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ASHRAE Standards are prepared by a Project Committee appointed specifically for the purpose of writing the Standard. The Project
Committee Chair and Vice-Chair must be members of ASHRAE; while other committee members may or may not be ASHRAE members, all
must be technically qualified in the subject area of the Standard. Every effort is made to balance the concerned interests on all Project
Committees.

The Manager of Standards of ASHRAE should be contacted for:

a. interpretation of the contents of this Standard,

b. participation in the next review of the Standard,

c. offering constructive criticism for improving the Standard,
d. permission to reprint portions of the Standard.

DISCLAIMER

ASHRAE uses its best efforts to promulgate Standards and Guidelines for the benefit of the public in light of available information and accepted
industry practices. However, ASHRAE does not guarantee, certify, or assure the safety or performance of any products, components, or
systems tested, installed, or operated in accordance with ASHRAE’s Standards or Guidelines or that any tests conducted under its Standards
or Guidelines will be nonhazardous or free from risk.

ASHRAE INDUSTRIAL ADVERTISING POLICY ON STANDARDS

ASHRAE Standards and Guidelines are established to assist industry and the public by offering a uniform method of testing for rating
purposes, by suggesting safe practices in designing and installing equipment, by providing proper definitions of this equipment, and by providing
other information that may serve to guide the industry. The creation of ASHRAE Standards and Guidelines is determined by the need for them,
and conformance to them is completely voluntary.

In referring to this Standard or Guideline and in marking of equipment and in advertising, no claim shall be made, either stated or implied,
that the product has been approved by ASHRAE.




[Informative Note: Additions are shown in this addendum
by underlining and deletions are shown by strikethrongh
except when an informative note makes it clear that the
entire material that follows is to be added or deleted as a
whole.]

[Informative Note: The revisions shown in this addendum
are to the current version of the standard, ANSI/ASHRAE
Standard 140-2004, as it has been modified by
Addendum a, which has also been published.]

(This foreword is not part of the standard. It is merely
informative and does not contain requirements necessary
for conformance to the standard. It has not been
processed according to the ANSI requirements for a
standard and may contain material that has not been
subject to public review or a consensus process.
Unresolved objectors on informative material are not
offered the right to appeal at ASHRAE or ANSI.)

[Informative Note: Revise foreword as indicated to include
new material regarding Cases CE300-CE545 and some
language refinements to the mathematical truth standard
discussion that were included in the validation section of
the 2005 Handbook—Fundamentals./

FOREWORD

This Standard Method of Test (SMOT) can be used for
identifying and diagnosing predictive differences from whole
building energy simulation software that may possibly be
caused by algorithmic differences, modeling limitations, input
differences, or coding errors. The current set of tests included
herein consists of

*  comparative tests that focus on building thermal enve-
lope and fabric loads_ and mechanical equipment perfor-
mance

and

* analytical verification tests that focus on mechanical
equipment performance.

These tests are part of an overall validation methodology
described in Annex B18.

This procedure tests software over a broad range of para-
metric interactions and for a number of different output types,
thus minimizing the concealment of algorithmic differences by
compensating errors. Different building energy simulation
programs, representing different degrees of modeling com-
plexity, can be tested. However, some of the tests may be
incompatible with some building energy simulation programs.

The tests are a subset of all the possible tests that could
occur. A large amount of effort has gone into establishing a
sequence of tests that examine many of the thermal models rel-
evant to simulating the energy performance of a building and
its mechanical equipment. However, because building energy
simulation software operates in an immense parameter space,
it is not practical to test every combination of parameters over
every possible range of function.
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The tests consist of a series of carefully described test
case building plans and mechanical equipment specifications.
Output values for the cases are compared and used in con-
Junction with diagnostic logic to determine the sources of pre-
dictive differences. For the building thermal envelope and
fabric load cases of Section 5.2, the “basic” cases (Sections
5.2.1 and 5.2.2) test the ability of the programs to model such
combined effects as thermal mass, direct solar gain windows,
window-shading devices, internally generated heat, infiltra-
tion, sunspaces, and deadband and setback thermostat con-
trol. The “in-depth” cases (Section 5.2.3) facilitate diagnosis
by allowing excitation of specific heat transfer mechanisms.
The space cooling equipment cases of Section 5.3 test the abil-
ity of programs to model the performance of unitary space-
cooling equipment using manufacturer design data presented
as empirically derived performance maps. In these steady-
state analytical verification cases_of Sections 5.3.1 and 5.3.2,
which utilize a typical range of performance data, the follow-
ing parameters arve varied: sensible internal gains, latent
internal gains, zone thermostat setpoint (entering dry-bulb
temperature), and outdoor dry-bulb temperature. Parametric
variations isolate the effects of the parameters singly and in
various combinations and isolate the influence of part-loading
of equipment, varying sensible heat ratio, “dry” coil (no
latent load) versus “wet” coil (with dehumidification) opera-
tion, and operation at typical Air-Conditioning and Refrigera-
tion Institute (ARI) rating conditions. The comparative test
cases of Sections 5.3.3 and 5.3.4 utilize an expanded range of
performance data, an outside air mixing system and hourly
varving weather data and internal gains. In these cases the
following parameters are varied: sensible internal gains,
latent internal gains, infiltration rate, outside air fraction,
thermostat setpoints, and economizer control settings. Results
analysis_also isolates the influence of part loading of equip-
ment, ODB sensitivity, and “dry” coil (no latent load) versus
“wet” coil (with dehumidification) operation. These cases
help to scale the significance of simulation results disagree-
ments_for a realistic_context, which is less obvious in_the
steady-state cases described above. The space heating equip-
ment cases of Section 5.4 test the ability of programs to model
the performance of residential fuel-fired furnaces. These tests
are divided into two tiers. The Tier 1 cases (Section 5.4.1 and
5.4.2—Analytical Verification Tests) employ simplified bound-
ary conditions and test the basic functionality of furnace mod-
els. Boundary conditions that are more realistic are used in
the Tier 2 cases (Section 5.4.3—Comparative Tests), where
specific aspects of furnace models are examined. The full set
of space heating test cases is designed to test the implementa-
tion of specific algorithms for modeling the following aspects
of furnace performance: furnace steady-state efficiency, fur-
nace part-load ratio, furnace fuel consumption, circulating
fan operation, and draft fan operation. These cases also test
the effects of thermostat setback and undersized capacity.

”

For consistent numbering of test cases within the stan-
dard, case numbers used for the mechanical equipment tests in
Sections 5.3.3, 5.3.4 and 5.4 have been changed from the num-
bering used in the original research reports where the test
specifications were developed. For example, in Section 5.3.3,
Case CE300 was named Case E300 in the original research.




Case numbers for mechanical equipment tests included in
Sections 5.3.1 and 5.3.2 will be similarly revised as editorial

changes in the next continuous maintenance revision.

The tests have a variety of uses including

a. comparing the predictions from other building energy
programs to the example results provided in the informa-
tive Annexes B8 and B16 and/or to other results that were
generated using this SMOT;

b. checking a program against a previous version of itself
after internal code modifications to ensure that only the
intended changes actually resulted;

c. checking a program against itself after a single algorith-
mic change to understand the sensitivity between algo-
rithms; and

d. diagnosing the algorithmic sources and other sources of
prediction differences (diagnostic logic flow diagrams are
included in the informative Annex B9).

Regarding the exampte—-buildingfabrictoadcomparative

better or worse than a program that yields values at the bor-
ders of the range.

The-AnnexBléAnalytical verification test results for the
HVAC equipment performance tests include both quasi-ana-

Iytical solutions and simulation results_in selected sections of

informative Annex B16. In general, it is difficult to develop

worthwhile test cases that can be solved analytically or quasi-
analytically, but such solutions are extremely useful when pos-
sible. Analytical or quasi-analytical solutions represent a
“mathematical truth standard.” That is, given the underlying
physical assumptions in the case definitions, there is a mathe-
matically correct solution for each case. In this context, the
underlying physical assumptions regarding the mechanical
equipment as defined in Sections 5.3_and 5.4 are representa-
tive of typical manufacturer data normally used by building
design practitioners; many “whole-building” simulation pro-
grams are designed to work with this type of data. It is impor-
tant to understand the difference between a “mathematical
truth standard” and an “absolute truth standard.” In the

former,_we only test the solution process for a model, not the

appropriateness of the solution; that is, we accept the given

test results of Annex B8_and selected parts of Annex B16, the
building energy simulation computer programs used to gener-
ate these results have been subjected to a number of analytical

verification, empirical validation, and comparative testing
studies. However, there is no such thing as a completely vali-
dated building energy simulation computer program. All build-
ing models are simplifications of reality. The philosophy here is
to generate a range of results from several programs that are
generally accepted as representing the state of the art in whole
building energy simulation programs. To the extent possible,
input errors or differences have been eliminated from the pre-
sented results. Thus, for a given case, the range of differences
between comparative test results presented in the-informative
Annexes B8_and B16 represents legitimate algorithmic differ-
ences among these computer programs.for-compearative-enve-
lope—tests- For any given case, a tested program may fall
outside this range without necessarily being incorrect. How-
ever, it is worthwhile to investigate the source of significant dif-
ferences, as the collective experience of the authors of this
standard is that such differences often indicate problems with
the software or its usage, including, but not limited to,

*  user input error, where the user misinterpreted or incor-
rectly entered one or more program inputs;

* aproblem with a particular algorithm in the program,

* one or more program algorithms used outside their
intended range.

Also, for any given case, a program that yields values in
the middle of the range established by the Awunex
BScomparative test example results should not be perceived as

underlying physical assumptions while recognizing that these
assumptions represent a simplification of physical reality. An
approximate truth standard from an experiment tests both the

solution process and_appropriateness of the model within

experimental uncertainty. The ultimate or “absolute” valida-

tion_truth standard would be comparison of simulation results
ctly performed empirical experiment, the—inputs

with a perfe

fthe-simulationists)with all simulation inputs perfectly defined.
The—minor—disagreements—among—the—two——sets—of—Lhe

quasi-analytical_and analvtical solution results presented in
selected parts of Annex B16_represent a mathematical truth

standard. —are—smatl-enough—toThis allows identification of

bugs in the software that would not otherwise be apparent

from comparing software only to other software and therefore
improves the diagnostic capabilities of the test procedure. The
primary purpose of also including simulation results for the
Seetion—3-3-cases_where_analytical or quasi-analytical solu-

tions exist inAnnexB46-is to allow simulationists to compare
their relative agreement (or disagreement) versus the analyti-
cal or quasi-analytical solution results to that for other simu-
lation results. Perfect agreement among simulations and
analytical or quasi-analytical solutions is not necessarily
expected. The results give an indication of the sert-degree of
agreement that is possible between simulation results and the
analytical or_quasi-analytical solution results. Because the
physical assumptions of a simulation may be different from
those for the-analytical or quasi-analytical solutions, a tested
program may disagree with the-guasi-analytiealsuch solutions
without necessarily being incorrect. However, it is worthwhile
to investigate the sources of differences as noted above.
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3. DEFINITIONS, ABBREVIATIONS,
AND ACRONYMS

3.1 Terms Defined for This Standard

[Informative Note: Revise following definitions to include
language also relevant to new Sections 5.3.3, 5.3.4, and
6.3.2. The definition of “net refrigeration effect” is
included for convenient referral.]

coefficient of performance (COP): for a cooling (refrigera-
tion) system, the ratio, using the same units in the numerator
as in the denominator, of the net refrigeration effect to the
corresponding energy input. For the purpose of calculating
COP. corresponding energy input is the related cooling energy
consumption, except for cases CE300—CE440 (see Sections
5.3.3,5.3.4.1, and 5.3.4.2) where the indoor air distribution
fan energy is included only during times when heat is being
extracted by the evaporator coil. (Also see net refrigeration
effect and cooling energy consumption.)

cooling energy consumption: the site electric energy
consumption of the mechanical cooling equipment including
the compressor, air distribution fan (regardless of whether the
compressor is on or off), condenser fan, and related auxilia-
ries.

COP2: is the ratio, using the same units, of the gross total
evaporator coil load to the sum of the compressor and outdoor
condenser fan energy consumptions. (Also see gross total
evaporator coil load.)

COP degradation factor (CDF): multiplier (<1) applied to the
full-load system COP_or COP2. CDF is a function of part-load
ratio. (Also see part-load ratio.)

dew-point temperature: the temperature of saturated air at a
given humidity ratio and pressure. As moist air is cooled at
constant pressure, the dew point is the temperature at which
condensation begins. (Also see humidity ratio.)

economizer: a control system that conserves energy, usually
by using outside air and control logic to maintain a fixed mini-
mum of outside air when increased outside-air flow rates are
not called for.

entering dry-bulb temperature (EDB): the temperature that a
thermometer would measure for air entering the evaporator
coil. For a draw-through fan configuration with no heat gains
or losses in the ductwork and no outside air mixed with return
air, EDB equals the indoor dry-bulb temperature. For a similar
configuration but when outside air is mixed with return air,
EDB equals the mixed-air dry-bulb temperature.

entering wet-bulb temperature (EWB): the temperature that
the wet-bulb portion of a psychrometer would measure if
exposed to air entering the evaporator coil. For a draw-through
fan with no heat gains or losses in the ductwork and no outside
air mixed with return air, this would also be the zone air wet-
bulb temperature. For a similar configuration but when
outside air is mixed with return air, EWB equals the mixed-air
wet-bulb temperature. For mixtures of water vapor and dry air
at atmospheric temperatures and pressures, the wet-bulb
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temperature is approximately equal to the adiabatic saturation
temperature (temperature of the air after undergoing a theo-
retical adiabatic saturation process). The wet-bulb tempera-
ture given in psychrometric charts is really the adiabatic
saturation temperature.

evaporator coil loads: the actual sensible heat and latent heat
removed from the distribution air by the evaporator coil.
These loads include indoor air distribution fan heat for times
when the compressor is operating, and they are limited by the
system capacity (where system capacity is a function of oper-
ating conditions). Sensible evaporator coil load applies only to
sensible heat removal. Latent evaporator coil load applies only
to latent heat removal. (Also see sensible heat and latent heat.)

gross total coil load (or gross total evaporator coil load): the

sum of the sensible heat and latent heat removed from the
distribution air by the evaporator coil.

infiltration: leakage of air through any building element (e.g..
walls, windows, and doors).

net refrigeration effect: the rate of heat removal (sensible +
latent) by the evaporator coil, as regulated by the thermostat
(i.e., not necessarily the full load capacity), after deducting
internal and external heat transfers to air passing over the
evaporator coil. For the tests of Section 5.3, the net refrigera-
tion effect is the evaporator coil load less the actual air distri-
bution fan heat for the time when the compressor is operating;
at full load, this is also the adjusted net total capacity. (Also see
adjusted net total capacity, evaporator coil load, sensible
heat, and latent heat.)

part-load ratio for cooling (PLR): the ratio of the net refrig-
eration effect to the adjusted net total capacity for the cooling
coil._As shown in Annex B13, for the purpose of calculating
the COP degradation factor (CDF). defining PLR as the ratio
of gross total evaporator coil load to the gross total capacity
produces an equivalent CDF. (Also see net refrigeration effect,
and-adjusted net total capacity, COP degradation factor. gross
total evaporator coil load, and gross total capacity.)

relative humidity: is the ratio of the mole fraction of water

vapor in a given moist air sample to the mole fraction in an air
sample that is saturated and at the same temperature and pres-
sure. This is equivalent to the ratio of partial pressure of the
water vapor in a sample to the saturation pressure at the same

temperature.
3.2 Abbreviations and Acronyms Used in This Standard

[Informative Note: Add acronyms to Section 3.2 as shown]

Abs absorptance

ACH air changes per hour

ADP apparatus dew point

ANSI American National Standards Institute

Apr. April

ARI Air-Conditioning and Refrigeration
Institute



American Society of Heating,

ASHRAE Refrigerating and Air-Conditioning
Engineers

BESTEST Building Energy Simulation Test and
Diagnostic Method

BF bypass factor

BHP brake horsepower

Cd degradation coefficient

CDF coefficient of performance degradation
factor

CFM cubic feet per minute

CIBSE Chal.’tered Institution of Building Services
Engineers

cop coefficient of performance

COP2 alternative coefficient of performance (see

- Section 3.1)

Coef coefficient

Cp specific heat (J/kg-K)

DBT dry-bulb temperature (°C)

Dec. December

E,W.N,S east, west, north, south

EDB entering dry-bulb temperature

EER energy efficiency ratio

EWB entering wet-bulb temperature

Ext exterior

FF free-floating thermostat control strategy
(no heating or cooling)

High-mass heavy mass

HIR heat-input ratio

HVAC heating, ventilating, and air conditioning

HVAC International Energy Agency Building

BESTEST Energy Simulation Test and Diagnostic
Method for Heating, Ventilating, and Air-
Conditioning Equipment Models

ID indoor

I.D. inside diameter

IDB indoor dry-bulb temperature

Int interior

1P inch-pound

Jan.

k

Low mass
Mar.

N/A

NOAA

Nov.
NSRDB
0.D.
Oct.
ODB
PLF
PLR
PLR;
R

Refl
SEER
SHC
SHGC
SHR
SI
STP
Surf

t

T

TC
™Y
T™MY2

Trans
TUD

UA
WBAN
wg
WYEC2

January

thermal conductivity (W/m-K)
light mass

March

not applicable

National Oceanic and Atmospheric
Administration

November

National Solar Radiation Database
outside diameter

October

outdoor dry-bulb temperature
part-load factor

part-load ratio for cooling
part-load ratio for furnace

unit thermal resistance (m-K/W)
reflectance

seasonal energy efficiency ratio
gross sensible capacity (kW thermal)
solar heat gain coefficient

sensible heat ratio

Systeme Internationale

standard temperature and pressure
surface

thickness (m)

zone air temperature

gross total capacity (kW thermal)
Typical Meteorological Year

Typical Meteorological Year 2

solar transmittance

Technische Universitdt Dresden

unit thermal conductance or overall heat
transfer coefficient (W/m-K)

thermal conductance (W/K)

Weather Bureau Army Navy

water gauge

Weather Year for Energy Calculations 2
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4. METHODS OF TESTING

[Informative Note: Make revisions in Section 4 as shown;
all of Section 4 is shown here. Changes include reference
to the new test cases of Sections 5.3.3 and 5.3.4, inclusion
of reporting requirements for simulation inputs (4.3.2),
rules for modifying programs or simulation inputs (4.4.3),
and editorial changes. The word “section” was added in
places where section cross-referencing is indicated, to
facilitate future searches on cross-referenced sections for
future revisions.|

4.1 Applicability of Test Method

The method of test is provided for analyzing and diagnos-
ing building energy simulation software using software-to-
software, software-to-quasi-analytical-solution, and software-
to-analytical-solution comparisons. The methodology allows
different building energy simulation programs, representing
different degrees of modeling complexity, to be tested by

* comparing the predictions from other building energy
simulation programs to the example simulation results
provided in the-informativeenal Annex B8, to the exam-
ple analytical and quasi-analytical solutions and simula-
tion results in the informative Annex B16, and/or to
other results (simulations or analytical and quasi-analyt-
ical solutions) that were generated using this standard
method of test;

*  checking a program against a previous version of itself
after internal code modifications to ensure that only the
intended changes actually resulted;

»  checking a program against itself after a single algorith-
mic change to understand the sensitivity between algo-
rithms;

» diagnosing the algorithmic sources of prediction differ-
ences; diagnostic logic flow diagrams are included in
the informational Annex B9.

