
frost controls which are likely to cause
defrosts at intervals exceeding one hour, the
preliminary test period must consist of a
heating interval lasting at least one hour
followed by a defrost cycle that is either
manually or automatically initiated. In all
cases, the heat pump’s own controls must
govern when a defrost cycle terminates.

c. The official test period begins when the
preliminary test period ends, at defrost ter-

Pt. 430, Subpt. B, App. M

mination. The official test period ends at the
termination of the next occurring automatic
defrost cycle. When testing a heat pump that
uses a time-adaptive defrost control system
(see Definition 1.42), however, manually ini-
tiate the defrost cycle that ends the official
test period at the instant indicated by in-
structions provided by the manufacturer. If
the heat pump has not undergone a defrost
after 6 hours, immediately conclude the test
and use the results from the full 6-hour pe-
riod to calculate the average space heating
capacity and average electrical power con-
sumption.

For heat pumps that turn the indoor fan
off during the defrost cycle, take steps to
cease forced airflow through the indoor coil
and block the outlet duct whenever the heat
pump’s controls cycle off the indoor fan. If it
is installed, use the outlet damper box de-
scribed in section 2.5.4.1 to affect the blocked
outlet duct.

d. Defrost termination occurs when the
controls of the heat pump actuate the first
change in converting from defrost operation
to normal heating operation. Defrost initi-
ation occurs when the controls of the heat
pump first alter its normal heating oper-
ation in order to eliminate possible accumu-
lations of frost on the outdoor coil.

e. To constitute a valid Frost Accumula-
tion test, satisfy the test tolerances specified
in Table 15 during both the preliminary and
official test periods. As noted in Table 15,
test operating tolerances are specified for
two sub-intervals: (1) When heating, except
for the first 10 minutes after the termination
of a defrost cycle (Sub-interval H, as de-
scribed in Table 15) and (2) when defrosting,
plus these same first 10 minutes after defrost
termination (Sub-interval D, as described in
Table 15). Evaluate compliance with Table 15
test condition tolerances and the majority of
the test operating tolerances using the aver-
ages from measurements recorded only dur-
ing Sub-interval H. Continuously record the
dry bulb temperature of the air entering the
indoor coil, and the dry bulb temperature
and water vapor content of the air entering
the outdoor coil. Sample the remaining pa-
rameters listed in Table 15 at equal intervals
that span 10 minutes or less.

f. For the official test period, collect and
use the following data to calculate average
space heating capacity and electrical power.
During heating and defrosting intervals
when the controls of the heat pump have the
indoor fan on, continuously record the dry-
bulb temperature of the air entering (as
noted above) and leaving the indoor coil. If
using a thermopile, continuously record the
difference between the leaving and entering
dry-bulb temperatures during the interval(s)
that air flows through the indoor coil. For
heat pumps tested without an indoor fan in-
stalled, determine the corresponding cumu-
lative time (in hours) of indoor coil airflow,
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At,. Sample measurements used in calcu-
lating the air volume rate (refer to sections
7.7.2.1 and 7.7.2.2 of ASHRAE Standard 37—
2005 (incorporated by reference, see §430.22))
at equal intervals that span 10 minutes or
less. (Note: In the first printing of ASHRAE

10 CFR Ch. Il (1-1-13 Edition)

Standard 37-2005, the second IP equation for
Qmi should read: .) Record the electrical en-
ergy consumed, expressed in watt-hours,
from defrost termination to defrost termi-
nation, eperk(35), as well as the corresponding
elapsed time in hours, Atgg.

TABLE 15—TEST OPERATING AND TEST CONDITION TOLERANCES FOR FROST ACCUMULATION
HEATING MODE TESTS.

Test condition
tolerance 2

Test operating tolerance ?

Indoor entering dry-bulb temperature, °F
Indoor entering wet-bulb temperature, °F .
Outdoor entering dry-bulb temperature, °F
Outdoor entering wet-bulb temperature, °F ..
External resistance to airflow, inches of water
Electrical voltage, % of rdg ..

Sub-interval H3 Sub-interval D4 Sub-interval H3
2.0 0.5
1.0
2.0 1.0
15 0.5
0.05 0.026
2.0 1.5

1See Definition 1.41.
2See Definition 1.40.

3 Applies when the heat pump is in the heating mode, except for the first 10 minutes after termination of a defrost cycle.
4 Applies during a defrost cycle and during the first 10 minutes after the termination of a defrost cycle when the heat pump is

operating in the heating mode.

5For heat pumps that turn off the indoor fan during the defrost cycle, the noted tolerance only applies during the 10 minute in-

terval that follows defrost termination.
6Only applies when testing non-ducted heat pumps.

3.9.1 Average space heating capacity and
electrical power calculations. a. Evaluate av-

60-V-C,,

erage space heating capacity, Qhk(35), when
expressed in units of Btu per hour, using:

T 60-V-C,,-T

QL (35 =

where,

V = the average indoor air volume rate meas-
ured during Sub-interval H, cfm.

Cpa = 0.24 + 0.444 - W,,, the constant pressure
specific heat of the air-water vapor mix-
ture that flows through the indoor coil
and is expressed on a dry air basis, Btu /
1bmy, - °F.

va’ = specific volume of the air-water vapor
mixture at the nozzle, ft3 / lbmx.

W, = humidity ratio of the air-water vapor
mixture at the nozzle, lbm of water vapor
per 1bm of dry air.

Atgr = T2 — T1, the elapsed time from defrost
termination to defrost termination, hr.

T2
I = [T, () -T, (v)]ds, hr-°F.

T
Tu(t) = dry bulb temperature of the air enter-
ing the indoor coil at elapsed time 1, °F;
only recorded when indoor coil airflow
occurs; assigned the value of zero during
periods (if any) where the indoor fan cy-

cles off.
T.(1) = dry bulb temperature of the air leav-
ing the indoor coil at elapsed time 1, °F;

Atge[vy - (1+W,)]

ATgg -V,

only recorded when indoor coil airflow
occurs; assigned the value of zero during
periods (if any) where the indoor fan cy-
cles off.

1, = the elapsed time when the defrost termi-
nation occurs that begins the official
test period, hr.

1, = the elapsed time when the next auto-

matically occurring defrost termination

occurs, thus ending the official test pe-
riod, hr.

= specific volume of the dry air portion of

the mixture evaluated at the dry-bulb

temperature, vapor content, and baro-
metric pressure existing at the nozzle, ft3
per 1bm of dry air.

To account for the effect of duct losses be-
tween the outlet of the indoor unit and the
section 2.5.4 dry-bulb temperature grid, ad-
just Qnk(35) in accordance with section 7.3.4.3
of ASHRAE Standard 37-2005 (incorporated
by reference, see §430.22).
~b. Evaluate average electrical power,
Enk(35), when expressed in units of watts,
using:

<
B)
|
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e4er (35)

TrR
For heat pumps tested without an indoor
fan installed, increase Qu*(35) by,

1250 Btu/h v At

a

Ey(35)=

1000 scfm  ° Atgg
and increase Ehk(35) by,
35W o Aty
1000 scfm  ° Aty

where V, is the average indoor air volume
rate measured during the Frost Accumula-
tion heating mode test and is expressed in
units of cubic feet per minute of standard air
(scfm).

c. For heat pumps having a constant-air-
volume-rate indoor fan, the five additional
steps listed below are required if the average
of the external static pressures measured
during sub-Interval H exceeds the applicable
section 3.1.4.4, 3.1.4.5, or 3.1.4.6 minimum (or

E fan,min —

AP, — AP,

. 5. Decrease the total heating capacity,
Qn*(35), by the quantity [(Efmni — Efanmin)® (AT
J/AT ], When expressed on a Btu/h basis. De-
crease the total electrical power, E;k(35), by
the same quantity, now expressed in watts.
3.9.2 Demand defrost credit. a. Assign the
demand defrost credit, Fur, that is used in
section 4.2 to the value of 1 in all cases ex-
cept for heat pumps having a demand-defrost
control system (Definition 1.21). For such
qualifying heat pumps, evaluate Fgy.r using,

Aty — 1.5
Fup =1+ 003 |1 - —%___= |,
At — 15

max

where,

Atger = the time between defrost terminations
(in hours) or 1.5, whichever is greater.
ATmax = maximum time between defrosts as
allowed by the controls (in hours) or 12,

whichever is less.

b. For two-capacity heat pumps and for
section 3.6.2 units, evaluate the above equa-
tion using the At4r that applies based on the
Frost Accumulation Test conducted at high
capacity and/or at the Heating Full-loadAir
Volume Rate. For variable-speed heat
pumps, evaluate Ater based on the required

_ Efan,Z - Efan,l
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targeted) external static pressure (APmin) by
0.03 inches of water or more:

1. Measure the average power consumption
of the indoor fan motor (Efn,1) and record the
corresponding external static pressure (AP,)
during or immediately following the Frost
Accumulation heating mode test. Make the
measurement at a time when the heat pump
is heating, except for the first 10 minutes
after the termination of a defrost cycle.

2. After the Frost Accumulation heating
mode test is completed and while maintain-
ing the same test conditions, adjust the ex-
haust fan of the airflow measuring apparatus
until the external static pressure increases
to approximately AP; + (AP; — APpin).

3. After re-establishing steady readings for
the fan motor power and external static
pressure, determine average values for the
indoor fan power (Em.») and the external
static pressure (AP,) by making measure-
ments over a 5-minute interval.

4. Approximate the average power con-
sumption of the indoor fan motor had the
Frost Accumulation heating mode test been
conducted at AP,z using linear extrapo-
lation:

(APmin - API) + Efan,l'

Frost Accumulation Test conducted at the
intermediate compressor speed.