4.2 Organization of Test Cases

The specifications for determining input values are
provided case by case in Section 5. Weather information
required for use with the test cases is provided as described in
Annex Al. Annex Bl provides an overview for all the test
cases and contains information on those building parameters
that change from case to case; Annex B1 is recommended for
preliminary review of the tests, but do not use it for defining
the cases. Additional information regarding the meaning of
the cases is shown in the informational Annex B9 on diagnos-
tic logic. In some instances (e.g., Case 620, Section 5.2.2.1.2),
a case developed from modifications to a given base case (e.g.,
Case 600 ¢Section 5.2.1) will also serve as the base case for
other cases. The cases are grouped as:

a. Building Thermal Envelope and Fabric Load Base Case
(see Section 4.2.1)

b. Building Thermal Envelope and Fabric Load Basic Tests
(see Section 4.2.2)
*  Low mass (see Section 4.2.2.1)
*  High mass (see Section 4.2.2.2)
*  Free float (see Section 4.2.2.3)
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c. Building Thermal Envelope and Fabric Load In-Depth
Tests (see Section 4.2.3)

d. Space-Cooling Equipment Performance Analytical Veri-
fication Base Case (see Section 4.2.4)

e. Space-Cooling Equipment Performance Parameter Varia-
tion_Analytical Verification Tests (see_Section 4.2.5)

Space-Cooling Equipment Performance Comparative
Test Base Case (see Section 4.2.6)

g. Space-Cooling Equipment Performance Comparative

Tests (see Section 4.2.7)

£ Space-Heating Equipment Performance Analytical

Verification Base Case (see Section 4.2.86)

g: Space-Heating Equipment Performance Analytical

Verification Tests (see Section 4.2.97)

J. H Space-Heating Equipment Performance Comparative
Tests (see Section 4.2.108)

=

=

I

4.2.1 Building Thermal Envelope and Fabric Load
Base Case. The base building plan is a low mass, rectangular
single zone with no interior partitions. It is presented in detail
in Section 5.2.1.

4.2.2 Building Thermal Envelope and Fabric Load
Basic Tests. The basic tests analyze the ability of software to
model building envelope loads in a low mass configuration
with the following variations: window orientation, shading
devices, setback thermostat, and night ventilation.

4.2.2.1 The low mass basic tests (Cases 600 through
650) utilize lightweight walls, floor, and roof. They are pre-
sented in detail in Section 5.2.2.1.

4.2.2.2 The high mass basic tests (Cases 900 through
960) utilize masonry walls and concrete slab floor and include
an additional configuration with a sunspace. They are pre-
sented in detail in Section 5.2.2.2.

4.2.2.3 Free-float basic tests (Cases 600FF, 650FF,
900FF, and 950FF) have no heating or cooling system. They
analyze the ability of software to model zone temperature in
both low mass and high mass configurations with and without
night ventilation. The tests are presented in detail in Section
5.2.2.3.

4.2.3 Building Thermal Envelope and Fabric Load In-
Depth Tests. The in-depth cases are presented in detail in
Section 5.2.3.

4.2.3.1 In-depth Cases 195 through 320 analyze the
ability of software to model building envelope loads for a
nondeadband on/off thermostat control configuration with the
following variations among the cases: no windows, opaque
windows, exterior infrared emittance, interior infrared emit-
tance, infiltration, internal gains, exterior shortwave absorp-
tance, south solar gains, interior shortwave absorptance,
window orientation, shading devices, and thermostat set-
points. These are a detailed set of tests designed to isolate the
effects of specific algorithms. However, some of the cases
may be incompatible with some building energy simulation
programs.

4.2.3.2 In-depth Cases 395 through 440, 800, and 810
analyze the ability of software to model building envelope
loads in a deadband thermostat control configuration with the
following variations: no windows, opaque windows, infiltra-



tion, internal gains, exterior shortwave absorptance, south
solar gains, interior shortwave absorptance, and thermal
mass. This series of in-depth tests is designed to be compati-
ble with more building energy simulation programs. How-
ever, the diagnosis of software using this test series is not as
precise as for Cases 195 through 320.

4.2.4 Space-Cooling Equipment Performance Analyt-
ical Verification Base Case. The configuration of the base-
case (Case E100) building is a near-adiabatic rectangular sin-
gle zone with only user-specified internal gains to drive
steady-state cooling load. Mechanical equipment specifica-
tions represent a simple unitary vapor-compression cooling
system or, more precisely, a split-system, air-cooled condens-
ing unit with an indoor evaporator coil. Performance of this
equipment is typically modeled using manufacturer design
data presented in the form of empirically derived performance
maps. This case is presented in detail in Section 5.3.1.

4.2.5 Space-Cooling Equipment Performance Param-
eter Variation Analytical Verification Tests. In these
steady-state cases (cases E110 through E200), the following
parameters are varied: sensible internal gains, latent internal
gains, zone thermostat setpoint (entering dry-bulb tempera-
ture [EDB]), and ODB. Parametric variations isolate the
effects of the parameters singly and in various combinations
and isolate the influence of: part loading of equipment, vary-
ing sensible heat ratio, “dry” coil (no latent load) versus “wet”
coil (with dehumidification) operation, and operation at typi-
cal Air-Conditioning and Refrigeration Institute (ARI) rating
conditions. In this way the models are tested in various
domains of the performance map. These cases are presented
in detail in Section 5.3.2.

4.2.6 Space-Cooling Equipment Performance Com-
parative Test Base Case. The configuration of this base case

(Case CE300) is a near-adiabatic rectangular single zone with
user-specified internal gains and outside air to drive dynamic
(hourly varying) loads. The cases apply realistic, hourly vary-
ing annual weather data for a hot and humid climate. The
mechanical system is a vapor-compression cooling system
similar to that described in Section 4.2.4, except that it is a
larger system and includes an expanded performance data set
covering a wider range of operating conditions (i.e., wider
range of ODB, EDB, and EWB (entering wet-bulb tempera-
ture). Also, an air mixing system is present so that outside-air
mixing and economizer control models can be tested. This
case is presented in detail in Section 5.3.3.

4.2.7 Space-Cooling Equipment Performance Com-
parative Tests. In these cases (cases CE310 through CE545),

which apply the same weather data as Case CE300, the fol-
lowing parameters are varied: sensible internal gains, latent

internal gains, infiltration rate, outside air fraction, thermostat
setpoints, and economizer control settings. Results analysis

also isolates the influence of part loading of equipment, ODB
sensitivity, and “dry” coil (no latent load) versus “wet” coil
(with dehumidification) operation. These cases help to scale
the significance of simulation results disagreements for a real-
istic context, which is less obvious in the steady-state cases
described above. These cases are presented in detail in Sec-
tion 5.3.4.

4.2.86 Space-Heating Equipment Performance Analyti-
cal Verification Base Case The configuration of the base-
case (Case HE100) building is a rectangular single zone near-
adiabatic on five faces with one heat exchange surface (the
roof). Mechanical equipment specifications represent a
simple unitary fuel-fired furnace with a circulating fan and a
draft fan. Performance of this equipment is typically modeled
using manufacturer design data presented in the form of
empirically derived performance maps. This case is presented
in detail in Section 5.4.1.

4.2.97 Space-Heating Equipment Performance Analyti-
cal Verification Tests In these cases (cases HE110 through
HE170), the following parameters are varied: efficiency,
weather (resulting in different load conditions from full load
to part load to no load to time-varying load), circulating fan
operation, and draft fan operation. In this way the basic func-
tionalities of the models are tested in various domains of the
performance map. These cases are presented in detail in
Section 5.4.2.

4.2.108 Space-Heating Equipment Performance
Comparative Tests In these cases (cases HE210 through
HE230), the following parameters are varied: weather (real-
istic temperature conditions are used), thermostat control
strategy, and furnace size (undersized furnace). In this way
the models are tested with more realistic conditions in various
domains of the performance map. These cases also test the
interactions between furnace, control, and zone models. They
are presented in detail in Section 5.4.3.

4.3 Reporting Results

4.3.1 Standard Output Reports. The standard output
reports included on the accompanying CD shall be used.
Instructions regarding these reports are included in Annex
A2. Information required for this report includes:

a. Software name and version number.
b.

W&me%heds—afe—avaiialale—m—ﬂ&e—sefﬁvafe Modehng doc—

umentation _using  “S140outNotes. TXT” on the

accompanymg CD for: ;and
Modeling methods used when alternative methods
are available in the software

*  Equivalent modeling methods used when the soft-
ware does not allow direct input of specified values

e Omitted test cases and results

»  Changes to source code for the purpose of running

the tests, where such changes are not available in
publicly released versions of the software

c. Results for simulated cases using the following files on

the accompanying CD:

*  Sec5-20ut.XLS for the building thermal envelope
and fabric load tests of Section 5.2

*  Sec5-3Aout.XLS for the space cooling equipment
performance analytical verification tests of Sectiong
53.1and5.3.2

*  Sec5-3Bout.XLS for the space cooling equipment
performance comparative tests of Sections 5.3.3
and 5.3.4

*  Sec5-4out.xls for the space heating equipment per-
formance tests of Section 5.4.
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Output quantities to be included in the results report are
called out specifically for each case, as they appear in the
appropriate subsections of Sections 5.2, Seetien—5.3; and
Seetion-5 4.

If a program being tested omits a test case, the modeler
shall provide an explanation using the modeler report template
provided in Annex A2.

4.3.2 Simulation Input Files. All supporting data

required for generating results with the tested software shall
be saved, including:

Input files
Processed weather data
Intermediate files containing calculations used for

developing inputs
e A “Readme-softwarename-yymmdd.pdf” file that

briefly describes the contents of the above files accord-
ing to their file type (i.e.. their “.xyz” file extension).

4.4 Comparing Output to Other Results

Annex B8 gives example simulation results for the build-
ing thermal envelope and fabric load tests. Annex B16 gives
quasi-analytical solution results and example simulation
results for the HVAC equipment performance tests. The user
may choose to compare output with the example results
provided in Annex B8 and Annex B16 or with other results
that were generated using this standard method of test (includ-
ing self-generated quasi-analytical solutions related to the
HVAC equipment performance tests). Information about how
the example results were produced is included in informa-
tional Annex B11 and Annex B17 for building thermal enve-
lope _and fabric load tests and for HVAC equipment
performance tests, respectively. For the convenience to users
who wish to plot or tabulate their results along with the exam-
ple results, electronic versions of the example results have
been included on the accompanying CD for Annex B8 with the
files RESULTSS5-2.XLS, orAnnexB8);and with the follow-
ing files for Annex B16: RESULTS5-3A.XLS, tfer-Annex
B+6)RESULTS5-3B and RESULTSS5-4. XL SHalse-forAnnex
Bl6)-en—theaccompanying—€D. Documentation regarding
4-XEShavefor navigating these results files has been included
with-thefileson the accompanying CD, and is printed eut-in
Annex B10.
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4.4.1 Criteria for Determining Agreement Between
Results. There are no formal criteria for when results agree or
disagree. Determination of when results agree or disagree is
left to the user. In making this determination, the user should
consider the following:

a. Magnitude of results for individual cases.

Magnitude of difference in results between certain cases
(e.g., “Case 610 - Case 600”).

c. Same direction of sensitivity (positive or negative) for
difference in results between certain cases (e.g., “Case
610 - Case 600”).

d. If results are logically counterintuitive with respect to
known or expected physical behavior.

e. Availability of analytical or quasi-analytical solution
results (i.e., mathematical truth standard as described in
informative Annex B16, Section B16.2).

f.  For the HVAEC space-cooling and space-heating equip-
ment performance tests of Sections 5.3 and 5.4, the degree
of disagreement that occurred for other simulation results
in Annex B16 versus the quasi-analytical solution results.

g. Example simulation results do not represent a truth stan-
dard.

4.4.2 Diagnostic Logic for Determining Causes of Dif-
ferences Among Results. To help the user identify what algo-
rithm in the tested program is causing specific differences
between programs, diagnostic flow charts are provided as
informational Annex B9.

4.4.3 Rules for Modifying Simulation Programs or
Simulation Inputs. Modifications to simulation programs or
simulation inputs shall have a mathematical, physical, or log-
ical basis and shall be applied consistently across tests. Arbi-
trary modification of a simulation program’s input or internal
code just for the purpose of more closely matching a given set
of results shall not be allowed.

If changes are made to the source code of the software for
the purpose of performing tests, and these changes are not
available in publicly released versions of the software, then

the changes shall be documented in sufficient detail using the
modeler report template provided in Annex A2, so that the

implications of the changes can be assessed.




5. TEST PROCEDURES
5.1 Modeling Approach

[Informative Note: Make revisions to Section 5.1 as noted.
Tables and figures cited in this section of the addendum are
located at the end of the Section 5 text.)

This modeling approach shall apply to all the test cases
presented in Sections 5.2, 5.3, and 5.4.

5.1.1 Time Convention. All references to time in this
specification are to local standard time and assume that sour
1 = the interval from midnight to I a.m. Do not use daylight
savings time or holidays for scheduling. TMY weather data
are in hourly bins corresponding to solar time as described in
Annex Al, Section Al.4. TMY2 and WYEC2 data are in
hourly bins corresponding to local standard time.

5.1.2 Geometry Convention. If the program being tested
includes the thickness of walls in a three-dimensional defini-
tion of the building geometry, then wall, roof, and floor thick-
nesses shall be defined such that the interior air volume of the
building model remains as specified (e.g., for the cases of Sec-
tion5.2,6 mx8mx2.7m=129.6 m3). Make the thicknesses
extend exterior to the currently defined internal volume.

5.1.3 Nonapplicable Inputs. In some instances the speci-
fication will include input values that do not apply to the input
structure of the program being tested. When this occurs, disre-
gard the nonapplicable inputs and continue. Such inputs are in
the specification for those programs that may need them.

5.1.4 Consistent Modeling Methods. Where options
exist within a simulation program for modeling a specific
thermal behavior, consistent modeling methods shall be used
for all cases. For example, if a software gives a choice of
methods for modeling windows, the same window modeling
method shall be used for all cases. Document which option
was used in the Standard Output Report (see Annex A2).

5.1.5 Equivalent Modeling Methods. Where a program
or specific model within a program does not allow direct input

of specified values, or where input of specified values causes
instabilities in a program’s calculations, modelers should
develop equivalent inputs that match the intent of the test
specification as nearly as the software being tested allows.
Such equivalent inputs are to be developed based on the data
provided in the test specification, and such equivalent inputs
shall have a mathematical, physical, or logical basis and shall
be applied consistently throughout the test cases. The modeler
shall document the equivalent modeling method in the Stan-
dard Output Report (Annex A2).

5.1.65 Simulation Initialization and Preconditioning. If
yourthe seftwareprogram being tested allows, begin the simu-
lation initialization process with zone air conditions that equal
the outdoor air conditions. If yeurthe program_being tested
allows for preconditioning (iterative simulation of an initial
time period until temperatures or fluxes, or both, stabilize at
initial values), use that capability.

5.1.76 Simulation Duration
5.1.76.1 Results for the tests of Sections 5.2, 5.3.3 and
5.3.4 are to be taken from a full annual simulation.

5.1.76.2 For the tests of Sections 5.3.1 and 5.3.2, run the
simulation for at least the first two months for which the

weather data are provided. Give output for the second month
ofthe simulation (February) in accordance with Section 6.3.1.
The first month of the simulation period (January) serves as an
initialization period.

5.1.76.3 For the tests of Section 5.4, run the simulation for
at least the three first months for which the weather data are
provided. Give output for the first three months of the year
(January 1-March 31) in accordance with Section 6.4.

[Informative Note: Clarify Annex Al reference in Section
5.2.3.6 as shown]

5.2.3.6 Case 230: Infiltration. Case 230 is exactly the
same as Case 220 except infiltration rate = 1.0 ACH, contin-
uously (24 hours per day for the full year).

The weather data file provided_on the accompanying CD
and as described in Annex A1, Section Al.1, is a high altitude
site (1609 m above sea level) with an air density roughly 80%
of that at sea level.

5.3 Input Specification for Space-Cooling Equipment
Performance Tests

[Informative note regarding future editorial changes for
the next continuous maintenance revision: To be consistent
with the test case naming convention of Standard 140-2004
Addenda a and b, editorial changes will be included for the
next continuous maintenance revision to rename the
Sfollowing test cases.

0Old Name New Name
EI100 CE100
EIL0 CEIL0
EI20 CEI20
EI30 CEI130
EI140 CE140
EI50 CEI50
EI60 CE160
EI65 CEI65
EI70 CEI170
EI80 CE180
EI85 CE185
EI90 CE190
EI95 CE195
E200 CE200 ]

[Informative Note: Revise title and introduction of section
5.3.1 as shown]

5.3.1 Case E100: Base Case Building and Mechanical
System_for Analytical Verification Tests. Begin with Case
E100. Case E100 shall be modeled as detailed in this section
and its subsections. The bulk of the work for implementing
the Seetien53-tests_of Sections 5.3.1 and 5.3.2 is assembling
an accurate base building model. It is recommended that base
building inputs be double-checked and disagreements in
results be diagnosed before going on to the other cases.

[Informative Note: Revise sections 5.3.1.1 and 5.3.1.2 to
clarify cross references as shown|

5.3.1.1 Weather Data. This case requires either
HVBT461. TMY or HVBT461A.TM2 data provided on the
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accompanying CD as described in Annex A1, Section A1.2.1.
Note: Other cases call for different weather files as needed.

5.3.1.2 Output Requirements. Case E100 requires all
of the output described in Section 6.3.1. Note: All of the See-
tion-5-3-tests_of Sections 5.3.1 and 5.3.2 have the same output
requirements.

[Informative Note: Sections 5.3.1.4.5, 5.3.1.7, 5.3.1.8, and
5.3.1.9 are included here for convenient review referral;
there are no changes indicated for those sections except
minor revisions to the way units are shown.]

5.3.1.4.5 Although the zone is modeled as if sus-
pended above the ground, for software that requires input of
ground thermal properties, the ground in the vicinity of the
building is dry packed soil with the following characteristics:

Soil thermal conductivity (k) = 1.3 WKk
Soil density = 1500 kg/m3

Soil specific heat = 800 J/(kg'K) ke
Deep ground temperature = 10°C

5.3.1.7 Opaque Surface Radiative Properties. Inte-
rior and exterior opaque surface solar (visible and ultraviolet
wavelengths) absorptances and infrared emittances are
included in Table 24.

5.3.1.8 Exterior Combined Radiative and Convec-
tive Surface Coefficients. If the program being tested auto-
matically calculates exterior surface radiation and
convection, this section may be disregarded. If the program
being tested does not calculate this effect, then use 29.3 W/
(m%K) s for all exterior surfaces. This value is based on
a mean annual wind speed of 4.02 m/s for a surface with
roughness equivalent to rough plaster or brick and is consis-
tent with informative Annex B4.

5.3.1.9 Interior Combined Radiative and Convective
Surface Coefficients. If the program being tested automati-
cally calculates interior surface radiation and convection, then
this section can be disregarded. If the program being tested
does not calculate these effects, then use the constant com-
bined radiative and convective surface coefficients given in
Table 25.

The radiative portion of these combined coefficients may
be taken as 5.13 W/(m2K) m> K [0.90 Btu/(h:{t?-°F)] for an
interior infrared emissivity of 0.9.

Ifthe program being tested does not allow you to schedule
these coefficients, then use 8.29 W/(mzﬁ) mK [1.46 Btu/
(h:ft?:°F)] for all horizontal surfaces. If different values can be
justified, then use different values.

Informative Annex B5 includes background information
about combined radiative and convective film coefficients.

[Informative Note. Make the following editorial revision to
last paragraph of 5.3.1.10.1 to have language consistent
with Section 5.3.4.3.1.3 (given later))
5.3.1.10.1 General Information.
Note that, in one of the field-trial simulations, simulta-
neous use of “0” outside air and “0” infiltration caused an error
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in the simulations. We-wetked-around-tThis error was avoided
by specifying minimum outside air = 0.000001 ft3/min. We-It
is recommended to doing a sensitivity test to check that using
0 for both these inputs does not cause a problem.

[Informative Note: Create subsection numbering for
Section 5.3.1.10.2 so that the subsections can be called out
in Section 5.3.3.10.2, with editorial changes to 5.3.1.10.2 as
shown.]

5.3.1.10.2 Thermostat Control Strategy.
Heat = off
Cool = on if zone air temperature > 22.2°C (72.0°F);

otherwise Cool = off.

5.3.1.10.2.1 There is no zone humidity control.
This means that the zone humidity level will float in accor-
dance with zone latent loads and moisture removal by the
mechanical system.

5.3.1.10.2.2 The thermostat senses only the zone
air temperature; the thermostat itself does not sense any radi-
ant heat transfer exchange with the interior surfaces.

5.3.1.10.2.3 The controls for this system are ideal
in that the equipment is assumed to maintain the setpoint
exactly when it is operating and not overloaded. There are no
minimum ON or OFF time-duration requirements for the
unit and no hysteresis control band (e.g., there is no ON at
setpoint + x°C or OFF at setpoint — y°C). If yeur-the soft-
ware_being tested requires input for these, use the minimum
values yeur-the software allows.

5.3.1.10.2.4 The thermostat is nonproportional in
the sense that when the conditioned zone air temperature
exceeds the thermostat cooling setpoint, the heat extraction
rate is assumed to equal the maximum capacity of the cool-
ing equipment corresponding to environmental conditions at
the time of operation. A proportional thermostat model can
be made to approximate a nonproportional thermostat model
by setting a very small throttling range (the minimum
allowed by your program). A COP = f(PLR) curve is given
in Section 5.3.1.10.4 to account for equipment cycling.

[Informative Note: Editorial changes will be included in
Section 5.3.1.10.3 for the next continuous maintenance
revision of Standard 140 to delete informative reference 6
(and renumber all following references throughout the
Standard), and to revise Note a of Tables 26a through 26f
to read as “Performance rated at 900 CFM (0.425 m3/s),
with 25 feet (7.62 m) of 3/4 in. (19.05 mm) suction and 5/16
in. (7.94 mm) liquid lines.” Also, make editorial updates to
accompanying file [EIOOMAPxIs as needed for
consistency.|

[Informative Note: Revise filename as shown, and in the
accompanying electronic files.|

5.3.1.10.3.1 For convenience, an electronic file
(PEREMAPH4OE100MAP.XLS) that contains these tables is
included on the accompanying CD.



[Informative Note: Revise reference to Annex B17 in last
paragraphs of 5.3.1.10.3.3 and 5.3.1.10.3.4 as shown.]

5.3.1.10.3.3 Validity of Listed Data (VERY
IMPORTANT).

Note that in this example linear interpolation was used to
find the “maximum EWB?” dry-coil condition. Use of other or
additional performance data points (e.g., to develop more
generalized curve fits) is also possible for the purpose of inter-
polation or extrapolation. Also see informative Annex B17,
Section B17.1.1.2, regarding analytical solution results.

5.3.1.10.3.4 Extrapolation of Performance Data.
Note that in this example linear extrapolation was used to
find the “maximum EWB” dry-coil condition. Use of other or
additional performance data points (e.g., to develop more
generalized curve fits) is also possible for the purpose of inter-
polation or extrapolation. Also see informative Annex B17,
Section B17.1.1.2, regarding analytical solution results.

[Informative Note: Make editorial revisions to cases E100-
E200in 5.3.1.10.3.9 as shown.]

5.3.1.10.3.9 5.3.1.10.3.9 Minimum Supply Air
Temperature. This system is a variable temperature system,
meaning that the supply air temperature varies with the oper-
ating conditions. If yeurthe software being tested requires an
input for minimum allowable supply air temperature, use

Minimum supply air temperature < 7.7°C (45.9°F)

This value is the lowest value of ADP that occurs in the
Seetion53-test-cases_E100-E200 based on the quasi-analyti-
cal solutions for Case E110 presented in HVAC BESTEST.}

If yourthe software being tested does not require this
input, ignore this information.

[Informative Note: Create subsection numbering for
Section 5.3.1.10.4 so that the subsections can be called out
by Section 5.3.3.10.4, with editorial changes to 5.3.1.10.4
as shown.]

5.3.1.10.4 Part-Load Operation.

5.3.1.10.4.1 The system ©OP—efficiency degrada-
tion that results from part-load operation is described in Fig-
ure 10. In this figure the COP degradation factor (CDF) is a
multiplier to be applied to the full-load system COP (as
defined in Section 3) at a given part-load ratio (PLR), where

COP(PLR) = (full load COP(ODB,EWB,EDB)) %x
CDF(PLR).

This representation is based on information provided by
the-an equipment manufacturer. It might be helpful to think of
the efficiency degradation as being caused by additional start-
up run time required to bring the evaporator coil temperature
down to its equilibrium temperature for the time(s) when the
compressor is required to operate during an hour with part
load.

5.3.1.10.4.2 Fhen,bBecause the controller is ideal
ON/OFF cycling (see Section 5.3.1.10.2.3),

Hourly fractional run time = PLR/CDF.

10

5.3.1.10.4.3 In Figure 10, the PLR is calculated by

(net refrigeration effect) / (adjusted net total capacity) ,

where the net refirigeration effect and the adjusted net total
capacity are as defined in Section 3.
PLR may be alternatively calculated as

(gross total coil load) / (gross total capacity) ,

where the gross fotal coil load and gross total capacity are as
defined in Section 3. Demonstration of the similarity of these
definitions of PLR is included in Annex B13, Section B13.2.

5.3.1.10.4.4 _Simplifying assumptions in Figure 10
are as follows:

*  There is no minimum on/off time for the compressor
and related fans; they may cycle on/off as often as nec-
essary to maintain the setpoint.

*  The decrease in efficiency with increased on/off cycling
at very low PLR remains linear.

5.3.1.10.4.5 Annex B13,_Section B13.1 includes
additional details about how Figure 10 was derived.

5.3.1.10.4.6 _If yeur-the software_being tested uti-
lizes the cooling coil bypass factor, model the BF as inde-
pendent of (not varying with) the PLR.

5.3.1.10.6 Fans.

[Informative Note: Clarify Annex B15 cross-reference as
shown.]

5.3.1.10.6.1 Indoor Air Distribution Fan.

* Indoor fan power =230 W.

*  Airflow rate = 0.425 m%/s = 1529 m3/h = 900 CFM.

*  Total combined fan and motor efficiency = 0.5.

* Total fan pressure = 271 Pa = 1.09 in. w.g. (water
gauge).

*  Supply air temperature rise from fan heat = 0.44°C =
0.8°F.

*  Air distribution efficiency = 100% (adiabatic ducts).

For further discussion of these inputs, see Annex B15,
Section B15.1.

The draw-through indoor air distribution fan cycles on
and off with the compressor. For calculating additional heat-
ing of the distribution air related to waste heat from the indoor
distribution fan, assume that the distribution fan motor is
mounted in the distribution airstream so that 100% of the heat
from fan energy use goes to the distribution (supply) air.

[Informative Note: Revise title of section 5.3.2 as shown]

5.3.2 Space-Cooling Equipment Performance Param-
eter Variation Analytical Verification Tests

[Informative Note: Clarify cross-references in sections
5.3.2.1.1, 5.3.2.1.4, 5.3.2.2.3.1, 5.3.2.2.6, 5.3.2.2.8, and
5.3.2.2.9.1 to reflect subdivision of Annex Al, Section A1.2
as shown.]
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5.3.2.1.1 Case E110: Reduced Outdoor Dry-Bulb
Temperature. Case E110 is exactly the same as Case E100
except the applicable weather data file is

HVBT294.TMY or HVBT294A.TM2.

These data are provided on the CD accompanying this stan-
dard as described in Annex Al, Section A1.2.1.

5.3.2.1.4 Case E140: Reduced Outdoor Dry-Bulb
Temperature at Low Part-Load Ratio. Case E140 is
exactly the same as Case E130 except the applicable weather
data file is

HVBT294. TMY or HVBT294A . TM2.

These data are provided in the files accompanying this stan-
dard as described in Annex Al, Section A1.2.1.

5.3.2.2.3 Case E165: Variation of Thermostat Set-
point and Outdoor Dry-Bulb Temperature at High Sensi-
ble Heat Ratio. Case E165 is exactly the same as Case E160
except the thermostat control strategy and weather data are
changed as noted below.

5.3.2.2.3.1 Weather Data
HVBT406. TMY or HVBT406A.TM2

These data are provided in the files accompanying this stan-
dard as described in Annex Al, Section A1.2.1.

5.3.2.2.6 Case E185: Increased Outdoor Dry-Bulb
Temperature at Low Sensible Heat Ratio. Case E185 is
exactly the same as Case E180 except the applicable weather
data file is

HVBT461.TMY or HVBT461A.TM2.

These data are provided in the files accompanying this stan-
dard as described in Annex Al, Section A1.2.1.

5.3.2.2.8 Case E195: Increased Outdoor Dry-Bulb
Temperature at Low Sensible Heat Ratio and Low Part-
Load Ratio. Case E195 is exactly the same as Case E190
except the weather-applicable weather data file is

HVBT461.TMY or HVBT461A.TM2.

These data are provided in the files accompanying this stan-
dard as described in Annex Al, Section A1.2.1.

5.3.2.2.9 Case E200: Full-Load Test at ARI Condi-
tions. This case compares simulated performance of mechan-
ical equipment to the manufacturer’s listed performance at
full load and at ARI-specified operating conditions. Case
E200 is exactly the same as Case E150 except for the changes
noted below.

5.3.2.2.9.1 Weather Data
HVBT350.TMY or HVBT350A.TM2.

These data are provided in the files accompanying this stan-
dard as described in Annex Al, Section A1.2.1.

[Informative Note: Add entirely new Sections 5.3.3 and
5.3.4.]

5.3.3 Case CE300: Comparative Test Base Case Build-
ing and Mechanical System. Begin with Case CE300. Case
CE300 shall be modeled as detailed in this section and its sub-

The bulk of the work for implementing the tests of
Sections 5.3.3 and 5.3.4 is assembling an accurate base build-
ing model. It is recommended that base building inputs be
double-checked and disagreements in results be diagnosed
before going on to the other cases.

5.3.3.1 Weather Data. This case requires the
CE300.TM2 data provided on the accompanying CD as
described in Annex A1, Section A1.2.2.

5.3.3.2  Output Requirements. Case CE300 requires
the following output:

a. Annual summation, mean, and hourly-integrated maxi-
mum and minimum results in accordance with Section

6.3.2.1
b. Additional annual and hourly outputs only applicable to
case CE300 in accordance with Section 6.3.2.2.

5.3.3.3 Building Geometry. The base building is a 196-
mz floor area. single-story building with rectangular-prism

geometry as shown in Figure 13. Zone air volume is 588 mi;

5.3.3.4 Building Envelope Thermal Properties. The
base building zone is intended as a near-adiabatic test cell
with cooling load driven by user-specified scheduled internal
gains. Tables 29a and 29b list material properties in Systéme
Internationale (ST) and English (IP) units, respectively; abbre-
viations used in these tables are listed in Section 3.2.

5.3.3.4.1 The building insulation has been made very
thick to effectively thermally decouple the zone from ambient
conditions. If the software being tested does not allow this
much insulation, use the thickest insulation the software will
permit and reduce the floor, roof, and wall areas to achieve the
thermal conductance (UA) values listed in Table 29a (SI) or
29b (IP). The zone air volume must remain at 588 m3,

5.3.3.4.2 Materials of the space have no thermal or
moisture capacitance and there is no moisture diffusion
through them. If the software being tested requires inputs for
thermal capacitance, moisture capacitance, or moisture diffu-
sion, use the minimum values the software allows.

5.3.3.4.3 Air density at sea level is 1.201 kg/m3,

5.3.3.4.4 _The floor has the same exterior film coeffi-
cient as the other walls, as if the entire zone were suspended

above the ground.

5.3.3.4.5 For software that requires input of ground
thermal properties, use values of Section 5.3.1.4.5.

5.3.3.5 Infiltration. Infiltration rate = 0.0 air changes
per hour (ACH) for the entire simulation period.

5.3.3.6 Internal Heat Gains. Sensible and latent inter-
nal heat gains are as indicated in Table 30.

5.3.3.6.1 Table 30 lists hourly values for a given
period. In the first row of values, for example, the 2931 W of

sensible gains and 0 W of latent gains are applied for each hour
from 12 A.M. until 8 A.M. for the entire period from January 1

through March 10. Similarly, the second row of values indi-
cates 2931 W of sensible gains and 366 W of latent gains for
each hour from 8 A.M until 8 P.M for the same period. Values
are provided in both ST and IP units. Additionally, the corre-
sponding fraction of a given hourly value relative to the max-

sections.
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users who may need to provide input in such a format. In the
first row of values for sensible gains, for example, the “frac v.
max” value 0f 0.15625 is the result of: (10,000 British thermal
units [Btu]/h) / (64.000 Btu/h). Note that 64,000 Btu/h, which
is the hourly sensible heat gain for the period from 14:00 until

16:00 for the period beginning April 21 and ending October 12
(and October 19 through November 5), is the maximum hourly

5.3.3.10.2 Thermostat Control Strategy.
Heat = off
Cool = on if temperature > 25.0°C (77.0°F);
otherwise Cool = off.

The thermostat control strategy is the same as for cases E100-
E200: see Sections 5.3.1.10.2.1 through 5.3.1.10.2.4.

sensible internal gain input for the year.

5.3.3.6.2 Sensible gains are 100% convective.

5.3.3.6.3 Zone sensible and latent internal gains are
assumed to be distributed evenly throughout the zone air.
These are internally generated sources of heat that are not
related to the operation of the mechanical cooling system or
its air distribution fan.

5.3.3.6.4 _If the software being tested requires input of

water vapor mass flow rate rather than latent internal gains,
use the heat of vaporization that the software assumes for con-

densation at the coil to convert the latent gains to water vapor
mass flow rate for each listed time period.

5.3.3.6.5 Ifthe software being tested requires input of
total internal gains, use the sum of sensible + latent internal
gains for each listed time period.
5.3.3.7 Opaque Surface Radiative Properties. Same
as for cases E100-E200:; see Section 5.3.1.7.

5.3.3.8 Exterior Combined Radiative and Convec-

5.3.3.10.3 Full-Load Cooling System Performance
Data. Tables 31a and 31b give a sample expanded set of data

for equipment full-load capacity and full-load performance
data. The tables contain gross capacity data, which are the full
capacities of the unit without any fan heat subtracted out.
Table 31a is in ST units; Table 31b is in IP units. Notes that
also include specific units for various quantities presented in
the tables are given on the last page of each table. Data are
included for 2.78°C (5°F) increments of EDB and EWB and
5.56°C (10°F) increments of ODB. Data are also included for
typical rating conditions of ODB/EDB/EWB = 35.00°C/
26.67°C/19.44°C (95°F/80°F/67°F).

5.3.3.10.3.1 For convenience, an electronic file
CE300MAP.XLS) containing Tables 31a and 31b is
included on the accompanying CD.

5.3.3.10.3.2 These tables use ODB, EDB. and
EWB as independent variables for performance data; the
locations of EDB and EWB are shown in Figure 14. In these
tables each block of data represents an f(EDB, EWB) data

tive Surface Coefficients. Same as for cases E100-E200:; see

set for a different ODB.

Section 5.3.1.8.

5.3.3.9 Interior Combined Radiative and Convective
Surface Coefficients. Same as for cases E100-E200: see Sec-
tion 5.3.1.9.

5.3.3.10 Mechanical System. The mechanical system
represents a simple unitary vapor compression cooling system
or, more precisely, a split-system, air-cooled condensing unit
with an indoor evaporator coil and with an outside air mixing

system. Figure 14 is a schematic diagram of this system. See
Section 3 for definitions of terminology used in this section.

5.3.3.10.1 _General Information.

100% convective air system.

Zone air perfectly mixed.

An outside-air mixing system is included (as shown in
Figure 14).

Single-speed draw-through indoor-air distribution fan,
continuous operation.

Outdoor condenser fan, cycling on and off with the
Compressor.

Air-cooled condenser.

Single-speed reciprocating compressor, R-22 refriger-
ant, no cylinder unloading.

No system hot-gas bypass.

The compressor, condenser, and condenser fan are
located outside the conditioned zone.

All moisture that condenses on the evaporator coil
(latent load) leaves the system through a condensate
drain.

»  Crankcase heater and other auxiliary energy = 0.
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The data set includes ranges where only limited system
operation is recommended. These ranges are indicated by
background shading in the upper-left and lower-right regions
of the tables (see the electronic version of CE300MAP.XLS).

The data set assumes that the refrigerant charge is always

optimal at each listed full-load operating point. For the
purpose of the test cases. assume that the refrigerant charge is

always optimal.
The unit as described actually uses a 1242 W fan. So the

adjusted net capacity is

(net cap), ;= (gross cap)jisieq.— (fan power).