3.10 Test procedures for steady-state Low
Temperature heating mode tests (the HS3,
H3,, and H3, Tests). Except for the modifica-
tions noted in this section, conduct the Low
Temperature heating mode test using the
same approach as specified in section 3.7 for
the Maximum and High Temperature tests.
After satisfying the section 3.7 requirements
for the pretest interval but before beginning
to collect data to determine Qy%(17) and
Epk(17), conduct a defrost cycle. This defrost
cycle may be manually or automatically ini-
tiated. The defrost sequence must be termi-
nated by the action of the heat pump’s de-
frost controls. Begin the 30-minute data col-
lection interval described in section 3.7, from
which Quk(17) and Euk(17) are determined, no
sooner than 10 minutes after defrost termi-
nation. Defrosts should be prevented over
the 30-minute data collection interval.

3.11 Additional requirements for the sec-
ondary test methods.

3.11.1 If using the Outdoor Air Enthalpy
Method as the secondary test method. Dur-
ing the ‘‘official” test, the outdoor air-side
test apparatus described in section 2.10.1 is
connected to the outdoor unit. To help com-
pensate for any effect that the addition of
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this test apparatus may have on the unit’s
performance, conduct a ‘‘preliminary’ test
where the outdoor air-side test apparatus is
disconnected. Conduct a preliminary test
prior to the first section 3.2 steady-state
cooling mode test and prior to the first sec-
tion 3.6 steady-state heating mode test. No
other preliminary tests are required so long
as the unit operates the outdoor fan during
all cooling mode steady-state tests at the
same speed and all heating mode steady-
state tests at the same speed. If using more
than one outdoor fan speed for the cooling
mode steady-state tests, however, conduct a
preliminary test prior to each cooling mode
test where a different fan speed is first used.
This same requirement applies for the heat-
ing mode tests.

3.11.1.1 If a preliminary test precedes the
official test. a. The test conditions for the
preliminary test are the same as specified
for the official test. Connect the indoor air-
side test apparatus to the indoor coil; dis-
connect the outdoor air-side test apparatus.
Allow the test room reconditioning appa-
ratus and the unit being tested to operate for
at least one hour. After attaining equi-
librium conditions, measure the following
quantities at equal intervals that span 10
minutes or less:

1. The section 2.10.1 evaporator and con-
denser temperatures or pressures;

2. Parameters required according to the In-
door Air Enthalpy Method.

Continue these measurements until a 30-
minute period (e.g., four consecutive 10-
minute samples) is obtained where the Table
7 or Table 13, whichever applies, test toler-
ances are satisfied.

b. After collecting 30 minutes of steady-
state data, reconnect the outdoor air-side
test apparatus to the unit. Adjust the ex-
haust fan of the outdoor airflow measuring
apparatus until averages for the evaporator
and condenser temperatures, or the satu-
rated temperatures corresponding to the
measured pressures, agree within 0.5 °F of
the averages achieved when the outdoor air-
side test apparatus was disconnected. Cal-
culate the averages for the reconnected case
using five or more consecutive readings
taken at one minute intervals. Make these
consecutive readings after re-establishing
equilibrium conditions and before initiating
the official test.

3.11.1.2 If a preliminary test does not pre-
cede the official test. Connect the outdoor-
side test apparatus to the unit. Adjust the
exhaust fan of the outdoor airflow measuring
apparatus to achieve the same external stat-
ic pressure as measured during the prior pre-
liminary test conducted with the unit oper-
ating in the same cooling or heating mode at
the same outdoor fan speed.

3.11.1.3 Official test. a. Continue (prelimi-
nary test was conducted) or begin (no pre-
liminary test) the official test by making

10 CFR Ch. Il (1-1-13 Edition)

measurements for both the Indoor and Out-
door Air Enthalpy Methods at equal inter-
vals that span 10 minutes or less. Dis-
continue these measurement only after ob-
taining a 30-minute period where the speci-
fied test condition and test operating toler-
ances are satisfied. To constitute a valid of-
ficial test:

(1) Achieve the energy balance specified in
section 3.1.1; and,

(2) For cases where a preliminary test is
conducted, the capacities determined using
the Indoor Air Enthalpy Method from the of-
ficial and preliminary test periods must
agree within 2.0 percent.

b. For space cooling tests, calculate capac-
ity from the outdoor air-enthalpy measure-
ments as specified in sections 7.3.3.2 and
7.3.3.3 of ASHRAE Standard 37-2005 (incor-
porated by reference, see §430.22). Calculate
heating capacity based on outdoor air-en-
thalpy measurements as specified in sections
7.3.4.2 and 7.3.3.4.3 of the same ASHRAE
Standard. Adjust the outdoor-side capacity
according to section 7.3.3.4 of ASHRAE
Standard 37-2005 (incorporated by reference,
see §430.22) to account for line losses when
testing split systems. Use the outdoor unit
fan power as measured during the official
test and not the value measured during the
preliminary test, as described in section 8.6.2
of ASHRAE Standard 37-2005 (incorporated
by reference, see §430.22), when calculating
the capacity.

3.11.2 If using the Compressor Calibration
Method as the secondary test method.

a. Conduct separate calibration tests using
a calorimeter to determine the refrigerant
flow rate. Or for cases where the superheat of
the refrigerant leaving the evaporator is less
than 5 °F, use the calorimeter to measure
total capacity rather than refrigerant flow
rate. Conduct these calibration tests at the
same test conditions as specified for the
tests in this appendix. Operate the unit for
at least one hour or until obtaining equi-
librium conditions before collecting data
that will be used in determining the average
refrigerant flow rate or total capacity. Sam-
ple the data at equal intervals that span 10
minutes or less. Determine average flow rate
or average capacity from data sampled over
a 30-minute period where the Table 7 (cool-
ing) or the Table 13 (heating) tolerances are
satisfied. Otherwise, conduct the calibration
tests according to ASHRAE Standard 23-05
(incorporated by reference, see §430.22),
ASHRAE Standard 41.9-2000 (incorporated by
reference, see §430.22), and section 7.4 of
ASHRAE Standard 37-2005 (incorporated by
reference, see §430.22).

b. Calculate space cooling and space heat-
ing capacities using the compressor calibra-
tion method measurements as specified in
section 7.4.5 and 7.4.6 respectively, of
ASHRAE Standard 37-2005 (incorporated by
reference, see §430.22).
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b. Calculate space cooling and space heat-
ing capacities using the compressor calibra-
tion method measurements as specified in
section 7.4.5 and 7.4.6 respectively, of
ASHRAE Standard 37-2005 (incorporated by
reference, see §430.22).

3.11.3 If using the Refrigerant-Enthalpy
Method as the secondary test method. Con-
duct this secondary method according to sec-
tion 7.5 of ASHRAE Standard 37-2005 (incor-
porated by reference, see §430.22). Calculate
space cooling and heating capacities using
the refrigerant-enthalpy method measure-
ments as specified in sections 7.5.4 and 7.5.5,
respectively, of the same ASHRAE Standard.

3.12 Rounding of space conditioning ca-
pacities for reporting purposes.

Pt. 430, Subpt. B, App. M

a. When reporting rated capacities, round
them off as follows:

1. For capacities less than 20,000 Btu/h,
round to the nearest 100 Btu/h.

2. For capacities between 20,000 and 37,999
Btu/h, round to the nearest 200 Btu/h.

3. For capacities between 38,000 and 64,999
Btu/h, round to the nearest 500 Btu/h.

b. For the capacities used to perform the
section 4 calculations, however, round only
to the nearest integer.

4. CALCULATIONS OF SEASONAL PER-
FORMANCE DESCRIPTORS

4.1 Seasonal Energy Efficiency Ratio
(SEER) Calculations. SEER must be cal-
culated as follows: For equipment covered
under sections 4.1.2, 4.1.3, and 4.1.4, evaluate
the seasonal energy efficiency ratio,

: ¢, q.(T)
P P
SEER = =3 (4.1-1)
8 8 e T)
e(r) 3l
j=1 =i N
where, the electrical energy consumed by the test
unit during periods of the space cooling sea-
q (T) son when the outdoor temperature fell with-
N in the range represented by bin temperature
N - Tj to the total number of hours in the cool-

the ratio of the total space cooling provided
during periods of the space cooling season
when the outdoor temperature fell within
the range represented by bin temperature T
to the total number of hours in the cooling
season (N), Btu/h.

+ k=2
Qo9

ing season (N), W.

Tj = the outdoor bin temperature, °F. Out-
door temperatures are grouped or ‘‘binned.”’
Use bins of 5 °F with the 8 cooling season bin
temperatures being 67, 72, 77, 82, 87, 92, 97,
and 102 °F.

j = the bin number. For cooling season cal-
culations, j ranges from 1 to 8.

Additionally, for sections 4.1.2, 4.1.3, and
4.1.4, use a building cooling load, BL(T)).
When referenced, evaluate BL(T)) for cooling
using,

e, (Tj) _
oufr)- =

v_vhere,

Qk=2(95) = the space cooling capacity deter-
mined from the A, Test and calculated as
specified in section 3.3, Btu/h.

1.1 = sizing factor, dimensionless.

The temperatures 95 °F and 65 °F in the
building load equation represent the selected

1 (4.1-2)

outdoor design temperature and the zero-
load base temperature, respectively.

4.1.1 SEER calculations for an air condi-
tioner or heat pump having a single-speed
compressor that was tested with a fixed-
speed indoor fan installed, a constant-air-
volume-rate indoor fan installed, or with no
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indoor fan installed. a. Evaluate the seasonal
energy efficiency ratio, expressed in units of
Btuw/watt-hour, using:

SEER = PLF(0.5) - EERg
where,

EER . = 2:(82)
B~ ¢ g
E.(82)
the energy efficiency ratio determined from
the B Test described in sections 3.2.1, 3.1.4.1,
and 3.3, Btu/h per watt.