For example, for the net total (sensible + latent) capacity
at ODB =95°F, EDB = 75°F, and EWB = 65°F and 4000 CFM.:

(net cap),q; =32.122 W — 1242 W = 30.880 W.

The technique for determining net sensible capacities is
similar.
5.3.3.10.3.3 Validity of Listed Data (VERY
IMPORTANT). EWB given for the listed compressor kW
(kilowatts) and gross capacities given in Tables 31a and 31b
are valid only for “wet” coils (when dehumidification is
occurring). A dry-coil condition—no dehumidification—
occurs when the entering air humidity ratio is decreased to
the point where the entering air dew-point temperature is less
than the effective coil surface temperature (apparatus dew
point). In Tables 31a and 31b, the dry-coil data (indicated
with italics) are evident for conditions where the listed sensi-
ble capacity is equal to the corresponding total capacity. For
a given EDB and ODB, the compressor power, total capac-

ity, and sensible capacity for wet coils change with varying
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EWB. Once the coil becomes dry, for a given EDB, com-
pressor power and capacities remain constant with decreas-

Calculation of minimum supply air temperature is presented
in HVAC BESTEST. Volume 2.B-1

ing EWB.Z.
For the purpose of interpolating data between listed wet-

If the software being tested does not require this input,
ignore this information.

coil and dry-coil data points, it is necessary to evaluate the
maximum EWB for the occurrence of the listed dry-coil data

point. One method for establishing the maximum EWB where
total and sensible capacities are equal is to linearly extrapolate

EWRB for a given EDB and ODB. For example, the data shown
in Table 32a (extracted from Table 31a, ST units) and Table 32b

(extracted from Table 31b, IP units) can be used to determine
the dry-coil compressor power for ODB/EDB = 35.00°C/
26.67°C (95.0°F/80°F).

At the dry-coil condition:

Gross total capacity = gross sensible capacity

=31.05 kW thermal (105.9 kBtu/h)

where these data are listed in the row in Tables 31a and 31b
(for ODB = 35.00°C [95°F]) for EWB = 15.56°C (60°F).
Linear extrapolation based on gross total capacity gives

Maximum EWB for the dry-coil condition
=17.11°C (62.77°F).

Linear extrapolation based on gross sensible capacity
gives

Maximum EWB for the dry-coil condition
=17.00°C (62.63°F).

Therefore, maximum dry-coil EWB 17.05°C (62.7°F).
(The difference in values of maximum EWB based on
extrapolation using total capacity versus sensible capacity

may be attributable to a small amount of error associated with
assuming linearity in this determination, or there may be some

uncertainty in the listed values. The listed compressor power
data were not used for extrapolating EWB because they have
fewer significant digits than the capacity data.

5.3.3.10.3.4 Extrapolation of Performance Data.
Allow the software being tested to perform any necessary

extrapolations. (The need for doing extrapolations has been

minimized by the inclusion of an expanded performance data
set and by specifying reduced internal gains during cooler
weather.)

5.3.3.10.3.5 Cooling Coil Bypass Factor. If the
software being tested does not require an input for bypass
factor (BF). or automatically calculates it based on other
inputs, ignore this information.

For this system,

BF =0.070.

This value was provided by the manufacturer. For this system,
BF varies only with airflow rate, which is constant for these
test cases.

5.3.3.10.3.6 Minimum Supply Air Temperature.

This system is a variable temperature system, meaning that
the supply air temperature varies with the operating condi-

tions. If the software being tested requires an input for mini-
mum allowable supply air temperature, use

Minimum supply air temperature < 1.46°C (34.6°F).

Addendum b to ANSI/ASHRAE Standard 140-2004

5.3.3.10.4 _Part-Load Operation Part-load operation

is the same as for cases E100-E200, with comments and
exceptions as follows.

5.3.3.10.4.1 _See Section 5.3.1.10.4.1.

5.3.3.10.4.2  When the simplifying assumption is
made that continuous operation of the air distribution fan has
a negligible effect on the compressor’s part-load energy use,
CDF from Figure 10 (Section 5.3.1.10.4.1) applies to COP2
as well as to COP (see Section 3 for definitions). That is,

(COP2 at part load) = (CDF) x (COP2 at full load),

Because the compressor controller is assumed to provide
ideal on/off cycling (see Section 5.3.1.10.2.3),

hourly fractional compressor and outdoor fan run time
= PLR/CDF.

5.3.3.10.4.3 See Section 5.3.1.10.4.3.
5.3.3.10.4.4 See Section 5.3.1.10.4.4.

5.3.3.10.4.5 Because there is a continuously oper-
ating indoor air fan in the CE300 and CE400 series cases, the
definition of PLR (as in Section 5.3.1.10.4.3) applying gross
total evaporator coil load and gross total capacity is more
convenient to apply. If the software being tested is defining
PLR based on net refrigeration effect and adjusted net capac-
ity, then for the CE300 and CE400 series cases, indoor air
distribution fan operation for times when the evaporator coil
is not removing heat must still be considered in the simula-
tion. Indoor air distribution fan operation for times when the
evaporator coil is not removing heat does not affect the net
refrigeration effect or the adjusted net total capacity.

5.3.3.10.4.6 _For cases CE300-CE440, the CDF
(defined in Section 5.3.1.10.4.1) is not applicable to the con-
tinuously operating indoor air distribution fan energy con-

sumption.
5.3.3.10.4.7 _See Section 5.3.1.10.4.5.

5.3.3.10.4.8 See Section 5.3.1.10.4.6.
5.3.3.10.5 Fans.
5.3.3.10.5.1

Indoor Air Distribution Fan.

Airflow rate = 1.888 m?/s = 6796 m?/h = 4000 CFM
Indoor fan electric power = 1242 W

Indoor fan mechanical shaft power = 1167 W (1.565
brake horsepower [BHP])

External static fan pressure = 74.7 Pa = 0.3 in. w.g.
(water gauge)

Fan static efficiency =0.121

Motor/drive efficiency = 0.940

Supply air temperature rise from fan heat = 0.54°C =
0.97°F

Air distribution efficiency = 100% (adiabatic ducts).

For further discussion of these inputs, see Annex B15,
Section B15.2.
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The draw-through indoor air distribution fan operates
continuously at 4000 CFM (6796.0 m3/h) for the entire simu-
lation period. For calculating additional heating of the distri-
bution air related to waste heat from the indoor distribution
fan, assume that the distribution fan motor is mounted in the
distribution airstream so that 100% of the heat from fan energy
use goes to the distribution (supply) air.

5.3.3.10.5.2 Outdoor Condenser Fan.

Outdoor fan power = 930 W.

The draw-through outdoor condenser fan cycles on and
off with the compressor.

5.3.3.10.6 _Outside Air. The indoor air distribution
fan operates continuously at 4000 CFM (6796.0 miﬁ)_.
Dampers are adjusted to continuously supply 15% outside air
mixed with the return air; that is, of the 4000 CFM (6796.0
m3/h) of mixed supply air, 600 CFM (1019.4 m3/h) is outside
air and 3400 CFM (5776.6 m3/h) is return air. As fresh air is
introduced from the outside, a corresponding amount of zone

infiltration rates are independent of factors such as wind
speed and indoor/outdoor temperature difference.

5.3.4.1.2.2 Outside Air. Outside air fraction = 0.0
(no outside air) for the full annual simulation period.

5.3.4.1.2.3 Output Requirements. Same as for
Case CE310:; see Section 5.3.4.1.1.2.

5.3.4.1.3 Case CE330: High Outside Air. Case
CE330 is exactly the same as Case CE300 except for changes
as follows.
5.3.4.1.3.1 Outside Air. Outside air fraction (as a
percentage of total fan flow, OA%) is scheduled as follows:

air exits through the relief damper (see Figure 14).

5.3.4 Space Cooling Equipment Performance Com-
parative Tests. It is recommended to double check the Case

Time Period OA Fraction
Jan. 1—April 20 15%
April 21—Oct. 12
00:00 to 08:00 15%
08:00 to 20:00 100%
20:00 to 24:00 15%
Oct. 13—Dec. 31 15%

Note: An outside air fraction of 15% corresponds to 4000

CE300 base-case inputs and to diagnose Case CE300 result
disagreements before going on to the other test cases.

5.3.4.1 Basic Tests (CE300 Series). This section
describes sequential revisions to the base case required to
model additional CE300 series cases. Case CE300 is the base
case for all the CE300 series cases.

5.34.1.1 Case CE310: High Latent Gains. Case
CE310 is exactly the same as Case CE300 except for changes
as follows.
5.3.4.1.1.1 Internal Gains. The latent internal heat
gains are revised according to Table 33. Only the latent inter-
nal gains are changed: sensible internal gains shown here are
the same as for Case CE300.

5.3.4.1.1.1.1 Modeling details for internal gains of
Case CE300 also apply here; see Sections 5.3.3.6.2 through

5.3.3.6.5.

5.3.4.1.1.2 Output Requirements. The required
outputs for these cases are the same as for Case CE300, except
that they exclude the outputs of Section 6.3.2.2 (annual
weather data checks and June 28 hourly outputs).

5.3.4.1.2 Case CE320: High Infiltration. Case
CE320 is exactly the same as Case CE300 except for changes
as follows.

5.34.1.2.1

Infiltration Schedule. See below:

Time Period

Jan. 1—April 20

April 21—Oct. 12
00:00 to 08:00
08:00 to 20:00
20:00 to 24:00

Infiltration Rate
1.734 ach (1019.4 m3/h, 600 cfm)

1.734 ach (1019.4 m3/h, 600 cfm)
11.558 ach (6796.0 m3/h, 4000 cfm)
1.734 ach (1019.4 m3/h, 600 cfm)

Oct. 13—Dec. 31 1.734 ach (1019.4 m?/h, 600 cfim)

Note: Infiltration is leakage of air through any building
element (e.g., walls, windows, and doors). The listed
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CFM (6796.0 m/h) of mixed air containing 600 CFM
(1019.4 m3/h) of outside air and 3400 CEM (5776.6 m*/h) of
return air. Similarly, an outside air fraction of 100%
corresponds to 4000 CFM (6796.0 m*/h) of mixed air

containing 4000 CFM (6796.0 m3/h) of outside air and 0
CFM (0 m3/h) of return air.

5.3.4.1.3.2 Output Requirements. Same as for
Case CE310:; see Section 5.3.4.1.1.2.

5.3.4.1.4 Case CE340: Infiltration and Qutside Air
Interaction. Case CE340 is exactly the same as Case CE300
except for changes as follows.

5.3.4.1.4.1 Infiltration Schedule. See below:
Time Period Infiltration Rate
Jan. 1—April 20 0 ach
April 21—Oct. 12
00:00 to 08:00 0 ach
08:00 to0 20:00 5.779 ach (3398.0 m3/h; 2000 cfm)
20:00 to 24:00 0 ach
Oct. 13—Dec. 31 0 ach

Note: Infiltration is leakage of air through any building
element (e.g., walls, windows, and doors). The listed

infiltration rates are independent of factors such as wind
speed and indoor/outdoor temperature difference.

5.3.4.1.4.2 Outside Air. See below:

Time Period OA Fraction
Jan. 1—April 20 15%
April 21—Oct. 12

00:00 to 08:00 15%

08:00 to0 20:00 50%

20:00 to 24:00 15%
Oct. 13—Dec. 31 15%
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Note: An outside air fraction of 15% corresponds to 4000
CFM (6796.0 m/h) of mixed air containing 600 CFM
(1019.4 m3/h) of outside air and 3400 CFM (5776.6 m3/h) of
return air. Similarly, an outside air fraction of 50%
corresponds to 4000 CFM (6796.0 m3/h) of mixed air

containing 2000 CFM (3398.0 m3/h) of outside air and 2000
CFM (3398.0 m3/h) of return air.

5.3.4.1.4.3 Output Requirements. Same as for
Case CE310: see Section 5.3.4.1.1.2.

5.3.4.1.5 Case CE350: Thermostat Setup. Case
CE350 is exactly the same as Case CE300 except for changes
as follows.

5.3.4.1.5.1 Thermostat Schedule. The thermostat
is scheduled as follows for the entire year:

Time Period Cooling Setpoint

Jan. 1—April 20 25°C (77°F)
April 21—Oct. 12
00:00 to 07:00 35°C (95°F)
07:00 to 20:00 25°C (77°F)
20:00 to 24:00 35°C (95°F)
Oct. 13—Dec. 31 25°C (77°F)

Note: For April 21 through October 12, the cooling setpoint

is lowered at 07:00, which is 1 hour before the internal gains
increase.

5.3.4.1.5.2 OQOutput Requirements. Same as for
Case CE310:; see Section 5.3.4.1.1.2.

5.3.4.1.6 Case CE360: Undersized System. Case

CE360 is exactly the same as Case CE300 except for changes
as follows.

5.3.4.1.6.1 Internal Heat Gains. The internal heat

gains are revised according to Table 34. Only the sensible
internal gains are changed for the period from April 21
through October 12; the latent internal gains and other sensi-

ble internal gains shown in the table are the same as for Case
CE300.

5.3.4.1.6.1.1 Modeling details for internal gains of
Case CE300 also apply here; see Sections 5.3.3.6.2 through

5.3.3.6.5.
5.3.4.1.6.2 Output Requirements. Same as for
Case CE310: see Section 5.3.4.1.1.2.
5.3.4.2 Economizer Series (CE400 Series). This sec-
tion describes sequential revisions to the base case required to
model the CE400 economizer-series cases. Base cases for a
given economizer case are as follows:

Case Basis for that Case
CE400 CE300
CE410 CE400
CE420 CE400
CE430 CE400
CE440 CE430
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5.3.4.2.1 Case CE400: Economizer with ODB/IDB
Control and Integrated Compressor Control. Case CE400

is exactly the same as Case CE300 except for changes as fol-
lows.

5.3.4.2.1.1 Economizer and Compressor Control
Strate CE400). The outside air and relief dampers (see
Figure 14) are adjusted using economizer control based on
ODB and return air temperature as described below. Because
these cases assume no thermal losses or gains in the ducts,
the return air temperature and the zone air temperature (IDB)
may be assumed to be equal.

Economizer = ON_ AND Compressor = OFF IF

IDB > 25.0°C (77.0°F) AND ODB <IDB AND all
cooling load for the given hour are compensated
by the economizer.

Economizer = ON AND Compressor = ON IF
IDB > 25.0°C (77.0°F) AND ODB <IDB AND all
cooling load for the given hour are NOT
compensated by the economizer.
(In this configuration outside air is at the 100% maximum
setting for the full hour.)

Economizer = OFF AND Compressor = ON IF
IDB > 25.0°C (77.0°F) AND ODB >1DB.

Economizer = OFF AND Compressor = OFF IF
IDB £ 25.0°C (77.0°F),

where for

Economizer = ON, outside air is provided as needed up to
100% outside air for the entire hour, but not less

than the 15% minimum outside air setting for any
time during the hour

Economizer = OFF, outside air is provided at the 15%
minimum outside air setting for that hour

Compressor = ON, the compressor and condenser fan will
operate only as long as necessary to handle the
sensible cooling load not compensated by the
economizer

Compressor = OFF, the compressor and condenser fan do
not operate for the hour.

Note that there is no lower limit temperature, which
means that the economizer control strategy is not affected by
how cold the outside air may become.

5.3.4.2.1.1 Output Requirements. Same as for

Case CE310; see Section 5.3.4.1.1.2.
5.3.4.2.2 Case CE410: Economizer with ODB/IDB
Control and Nonintegrated Compressor. Case CE410 is
exactly the same as Case CE400 except while the economizer
is operating, the compressor is not allowed to operate. The
economizer takes precedence over the compressor but is only
allowed to operate whenever it can satisfy the entire cooling

load by itself.
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5.3.4.2.2.1 Economizer and Compressor Control
Strategy (CE410).

Economizer = ON AND Compressor = OFF IF
IDB >25.0°C (77.0°F) AND ODB <IDB AND all
cooling load for the given hour is compensated
by the economizer.

Economizer = ON_ AND Compressor = ON NOT
allowed.

Economizer = OFF AND Compressor = ON IF
IDB > 25.0°C (77.0°F) AND {(ODB >1DB) OR (all
cooling load for the given hour CANNOT be
compensated by the economizer)}.

Economizer = OFF AND Compressor = OFF IF
IDB £ 25.0°C (77.0°F).

Economizer/Compressor ON/OFF are as defined for
Case CE400.

5.3.4.2.3 Case CE420: Economizer with ODB
Limit Control. Case CE420 is exactly the same as Case
CE400 except when ODB > 20°C (68°F), the outside air and

relief dampers are maintained at 15% outside air.
5.3.4.2.3.1 Economizer and Compressor Control
Strategy (CE420).

Economizer = ON AND Compressor = OFF IF
IDB > 25.0°C (77.0°F) AND ODB < 20.0°C (68.0°F)
AND all cooling load for the given hour is
compensated by the economizer.

Economizer = ON AND Compressor = ON IF
IDB > 25.0°C (77.0°F) AND ODB < 20.0°C (68.0°F)
AND all cooling load for the given hour is NOT
compensated by the economizer.
(In this configuration outside air is at the 100% maximum
setting for the full hour.)

Economizer = OFF AND Compressor = ON IF
IDB > 25.0°C (77.0°F) AND ODB > 20.0°C (68.0°F).

Economizer = OFF AND Compressor = OFF IF
IDB < 25.0°C (77.0°F).

Economizer/Compressor ON/OFF are as defined for
Case CE400.

5.3.4.2.4 Case CE430: Enthalpy Economizer with
Integrated Compressor Control. Case CE430 is exactly the

same as Case CE400 except the outside air and relief dampers
are adjusted using economizer control based on outdoor air

enthalpy (h,,) and return air enthalpy (h.,) as described
below. Because these cases assume no thermal losses or gains
in the ducts, the return air enthalpy and the zone air enthalpy
may be assumed to be equal. Enthalpy has units of energy per

mass of dry air.
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5.3.4.2.4.1 Economizer and Compressor Control
Strategy (CE430).

Economizer = ON AND Compressor = OFF IF
IDB > 25.0°C (77.0°F) AND h,, <h, AND all cooling

load for the given hour is compensated by the
economizer.

Economizer = ON AND Compressor = ON IF
IDB > 25.0°C (77.0°F) AND hm < hE AND all cooling

load for the given hour is NOT compensated by the
economizer.

(In this configuration outside air is at the 100% maximum
setting for the full hour.)

Economizer = OFF AND Compressor = ON IF
IDB > 25.0°C (77.0°F) AND h,pp > hy,.

Economizer = OFF AND Compressor = OFF IF
IDB <£25.0°C (77.0°F).

Economizer/Compressor ON/OFF are as defined for
Case CE400.

5.3.4.2.5 Case CE440: Economizer with Enthalpy

Limit Control. Case CE440 is exactly the same as Case
CEA430 except when h, .., >47.25 kJ/kg (28.0 Btu/Ib). the out-

side air and relief dampers are maintained at 15% outside air.
5.3.4.2.5.1 Economizer and Compressor Control

Strategy (CE440).
Economizer = ON AND Compressor = OFF IF

IDB > 25.0°C (77.0°F) AND h,,,, < 47.25 kJ/kg (28.0 Btu/

Ib) AND all cooling load for the given hour is
compensated by the economizer.

Economizer = ON AND Compressor = ON [IF
IDB > 25.0°C (77.0°F) AND hy,, < 47.25 kJ/kg (28.0 Btu/

Ib) AND all cooling load for the given hour is
NOT compensated by the economizer.

(In this configuration outside air is at the 100% maximum
setting for the full hour.)

Economizer = OFF AND Compressor = ON [F
IDB > 25.0°C (77.0°F) AND h, 1, > 47.25 kl/kg (28.0 Btu/

Ib).

Economizer = OFF AND Compressor = OFF IF
IDB <£25.0°C (77.0°F).

Economizer/Compressor ON/OFF are as defined for
Case CE400.
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5.3.4.3 Cases with No Outside Air, Annual Simula-
tion Context (CE500 Series). This section describes sequen-

5.3.4.3.2.1 Internal Heat Gains. The hourly inter-
nal gains are as indicated in Table 36. The loads are only

tial revisions to the base case required to model the CE500-
series cases. Base cases for a given case are as follows:

Case Basis for that Case
CE500 CE300
CE510 CES500
CE520 CE500
CE522 CE520
CES525 CE520
CES530 CE500
CE540 CES530
CE545 CE540

5.3.4.3.1 Case CE500: Base Case with No Outside
Air. Case CE500 is exactly the same as Case CE300 except
for the changes as follows.
5.3.4.3.1.1 Internal Heat Gains. The hourly inter-
nal gains are as indicated in Table 35. For this case the “frac
v. max” values in Table 35 are the same for both sensible and
latent loads.

5.3.4.3.1.1.1 Modeling details for internal gains of
Case CE300 also apply here; see Sections 5.3.3.6.2 through

5.3.3.6.5.

5.3.4.3.1.2 Indoor Fan Control and Part-L.oad
Operation. The indoor air distribution fan cycles on and
off with the compressor.

For this type of control CDF applies to the indoor fan
energy consumption (see Section 5.3.1.10.4). Although the
fan now cycles rather than operating continuously, the equiv-
alence still holds for using gross total capacity to calculate
PLR as an alternative to using net refrigeration effect and
adjusted net capacity; see Annex B13, Section B13.2.

5.3.4.3.1.3 Outside Air. Outside air fraction = 0.0
(no outside air) for the full annual simulation period.

Note that in one of the field-trial simulations for Case
E100, simultancous use of “0” outside air and “0” infiltration
caused an error in the simulations. This error was avoided by

specifying minimum outside air = 0.000001 ft3/min. It is

recommended to do a sensitivity test to check that using 0 for
both these inputs does not cause a problem.

5.3.4.3.1.4 Output Requirements.

Annual summations according to Section 6.3.2.1.1
Annual means according to Section 6.3.2.1.2

Annual hourly-integrated maximum values according to
Section 6.3.2.1.3

Annual hourly-integrated maxima and minima according
to Section 6.3.2.3

PLR sensitivity results according to Section 6.3.2.4
ODB sensitivity results according to Section 6.3.2.5.

S 1

|~
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5.3.4.3.2 Case CES10: High Part-Load Ratio. Case
CES510 is exactly the same as Case CE500 except_for the

changes as follows.
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changed from Case CES00 for the period of April 21 through
October 11. This results in changes to the listed “frac v. max”

multipliers for the other time periods. For this case the “frac
v. max” values in Table 36 are the same for both sensible and
latent loads.

5.3.4.3.2.1.1 Modeling details for internal gains of
Case CE300 also apply here; see Sections 5.3.3.6.2 through

5.3.3.6.5.
5.3.4.3.2.2 OQutput Requirements.

a. Annual hourly-integrated maximum values according to
Section 6.3.2.1.3

b. Annual hourly-integrated maxima and minima according
to Section 6.3.2.3

c. PLR sensitivity results according to Section 6.3.2.4

5.3.4.3.3 Case CE520: Reduced Thermostat Set
Point (EDB = 15°C). Case CE520 is exactly the same as Case
CES500 except for the changes as follows.
5.3.4.3.3.1 Thermostat Control Strategy.

Heat = off.

Cool = on if zone air temperature > 15.0°C (59.0°F);
otherwise Cool = off.

All other features of the thermostat remain as before.

5.3.4.3.3.2 Output Requirements.

Annual summations according to Section 6.3.2.1.1
Annual means according to Section 6.3.2.1.2

Annual hourly-integrated maximum values according to
Section 6.3.2.1.3

Annual hourly-integrated maxima and minima according
to Section 6.3.2.3

oo @

|~

5.3.4.3.4 Case CE522: Reduced Thermostat Set
Point (EDB = 20°C). Case CE522 is exactly the same as
Case CE520 except the thermostat control strategy is as
described below.

Heat = off.

Cool = on if zone air temperature > 20.0°C (68.0°F);
otherwise Cool = off.

All other features of the thermostat remain as before.
5.3.4.3.5 Case CES25: Increased Thermostat Set
Point (EDB Sensitivity). Case CE525 is exactly the same as

Case CE520 except the thermostat control strategy is as
described below.

Heat = off.

Cool = on if zone air temperature > 35.0°C (95.0°F);
otherwise Cool = off.

All other features of the thermostat remain as before.
5.3.4.3.6 Case CE530: Dry Coil. Case CE530 is exactly
the same as Case CE500 except for the changes as follows.
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5.3.4.3.6.1 Internal Gains. The latent internal
gains are 0 for the entire annual simulation period. The sen-
sible internal gains remain as in Case CES500.
If the software being tested requires input of total internal
gains, use the sensible internal gains for each listed time
period.

5.3.4.3.6.2 Output Requirements.

Annual summations according to Section 6.3.2.1.1
Annual means according to Section 6.3.2.1.2

Annual hourly-integrated maximum values according to
Section 6.3.2.1.3

Annual hourly-integrated maxima and minima according
to Section 6.3.2.3

ODB sensitivity results according to Section 6.3.2.5.

[

|~

@

5.3.4.3.7 Case CE540: Reduced Thermostat Set-

point (EDB Sensitivity). Case CE540 is exactly the same as
Case CES530 except for the changes as follows.
5.3.4.3.7.1 Thermostat Control Strategy.

Heat = off.

Cool = on if zone air temperature > 15.0°C (59.0°F);
otherwise Cool = off.

All other features of the thermostat remain as before.
5.3.4.3.7.2 Output Requirements.

Annual summations according to Section 6.3.2.1.1
Annual means according to Section 6.3.2.1.2

Annual hourly-integrated maximum values according to
Section 6.3.2.1.3

Annual hourly-integrated maxima and minima according
to Section 6.3.2.3

@ |o @

[~

5.3.4.3.8 Case CE545: Increased Thermostat Set-
point (EDB Sensitivity). Case CE54S5 is exactly the same as

Case CE540 except the thermostat control strategy is as
described below.

Heat = off.

Cool = on if zone air temperature > 35.0°C (95.0°F);
otherwise Cool = off.

All other features of the thermostat remain as before.

[Informative Note: Revise Table and Figure numbers of
Section 5.4 as shown.|

5.4.1.3 Building Geometry The base case building is a
48 m? floor area, single-story, low mass building with rectan-
gular prism geometry and internal measurements as shown in
Figure 4315. The zone air volume is 129.6 m°.

Figure 4315: Base case building with heat transfer
surface.

5.4.1.4.1 Material properties for the exterior wall,
floor, and roof are listed in Table 2937. The roof will be mod-
eled as the heat transfer surface. The insulation in the walls
and floors has been made very thick and resistant to heat
transfer to effectively thermally decouple the zone from
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ambient conditions, i.e., they are made to be near-adiabatic. If
your software does not allow the specified insulation levels,
use the thickest insulation your program will permit and
reduce the floor and wall areas to achieve the same UA values
as defined in Table 2937. The zone air volume must remain
129.6 m>.

Table 2937. Material Specifications for Base Case

Figure 4416: Base case building with all surfaces near-
adiabatic.

5.4.1.9.2 Building Envelope Thermal Properties.
Material properties for the exterior wall, floor and roof are as
listed in Table 3038.

Table 3038. Material Specifications for Base Case

5.4.1.10.4 Part-Load Operation. Residential fur-
naces cycle on and off to meet their load at off-design condi-
tions. The part-load ratio (PLR) is used to predict the energy
use of a furnace under part-load conditions and is defined as

load placed on furnace
furnace capacity

PLRf =

where the Load Placed on Furnace is integrated over the
simulation time step and Furnace Capacity is the capacity of
the furnace to supply heat for that time step.

The part-load factor (PLF) represents the degradation in
furnace efficiency due to part-load operation:

part load efficiency _ Mpart load

steady-state efficiency n

For simulation programs, the part-load performance can
be defined in terms of a part-load curve, as a plot of PLF vs.
PLR¢. The part-load curve chosen for this suite of test cases is
illustrated in Figure +517.

Figure 4517: Part-Load Factor Curve.

5.4.2.4 Case HE140: Periodically Varying Part-Load
Test. The objective of this test case is to examine a program’s
ability to accurately respond to variations in load. In Case
HE140, a weather file with a sinusoidally varying outdoor
temperature is used. This case is designed to ensure that the
model operates over the full range of the part-load curve. This
represents a more challenging test on whether the part-load
ratio is properly implemented.

Case HE140 is exactly the same as Case HE110 except
the applicable weather file is HE140W.WY?2.

These data are provided in the files accompanying this
standard as described in Annex A1, Section Al.3.

These weather data are represented by Figure 4618,
which is a plot of the outdoor temperature varying over the
range of +20°C to —20°C over a 24-hour period.

Figure 4618: Temperature varying sinusoidally from
+20°C to —20°C over a 24-hour period.
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5.4.3.1 Case HE220: Setback Thermostat. The objec-
tive of this test case is to test the effects of setback tempera-
tures on furnace fuel consumption. Since the zone and
building fabric have very low thermal mass, the zone air’s
temperature should follow the setpoint schedule.

Case HE220 is the same as Case HE210, except that the
zone setpoint temperature follows the relationship illustrated
in Figure +719.

Figure 4#19: Setback temperatures over a 24-hour
period.

TABLE 24 Opaque Surface Radiative Properties

TABLE 25

Interior Combined Surface Coefficient

versus Surface Orientation

Orientation of
Surface and
Heat Flow

Interior Combined Surface Coefficient

Horizontal heat
transfer on
vertical surfaces

8.29 W/(m?K) m?K (1.46 Btu/(h:ft2:°F))

Upward heat transfer
on horizontal surfaces

9.26 W/(m2K) w°K (1.63 Btu/( h-ft2-°F))

Interior Surface Exterior Surface

Solar absorptance 0.6 0.1

Infrared emittance 0.9 0.9

Downward heat
transfer on
horizontal surfaces

6.13 W/(m2K) s, (1.08 Btu/( h-fi2-°F))

0.5 06 0.7

[Ty 1

S

S 095

g CDF =1-0.229(1 - PLR);
s 09 0 <= PLR <= 1
5 o0.85

ks
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a o 01 02 03
o
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Part Load Ratio (PLR)*

0.8 0.9 1

*PLR = (Net Refrigeration Effect)/(Adjusted Net Total Capacity)

Figure 10 Cooling equipment part-load performance (COP degradation factor versus PLR).
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Figure 13 HVAC BESTEST Case CE300: near-adiabatic envelope geometry.
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TABLE 29a

Material Specifications Case CE300 (S| Units

EXTERIOR WALL (inside to outside)
k Thickness ) R
ELEMENT (W/(m-K)) (m)  (Wim2K)) (m>KWw)
Int Surf Coef 8.290 0.121
Insulation® 0.00308 1.000 0.00308 325.000
Ext Surf Coef 29.300 0.034
Total air - air 0.00308 325.155
Total surf - surf 0.00308 325.000
FLOOR (inside to outside)
k Thickness U R
ELEMENT (W/(m-K)) (m)  (Wim2K)) (m’KwW)
Int Surf Coef® 8.290 0.121
Insulation® 0.00308 1.000 0.00308 325.000
Ext Surf Coef 29.300 0.034
Total air - air 0.00308 325.155
Total surf - surf 0.00308 325.000
ROOF (inside to outside)
k Thickness ) R
ELEMENT (Wi(m-K)) (m)  (WIm2K)) (m*KW)
Int Surf Coef® 8.290 0.121
Insulation® 0.00308 1.000 0.00308 325.000
Ext Surf Coef 29.300 0.034
Total air - air 0.00308 325.155
Total surf - surf 0.00308 325.000
SUMMARY
AREA UA
COMPONENT (m?) (WIK)
Wall 168.000 0.517
Floor 196.000 0.603
Roof 196.000 0.603
Infiltration® 0.000
Total UA 1.722
ACH VOLUME ALTITUDE
(m°) (m)
0.00 588.0 3.0
? This level of insulation defines a near-adiabatic condition such that conduction gains are < 1%
of the total cooling load. If your software does not allow this much insulation, then reduce the
floor, roof and wall areas to achieve the listed UA values, but keep volume as listed.
® The interior film coefficient for floors and ceilings is a compromise between upward and
downward heat flow for summer and winter.
© Infiltration derived from:
ACH x Volume x {specific heat of air) x (density of air at specified altitude).

€300env2-140-2004b xls
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TABLE 29b _ Material Specifications Case CE300 (I-P Units

EXTERIOR WALL (inside to outside)
k Thickness U R
ELEMENT (Btu/(h-ft-F)) (ft) (Btu/(h-f*-F))  (h-f’-F/Btu)
Int Surf Coef 1461 0.684
Insulation® 0.00178 3.281 0.000542 1844.202
Ext Surf Coef 5.163 0.194
Toftal air - air 0.000542 1845.080
Total surf - surf 0.000542 1844.202
FLOOR (inside to outside)
k Thickness ) R
ELEMENT (Btu/(h-ft-F)) (ft) (Btul(h-ftz-F)) (h-ftz-FlBtu)
Int Surf Coef” 1.461 0.684
Insulation® 0.00178 3.281 0.000542 1844 202
Ext Surf Coef 5.163 0.194
Toftal air - air 0.000542 1845.080
Toftal surf - surf 0.000542 1844.202
ROOF (inside to outside)
k Thickness U R
ELEMENT (Btu/(h-ft-F)) (f) (Btu/(h-f>-F)) (h-f>-F/Btu)
Int Surf Coef® 1.461 0.684
Insulation® 0.00178 3.281 0.000542 1844 202
Ext Surf Coef 5.163 0.194
Total air - air 0.000542 1845.080
Total surf - surf 0.000542 1844.202
SUMMARY
AREA UA
COMPONENT () (Btu/(h-F))
Wall 1808.337 0.980
Floor 2109.726 1.143
Roof 2109.726 1.143
Infiltration® 0.000
Total UA 3.267
ACH VOLUME ALTITUDE UAinf(Note 3)
(f€) (ft) (Btu/(h-F}))
0.000 20765 9.84 0.000
2 This level of insulation defines a near-adiabatic condition such that conduction gains are < 1%
of the total cooling load. If your software does not allow this much insulation, then reduce the
floor, roof and wall areas to achieve the listed UA values, but keep volume as listed.
® The interior film coefficient for floors and ceilings is a compromise between upward and
downward heat flow for summer and winter.
¢ Infiltration derived from:
ACH x Volume x (specific heat of air) x (density of air at specified altitude).

€300env2-140-2004b x1s
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TABLE 30 Case CE300 Hourly Internal Gains Schedule (I-P and Sl Units)

SENSIBLE LATENT

Period Time| Watts Btu/h fracv. max’| Watts Btuh frac v. max®
Jan. 1 thru Mar. 10 0:00-8:00] 2931 10000 0.15625 0 0 0.00
8:00-20:00| 2931 10000 0.15625| 366 1250 0.25
20:00 - 24:00| 2931 10000 0.15625 0 0 0.00
Mar. 11 thru Apr. 10 0:00-9:00] 2931 10000 0.15625 0 0 0.00
9:00-18:00| 7034 24000 0.37500| 1466 5000 1.00
18:00 -24:00| 2931 10000 0.15625 0 0 0.00
Apr. 11° 0:00-8:00| 2931 10000 0.15625 0 0 0.00
8:00-20:00| 2931 10000 0.15625| 366 1250 0.25
20:00 - 24:00| 2931 10000 0.15625 0 0 0.00
Apr. 12 thru Apr. 20 0:00-8:00] 2931 10000 0.15625 0 ) 0.00
8:00-19:00| 9379 32000 0.50000| 1466 5000 1.00
19:00 - 24:00| 2931 10000 0.15625 0 0 0.00
Apr. 21 thru Oct. 12 0:00-8:00] 7034 24000 0.37500 0 0 0.00

8:00-12:00f 9379 32000 0.50000| 1466 5000 1.00
12:00 - 14:00| 14069 48000 0.75000| 1466 5000 1.00
14:00 - 16:00| 18758 64000 1.00000| 1466 5000 1.00
16:00 - 20:00| 9379 32000 0.50000| 1466 5000 1.00

20:00 - 24.00{ 7034 24000 0.37500 0 0 0.00

Oct. 13 thru Oct. 18 0:00-8:00f 2931 10000 0.15625 0 0 0.00
8:00-16:00f 9379 32000 0.50000| 1466 5000 1.00

16:00-24:00] 2931 10000 0.15625 0 0 0.00

Oct. 19 thru Nov. 05 0:00-8:00f 2931 10000 0.15625 0 0 0.00

8:00-12:00f 9379 32000 0.50000| 1466 5000 1.00
12:00 - 14:00| 14069 48000 0.75000| 1466 5000 1.00
14:00 - 16:00| 18758 64000 1.00000| 1466 5000 1.00
16:00 - 20:00| 9379 32000 0.50000| 1466 5000 1.00

20:00 - 24.00{ 7034 24000 0.37500 0 0 0.00

Nov. 06 thru Dec. 31° 0:00-8:00f 2931 10000 0.15625 0 0 0.00
8:00-20:00) 2931 10000 0.15625 366 1250 0.25

20:00 -24:00] 2931 10000 0.15625 0 0 0.00

Note: listed values are the internal gain for each hour within the specified period.

2 "frac v. max" is the corresponding fraction for the given hourly value relative to the maximum
value for the year. This is included for convenience of users who may need to provide this input.

b Same schedule as for Jan. 1 through Mar. 10.