PLF(0.5) =1 — 0.5 - Cpc, the part-load per-
formance factor evaluated at a cooling load
factor of 0.5, dimensionless.

b. Refer to section 3.3 regarding the defini-
tion and calculation of Q.(82) and E.(82). If
the optional tests described in section 3.2.1
are not conducted, set the cooling mode cy-

c Tj .
) xr) - ar)
BL(T;}/Qe(Tj)
X(Tj = olr ;

whichever is less; the cooling mode load fac-
tor for temperature bin j, dimensionless.
Q.(T;) = the space cooling capacity of the test
unit when operating at outdoor temperature,
T;, Btwh.

(1)

10 CFR Ch. Il (1-1-13 Edition)

clic degradation coefficient, Cpc, to the de-
fault value specified in section 3.5.3. If these
optional tests are conducted, set Cpc to the
lower of:

1. The value calculated as per section 3.5.3;
or

2. The section 3.5.3 default value of 0.25.

4.1.2 SEER calculations for an air condi-
tioner or heat pump having a single-speed
compressor and a variable-speed variable-air-
volume-rate indoor fan.

4.1.2.1 Units covered by section 3.2.2.1
where indoor fan capacity modulation cor-
relates with the outdoor dry bulb tempera-
ture. The manufacturer must provide infor-
mation on how the indoor air volume rate or
the indoor fan speed varies over the outdoor
temperature range of 67 °F to 102 °F. Cal-
culate SEER using Equation 4.1-1. Evaluate
the quantity q.(Tj)/N in Equation 4.1-1 using,

N @12-n
N ol =

ny/N = fractional bin hours for the cooling
season; the ratio of the number of hours dur-
ing the cooling season when the outdoor
temperature fell within the range rep-
resented by bin temperature T; to the total
number of hours in the cooling season,
dimensionless.

a. For the space cooling season, assign nyN
as specified in Table 16. Use Equation 4.1-2 to
calculate the building load, BL(T)). Evaluate
Q.(Tj) using,

FP=?

where,

-
C

Q¥1(95) - Q*'(82)

: [FPc (T}) —FP§=1] (4.1.2-2)

Qs (T) = Q¢ 82) +

the space cooling capacity of the test unit at
outdoor temperature T; if operated at the
Cooling Minimum Air Volume Rate, Btu/h.

95 — 82 - (1,-82).
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Q¥2(95) — Q¥%(82)
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Q7 (Ty)= Q@2 +

the space cooling capacity of the test unit at
outdoor temperature T if operated at the
Cooling Full-load Air Volume Rate, Btu/h.

b. For units where indoor fan speed is the
primary control variable, FPXk=! denotes the
fan speed used during the required A, and B,
Tests (see section 3.2.2.1), FP&=2 denotes the
fan speed used during the required A, and B,
Tests, and FP.(Tj) denotes the fan speed used
by the unit when the outdoor temperature

95 — 82 (1-%2)

equals Tj. For units where indoor air volume
rate is the primary control variable, the
three FP.s are similarly defined only now
being expressed in terms of air volume rates
rather than fan speeds. Refer to sections
3.2.2.1, 3.14 to 3.1.4.2, and 3.3 regarding the
definitions and calculations of QX=!(82),
Q*=1(95),Q. ¥2(82), and Qc~=2(95).

Calculate e.(Tj)/N in Equation 4.1-1 using,

where,

PLF; =1 — Cpe - [1 — X(Ty], the part load

. factor, dimensionless.

E.(T)) = the electrical power consumption of
the test unit when operating at outdoor
temperature Tj, W.

c. The quantities X(Tj) and n; /N are the
same quantities as used in Equation 4.1.2-1.

If the optional tests described in section

BE2(T) - EE(T,

(4.12-3)

3.2.2.1 and Table 4 are not conducted, set the
cooling mode cyclic degradation coefficient,
Cp¢, to the default value specified in section
3.5.3. If these optional tests are conducted,
set Cpe to the lower of:

1. The value calculated as per section 3.5.3;
or

2 .The section 3.5.3 default value of 0.25.

d. Evaluate EC(TJ) using,

EC(TJ)=E1§:1(TJ) +

where

FPf=? — FpX=!

E'(95) - E¢T'(82)

) : [FPC (1) - FP§‘=1] (4.12-4)

J

B (1) =B (82) +

the electrical power consumption of the test
unit at outdoor temperature T; if operated at
the Cooling Minimum Air Volume Rate, W.

EX2(95) - EX2(82)

95 — 82 (782}

Elgzz(Tj) =E2(82) +

95 — 82 (1-%2)
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the electrical power consumption of the test
unit at outdoor temperature T; if operated at
the Cooling Full-load Air Volume Rate, W.

e. The parameters FP/X&=!, and FP/&=2, and
FP.(Tj) are the same quantities that are used
when evaluating Equation 4.1.2-2. Refer to
sections 3.2.2.1, 3.1.4 to 3.1.4.2, and 3.3 regard-
ing the  definitions and calculations of
E=1(82), E&=1(95), EX=2(82), and E&=2(95).

4.1.2.2 Units covered by section 3.2.2.2
where indoor fan capacity modulation is

QE'(82)-Q ' (67) .

10 CFR Ch. Il (1-1-13 Edition)

used to adjust the sensible to total cooling
capacity ratio. Calculate SEER as specified
in section 4.1.1.

4.1.3 SEER calculations for an air condi-
tioner or heat pump having a two-capacity
compressor. Calculate SEER using Equation
4.1-1. Evaluate the space cooling capacity,
Q=1 (T)), and electrical power consumption,
E/=! (T)), of the test unit when operating at
low compressor capacity and outdoor tem-
perature Tj using,

Qi (T =QM'(67)+

82-67
E*(82)—E''(67)

(T, ~67)  (4.1.3-1)

ESN(T) =EC(6T)+

where QX&' (82) and E/X&=! (82) are determined
from the B; Test, QX! (67) and E.X=! (67) are
determined from the F; Test, and all four
quantities are calculated as specified in sec-
tion 3.3. Evaluate the space cooling capacity,

82 -67

Q795 - QI (82)

(T, - 67) (4.1.3-2)

Qckzz (Tj), and electrical power consumption,
Ek&=2 (Tj), of the test unit when operating at
high compressor capacity and outdoor tem-
perature Tj using,

k=2 — Ak-2/09 (T —%" _
QX (T,) =QF 7 (82) + o (T,-82)  (4.1.33)
e e EE=2(95) - EE=2(82
ES2(T)) = B5(82) + = (95) - E.~( )~(Tj -82)  (413-4)
95-82
where QX=2(95) and Eck%2(95) are determined
from the A, Test, QX=2(82), and EX=2(82), q (T) n.
- c\j k=1 k=1 i
are determined from the B, Test, and all =X (T.).QC (T)_
are calculated as specified in section 3.3. N J VN
The calculation of Equation 4.1-1 quan- k=1 - k=1
tities q(T)/N and eJ(T;/N differs depending e Tj) X (Tj)'Ec (Tj) n;
on whether the test unit would operate at N - PLE. F

low capacity (section 4.1.3.1), cycle between
low and high capacity (section 4.1.3.2), or op-
erate at high capacity (sections 4.1.3.3 and
4.1.3.4) in responding to the building load.
For units that lock out low capacity oper-
ation at higher outdoor temperatures, the
manufacturer must supply information re-
garding this temperature so that the appro-
priate equations are used. Use Equation 4.1-
2 to calculate the building load, BL(Tj), for
each temperature bin.

4.1.3.1 Steady-state space cooling capacity
at low compressor capacity is greater than
or equal to the building cooling load at tem-
perature Tj, QX='(T)) > BL(T)).

]

where, )

Xk=1(T)) = BL(Tj)/QX='(Tj), the cooling mode
low capacity load factor for temperature
bin j, dimensionless.

PLF; =1 — Cp¢ - [1 — X&=I(T))], the part load
factor, dimensionless.

1

F:

fractional bin hours for the cooling season;
the ratio of the number of hours during the
cooling season when the outdoor tempera-
ture fell within the range represented by bin
temperature Tj to the total number of hours
in the cooling season, dimensionless.
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Obtain the fractional bin hours for the
cooling season, nyN, from Table 16. Use
Equations 4.1.3-1 and 4.1.3-2, respectively, to
evaluate Q./=!(Tj) and E/=!(T})). If the optional
tests described in section 3.2.3 and Table 5
are not conducted, set the cooling mode cy-
clic degradation coefficient, Cpc¢, to the de-

Pt. 430, Subpt. B, App. M

fault value specified in section 3.5.3. If these
optional tests are conducted, set Cpc to the
lower of:

a. The value calculated according to sec-
tion 38.5.3; or

b. The section 3.5.3 default value of 0.25.

TABLE 16—DISTRIBUTION OF FRACTIONAL HOURS WITHIN COOLING SEASON TEMPERATURE BINS

Bin number, j Bin rt;r]ré%eggture tzfnpprgrsaetﬁ’zaen}lgr Fraction ;II] c}>1f otg:sl ;e/rﬂperature
in ° »

1. 65-69 67 0.214
2. 70-74 72 0.231
3. 75-79 77 0.216
4 ... 80-84 82 0.161
5. 85-89 87 0.104
6 ... 90-94 92 0.052
7 95-99 97 0.018
8. 100-104 102 0.004

4.1.3.2 TUnit alternates between high (k=2)
and low (k=1) compressor capacity to satisfy

qC(Tj) _ [Xk='(Tj)~ . E=1(Tj)+xk=2(Tj)‘ : k=2(T-)]~

e.(T;)

N

where,

Q7 (1) - Q7'(T))

the cooling mode, low capacity load factor

for temperature bin j, dimensionless.

Xk=2(Ty) = 1 — Xk=I(T)), the cooling mode, high
capacity load factor for temperature bin
j, dimensionless.

Obtain the fractional bin hours for the
cooling season, nyN, from Table 16. Use
Equations 4.1.3-1 and 4.1.3-2, respectively, to
evaluate QX=!(T)) and EX&=!(Tj). Use Equations
4.1.3-3 and 4.1.3-4, respectively, to evaluate
QI=2(T)) and B,=>(Ty).

4.1.3.3 Unit only operates at high (k=2)
compressor capacity at temperature T; and
its capacity is greater than the building
cooling load, BL(Tj) < Q&=2(Tj). This section
applies to units that lock out low com-
pressor capacity operation at higher outdoor
temperatures.

Xk:l(Tj) Q?ﬂ(Tj)-BL(Tj)

- [Xk:l(Tj) NI+ X52(Ty) Egzz(T)], n;

the building cooling load at temperature Tj,
QHF=!(Ty) < BL(Ty) < Q:=(Ty).

Cc

A
—
—_—

T . .
1) o ot
e(T;)  X(T)-EE2(T)

N PLE. N

J
where,
Xk=2(T)) = BL(Tj)/QCkZZ(Tj), the cooling mode
high capacity load factor for tempera-
ture bin j, dimensionless.

PLF, =1-Cj,(k =2)-[1-X*?(T)) ],

the part load factor, dimensionless.

Obtain the fraction bin hours for the cool-
ing season,

from Table 16. Use Equations 4.1.3-3 and
4.1.3-4, respectively, to evaluate Q=2 (Tj) and
E=2 (T)). If the optional C, and D, Tests de-
scribed in section 3.2.3 and Table 5 are not
conducted, set Cpc (k=2) equal to the default
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value specified in section 3.5.3. If these op-
tional tests are conducted, set Cpc (k=2) to
the lower of:

a. the Cpc (k=2) value calculated as per sec-
tion 3.5.3; or

b. the section 3.5.3 default value for Cpc
(k=2) .

4.1.3.4 Unit must operate continuously at
high (k=2) compressor capacity at tempera-
ture T}, BL(T)) > Q*=2(T)).

q | T; S :
Cl(vj):Qlc(_z(Tj)'%
e \T; o .
TJ)=EIC‘—2(TJ.).%.

10 CFR Ch. Il (1-1-13 Edition)

Obtain the fractional bin hours for the
cooling season, nyN, from Table 16. Use
Equations 4.1.3-3 and 4.1.3-4, respectively, to
evaluate QX =2(Tj) and EX&=2(Tj).

4.1.4 SEER calculations for an air condi-
tioner or heat pump having a variable-speed
compressor. Calculate SEER using Equation
4.1-1. Evaluate the space cooling capacity,
QX&=1(T)), and electrical power consumption,
E=1(Tj), of the test unit when operating at
minimum compressor speed and outdoor
temperature Tj. Use,

Q' (67).

Q7'(T)=Q

- k=l(67)+ Qlc(:l(gz)_
¢ 82—

™ (82)-

BA7(1)) = E(67) +

where Q/X=1(82) and E/=!(82) are determined
from the B; Test, Qk=1(67) and EX=1(67) are
determined from the F1 Test, and all four
quantities are calculated as specified in sec-
tion 3.3. Evaluate the space cooling capacity,
QX=2(Tj), and electrical power consumption,
E=2(Tj), of the test unit when operating at
maximum compressor speed and outdoor
temperature Tj. Use Equations 4.1.3-3 and

82—

= (Tj - 67) (4.1.4-1)
EX (67
= ( )-(Tj ~67)  (414-2)

EX=2(95) are determined from the A, Test,
Qk=2(82) and E=2(82) are determined from
the B, Test, and all four quantities are cal-
culated as specified in section 3.3. Calculate
the space cooling capacity, QX=V(Tj), and
electrical power consumption, EX&=v(Tj), of
the test unit when operating at outdoor tem-
perature Tj and the intermediate compressor
speed used during the section 3.2.4 (and Table

4.1.3-4, respectively, where Q/X2(95) and 6) Ev Test using,
k=1 k=1 k=2 k=2
2)— - 2
Mg | QED-QEET) L[ QEO9)-062)
82-67 95-82
M, <[ BB (T B9 B (s2)

82-67

4.1.4.1 Steady-state space cooling capacity
when operating at minimum compressor
speed is greater than or equal to the building
cooling load at temperature Tj, QM!(T)) =
BL(T}).

95-82

¢ J

0] ) e 2

N ]
e(T) X*(T;)-ES(T) n
N PLF, N
where,
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Xk=1(T) = BL(Tj) / Q*'(Tj), the cooling mode
minimum speed load factor for tempera-
ture bin j, dimensionless.

PLF; =1 — Cpc - [1 — X+=I(T)], the part load
factor, dimensionless.

ny/N = fractional bin hours for the cooling
season; the ratio of the number of hours
during the cooling season when the out-
door temperature fell within the range
represented by bin temperature T; to the
total number of hours in the cooling sea-
son, dimensionless.

Obtain the fractional bin hours for the
cooling season, nyN, from Table 16. Use
Equations 4.1.3-1 and 4.1.3-2, respectively, to
evaluate Qkkl (T) and Ek1 (T)). If the op-
tional tests described in section 3.2.4 and
Table 6 are not conducted, set the cooling
mode cyclic degradation coefficient, Cpc, to
the default value specified in section 3.5.3. If
these optional tests are conducted, set Cpc to
the lower of:

a. The value calculated according to sec-
tion 3.5.3; or

b. The section 3.5.3 default value of 0.25.

4.1.4.2 TUnit operates at an intermediate
compressor speed (k=i) in order to match the
building cooling load at temperature

T;.Q=1(T)) < BL(T)) < Q&=2(T)).

=]

a(T) _ () 2

N ¢« ViI'N

eCI(\ITj) _ El;:i(Tj).

z|=

_T-T
TTI o1
EER*'(T,) - EER*™*(T, ) -

Pt. 430, Subpt. B, App. M

where,

Qck=i(Tj) = BL«(T)), the space cooling capacity
delivered by the unit in matching the
building load at temperature T, Btu/h.
The matching occurs with the unit oper-
ating at compressor speed k = i.

Ek =i(m QE:i(Tj)
()= EER*(T))’

the electrical power input required by the
test unit when operating at a compressor
speed of k =i and temperature Tj, W.

EER%(T;) = the steady-state energy effi-
ciency ratio of the test unit when oper-
ating at a compressor speed of k = i and
temperature Tj, Btwh per W.

Obtain the fractional bin hours for the
cooling season, nyN, from Table 16. For each
temperature bin where the unit operates at
an intermediate compressor speed, deter-
mine the energy efficiency ratio EER(T))
using,

EER(T) = A+ B-T;+C- Ty
For each unit, determine the coefficients

A, B, and C by conducting the following cal-
culations once:

D-[EER*(T,) - EER*"(T, )]

T,-T,-D:(T,-T,)
_ EER*(T,) - EER"(T,) - B-(T, - T)

T -T;

A=EER**(T,)-B-T,-C-T;

where,

T; = the outdoor temperature at which the
unit, when operating at minimum com-
pressor speed, provides a space cooling ca-
pacity that is equal to the building load
(QX=! (Ty) = BI(T))), °F. Determine T, by
equating Equations 4.1.3-1 and 4.1-2 and solv-
ing for outdoor temperature. T, = the out-
door temperature at which the unit, when
operating at the intermediate compressor

speed used during the section 3.2.4 Ev Test,
provides a space cooling capacity that is
equal to the building load (QX=v (T,) =
BL(T,)), °F. Determine T, by equating Equa-
tions 4.1.4-1 and 4.1-2 and solving for outdoor
temperature.
= the outdoor temperature at which the
unit, when operating at maximum com-
pressor speed, provides a space cooling
capacity that is equal to the building
load (Q&=2 (T2) = BL(T,)), °F. Determine
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T, by equating Equations 4.1.3-3 and 4.1-
2 and solving for outdoor temperature.

10 CFR Ch. Il (1-1-13 Edition)

Btu/h per W.

Btu/h per W.

EEsz'(Tl) _ (:QEZI(TI) [Eqn. 4.1.4-1, substituting T; for Tj]
EIC‘ZI(T]) [Eqn. 4.1.4-2, substituting T, for Tj]’

EERk:V(TV) _ (_)'5“(1) [Eqn. 4.1.4-3, substituting T, for Tj]
ES™Y(T,) [Ean. 4.1.4-4, substituting T, for T]

EERk:Z(Tz) _S IC(ZZ(TZ) [Eqn. 4.1.3-3, substituting T, for Tj]
Ef? (T,) [Eqn. 4.1.3-4, substituting T, for Tj] |

4.1.4.3 Unit must operate continuously at
maximum (k=2) compressor speed at tem-
perature Tj, BL(Tj) > Q/*2(T)). Evaluate the
Equation 4.1-1 quantities

aln) )

N d _\ i)
N N

as specified in section 4.1.3.4 with the under-

standing that QX=2(Tj)) and EJ2(T;) cor-

respond to maximum compressor speed oper-

Btu/h per W.

ation and are derived from the results of the
tests specified in section 3.2.4.

4.2 Heating Seasonal Performance Factor
(HSPF) Calculations. Unless an approved al-
ternative rating method is used, as set forth
in 10 CFR 430.24(m), subpart B, HSPF must
be calculated as follows: Six generalized cli-
matic regions are depicted in Figure 2 and
otherwise defined in Table 17. For each of
these regions and for each applicable stand-
ardized design heating requirement, evaluate
the heating seasonal performance factor
using,

J J .
n; ‘BL(T)) ZE\;BL(TJ. )}
HSPF = ! F = ei — ) Fr (421

where,

en(T))/N=

The ratio of the electrical energy consumed
by the heat pump during periods of the space
heating season when the outdoor tempera-
ture fell within the range represented by bin
temperature Tj to the total number of hours
in the heating season (N), W. For heat pumps
having a heat comfort controller, this ratio
may also include electrical energy used by
resistive elements to maintain a minimum
air delivery temperature (see 4.2.5).
RH(T;)/N=

The ratio of the electrical energy used for re-
sistive space heating during periods when
the outdoor temperature fell within the
range represented by bin temperature T; to
the total number of hours in the heating sea-
son (N),W. Except as noted in section 4.2.5,
resistive space heating is modeled as being

used to meet that portion of the building
load that the heat pump does not meet be-
cause of insufficient capacity or because the
heat pump automatically turns off at the
lowest outdoor temperatures. For heat
pumps having a heat comfort controller, all
or part of the electrical energy used by resis-
tive heaters at a particular bin temperature
may be reflected in e,(T))/N (see 4.2.5).