CE300intgains 1.x1s CE300sch!
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Figure 14 Unitary split air-conditioning system consisting of an air-cooled condensing unit and indoor evaporator
coil, and with an outside-air mixing system.
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TABLE 31a Equipment Full-Load Performance with Gross Capacities (SI Units)

ODB (‘C)] 12.78

EWB EDB (°'C)

(°C) 12.78 | 1556 | 1833 | 21.11 2389 | 2667 | 2944 | 3222 | 3500
TC 27.05

444 SHC 27.05
KW 6.0
TC 2746 | 28.81 | 30.60

7.22 SHC 26.15 | 2881 | 3060
kW 6.0 6.1 6.3
TC 29.81 2086 | 30.60 | 3241

10.00 SHC 2054 | 2627 | 3060 | 3241
KW 6.2 6.2 6.3 6.4
TC 3250 | 3252 | 3256 | 3286 | 3423

12.78 SHC 1462 | 2042 | 2618 | 3143 | 3423
KW 6.4 6.4 6.4 6.4 6.6
TC 35.31 3544 | 3542 | 3558 | 3625 | 37.99

15.56 SHC 14.41 2020 | 2586 | 3138 | 3594 | 37.99
kW 6.6 6.6 6.6 6.7 6.7 6.8
TC 3843 | 3848 | 3854 | 3859 | 3892 | 39917 | 4183

18.33 SHC 14.14 1983 | 2549 | 3104 | 3618 | 3991 | 4183
kW 6.9 6.9 6.9 6.9 6.9 7.0 7.1
TC 4165 | 41.77 | 4184 | 4188 | 4202 | 4253

21.11 SHC 1374 | 1940 | 2500 | 3053 | 3585 | 3636
KW 7.1 7.1 7.1 7.1 7.2 7.2
TC 4502 | 4520 | 4531 4537 | 4543

23.89 SHC 1327 | 1887 | 2442 | 2991 35.26
kW 74 74 74 74 74
TC 4865 | 4889 | 4899 | 49.04

26.67 SHC 1273 | 1829 | 2379 | 2920
KW 77 77 77 7.7
TC 5235 | 5266 | 5285

29.44 SHC 1213 1763 | 23.09
kW 8.0 8.0 8.0
TC 5634 | 56.66

3222 SHC 11.50 16.95
KW 8.3 8.3
TC 60.29

35.00 SHC 10.84
kW 8.6

ODB (°C)| 18.33
EWB EDB (°C)
(°C) 12.78 15.56 18.33 21.11 23.80 | 2667 | 2944 | 32.22 | 3500
TC 26.00
444 SHC 26.00
KW 6.5
TC 2626 | 27.73 | 2949
722 SHC 2536 | 27.73 | 20.49
KW 6.6 6.7 6.9
TC 2852 | 2860 | 29.49 31.27
10.00 SHC 19.83 | 2556 | 20.49 31.27
KW 6.8 6.8 6.9 7.1
TC 3113 | 3117 | 31.19 3158 | 33.09
12.78 SHC 13.92 19.74 | 2546 3063 | 33.09
KW 71 71 7.1 7.1 7.3
TC 33.91 34.00 34.02 3418 | 3496 | 36.80
15.56 SHC 13.76 1953 2522 3066 | 3491 | 36.80
kW 7.3 73 7.3 74 74 7.6
TC 36.87 36.99 3705 | 3710 | 3749 | 3868
1833 SHC 13.49 19.21 2487 | 3039 | 3541 | 3868
kW 76 7.6 76 76 7.7 7.8
TC 20.06 2015 | 4025 | 4027 | 4046 | 4105
21.11 SHC 13.14 1879 | 2440 | 2091 3518 | 3982
kW 7.9 7.9 7.9 7.9 8.0 8.0
TC 4335 | 4352 | 4361 4367 | 4376
23.89 SHC 1270 | 1830 | 2385 | 2934 | 3467
kW 8.2 8.2 8.2 8.3 8.3
TC 16.88 | 4704 | 4719 | 47.25
26.67 SHC 12.20 1774 | 2325 | 2867
kW 8.6 8.6 8.6 8.6
TC 5050 | 50.77 | 50.91
29.44 SHC 11.65 1743 | 22557
KW 8.9 8.9 8.9
TC 54.28 | 54.60
3222 SHC 11.05 16.47
KW 9.2 9.3
TC 58.24
35,00 SHC 10.43
KW 9.6
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TABLE 31a Egquipment Full-Load Performance with Gross Capacities (Sl Units), continued

ODB (‘C)| 23.89
EWB EDB (°C)
(°C) 12.78 | 1556 18.33 | 21.11 7389 | 2667 | 2944 | 3222 | 3500

TC 24.68

444 SHC 24.88
KW 7.1
TC 2506 | 26.69 | 26.31

7.22 SHC 2452 | 2659 | 2831
KW 7.1 7.3 7.6
TC 2720 | 2729 | 2837 | 30.08

10.00 SHC 1912 | 2480 | 2831 | 3008
KW 74 74 7.6 7.8
TC 2972 | 29.77 | 2981 3026 | 31.06

1278 SHC 1322 | 1905 | 2478 | 2074 | 31.86
KW 7.7 7.7 7.7 7.8 8.0
TC 3244 | 3248 | 3252 | 3274 | 3368 | 3553

15.56 SHC 13.09 1883 | 2454 | 2094 | 3368 | 3553
KW 8.0 8.0 8.0 8.1 8.2 8.4
TC 3520 | 3542 | 3547 | 3554 | 3509 | 37.39

18.33 SHC 1284 | 1856 | 2422 | 2070 | 3461 | 37.39
KW 8.4 84 8.4 84 84 86
TC 3838 | 3848 | 3656 | 3857 | 3683 | 39.51

21.11 SHC 12.52 1817 | 2378 | 2926 | 3448 | 389
KW 8.7 8.7 8.7 87 8.8 8.8
TC 24159 | 4175 | 4185 | 4189 | 41.97

23.89 SHC 12.11 17.71 2327 | 2874 | 34.04
KW 9.1 9.1 9.1 9.1 9.1
TC 4496 | 4517 | 4530 | 4537

26.67 SHC 11.64 1719 | 2269 | 28.12
KW 94 9.4 9.5 95
TC 1848 | 4876 | 48.92

29.44 SHC 11.12 16.61 22.06
KW 9.8 9.8 9.9
TC 52.09 | 52.49

3222 SHC 10.56 15.98
KW 10.2 10.2
TC 55.98

35.00 SHC 9.98
KW 10.6

ODB ('C)| 2944
EWE EDB (°C)
(°C) 12.78 | 1556 18.33 21.11 7389 | 2667 | 2944 | 3222 | 3500
TC 23.74
444 SHC 23.74
KW 7.7
TC 2380 | 2540 | 27.11
722 SHC 2359 | 2540 | 27.11
KW 7.7 7.9 8.2
TC 2582 | 2594 | 27.11 26.64
10.00 SHC 1839 | 2402 | 27.11 28.84
KW 8.0 8.0 8.2 84
TC 2825 | 28.31 28.34 28.91 30.60
12.78 SHC 1250 | 1833 | 24.03 2876 | 3060
KW 8.3 84 8.4 84 8.7
TC 3089 | 3095 30.98 3124 | 32.39 | 3420
15.56 SHC 12.39 18.15 23.85 2017 | 3239 | 3420
KW 8.7 8.7 8.7 8.8 8.9 9.2
TC 33.68 33.77 3382 | 3392 | 3447 | 36.04
18.33 SHC 1217 17.89 2354 | 29.01 3371 | 36.04
KW 9.1 9.1 9.1 9.1 9.2 94
TC 36.64 36.75 | 3683 | 3687 | 37.15 | 37.97
21.11 SHC 11.88 1754 | 2314 | 2863 | 3374 | 3782
KW 9.5 95 9.5 9.5 9.5 9.7
TC 3974 | 3990 | 40.01 2003 | 40.15
23.89 SHC 1151 1710 | 2266 | 2813 | 3340
KW 9.9 9.9 9.9 9.9 9.9
TC 23.01 1320 | 4333 | 4341
26.67 SHC 1107 | 1661 22.11 27.54
KW 103 10.3 10.4 10.4
TC 1640 | 46.67 | 46.81
29.44 SHC 10.58 16.07 | 21.50
KW 10.7 10.8 10.8
TC 2993 | 5027
3222 SHC 10.06 15.48
KW 11.2 11.2
TC 53.64
35.00 SHC 9.51
KW 1.7
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TABLE 31a Egquipment Full-Load Performance with Gross Capacities (Sl Units), continued

ODB (°C)] _35.00
EWB EDB (°C)
(°C) 12.78 | 1556 | 18.33 | 21.11 2389 | 2667 | 2944 | 3222 | 3500
TC 2257 | 2419 | 2585
7.2 SHC 2256 | 2419 | 2585
kW 8.6 8.5 8.8
TC 2442 | 2456 | 2585 | 27.66
10.00 SHC 1766 | 2320 | 2585 | 27.56
kW 8.6 8.6 8.8 9.1
TC 26.79 | 2681 26.85 | 27.66 | 29.28
12.78 SHC 1177 | 1760 | 2327 | 2756 | 29.28
KW 9.0 9.0 9.0 9.1 9.4
TC 29.32 29.37 29.39 2972 | 31.05 32.62
15.56 SHC 1168 | 1746 | 2315 | 2833 | 3105 | 3282
KW 94 94 94 94 9.7 9.9
TC 32.01 3207 | 3212 | 3226 | 3292 | 3463
18.33 SHC 1149 | 1720 | 2287 | 2828 | 3268 | 3463
kW 9.8 9.8 98 9.9 10.0 10.2
TC 3328
19.44* | SHC 26.04
kW 10.0
TC 3482 | 3494 | 3502 | 3505 | 3541 | 3645
21.11 SHC 1122 | 1687 | 2248 | 2796 | 3207 | 3645
kW 10.2 10.3 10.3 10.3 10.3 10.5
TC 37.81 3796 | 3807 | 3810 | 3828
23.89 SHC 10.87 1647 | 2203 | 2749 | 3272
KW 10.7 10.7 10.7 10.7 10.8
TC 2096 | 4115 | 4129 | 41.33
26.67 SHC 10.48 16.02 | 2152 | 2695
KW 11.2 11.2 11.2 11.7
TC 4423 | 4449 | 4464
2944 SHC 10.03 15.51 20.95
kW 11.7 11.7 11.7
TC 4766 | 47.92
3222 SHC 9.54 14.95
kW 12.2 12.2
TC 51.18
35.00 SHC 9.03
kW 12.7

ODB (°C)| 40.56
EWB EDB (°C)
(°C) 12.78 15.56 | 18.33 2111 2380 | 2667 | 2944 | 3222 | 3500
TC 214 | 2292 | 2456
7.22 SHC 21.3¢ | 2292 | 2456
kW 8.8 9.1 9.4
TC 2295 | 23.16 | 24.56 26.23
10.00 SHC 1689 | 2233 | 24.56 26.23
kW 9.1 9.1 9.4 9.7
TC 2527 | 2526 | 2535 | 26.24 27.93
12.78 SHC 11.03 16.86 | 22.51 26.24 27.93
kW 9.6 95 96 9.7 10.1
TC 2768 | 27.73 27.75 2817 | 29.65
15.56 SHC 1096 | 16.74 2242 2741 | 2065
KW 10.0 10.0 10.0 10.1 10.4
TC 30.28 30.34 3037 | 3056 | 3139 | 33.17
18.33 SHC 10.80 16.51 2218 | 2751 | 3139 | 3317
kW 105 105 105 10.6 10.7 11.0
TC 32.08 3312 | 33.17 | 3321 3367 | 3497
21.11 SHC 10.57 1623 | 2182 | 2726 | 3213 | 3497
kW 11.0 1.0 11.0 1.0 111 11.3
TC 3585 | 36.01 3608 | 36.13 | 3637
23.89 SHC 10.26 1585 | 2140 | 2686 | 32.00
KW 15 15 15 115 1.6
TC 3886 | 3907 | 289.18 | 3922
26.67 SHC 9.89 1542 | 20.91 26.37
kW 12.0 12.1 12.1 12.1
TC 1200 | 4224 | 4238
2944 SHC 947 1494 | 2037
kW 12.6 126 12.6
TC 7527 | 4555
3222 SHC 9.03 14.42
KW 13.1 13.2
TC 18.65
35.00 SHC 8.54
kW 13.7
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TABLE 31a Egquipment Full-Load Performance with Gross Capacities (Sl Units), continued

ODB (°C)] _46.11
EWB EDB (°C)
(°C) 12.78 1556 1833 | 21.11 2389 | 2667 | 2944 | 3222 | 3500
TC 2008 | 21.64 | 23.24
7.22 SHC 2008 | 2164 | 2324
KW 9.3 9.6 10.0
TC 2145 | 2174 | 2324 | 2487
10.00 SHC 1613 | 2139 | 2324 | 2487
KW 96 96 10.0 10.4
TC 2368 | 2369 | 2380 | 2487 | 2653
12.78 SHC 10.27 1612 | 21.71 2487 | 26.53
KW 10.1 10.1 10.1 10.4 10.7
TC 26.01 2606 | 2600 | 26.61 28.22
15.56 SHC 10.23 16.01 2168 | 2638 | 28.22
KW 106 10.6 10.6 107 11.1
TC 2852 | 2857 | 2658 | 2684 | 2993 | 31.67
18.33 SHC 10.10 1583 | 2149 | 2669 | 2093 | 3167
KW 1.2 1.2 1.2 112 11.5 11.8
TC 3112 | 3122 | 3126 | 3136 | 3191 33.42
21.11 SHC 9.89 1556 | 2115 | 2657 | 3116 | 33.42
KW 1.7 1.7 1.7 1.8 1.9 12.2
TC 3382 | 3400 | 3406 | 34.11 3444
23.89 SHC 9.62 1522 | 2078 | 2621 31.23
KW 12.3 12.3 12.3 123 124
TC 36.71 36.90 37.02 37.08
26.67 SHC 9.29 14.81 20.32 25.75
KW 12.8 12.9 12.9 12.9
TC 39.72 39.95 | 40.10
2944 SHC 8.91 14.36 19.82
KW 13.4 13.5 13.5
TC 2277 | 43.12
3222 SHC 8.50 13.88
KW 14.0 14.1
TC 16.05
35.00 SHC 8.04
KW 14.7

Notes:
. TC = gross total capacity (kW thermal)
. SHC = gross sensible heat capacity (kW thermal)
kW = compressor power (kW)
. ODB = ambient dry-bulb temperature = air temperature (°C) entering condenser
. EDB = dry-bulb temperature (°C) entering indoor coil
. EWB = wet-bulb temperature (°C) entering indoor coil
. Airflow rate = indoor coil airflow rate (6796 m>/h [4000 ft3/min (cfm)] for all data)
. Shaded upper left cells = potential for freezing indoor coil
. Shaded lower right cells = compressor outside operating envelope
CANNOT RUN HERE (for prolonged operation)
10. Each point has optimum charge (R22 charge not constant)
11. Computer model used to generate catalog data
12. Computer model based on test data
13. Computer model validated within the operating envelope of compressor
14. Computer model iterates and determines if the coil is wet or dry
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TABLE 31b Equipment Full-Load Performance with Gross Capacities (I-P_Units)

ODB(F) 55
EWB EDB (°F)
°F) 55 0 65 70 75 30 85 90 95
TC 92.3
40 SHC 92.3
KW 6.0
TC 93.7 98.3 704.4
45 SHC 89.2 98.3 104.4
kW 6.0 6.1 6.3
TC 101.7 1019 | 1044 710.6
50 SHC 70.1 89.6 1044 | 1106
kW 6.2 6.2 6.3 6.4
TC 1109 | 1109 | 1111 2.1 116.8
55 SHC 49.9 69.7 89.3 1072 | 116.8
kW 6.4 6.4 6.4 6.4 6.6
TC 1205 | 1209 | 1200 | 1214 123.7 129.6
60 SHC 492 68.9 88.2 107.1 1226 129.6
KW 6.6 6.6 6.6 6.7 6.7 6.8
TC 1311 1313 | 1315 1317 1328 | 136.2 | 142.7
65 SHC 482 67.7 87.0 105.9 1234 | 1362 | 1427
KW 6.9 6.9 6.9 6.9 6.9 7.0 7.1
TC 1421 1425 142.8 1429 | 1434 | 1451
70 SHC 46.9 66.2 85.3 104.1 1223 | 1240
KW 7.1 7.1 7.1 7.1 7.2 7.2
TC 153.6 154.2 1546 | 1548 | 1550
75 SHC 453 64.4 833 1020 | 1203
KW 74 74 74 7.4 74
TC 166.0 166.8 | 167.1 167.3
80 SHC 434 62.4 81.2 99.6
KW 7.7 7.7 7.7 7.7
TC 178.6 179.7 | 1803
85 SHC 414 60.1 788
KW 8.0 8.0 8.0
TC 1922 | 1933
90 SHC 39.3 57.8
KW 8.3 8.3
TC 205.7
95 SHC 37.0
KW 8.6
ODB () __ 65
EWB EDB (°F)
°F) 55 60 65 70 75 80 85 90 95
TC 88.7
40 SHC 88.7
kW 6.5
TC 896 946 700.6
45 SHC 86.5 94.6 100.6
kW 6.6 6.7 6.9
TC 97.3 97.6 700.6 706.7
50 SHC 67.7 87.2 100.6 106.7
kW 6.8 6.8 6.9 7.1
TC 106.2 1064 | 1064 107.7 112.9
55 SHC 475 67.4 86.9 1045 112.9
kW 7.1 7.1 7.1 7.1 7.3
TC 157 | 1160 116.1 1166 | 1193 | 1255
60 SHC 47.0 66.6 86.0 1046 | 119.1 1255
kW 73 7.3 73 74 74 7.6
TC 1258 1262 1264 | 1266 | 1279 | 1320
65 SHC 46.0 65.6 84.9 1037 | 1208 | 1320
kW 76 76 76 76 7.7 7.8
TC 136.7 1370 | 1373 | 1374 | 1380 | 1401
70 SHC 438 64.1 83.3 102.1 1200 | 1358
kW 7.9 7.9 7.9 7.9 8.0 8.0
TC 1479 | 1485 | 1488 | 1490 | 1493
75 SHC 433 624 814 100.1 1183
kW 8.2 8.2 8.2 8.3 8.3
TC 1599 | 1605 | 1610 | 1612
80 SHC 416 60.5 79.3 97.8
kW 8.6 86 8.6 8.6
TC 1723 173.2 T73.7
85 SHC 39.7 58.4 77.0
kW 8.9 8.9 8.9
TC 185.2 186.3
90 SHC 37.7 56.2
kW 9.2 93
TC 198.7
95 SHC 356
kW 9.6
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TABLE 31b___Equipment Full-Load Performance with Gross Capacities (I-P_Units). continued