T; = the outdoor bin temperature, °F. Out-
door temperatures are ‘binned’” such
that calculations are only performed
based one temperature within the bin.
Bins of 5 °F are used.

l'lj/N:

Fractional bin hours for the heating season;

the ratio of the number of hours during the

heating season when the outdoor tempera-
ture fell within the range represented by bin
temperature Tj to the total number of hours
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in the heating season, dimensionless. Obtain hours for the generalized climatic region
ny/N values from Table 17. of interest.
j = the bin number, dimensionless. Faer = thp demand.defrogt credit described in
J = for each generalized climatic region, the section 3‘9'2.’ d}mensmnless. e
total number of temperature i)ins BL(Tj) = the building space conditioning load
(? a . . b o corresponding to an outdoor temperature
d1men§1on1ess. Beferrlng to 'I"able 17, J is of T;; the heating season building load
the highest bin number (j) having a also depends on the generalized climatic
nonzero entry for the fractional bin region’s outdoor design temperature and
the design heating requirement, Btu/h.

TABLE 17—GENERALIZED CLIMATIC REGION INFORMATION

Region Number | 1l ] v \% \
Heating Load Hours, HLH 750 1250 1750 2250 2750 *2750
Outdoor Design Temperature, Top 37 27 17 5 -10 30
j T (OF) e Fractional Bin Hours, ny/N
1 62 . .291 215 153 132 .106 1138
2 57 . .239 .189 142 A1 .092 .206
3 52 . 194 .163 .138 .108 .086 215
4 47 129 .143 137 .093 .076 .204
5 42 .081 112 135 .100 .078 RES
6 37 . .041 .088 118 .109 .087 .076
7 32 . .019 .056 .092 126 102 .034
8 27 . .005 .024 .047 .087 .094 .008
9 22 . .001 .008 .021 .055 .074 .003
10 17 0 .002 .009 .036 .055 0
1 12 0 0 .005 .026 .047 0
12 7 0 0 .002 .013 .038 0
13 2 .. 0 0 .001 .006 .029 0
14 -3. 0 0 0 .002 .018 0
15 -8. 0 0 0 .001 .010 0
16 -13 0 0 0 0 .005 0
17 —-18 0 0 0 0 .002 0
18 —-23 0 0 0 0 .001 0
*Pacific Coast Region.
Evaluate the building heating load using
(65 - 1))
BL(Tj) =~ Y . c.DHR (422
65 — Top
where, culated and measured building loads,
Top = the outdoor design temperature, °F. dimensionless. . .
An outdoor design temperature is speci- DHR = the design heating requirement (see
fied for each generalized climatic region Definition 1.22), Btwh.
in Table 17. Calculate the minimum and maximum de-

C = 0.77, a correction factor which tends to sign heating requirements for each general-
improve the agreement between cal- ized climatic region as follows:

-k 65—-Top )
Q (47) - T , for Regions I, II, III, 1V, & VI

Rounded to the nearest
standardized DHR
given in Table 18.

DHR

min

Qf (47), for Region V
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and

Sk 65—Tgp R
2 Qu(47) - w0 | for Regions I, II, III, IV, & VI

DHR

max

22 - Qy(47),

where Qhk(47) is expressed in units of Btwh
and otherwise defined as follows:

1. For a single-speed heat pump tested as
per section 3.6.1, Qnk(47) = Qn(47), the space
heating capacity determined from the H1
Test.

2. For a variable-speed heat pump, a sec-
tion 3.6.2 single-speed heat pump, or a two-
capacity heat pump not covered by item 3,
Qnk(47) = Q.k=2(47), the space heating capacity
determined from the H1, Test.

3. For two-capacity, northern heat pumps
(see Definition 1.46), Q,(47) = Qx1,(47), the
space heating capacity determined from the
H1, Test.

If the optional Hln Test is conducted on a
variable-speed heat pump, the manufacturer
has the option of defining Q*,(47) as specified
above in item 2 or as Qk,(47)=Qk=N,(47), the
space heating capacity determined from the
Hlyx Test.

For all heat pumps, HSPF accounts for the
heating delivered and the energy consumed
by auxiliary resistive elements when oper-
ating below the balance point. This condi-
tion occurs when the building load exceeds
the space heating capacity of the heat pump

&y(T)) X(Tj)Eh(Tj)ﬁ(Tj).nj

10 CFR Ch. Il (1-1-13 Edition)

Rounded to the nearest
standardized DHR
given in Table 18.

for Region V

condenser. For HSPF calculations for all
heat pumps, see either section 4.2.1, 4.2.2,
4.2.3, or 4.2.4, whichever applies.

For heat pumps with heat comfort control-
lers (see Definition 1.28), HSPF also accounts
for resistive heating contributed when oper-
ating above the heat-pump-plus-comfort-con-
troller balance point as a result of maintain-
ing a minimum supply temperature. For
heat pumps having a heat comfort con-
troller, see section 4.2.5 for the additional
steps required for calculating the HSPF.

TABLE 18—STANDARDIZED DESIGN HEATING
REQUIREMENTS (BTU/H)

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

4.2.1 Additional steps for calculating the
HSPF of a heat pump having a single-speed
compressor that was tested with a fixed-
speed indoor fan installed, a constant-air-
volume-rate indoor fan installed, or with no
indoor fan installed.

ol FiF, L (42.1-1
RH(T ) _ BL(TA)—[X(Tj)'Qh (Tj)'S(Tj )] N (4.2.1-2)
N 34132070

where,

whichever is less; the heating mode load fac-

tor for temperature bin j, dimensionless.

Qn(Tj) = the space heating capacity of the
heat pump when operating at outdoor
temperature Tj, Btu/h.

Eh(Tj) = the electrical power consumption of
the heat pump when operating at out-
door temperature Tj, W.
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8(Tj) = the heat pump low temperature cut-
out factor, dimensionless.

PLF;=1 — Cp" - [1 —X(T)] the part load fac-
tor, dimensionless.

Use Equation 4.2-2 to determine BL(T)).
Obtain fractional bin hours for the heating
season, nyN, from Table 17. If the optional
HI1C Test described in section 3.6.1 is not con-

0, if Ty < Ty or

L if T; > T,, and

where,

Tor = the outdoor temperature when the
compressor is automatically shut off, °F.
(If no such temperature exists, T; is al-
ways greater than Toy and Ton).

Qh(17)+

172, if Toe <T; < T, and

Pt. 430, Subpt. B, App. M

ducted, set the heating mode cyclic degrada-
tion coefficient, Cph, to the default value
specified in section 3.8.1. If this optional test
is conducted, set Cph to the lower of:

a. The value calculated according to sec-
tion 3.8.1 or

b. The section 3.8.1 default value of 0.25.

Determine the low temperature cut-out
factor using

Q(T;)

3413-B,(T))

Qu(T))
3413-E,(T))

Qu(T)

> (4213)

3413-E,(T;)

Ton = the outdoor temperature when the
compressor is automatically turned back
on, if applicable, following an automatic
shut-off, °F.

Calculate Qh(Tj) and Eh(Tj) using,

0,47 -0, (7)) {1, -17)

,if T; 245 °For T; <17 °F

47-17
Q\(T))= (4.2.1-4)
Q,(17)+ [Qh(35)—C’32;f1177)]-(Tj _17), if 17 °F<T, < 45 °F
E,(17)+ [Eh(“)_i;(_l:;]‘(n _17), it T, >45 °For T, <17 °F
B (%)= Eh(17)+[Eh@s)_Eh(”)]'(Tj_”), it 17°F <T, <45 °F R

35-17

where Qh(47) and Eh(47) are determined from
the H1 Test and calculated as specified in
section 3.7; Qn(35) and En(35) are determined
from the H2 Test and calculated as specified
in section 3.9.1; and Qn(17) and E,(17) are de-
termined from the H3 Test and calculated as
specified in section 3.10.

4.2.2 Additional steps for calculating the
HSPF of a heat pump having a single-speed
compressor and a variable-speed, variable-
air-volume-rate indoor fan. The manufac-
turer must provide information about how
the indoor air volume rate or the indoor fan
speed varies over the outdoor temperature
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range of 65 °F to —23 °F. Calculate the quan-
tities

i
N

RH(T;)

~ k=1

(

10 CFR Ch. Il (1-1-13 Edition)

in Equation 4.2-1 as specified in section 4.2.1
with the exception of replacing references to
the H1C Test and section 3.6.1 with the H1C,
Test and section 3.6.2. In addition, evaluate
the space heating capacity and electrical
power consumption of the heat pump Qu(T))
and En(T)) using

T.

1) ai(r) 21

FPX=2 _Fpr

=1

EX(T)-EF7(T))

J)-[FPh(Tj)—FPlle] (4.2.2-1)

Eh(Tj) = Eﬁzl(Tj)+

where the space heating capacity and elec-
trical power consumption at both low capac-

FPX=2 —FP*=

1

~[FPh(Tj)—FP}]1‘:1] (422-2)

ity (k=1) and high capacity (k=2) at outdoor
temperature Tj are determined using

. Qr(47)-Qr(17)|-(T; —17
Qk(17)+[ h7) - Q7] (T ),ifT4245°F0rT-£l7 °F
. " 47-17 ! !
h(Tj)= (422-3)
: QE(35)-Qr(17)]-(T, - 17
Q§(17)+[ (52) 35"(17)](’ ),if17°F<Tj<45°F
Ef(47)-Ef(17)|-(T, -17
Ek(l7)+[ h7) - BT ) if T, >45 °For T, <17 °F
. " 47-17 ! !
EX(T))= (42.2-4)
. Ef(35)-E;(17)[-(T. - 17
Ek(17)+[ hO%) - ER LT, ) if 17 °F<T, <45 °F
" 35-17 J

For units where indoor fan speed is the pri-
mary control variable, FP,k=! denotes the fan
speed used during the required H1, and H3,
Tests (see Table 10), FP,*2 denotes the fan
speed used during the required Hl,, H2,, and
H3, Tests, and FP,(Tj) denotes the fan speed
used by the unit when the outdoor tempera-
ture equals Tj. For units where indoor air
volume rate is the primary control variable,
the three FPy’s are similarly defined only
now being expressed in terms of air volume
rates rather than fan speeds. Determine
Qu<=1(47) and E,*!(47) from the HI, Test, and
Qn=2(47) and E,x=2(47) from the H1, Test. Cal-
culate all four quantities as specified in sec-
tion 3.7. Determine Qu*='(35) and Ey*=!(35) as
specified in section 3.6.2; determine Qu*=2(35)
and Ex=2(35) and from the H2, Test and the
calculation specified in section 3.9. Deter-
mine Qn=1(17) and En=1(17 from the H3; Test,

and Qpx=2(17) and Ehk:2(17) from the H3, Test.
Calculate all four quantities as specified in
section 3.10.

4.2.3 Additional steps for calculating the
HSPF of a heat pump having a two-capacity
compressor. The calculation of the Equation
4.2-1 quantities

e (T;)  RH(T})

differs depending upon whether the heat
pump would operate at low capacity (section
4.2.3.1), cycle between low and high capacity
(Section 4.2.3.2), or operate at high capacity
(sections 4.2.3.3 and 4.2.3.4) in responding to
the building load. For heat pumps that lock
out low capacity operation at low outdoor
temperatures, the manufacturer must supply

and
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information regarding the cutoff tempera-
ture(s) so that the appropriate equations can
be selected.

Pt. 430, Subpt. B, App. M

a. Evaluate the space heating capacity and
electrical power consumption of the heat
pump when operating at low compressor ca-
pacity and outdoor temperature Tj using

k=l (47)] : (Tj - 47)

,if T; 240 °F
62-47 !

[k (35)- Q1™ (17)]-(T; - 17)

o 35-17
[0 @)= @ 17)]-(1, -17)

,Jif 17 °F <T; <40 °F

ST T
(1) =108 (17) +
Y1 (17)+
EN(47)+ [E(62)-E

AFT. <17 °F
47-17 J

1(47)] (1,-47)

62—47

[EX(35)- By (17)] (T, -17)

, if T; 240 °F

EF(17)+

EF(17)+

35—

[Ex(47)- B (17)] (T, - 17)

,if 17°F<T. <40 °F
17 )

b. Evaluate the space heating capacity and
electrical power consumption (Qu*=*(Tj) and
Enk=2 (Tj)) of the heat pump when operating
at high compressor capacity and outdoor
temperature Tj by solving Equations 4.2.2-3
and 4.2.2-4, respectively, for k=2. Determine
Qn=1(62) and Ey*='(62) from the HO0, Test,
Qn=1(47) and E,*~1(47) from the HI1, Test, and
Qnk=2(47) and Ep*x=2(47) from the H1, Test. Cal-
culate all six quantities as specified in sec-
tion 3.7. Determine Qp=2(35) and E,*2(35)
from the H2, Test and, if required as de-
scribed in section 3.6.3, determine Qux=1(35)

1) X} 2

]

47-17

. if Ty <17 °F

and E,x=1(35) from the H2, Test. Calculate the
required 35 °F quantities as specified in sec-
tion 3.9. Determine Qp=2(17) and Eu*=2(17)
from the H3, Test and, if required as de-
scribed in section 3.6.3, determine Qp<='(17)
and Epx=!(17) from the H3;, Test. Calculate the
required 17 °F quantities as specified in sec-
tion 3.10.

4.2.3.1 Steady-state space heating capac-
ity when operating at low compressor capac-
ity is greater than or equal to the building
heating load at temperature Tj, Qu<=!(T))
>BL(T)).

= hr 1 @231
RH(T, ) BL(T~)~1—6’(T~) 0
0,8l

where,

Xk=1(Ty) = BL(T}) / Qhkzl(Tj), the heating mode
low capacity load factor for temperature
bin j, dimensionless.
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PLFj=1 - Cph - [ 1 — XxI(T)) ], the part load
factor, dimensionless.
&§(Tj) = the low temperature cutoff factor,
dimensionless.
If the optional HOC, Test described in sec-
tion 3.6.3 is not conducted, set the heating
mode cyclic degradation coefficient, Cph, to

1/2,

where Toi and To, are defined in section 4.2.1.
Use the calculations given in section 4.2.3.3,
and not the above, if:

(a) The heat pump locks out low capacity
operation at low outdoor temperatures and

(b) T; is below this lockout threshold tem-
perature.

4.2.3.2 Heat pump alternates between high
(k=2) and low (k=1) compressor capacity to
satisfy the building heating load at a tem-
perature Tj, Qhk:](Tj) < BL(TJ) < Qhkzz(Tj)A
Calculate

eh(T

where,
2”*(T;)-BL(T)

k=1
X ( J)_ 'k:Z(T)_ ‘k:l(T)
h j h j
Xk=2(T)) = 1 — Xk=I(T}) the heating mode, high
capacity load factor for temperature bin j,
dimensionless.
Determine the low temperature cut-out
factor, &(T;), using Equation 4.2.3-3.
4.2.3.3 Heat pump only operates at high
(k=2) compressor capacity at temperature T;
and its capacity is greater than the building
heating load, BL(T)) < Qu*<2(Tj). This section
applies to units that lock out low com-
pressor capacity operation at low outdoor
temperatures. Calculate

if Ty <T;<T,,

Tj) B [Xk:1(Tj) CER(m)+ XM (Ty) - BN )] -8(T)) -

10 CFR Ch. Il (1-1-13 Edition)

the default value specified in section 3.8.1. If
this optional test is conducted, set Cph to the
lower of:

a. The value calculated according to sec-
tion 3.8.1; or

b. The section 3.8.1 default value of 0.25.

Determine the low temperature cut-out
factor using

0, ifT<Ty

(4.2.3-3)

L ifT>T,,

i
N

using Equation 4.2.3-2. Evaluate

using

n
N
RH(T;)
N
using Equation 4.2.3-2. Evaluate
ew(T)
N
using
eh(Tj) B Xk=2(Tj) : E§=2(Tj) -8 (Tj) o
N PLF, N
where,

Xk=2(T})= BL(T))/Qu=2(T)).
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PLF, =1-C}, (k =2)-[1-X*(T))].

If the optional H1C, Test described in section
3.6.3 and Table 11 is not conducted, set Cph
(k=2) equal to the default value specified in
section 3.8.1. If this optional test is con-
ducted, set Cph (k=2) to the lower of:

a. the Cph (k=2) value calculated as per sec-
tion 3.8.1; or

b. the section 3.8.1 default value for Cph
(k=2).

Determine the low temperature cut-out
factor, 8 (Tj), using Equation 4.2.3-3.

8 (1)) =412,

L ifT > T,

4.2.4 Additional steps for calculating the
HSPF of a heat pump having a variable-
speed compressor. Calculate HSPF using
Equation 4.2-1. Evaluate the space heating

0, if T, < Tyo

if Ty < T; <T,

and

Pt. 430, Subpt. B, App. M

4.2.3.4 Heat pump must operate continu-
ously at high (k=2) compressor capacity at
temperature Tj, BL(Tj) = Qu<=2(T})).

o) o) 2
i) ) fo(0) 511
N 1413 Btu/h N
Where
k=2
B h J
2%7(T)
on and FE];:Z(TJ) 21

27(1;)
3413 - By7(Ty)

capacity, Qu<='(Tj), and electrical power con-
sumption, Ep=!(Tj), of the heat pump when
operating at minimum compressor speed and
outdoor temperature T; using

k=1 k=1
o1 = o (62)- Qi (47)
ll; I(Tj) = Ql}: 1(47) + h o 47h . (Tj _ 47) (4.2.4-1)
k=1 “k=1
(1) = B (47) + 2 (6622) — 57“ (7). (T-47) (4242

where Qp*=!(62) and E;*!(62) are determined
from the HO; Test, Qux=1(47) and E;x=1(47) are
determined from the H1, Test, and all four
quantities are calculated as specified in sec-
tion 3.7. Evaluate the space heating capac-
ity, Qy*=2(T)), and electrical power consump-
tion, En<2(Tj), of the heat pump when oper-
ating at maximum compressor speed and
outdoor temperature T; by solving Equations
4.2.2-3 and 4.2.2-4, respectively, for k=2. De-
termine the Equation 4.2.2-3 and 4.2.2-4 quan-
tities Qn<=2(47) and En<=2(47) from the H1, Test
and the calculations specified in section 3.7.