ODB (°F) 75
EWB EDB (°F)
°F) 55 50 65 70 75 30 35 90 95
TC 34,9
40 SHC 84.9
KW 7.1
TC 85.5 90.7 96.6
45 SHC 83.7 90.7 96.6
KW 7.1 7.3 7.6
TC 92.8 93.1 96.6 102.6
50 SHC 65.2 846 96.6 102.6
KW 74 74 7.6 7.8
TC 1014 | 1016 101.7 1032 | 1087
55 SHC 451 65.0 845 1015 | 1087
KW 77 7.7 7.7 7.8 8.0
TC 110.7 110.8 1109 | 1117 1149 121.2
60 SHC 47 64.3 837 1022 114.9 121.2
KW 8.0 8.0 8.0 8.1 8.2 84
TC 120.4 1208 | 1210 1213 1228 | 127.6
65 SHC 438 63.3 82.6 101.3 118.1 127.6
KW 8.4 84 84 8.4 8.4 8.6
TC 1310 | 1313 1316 1316 1325 | 1348
70 SHC 427 62.0 81.1 99.8 177 1327
KW 8.7 8.7 8.7 8.7 8.8 8.8
TC 1419 1424 1428 1429 1432
75 SHC 413 60.4 794 98.1 116.1
KW 9.1 9.1 9.1 9.1 9.1
TC 1534 1541 1545 154.8
80 SHC 39.7 58.6 774 95.9
KW 94 94 95 95
TC 165.4 166.4 166.9
85 SHC 37.9 56.7 75.3
KW 9.8 9.8 9.9
TC T77.7 179.1
90 SHC 36.0 545
KW 10.2 10.2
TC 191.0
95 SHC 34.0
KW 10.6
ODB (F) _ 85
EWB EDB (°F)
(°F) 55 60 65 70 75 30 85 90 95
TC 81.0
40 SHC 81.0
kW 7.7
TC 81.2 86.7 92.5
45 SHC 80.5 86.7 92.5
kW 7.7 7.9 8.2
TC 88.1 885 925 984
50 SHC 62.7 82.0 925 984
KW 8.0 8.0 8.2 84
TC 96.4 96.6 96.7 986 104.4
55 SHC 426 62.5 82.0 98.1 104.4
KW 8.3 84 84 8.4 8.7
TC 1054 1056 105.7 1066 | 1705 716.7
60 SHC 423 61.9 814 99.5 110.5 116.7
kW 8.7 8.7 8.7 8.8 8.9 9.2
TC 114.9 1152 1154 157 | 1176 | 1230
65 SHC 45 61.0 80.3 99.0 1150 | 1230
kW 9.1 9.1 9.1 9.1 9.2 94
TC 125.0 1254 1256 | 1258 | 1268 1296
70 SHC 405 59.8 78.9 97.7 115.1 129.0
KW 95 95 95 9.5 95 97
TC 1356 136.1 1365 | 1366 137.0
75 SHC 393 58.4 77.3 96.0 114.0
kW 9.9 9.9 9.9 9.9 9.9
TC 146.7 1474 1479 1481
80 SHC 37.8 56.7 754 24.0
kW 10.3 10.3 10.4 10.4
TC 158.3 159.2 159.7
85 SHC 36.1 54.8 734
KW 10.7 10.8 10.8
TC 170.4 1715
20 SHC 34.3 52.8
kW 11.2 11.2
TC 183.0
95 SHC 324
kW 1.7
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TABLE 31b___Equipment Full-Load Performance with Gross Capacities (I-P_Units). continued

ODB(°F) 95
EWB EDB (°F)
(°F) 55 60 65 70 75 30 85 90 95
TC 77.0 82.5 86.2
45 SHC 77.0 825 88.2
kW 8.6 8.5 8.8
TC 833 838 86.2 94.0
50 SHC 60.2 792 88.2 94.0
kW 8.6 86 8.8 9.1
TC 914 915 916 94.0 99.9
55 SHC 402 60.1 794 94.0 99.9
kW 9.0 9.0 9.0 9.1 9.4
TC 100.0 100.2 1003 1014 1059 712.0
60 SHC 399 59.6 790 96.7 105.9 1120
kW 94 94 94 9.4 9.7 9.9
TC 109.2 109.4 109.6 1101 1123 | 1181
65 SHC 39.2 58.7 780 96.5 115 | 1181
kW 9.8 9.8 9.8 9.9 10.0 10.2
TC 135
67 SHC 88.9
kW 10.0
TC 1188 119.2 1195 119.6 1208 1244
70 SHC 383 57.6 76.7 954 1125 124.4
kW 10.2 103 103 103 10.3 10.5
TC 129.0 1295 129.9 130.0 130.6
75 SHC 371 56.2 751 9338 1116
kW 10.7 10.7 107 10.7 10.8
TC 139.8 1404 140.9 141.0
80 SHC 3538 546 734 91.9
KW 11.2 11.2 11.2 11.7
TC 150.9 151.8 152.3
85 SHC 342 52,9 715
kW 11.7 11.7 11.7
TC 162.6 1635
90 SHC 32,5 51.0
KW 12.2 12.2
TC 174.6
95 SHC 308
kW 12.7

ODB (F) 105
EWB EDB (°F)
(°F) 55 50 65 70 75 80 5 90 %
TC 72.8 78.2 53.8
45 SHC 72.8 78.2 83.8
kW 8.8 9.1 9.4
TC 783 790 53.8 89.5
50 SHC 576 762 83.8 89.5
kW 9.1 9.1 9.4 9.7
TC 86.2 86.2 865 89.5 95.3
55 SHC 376 57.5 768 89.5 95.3
kW 96 95 96 9.7 10.1
TC %44 946 94.7 96.1 701.2
60 SHC 374 57.1 76.5 935 101.2
KW 10.0 10.0 10.0 10.1 10.4
TC 1033 1035 1036 | 1043 | 107.1 713.2
65 SHC 36.8 56.3 75.7 93.9 107.1 113.2
KW 10.5 105 10.5 10.6 10.7 11.0
TC 1125 1130 | 1132 1133 1149 | 719.3
70 SHC 36.0 554 74.4 93.0 1096 | 1719.3
KW 11.0 11.0 1.0 1.0 111 11.3
TC 1223 | 1229 123.1 1233 | 1241
75 SHC 35.0 54.1 73.0 917 109.2
kW 15 15 15 115 16
TC 1326 133.3 133.7 133.8
80 SHC 33.7 526 713 90.0
kW 12.0 12.1 12.1 12.1
TC 1433 144 1 1446
85 SHC 32.3 51.0 69.5
KW 12.6 12.6 12.6
TC 154 4 1554
90 SHC 30.8 49.2
KW 13.1 13.2
TC 766.0
95 SHC 29.1
kW 13.7
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EWB EDB (°F)
°F) 55 60 65 70 75 30 85 90 %5
TC 8.5 73.8 79.3
45 SHC 68.5 73.8 79.3
kW 9.3 9.6 10.0
TC 732 742 79.3 54.9
50 SHC 550 73.0 79.3 84.9
kW 96 96 10.0 10.4
TC 808 508 812 54.9 90.5
55 SHC 35.1 550 74.1 84.9 90.5
kW 10.1 10.1 101 10.4 10.7
TC 88.7 88.9 89.0 908 96.3
60 SHC 34.9 54.6 74.0 90.0 96.3
kW 10.6 106 10.6 10.7 11.1
TC 973 975 975 984 702.1 708.0
65 SHC 345 54.0 733 91.1 102.1 108.0
kW 1.2 1.2 1.2 1.2 11.5 11.8
TC 1062 | 1065 106.7 107.0 | 1089 | 7740
70 SHC 33.8 53.1 722 90.6 1063 | 114.0
kW 1.7 1.7 1.7 11.8 119 12.2
TC 1154 116.0 1162 | 1164 | 1175
75 SHC 3258 51.9 70.9 89.4 106.5
kW 123 12.3 12.3 12.3 124
TC 1253 1259 | 126.3 1265
80 SHC 317 50.5 69.3 87.9
kW 12.8 12.9 12.9 12.9
TC 1355 136.3 136.8
85 SHC 30.4 49.0 67.6
kW 13.4 13.5 135
TC 145.9 1471
90 SHC 29.0 474
kW 14.0 14.1
TC 1571
95 SHC 274
kW 14.7

. ODB = ambient dry-bulb temperature = air temperature (°F) entering condenser

. CFM = indoor coil airflow rate in ft/min (cfm), 4000 c¢fm for all data

. Shaded upper left cells = potential for freezing indoor coil

Notes:

1. TC = gross total capacity (kBtu/h)

2. SHC = gross sensible heat capacity (kBtu/h)

3. kW = compressor power (kW)

4

5. EDB = dry-bulb temperature (°F) entering indoor coil
6. EWB = wet-bulb temperature (°F) entering indoor coil
7

8

9

. Shaded lower right cells = compressor outside operating envelope

CANNOT RUN HERE (for prolonged operation)

10. Each point has optimum charge (R22 charge not constant)

11. Computer model used to generate catalog data

12. Computer model based on test data

13. Computer model validated within the operating envelope of compressor

14. Computer model iterates and determines if the coil is wet or dry
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EWB Gross Total Capacity Gross Sensible Capacity Compressor Power
O (kW thermal) (kW thermal) (kW)
17.11 (on TC); 17.00 (on SHC) 31.05 31.05 9.7
21.11 35.02 22.48 10.3

Note: Italicized values are not specifically listed with the original performance data; they are determined based on the accompanying discussion. Data in normal font are from the
original performance data.

TABLE 32b Determination of Maximum Dry-Coil EWB Using Extrapolation (I-P Units)

EWB Gross Total Capacity Gross Sensible Capacity Compressor Power
() (kBtu/h) (kBtu/h) (kW)
62.77 (on TC), 62.63 (on SHC) 105.9 105.9 9.7
65 110.1 96.5 9.9
70 119.5 76.7 10.3

Note: Italicized values are not specifically listed with the original performance data; they are determined based on the accompanying discussion. Data in normal font are from the
original performance data.

TABLE 33 Case CE310 Hourly Internal Gains Schedule (I-P and Sl)

SENSIBLE LATENT
Period Time| Watts Btu/h fracv. max’| Watts Btu/h frac v. max®
Jan. 1 thru Mar. 10 0:00 -8:00] 2931 10000 0.15625 0 0 0.00000
8:00 -20:00| 2931 10000 0.15625| 1466 5000 0.15625
20:00 - 24:00| 2931 10000 0.15625 0 0 0.00000
Mar. 11 thru Apr. 10 0:00-9:00/ 2931 10000 0.15625 0 0 0.00000
9:00 - 18:00| 7034 24000 0.37500| 7034 24000 0.75000
18:00 - 24:00| 2931 10000 0.15625 0 0 0.00000
Apr. 11° 0:00 -8:00| 2931 10000 0.15625 0 0 0.00000
8:00 -20:00| 2931 10000 0.15625| 1466 5000 0.15625
20:00 - 24:00| 2931 10000 0.15625 0 0 0.00000
Apr. 12 thru Apr. 20 0:00 -8:00] 2931 10000 0.15625 0 0 0.00000
8:00 -19:00| 9379 32000 0.50000| 7034 24000 0.75000
19:00 - 24:00| 2931 10000 0.15625 0 0 0.00000
Apr. 21 thru Oct. 12 0:00 -8:00] 7034 24000 0.37500| 7034 24000 0.75000

8:00-12:00) 9379 32000 0.50000( 7034 24000 0.75000
12:00 - 14:00| 14069 48000 0.75000( 9379 32000 1.00000
14:00 - 16:00| 18758 64000 1.00000| 9379 32000 1.00000
16:00 - 20:00] 9379 32000 0.50000( 7034 24000 0.75000
20:00 - 24:00( 7034 24000 0.37500( 7034 24000 0.75000

Oct. 13 thru Oct. 18 0:00 -8:00| 2931 10000 0.15625 0 0 0.00000
8:00-16:00f 9379 32000 0.50000( 7034 24000 0.75000
16:00 -24:00) 2931 10000 0.15625 0 0 0.00000

Oct. 19 thru Nov. 05 0:00 -8:00f 2931 10000 0.15625| 1466 5000 0.15625
8:00-12:00) 9379 32000 0.50000( 7034 24000 0.75000

12:00 - 14:00| 14069 48000 0.75000) 9379 32000 1.00000

14:00 - 16:00| 18758 64000 1.00000| 9379 32000 1.00000

16:00 - 20:00] 9379 32000 0.50000( 7034 24000 0.75000

20:00 - 24:00| 7034 24000 0.37500| 7034 24000 0.75000

Nov. 06 thru Dec. 31° 0:00 - 8:00| 2931 10000 0.15625 0 0 0.00000
8:00 -20:00f 2931 10000 0.15625| 1466 5000 0.15625
20:00 -24:00( 2931 10000 0.15625 0 0 0.00000

Note: listed values are the internal gain for each hour within the specified period.

@ "frac v. max" is the corresponding fraction for the given hourly value relative to the maximum
value for the year. This is included for convenience of users who may need to provide this input.
® Same schedule as for Jan. 1 through Mar. 10.

CE300intsains1.xls CE310sch!
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TABLE 34 Case CE360 Hourly Internal Gains Schedule (I-P and SI)

SENSIBLE LATENT
Period Time| Watts Btu/h frac v. max®| Watts Btu/h frac v. max®
Jan. 1 thru Mar. 10 0:00 - 8:00f 2931 10000 0.10000 0 0 0.00
8:00 - 20:00| 2931 10000 0.10000 366 1250 0.25
20:00-24:00| 2931 10000 0.10000 0 0 0.00
Mar. 11 thru Apr. 10 0:00-9:00] 2931 10000 0.10000 0 0 0.00
9:00-18:00 7034 24000 0.24000( 1466 5000 1.00
18:00 - 24:00( 2931 10000 0.10000 0 0 0.00
Apr. 11° 0:00-8:00/ 2931 10000 0.10000 0 0 0.00
8:00-20:00 2931 10000 0.10000 366 1250 0.25
20:00-24:00| 2931 10000 0.10000 0 0 0.00
Apr. 12 thru Apr. 20 0:00-8:00/ 2931 10000 0.10000 0 0 0.00
8:00-19:00 9379 32000 0.32000( 1466 5000 1.00
19:00 - 24:00( 2931 10000 0.10000 0 0 0.00
Apr. 21 thru Oct. 12 0:00 - 8:00| 29310 100000 1.00000 0 0 0.00
8:00 - 12:00 29310 100000 1.00000| 1466 5000 1.00
12:00 - 14:00| 29310 100000 1.00000| 1466 5000 1.00
14:00 - 16:00| 29310 100000 1.00000| 1466 5000 1.00
16:00 - 20:00| 29310 100000 1.00000| 1466 5000 1.00
20:00 - 24:00( 29310 100000 1.00000 0 0 0.00
Oct. 13 thru Oct. 18 0:00-8:00/ 2931 10000 0.10000 0 0 0.00
8:00-16:00 9379 32000 0.32000( 1466 5000 1.00
16:00 - 24:00( 2931 10000 0.10000 0 0 0.00
Oct. 19 thru Nov. 05 0:00 - 8:00f 2931 10000 0.10000 0 0 0.00
8:00-12:00f 9379 32000 0.32000| 1466 5000 1.00
12:00 - 14:00( 14069 48000 0.48000| 1466 5000 1.00
14:00 - 16:00( 18758 64000 0.64000| 1466 5000 1.00
16:00-20:00f 9379 32000 0.32000| 1466 5000 1.00
20:00-24:00f 7034 24000 0.24000 0 0 0.00
Nov. 06 thru Dec. 31° 0:00 - 8:00f 2931 10000 0.10000 0 0 0.00
8:00 - 20:00| 2931 10000 0.10000 366 1250 0.25
20:00-24:00| 2931 10000 0.10000 0 0 0.00

Note: listed values are the internal gain for each hour within the specified period.

3 "frac v. max" is the corresponding fraction for the given hourly value relative to the maximum
value for the year. This is included for convenience of users who may need to provide this input.
® Same schedule as for Jan. 1 through Mar. 10.

CE300intgains1.x1s CE360sch!
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TABLE 35 Case CE500 Hourly Internal Gains Schedule (I-P and Sl Units)

SENSIBLE LATENT

Period Time| Watts Btu/h frac v.max®| Watts Btu/h fracv. max®
Jan. 1 thru Mar. 10 0:00-8:00 0 0 0.00000 0 0 0.000
8:00 - 20:00 0 0 0.00000 0 0 0.000
20:00 - 24:00 0 0 0.00000 0 0 0.000
Mar. 11 thru Apr. 10 0:00-9:00 0 0 0.00000 0 0 0.000
9:00-16:00( 7034 24000 0.37500| 2858 9750 0.375
16:00 - 24:00 0 0 0.00000 0 0 0.000
Apr. 1 1° 0:00-8:00 0 0 0.00000 0 0 0.000
8:00 - 20:00 0 0 0.00000 0 0 0.000
20:00 - 24:00 0 0 0.00000 0 0 0.000
Apr. 12 thru Apr. 20 0:00-8:00 0 0 0.00000 0 0 0.000
8:00-17:00( 9379 32000 0.50000|, 3810 13000 0.500
17:00 - 24:00 0 0 0.00000 0 0 0.000
Apr. 21 thru Oct. 11 0:00-8:00( 7034 24000 0.37500| 2858 9750 0.375

8:00-12:00| 9379 32000 0.50000( 3810 13000 0.500
12:00 - 14:00| 14069 48000 0.75000( 5715 19500 0.750
14:00 - 16:00| 18758 64000 1.00000| 7621 26000 1.000
16:00 - 20:00| 9379 32000 0.50000( 3810 13000 0.500
20:00 - 24:00( 7034 24000 0.37500( 2858 9750 0.375

Oct. 12 thru Oct. 18 0:00 - 8:00 0 0 0.00000 0 0 0.000
8:00 - 14:00| 9379 32000 0.50000( 3810 13000 0.500

14:00 - 24:00 0 0 0.00000 0 0 0.000

Oct. 19 thru Nov. 05 0:00 - 8:00 0 0 0.00000 0 0 0.000

8:00-12:00| 9379 32000 0.50000( 3810 13000 0.500
12:00 - 14:00| 14069 48000 0.75000( 5715 19500 0.750
14:00 - 16:00| 18758 64000 1.00000| 7621 26000 1.000
16:00 - 20:00| 9379 32000 0.50000( 3810 13000 0.500
20:00 - 24:00( 7034 24000 0.37500( 2858 9750 0.375

Nov. 06 thru Dec. 31° 0:00 - 8:00 0 0 0.00000 0 0 0.000
8:00 - 20:00 0 0 0.00000 0 0 0.000
20:00 - 24:00 0 0 0.00000 0 0 0.000

Note: listed values are the internal gain for each hour within the specified period.

@ "frac v. max" is the corresponding fraction for the given hourly value relative to the maximum
value for the year. This is included for convenience of users who may need to provide this input.

b Same schedule as for Jan. 1 through Mar. 10.