Determine Qu%=2(35) and Ep=2(35) from the H2,
Test and the calculations specified in section
3.9 or, if the H2, Test is not conducted, by
conducting the calculations specified in sec-
tion 3.6.4. Determine Qu%2(17) and E.*2(17)
from the H3, Test and the calculations speci-
fied in section 3.10. Calculate the space heat-
ing capacity, Qhk=V(Tj), and electrical power
consumption, BE,=v(T;), of the heat pump
when operating at outdoor temperature T;
and the intermediate compressor speed used
during the section 3.6.4 H2y Test using
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2 (1) = 0k (35)+ Mo {1, -39

J

EX(Ty) = B (35)+ My - (T; - 35)

J

where Qhk=V(35) and Ehk=V(35) are determined
from the H2y Test and calculated as specified
in section 3.9. Approximate the slopes of the

v o Q62 -0 4T
Q
6247

E}'(62)-EN'(47)
62-47

M. =

E

where,

_QE(35)-QK739)
QP (5)-Qk(3%)
_EYYG5)-Ey35)

EUER2(35)-EN 33

Use Equations 4.2.4-1 and 4.2.4-2, respec-
tively, to calculate Qnx=1(35) and E,k=!1(35).
The calculation of Equation 4.2-1 quan-

tities
e, (Tj) " RH(Tj)

N N

differs depending upon whether the heat
pump would operate at minimum speed (sec-
tion 4.2.4.1), operate at an intermediate speed
(section 4.2.4.2), or operate at maximum
speed (section 4.2.4.3) in responding to the
building load.

4.2.4.1 Steady-state space heating capac-
ity when operating at minimum compressor
speed is greater than or equal to the building
heating load at temperature T, Qu<='(Tj >
BL(Tj). Evaluate the Equation 4.2-1 quan-

tities
e, (Tj) " RH(Tj)
N N

as specified in section 4.2.3.1. Except now use
Equations 4.2.4-1 and 4.2.4-2 to evaluate
Qu=1(T)) and E,=!(Tj), respectively, and re-
place section 4.2.3.1 references to ‘‘low capac-
ity”’ and section 3.6.3 with “minimum speed”’

and

(1-Ng )|+ N

(=N ) |+ N, -

10 CFR Ch. Il (1-1-13 Edition)

(4.2.4-3)

(4.2.4-4)

k=v intermediate speed heating capacity and
electrical power input curves, Mo and Mg, as
follows:

QBY-Qan
¢ 35-17
EX(35)-EL 7 (17)

35-17

and section 3.6.4. Also, the last sentence of
section 4.2.3.1 does not apply.

4.2.4.2 Heat pump operates at an inter-
mediate compressor speed (k=i) in order to
match the building heating load at a tem-
perature Tj, Qv=!(T)) < BL(T)) < Qu*=2(T}). Cal-
culate

RH(T)
N
using Equation 4.2.3-2 while evaluating
en(T))
N
using,
eh(TJ) k=1 ' 1
N =E, (Tj) -8 (TJ) "N
where,
L =T,
EE_I(TJ)_ Btu/liq ( J)

3413 w COP*(Ty)

and &(T)) is evaluated using Equation 4.2.3-3
while,

Qn=i(T)) = BL(T)), the space heating capacity
delivered by the unit in matching the
building load at temperature (Tj), Btu/h.
The matching occurs with the heat pump
operating at compressor speed k=i.
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COP=i(T)) =A+B.T;+C.Tj2

For each heat pump, determine the coeffi-
cients A, B, and C by conducting the fol-
lowing calculations once:

COPi(T)) = the steady-state coefficient of
performance of the heat pump when oper-
ating at compressor speed k=i and tem-
perature Tj, dimensionless.

For each temperature bin where the heat
pump operates at an intermediate com-
pressor speed, determine COP=i(T)) using,

B
P g2
vh 4

_ COP**(T,) - COP*!(T;)-D - [COP*=(T,) - COP*='(T,, )]
T,—T;-D - (T, —T,,)

B

ing capacity that is equal to the building
load (Qw=!(T3) = BL(T3)), °F. Determine
Ts by equating Equations 4.2.4-1 and 4.2-
2 and solving for:

where,

T5; = the outdoor temperature at which the
heat pump, when operating at minimum
compressor speed, provides a space heat-

. COP**(T, )~ COP*!(T;) - B - (T, - T)
- T2 -T2
A=COP**(T,)-B - T,-C - Tj.

4.2.4-3 and 4.2-2 and solving for outdoor
temperature.

T4 = the outdoor temperature at which the
heat pump, when operating at maximum

outdoor temperature.

T,n = the outdoor temperature at which the
heat pump, when operating at the inter-

mediate compressor speed used during
the section 3.6.4 H2y Test, provides a
space heating capacity that is equal to
the building load (Qu=V(Tyn) = BL(T.n)),
°F. Determine T,, by equating Equations

compressor speed, provides a space heat-
ing capacity that is equal to the building
load (Qn<=2(T4) = BL(T4)), °F. Determine
T4 by equating Equations 4.2.2-3 (k=2)
and 4.2-2 and solving for outdoor tem-
perature.

17 (T) [Eqn. 4.2.4-1, substituting T; for Tj]

COP*(T;) = Bu/h

341320 B~ (T;) [Ean. 4.2.4-2, substituting T for T
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=Y (Tyn) [Eqn. 4.2.4 -3, substituting T, for Tj]

COP*™(Tyy) = Btu/h

34130 EL™(T,y) [Ean. 4.2.4- 4, substituting T,;, for T

247 (T,) [Eqn. 4.2.2-3, substituting T, for T

COP (T, ) = ——grm

3413200 EL7(T,) [Ean. 4.2.2-4, substituting T, for T; |

For multiple-split heat pumps (only), the fol-
lowing procedures supersede the above re-

 COR™ (T,,)~COR” (1,)

quirements for calculating COPy= (Tj). For
each temperature bin where T3 > Tj > Ty,

COP;™ (T,) =COP™(Ty)

For each temperature bin where T, 2T; > Ty,

. COP7*(T,)-COP™(T,,)

'(Tj _Ta)'

th - T3

COP,™ (T,) =COP™ (T,,)

4.2.4.3 Heat pump must operate continu-
ously at maximum (k=2) compressor speed at
temperature Tj, BL(T)) = Qu*=2(Tj). Evaluate
the Equation 4.2-1 quantities

en(T)) . RH(T, )
N N

as specified in section 4.2.3.4 with the under-
standing that QW=2(Tj) and E.<=2(Tj) cor-
respond to maximum compressor speed oper-
ation and are derived from the results of the
specified section 3.6.4 tests.

4.2.5 Heat pumps having a heat comfort
controller. Heat pumps having heat comfort
controllers, when set to maintain a typical
minimum air delivery temperature, will
cause the heat pump condenser to operate
less because of a greater contribution from
the resistive elements. With a conventional
heat pump, resistive heating is only initiated
if the heat pump condenser cannot meet the
building load (i.e., is delayed until a second
stage call from the indoor thermostat). With
a heat comfort controller, resistive heating
can occur even though the heat pump con-

T, -T, .(Tj_TVh)'”

denser has adequate capacity to meet the
building load (i.e., both on during a first
stage call from the indoor thermostat). As a
result, the outdoor temperature where the
heat pump compressor no longer cycles (i.e.,
starts to run continuously), will be lower
than if the heat pump did not have the heat
comfort controller.

4.2.5.1 Heat pump having a heat comfort
controller: additional steps for calculating
the HSPF of a heat pump having a single-
speed compressor that was tested with a
fixed-speed indoor fan installed, a constant-
air-volume-rate indoor fan installed, or with
no indoor fan installed. Calculate the space
heating capacity and electrical power of the
heat pump without the heat comfort con-
troller being active as specified in section
4.2.1 (Equations 4.2.1-4 and 4.2.1-5) for each
outdoor bin temperature, Tj, that is listed in
Table 17. Denote these capacities and elec-
trical powers by using the subscript ‘“hp’’ in-
stead of “h.” Calculate the mass flow rate
(expressed in pounds-mass of dry air per
hour) and the specific heat of the indoor air
(expressed in Btu/lbmy, - °F) from the results
of the H1 Test using:
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g, =V, -0.075

Ibmg, 60min _ Vy,  60min _ Vy, 60 min
ft? hr vy - [1 + Wn] hr Vi hr

Cpay =024+0.444 - W,

where Vg, Vi, Vi, (or v,), and W, are defined
following Equation 3-1. For each outdoor bin
temperature listed in Table 17, calculate the
nominal temperature of the air leaving the
heat pump condenser coil using,

T,(T,) =70 F+Q}’P—(Tj)
my, - p,da

Evaluate en(TyN), RH(T)/N, X(Tj), PLF;,
and 8(T)) as specified in section 4.2.1. For
each bin calculation, use the space heating
capacity and electrical power from Case 1 or
Case 2, whichever applies.

Case 1. For outdoor bin temperatures
where To(Tj) is equal to or greater than Tcc
(the maximum supply temperature deter-
mined according to section 3.1.9), determine
Qn(T)) and En(T)) as specified in section 4.2.1
(i.e., Qu(TH) = Qup(TH and Eny(T)) = Enp(TH).
Note: Even though T.(Tj) = T., resistive
heating may be required; evaluate Equation
4.2.1-2 for all bins.

Case 2. For outdoor bin temperatures
where To(Tj)) > T, determine Qn(T;) and
En(Tj) using,

where,
Qcc(T;) =g o - [TCC - TO(Tj)]

Qee(T))
Btu

ECC(Tj): 3413
' W-h

NoOTE: Even though T.(Tj < T., additional
resistive heating may be required; evaluate
Equation 4.2.1-2 for all bins.

4.2.5.2 Heat pump having a heat comfort
controller: additional steps for calculating
the HSPF of a heat pump having a single-
speed compressor and a variable-speed, vari-
able-air-volume-rate indoor fan. Calculate
the space heating capacity and electrical
power of the heat pump without the heat
comfort controller being active as specified
in section 4.2.2 (Equations 4.2.2-1 and 4.2.2-2)
for each outdoor bin temperature, Tj, that is
listed in Table 17. Denote these capacities
and electrical powers by using the subscript
“hp”’ instead of ‘“h.”” Calculate the mass flow

. . . rate (expressed in pounds-mass of dry air per
Qh(Tj) = th(Tj) +QCC(Tj) hour) and the specific heat of the indoor air
. . . (expressed in Btu/lbmg, - °F) from the results
Eh(Tj) = Ehp (Tj) +Ecc (Tj) of the Hl, Test using:
.= Ibm,, 60 min Y 60 min V. 60 min
mg, =V, -0.075 —3%- = =—m .
ft hr vy [l + Wn] hr v, hr

Cpaa=024+0444- W,

where Vs, Vix, Va (Or V,), and W, are defined
following Equation 3-1. For each outdoor bin
temperature listed in Table 17, calculate the
nominal temperature of the air leaving the
heat pump condenser coil using,

T,(T;) =70 °F+— 10 th’(zj)

mg,

Evaluate en(T))/N , RH(T)/N, X(Tj), PLFj,
and 8(T)) as specified in section 4.2.1 with the
exception of replacing references to the H1C
Test and section 3.6.1 with the H1C, Test and

p.da

section 3.6.2. For each bin calculation, use
the space heating capacity and electrical
power from Case 1 or Case 2, whichever ap-
plies.

Case 1. For outdoor bin temperatures
where To(T)) is equal to or greater than Tcc
(the maximum supply temperature deter-
mined according to section 3.1.9), determine
Qn(T)) and Ex(T)) as specified in section 4.2.2
(i.e. Qu(Ty) = Qup(T)) and En(T})) = Epp(T))). Note:
Even though To(Tj) > Tcc, resistive heating
may be required; evaluate Equation 4.2.1-2
for all bins.
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Case 2. For outdoor bin temperatures
where To(Tj) < Tcc, determine Qu(T)) and
En(T)) using,

Qn(TH) = Qup(T)) + Qcc(T))
En(T)) = Enp(T)) + Ecc(T))
where,

Qcc(T)) = Thaa * Cpaa * [Tee — To(TH)]
teelr)=- <)
3413 ———

W - h

NoOTE: Even though T.(Tj) < T., additional
resistive heating may be required; evaluate
Equation

10 CFR Ch. Il (1-1-13 Edition)

4.2.1-2 for all bins.

4.2.5.3 Heat pumps having a heat comfort
controller: additional steps for calculating
the HSPF of a heat pump having a two-ca-
pacity compressor. Calculate the space heat-
ing capacity and electrical power of the heat
pump without the heat comfort controller
being active as specified in section 4.2.3 for
both high and low capacity and at each out-
door bin temperature, Tj, that is listed in
Table 17. Denote these capacities and elec-
trical powers by using the subscript ‘“hp’’ in-
stead of ‘“h.” For the low capacity case, cal-
culate the mass flow rate (expressed in
pounds-mass of dry air per hour) and the spe-
cific heat of the indoor air (expressed in Btu/
lbmg, - °F) from the results of the H1l, Test
using:

Wk 2V 0075 1bmda S 60min _ V,, 60 min _ V,,, 60 min
o fi> hr v - [1eW,] W v, hr

Ch =024+0.444- W,

where Vi, Vi, Vi (or v,), and W, are defined
following Equation 3-1. For each outdoor bin
temperature listed in Table 17, calculate the
nominal temperature of the air leaving the
heat pump condenser coil when operating at
low capacity using,

T3 (T5) =70 °F+—Q )
o k=1

da p.da

Repeat the above calculations to deter-

mine the mass flow rate (mg.x=2) and the spe-
cific heat of the indoor air (Cp4.2) when op-
erating at high capacity by using the results
of the H1l, Test. For each outdoor bin tem-
perature listed in Table 17, calculate the
nominal temperature of the air leaving the
heat pump condenser coil when operating at
high capacity using,

QA(T)

Cp da

Evaluate en(Tj)/N, RH(Tj)/N, Xk=1(T)), and/or
Xk=2(T}), PLFj, and &'(Tj) or &"(T;) as specified

T=(T;) =70 °F +

in section 4.2.3.1. 4.2.3.2, 4.2.3.3, or 4.2.3.4,
whichever applies, for each temperature bin.
To evaluate these quantities, use the low-ca-
pacity space heating capacity and the low-
capacity electrical power from Case 1 or Case
2, whichever applies; use the high-capacity
space heating capacity and the high-capacity
electrical power from Case 3 or Case 4,
whichever applies.

Case 1. For outdoor bin temperatures
where T k=!(T;) is equal to or greater than
Tce (the maximum supply temperature de-
termined according to section 3.1.9), deter-
mine Qhk I(Ty) and Ehk I(T)) as specified in sec-
tion 4.2.3 (.e., Quk= Ty = thk (Ty) and
Epk=1(T)) = Enpt=1(T)).

NoTE: Even though T.=!(Tj) > Tcc, resistive
heating may be required; evaluate RH(T;)/N
for all bins.

Case 2. For outdoor bin temperatures
where Tok=!(T)) < Tcc, determine Qy=!(T)) and
Ehk:I(Tj) using,

Qus=1(T)) = Qups='(TY) + Qeck=1(T})
Epk=1(T)) = Ep*=1(T)) + BEcc=1(T))
where,
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k=l _ k=l
cc (Tj) =My,

B&(Ty)=

Pt. 430, Subpt. B, App. M

’ C';ja : [TCC —Té(:l(Tj)]

ok (m)

Btu

3413 ——

NoOTE: Even though T&!I(Tj) = T, addi-
tional resistive heating may be required;
evaluate RH(T))/N for all bins.

Case 3. For outdoor bin temperatures
where T,=2(T;) is equal to or greater than
Tecc, determine Qpx=2(T)) and Ex*=2(T)) as speci-
fied in section 4.2.3 (i.e., Qu*=2(T)) = Qnp*=2(T))
and Ehk:Z(Tj) = Ehpk:Z(Tj)).

W - h

NOTE: Even though T.x=2(T;) < Tcc, resistive
heating may be required; evaluate RH(Tj)/N
for all bins.

Case 4. For outdoor bin temperatures
Where Tk=2(T})) < Tcc, determine Qn=2(T;) and
Epk=2(T)) using,

: 1;:2 (Tj)= Q]ﬁ? (Tj)‘*Q]((:EZ(Tj)

BN (1)) = B2 (1)) + B (T)

where,

QEEZ(Tj): fngazz - C

- k=2
Ecc (T
3.413

NoTE: Even though T,=%(Tj) < T, addi-
tional resistive heating may be required;
evaluate RH(T))/N for all bins.

4.2.5.4 Heat pumps having a heat comfort
controller: additional steps for calculating
the HSPF of a heat pump having a variable-
speed compressor. [Reserved]

APF, =

];):d?n ’ [ch _T(l::z (Tj )]

_Q&(m)
B Btu °

4.3 Calculations of the Actual and Rep-
resentative Regional Annual Performance
Factors for Heat Pumps.

4.3.1 Calculation of actual regional annual
performance factors (APF4) for a particular
location and for each standardized design
heating requirement.

CLH, - Q5(95)+HLH, -DHR - C

CLH,, ~Q‘g(95)+HLHA - DHR-C

SEER

HSPF
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where,

CLHA = the actual cooling hours for a par-
ticular location as determined using the

. map given in Figure 3, hr.

QXk(95) = the space cooling capacity of the
unit as determined from the A or A,
Test, whichever applies, Btu/h.

HLH, = the actual heating hours for a par-
ticular location as determined using the
map given in Figure 2, hr.

DHR = the design heating requirement used
in determining the HSPF; refer to sec-
tion 4.2 and Definition 1.22, Btu/h.

C = defined in section 4.2 following Equation
4.2-2, dimensionless.

SEER = the seasonal energy efficiency ratio
calculated as specified in section 4.1, Btw/
W-h.

HSPF = the heating seasonal performance
factor calculated as specified in section
4.2 for the generalized climatic region
that includes the particular location of
interest (see Figure 2), Btu/W-h. The
HSPF should correspond to the actual
design heating requirement (DHR), if
known. If it does not, it may correspond
to one of the standardized design heating
requirements referenced in section 4.2.

4.3.2 Calculation of representative re-
gional annual performance factors (APFR)
for each generalized climatic region and for
each standardized design heating require-
ment.

_ CLHg - Q¥(95)+ HLHg - DHR - C
CLHy - Q¥(95) , HLH; -DHR -C
SEER HSPF

R

where,

10 CFR Ch. Il (1-1-13 Edition)

CLHr = the representative cooling hours for
each generalized climatic region, Table
19, hr.

HLHgr = the representative heating hours for
each generalized climatic region, Table
19, hr.

HSPF = the heating seasonal performance
factor calculated as specified in section
4.2 for the each generalized climatic re-
gion and for each standardized design
heating requirement within each region,
Btw/W.h.

The SEER, Q&X(95), DHR, and C are the
same quantities as defined in section 4.3.1.
Figure 2 shows the generalized climatic re-
gions. Table 18 lists standardized design
heating requirements.

TABLE 19—REPRESENTATIVE COOLING AND
HEATING LOAD HOURS FOR EACH GENERAL-
IZED CLIMATIC REGION

Region CLHr HLHg
2400 750
1800 1250
1200 1750
800 2250
400 2750
200 2750

4.4. Rounding of SEER, HSPF, and APF
for reporting purposes. After calculating
SEER according to section 4.1, round it off as
specified in subpart B 430.23(m)(3)(i) of Title
10 of the Code of Federal Regulations. Round
section 4.2 HSPF values and section 4.3 APF
values as per §430.23(m)(3)(ii) and (iii) of
Title 10 of the Code of Federal Regulations.
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Figure 3 Cooling Load Hours (CLH,) for the United States

[70 FR 59135, Oct. 11, 2005, as amended at 72 FR 59922, Oct. 22, 2007; 76 FR 37546, June 27, 2011]
EDITORIAL NOTE: At 72 FR 59922, Oct. 22, 2007, appendix M to subpart B of part 430 was

amended; however, portions of the amendment could not be incorporated due to inaccurate
amendatory instruction.
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