CE300intgains1.xls CE500sch!
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TABLE 36 Case CE510 Hourly Internal Gains Schedule (I-P and Sl Units)

SENSIBLE LATENT

Period Time| Watts Btu/h fracv.max’| Watts Btu/h frac v. max®
Jan. 1 thru Mar. 10 0:00 - 8:00 0 0 0.00000 0 0 0.00000
8:00 - 20:00 0 0 0.00000 0 0 0.00000
20:00 - 24:00 0 0 0.00000 0 0 0.00000
Mar. 11 thru Apr. 10 0:00 - 9:00 0 0 0.00000 0 0 0.00000
9:00-16:00( 7034 24000 0.33333| 2858 9750 0.33333
16:00 - 24:00 0 0 0.00000 0 0 0.00000
Apr. 11° 0:00 - 8:00 0 0 0.00000 0 0 0.00000
8:00 - 20:00 0 0 0.00000 0 0 0.00000
20:00 - 24:00 0 0 0.00000 0 0 0.00000
Apr. 12 thru Apr. 20 0:00 - 8:00 0 0 0.00000 0 0 0.00000
8:00-17:00( 9379 32000 0.44444| 3810 13000 0.44444
17:00 - 24:00 0 0 0.00000 0 0 0.00000
Apr. 21 thru Oct. 11 0:00 - 8:00| 21103 72000 1.00000( 8573 29250 1.00000

8:00-12:00| 21103 72000 1.00000] 8573 29250 1.00000
12:00 - 14:00| 21103 72000 1.00000] 8573 29250 1.00000
14:00 - 16:00| 21103 72000 1.00000] 8573 29250 1.00000
16:00 - 20:00| 21103 72000 1.00000] 8573 29250 1.00000
20:00 -24:00( 21103 72000 1.00000] 8573 29250 1.00000

Oct. 12 thru Oct. 18 0:00 - 8:00 0 0 0.00000 0 0 0.00000
8:00-14:00) 9379 32000 0.44444| 3810 13000 0.44444

14:00 - 24:00 0 0 0.00000 0 0 0.00000

Oct. 19 thru Nov. 05 0:00 - 8:00 0 0 0.00000 0 0 0.00000

8:00-12:00| 9379 32000 0.44444| 3810 13000 0.44444
12:00 - 14:00| 14069 48000 0.66667| 5715 19500 0.66667
14:00 - 16:00| 18758 64000 0.88889| 7621 26000 0.88889
16:00 -20:00| 9379 32000 0.44444| 3810 13000 0.44444
20:00 -24:00( 7034 24000 0.33333| 2858 9750 0.33333

Nov. 06 thru Dec. 31° 0:00 - 8:00 0 0 0.00000 0 0 0.00000
8:00 - 20:00 0 0 0.00000 0 0 0.00000
20:00 - 24:00 0 0 0.00000 0 0  0.00000

Note: listed values are the internal gain for each hour within the specified period.

@ "frac v. max" is the comresponding fraction for the given hourly value relative to the maximum
value for the year. This is included for convenience of users who may need to provide this input.
b Same schedule as for Jan. 1 through Mar. 10.

CE300intgains1.xls CE510sch!
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6. OUTPUT REQUIREMENTS

[Informative Note: Clarify Annex Bl reference in 6.1.1 as
shown]

6.1 Annual Outputs for Building Thermal Envelope and
Fabric Load Tests of Section 5.2

6.1.1 All Non-Free-Float Cases. In this description the
term “free-float cases” refers to cases designated with FF in
the case description (i.e., 600FF, 650FF, 900FF, 950FF); non-
free-float cases are all the other cases described in Section 5.2
(Tables Bl-1a and B1-1b of Annex Bl includes an infor-
mational summary listing of al-the cases_of Section 5.2).

[Informative Note: Revise table number as shown]

6.2 Daily Hourly Output for Building Thermal Enve-
lope and Fabric Load Tests of Section 5.2. If the program
being tested can produce hourly outputs, then produce the fol-
lowing hourly values for the specified days. To produce this
output, run the program for a normal annual run. Do not just
run the required days because the results could contain tem-
perature history errors. Required outputs are listed for specific
cases in Table 3439.

TABLE 34-39 Daily Hourly Output Requirements for
Building Thermal Envelope and
Fabric Load Tests of Section 5.2

[Informative Note: Subdivide 6.3 into 6.3.1 and entirely
new 6.3.2 as shown|

6.3 Output Requirements for Space-Cooling Equipment
Performance Tests of Section 5.3. See Section 3 for defini-
tions of terms used below.

6.3.1 Analytical Verification Tests of Sections 5.3.1 and
5.3.2. 631-The outputs listed immediately below are to
include loads or consumptions (as appropriate) for the entire
month of February (the second month in the weather data

6.3.1.1 Cooling energy consumptions (kWh)

a. Total consumption (compressor and fans)

b. Disaggregated compressor consumption

c. Disaggregated indoor air distribution fan consumption

d. Disaggregated outdoor condenser fan consumption
6.3.1.2 Evaporator coil loads (kWh)

a. Total evaporator coil load (sensible + latent)

b. Disaggregated sensible evaporator coil load

c. Disaggregated latent evaporator coil load
6.3.1.3 Zone cooling loads (kWh)

a. Total cooling load (sensible + latent)

b. Disaggregated sensible cooling load

c. Disaggregated latent cooling load
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6.3.1.42 The outputs listed immediately below are to
include the mean value for the month of February and the
hourly-integrated maximum and minimum values for the
month of February.

a. Calculated coefficient of performance (COP) (dimension-
less)

[(Net refrigeration effect) / (total cooling energy consumption)]

b. Zone dry-bulb temperature (°C)
c. Zone humidity ratio (kg moisture/kg dry air)

6.3.2 Comparative Tests of Sections 5.3.3 and 5.3.4.
6.3.2.1 Cases CE300— CE545 (for output period Jan-
uary 1 — Dec 31).
6.3.2.1.1 Annual Summations except Case
CE510). The outputs listed immediately below are to include
summed loads or consumptions (as appropriate) for the full
annual simulation (full year).

6.3.2.1.1.1 Cooling energy consumption (kilowatt-

hours [kWh])

Total consumption (compressor + outdoor condenser fan
+ indoor air distribution fan)
Disaggregated compressor consumption

Disaggregated outdoor condenser fan consumption
Disaggregated indoor air distribution fan consumption

6.3.2.1.1.2 Evaporator coil loads (kWh)

i

(=N iciNic

Total evaporator coil load (sensible + latent)
Disaggregated sensible evaporator coil load
Disaggregated latent evaporator coil load.

o |o |

6.3.2.1.2 Annual Means (except Case CE510). The
outputs listed immediately below are to include the mean
value for the full annual simulation.

Zone indoor dry-bulb temperature (IDB; °C)

Zone humidity ratio (kg moisture/kg dry air)

Zone relative humidity (%)

Coefticient of performance excluding indoor fan energy
consumption (COP2).

& e o &

The mean value for COP2 is calculated as

coPrP2 = Y(total evaporator coil load) /

mean—-

[Z(compressor consumption) + Z(outdoor fan consumption)],

where ¥ indicates annual summation of the given value.
For example, if for an annual simulation

Total coil load (sensible + latent) = 28500 kWh thermal, and

Combined compressor and outdoor-fan consumption is
6240 kWh electric, then

= 28500 kWh / 6240 kWh = 4.567.

COP2

mean

6.3.2.1.3 Annual Hourly Maximum Values Only.
The outputs listed immediately below are to include the
hourly-integrated maximum values for the full annual simu-
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lation. Maximum values are to include date and hour of occur-
rence; if there are multiple hours of occurrence for the
maximum value, give the time and date for the first hour of the
maximum value occurrence.
6.3.2.1.3.1 Total cooling
(compressor and both fans) (Wh)

6.3.2.1.3.2 Evaporator coil loads (Wh)

energy consumption

Total evaporator coil load (sensible + latent)
Disaggregated sensible evaporator coil load
Disaggregated latent evaporator coil load.

o |e @

6.3.2.1.4 Annual Maxima and Minima (Except
Cases CES00-CE545). The outputs listed immediately below

are to include the hourly-integrated maximum and minimum
values for the full annual simulation. Maximum and mini-
mum values are to include date and hour of occurrence. If
there are multiple hours of occurrence for the maximum and/

or minimum values, give the time and date for the first hour of
the occurrence.

Zone indoor dry-bulb temperature (IDB, °C)

Zone humidity ratio (kg moisture/kg dry air

Zone relative humidity (%)

Coefficient of performance excluding indoor fan energy
consumption (COP2)

|10 |o @

Ifthe software being tested does not output enough signif-

icant digits, maximum and minimum values for COP2 can be
generated by rounding uncertainty. If this is the case, when

J.  Entering wet-bulb temperature (EWB), same as mixed air
wet-bulb temperature (°C)
k. Outdoor humidity ratio (kg/kg)

The hourly data are to consist of 24 values for each day.
The first hour (hour 1) is defined to run from midnight (0:00)
to 1 a.m. (1:00). To produce this output, run the program for
a normal annual run. Do not run only the required days

because the results could contain temperature history errors.
6.3.2.3 Cases CE500-CE545 Annual Maxima and

Minima. The outputs listed immediately below are to include

the hourly-integrated maximum and minimum values from a
full annual simulation. Maximum and minimum values are to

include date and hour of occurrence. If there are multiple
hours of occurrence for the maximum and/or minimum val-
ues, give the time and date for the first hour of the occurrence.

6.3.2.3.1 For Output Period January 1 — December

31

a. Maximum zone indoor dry-bulb temperature (IDB, °C)
b. Maximum zone humidity ratio (kg moisture/kg dry air)
¢. Maximum COP2

d. Minimum COP2

Ifthe software being tested does not output enough signif-
icant digits, maximum and minimum values for COP2 can be
generated by rounding uncertainty. If this is the case, when
determining maximum and minimum COP2, it will be neces-
sary to filter out lower part-load ratio (PLR) outputs (e.g., for
PLR <0.01).

determining maximum and minimum COP2, it will be neces-
sary to filter out lower part-load ratio (PLR) outputs (e.g., for

PLR < 0.01).
6.3.2.2 Additional OQutputs for Case CE300 Only.

6.3.2.2.1 Annual Means and Maximum Values
(Weather Data Checks). The outputs listed immediately
below are to include the mean value for the full annual simu-
lation and the hourly-integrated maximum values for the full
annual simulation. Maximum values are to include date and
hour of occurrence. If there are multiple hours of occurrence
for the maximum value, give the time and date for the first
hour of the occurrence.

6.3.2.3.2 For Output Period April 1 — December 31

Minimum zone indoor dry-bulb temperature (IDB, °C)
Minimum zone humidity ratio (kg moisture/kg dry air)

Maximum zone relative humidity (%)

Minimum zone relative humidity (%)

oo S S 1

Extract this output from a normal annual run. Do not do

an additional simulation beginning on April 1 because the

above results could contain temperature history errors. These
four values are selected after the first three months of simula-

tion to avoid differences in results that could be caused by
differences in zone initialization techniques.

a. ODB(°Q) 6.3.2.4 PLR Sensitivity, Cases CE500 and CES510
b. Outdoor humidity ratio (kg/k: Only (for Output Period May 1 — September 30). For a sen-
sitivity test of performance as a function of PLR, include for

6.3.2.2.2 Hourly Outputs for June 28 (all 24 cases CE500 and CE510 only the following outputs for the
Hours): period of May 1 through September 30. Extract this output

Compressor electric consumption (Wh)

Outdoor condenser fan electric consumption (Wh)

Total evaporator coil load (sensible + latent) (Wh)
Sensible evaporator coil load (Wh)

Latent evaporator coil load (Wh)

Ccor2

Zone humidity ratio (kg/kg)

ODB (°C)

Entering dry-bulb temperature (EDB), same as mixed air
dry-bulb temperature (°C)

=g e e o o P
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from a normal annual run. Do not run only the required
months because the results could contain temperature history
CITOof1S.

6.3.2.4.1 Summed Values

a. Total cooling energy consumption (compressor + outdoor
condenser fan + indoor air distribution fan, kWh)

b. Compressor electric consumption (kWh)

¢. Outdoor condenser fan electric consumption (kWh)

d. Indoor air distribution fan electric consumption (kWh)

e. Total evaporator coil load (sensible + latent), (kWh)
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Sensible evaporator coil load (kWh)
Latent evaporator coil load (kWh)

6.3.2.4.2 Mean Values

COP2 = ¥(total coil load) / [Z(compressor energy) +
2 (outdoor fan energy)], for May through September 30

Zone IDB (°C
Zone humidity ratio (kg/kg)

Zone relative humidity (%)

6.3.2.5 ODB Sensitivity, Cases CE500 and CE530

Only. Average Daily Outputs for April 30 and June 25

Only. For a sensitivity test of performance as a function of

ODB, include the following daily average per hour outputs

38

(consumptions and coil loads are full-day sums divided by 24

[hours]) for April 30 and June 25 (0:00-24:00):

[

e e e e o

[~

Total cooling energy consumption (compressor + outdoor
condenser fan + indoor air distribution fan, Wh)
Compressor electric consumption (Wh)

Outdoor condenser fan electric consumption (Wh)
Indoor air distribution fan electric consumption (Wh)
Total evaporator coil load (sensible + latent), (Wh)
Sensible evaporator coil load (Wh)

Latent evaporator coil load (Wh)

COP2 = ¥ (total coil load) / [X(compressor energy) +
X (outdoor fan energy)], for the given day

Zone humidity ratio (kg/kg)

ODB (°C)

EDB (°C)

Addendum b to ANSI/ASHRAE Standard 140-2004



(This is a normative annex and is part of this standard.)

ANNEX A1
WEATHER DATA

[Informative Note: Subdivide A1.2 into A1.2.1 and A1.2.2
as shown. Revise titles of Tables A1-2, A1-3a, and AI1-3b as
shown. Also revise section references as shown.|

Al.2 Weather Data for Space Cooling Equipment Per-
formance Tests

Al.2.1 Analytical Verification Test Weather Data

The weather data listed in Table A1-2 shall be used as
called out in Sections 5.3.1 and 5.3.2. These data files repre-
sent TMY and TMY2 format weather data files, respectively,
with modifications so that the initial fundamental series of
mechanical equipment tests may be very tightly controlled.
The TMY-format data are three-month-long data files used in
the original field trials of the test procedure; the TM'Y2-format
data are year-long data files that may be more convenient for
users. For the purposes of HVAC BESTEST, which uses a
near-adiabatic building envelope, the TMY and TMY?2 data
sets are equivalent. (Note that there are small differences in
solar radiation, wind speed, etc., that result in a sensible loads
difference of 0.2%—0.3% in cases with low internal gains [i.e.,
E130,E140,E190,and E195]. This percentage load difference
is less [0.01%—0.04%] for the other cases because they have
higher internal gains. These TMY and TMY2 data are not
equivalent for use with a non-near-adiabatic building enve-
lope.)

Ambient dry-bulb and dew-point temperatures are
constant in all the weather files; constant values of ambient
dry-bulb temperature vary among the files according to the file
name. Site and weather characteristics are summarized in
Tables A1-3a and A1-3b for the TMY and TMY2 data files,
respectively. Details about the TMY and TMY2 weather data
file formats are included in Sections Al.4 and A1.5, respec-
tively.

[Informative note regarding future editorial changes for
the next continuous maintenance revision: To be consistent
with the weather data naming convention of Standard 140-
2004 Addenda a and b, editorial changes will be included
for the next continuous maintenance revision to rename
the following weather data files as follows:

HVBT461.TMY to become CE100.TMY
HVBT461A.TM2 to become CE100A.TM?2
HVBT294.TMY to become CE110.TMY
HVBT294A.TM2 to become CE110A.TM?2
HVBT406.TMY to become CE165.TMY
HVBT406A.TM2 to become CE165A.TM?2
HVBT350.TMY to become CE200.TMY
HVBT350A.TM2 to become CE200A.TM2.]

TABLE A1-2 Weather Data for Space Cooling Equip-
ment Performance_Analytical Verification Tests

TABLE A1-3a Site and Weather Summary for Space
Cooling Equipment Performance Analytical Verifica-
tion Tests—TMY Data

Addendum b to ANSI/ASHRAE Standard 140-2004

TABLE A1-3b Site and Weather Summary for Space
Cooling Equipment Performance Analytical Verifica-
tion Tests—TMY2 Data

[Informative Note: Add new section A1.2.2]

Al1.2.2 Comparative Test Weather Data . The full-year
weather data file CE300.TM2 provided on the accompanying

CD shall be used for performing the tests called out in Sec-
tions 5.3.3 and 5.3.4. Site and weather characteristics of the

data file are summarized in Table A1-4. This data file repre-
sents TMY2 format weather data; details about TMY2

weather data file format are included in Section A1.5.

[Informative Note: Revise table numbers and references to
the tables after Table A1-4 as shown]

Al1.3 Weather Data for Space Heating Equipment Per-
formance Tests. Weather data listed in table Ad-4A1-5 shall
be used as called out in section 5.4. These data are presented
in WYEC?2 format. See section A1.6 for a detailed description
ofthe WYEC?2 format. Site characteristics are summarized in
Table AH5A1-6.

Table A4-4A1-5. Weather Data for Space Heating
Equipment Performance Tests

Table A4+-5A1-6. Site Summary for Space Heating
Equipment Performance Tests— WYEC2 Data

Al.4 TMY Weather Data Format

For those programs that do not have Typical Meteoro-
logical Year (TMY) weather processors, TMY weather data
file format is provided in Table A+-6A1-7. This reprint of
tables also includes some additional notes based on experience
with TMY data. If this summary is insufficient, the complete
documentation on TMY weather data’ can be obtained from
the National Climatic Data Center (NCDC) in Asheville,
North Carolina. Their address is Federal Building, Asheville,
NC 28801-2733, telephone 828-271-4800. Informative
Annex B2 contains additional background information
regarding TMY weather data.

Al.S TMY2 Weather Data Format

For those programs that do not have Typical Meteorolog-
ical Year 2 (TMY?2) weather processors, TMY?2 weather data
file format is described below. If this summary is insufficient,
the complete documentation on TMY2 weather data'' can be
obtained at http://rredc.nrel.gov/solar/pubs/tmy?2.

Al.5.1 File Header. The first record of each file is the file
header that describes the station. The file header contains the
WBAN number, city, state, time zone, latitude, longitude, and
elevation. The field positions and definitions of these header
elements are given in Table A4-7A1-8, along with sample
FORTRAN and C formats for reading the header. A sample of
a file header and data for January 1 is shown in Figure A1-1.

A1.5.2 Hourly Records. Following the file header, 8,760
hourly data records provide one year of solar radiation, illu-
minance, and meteorological data, along with their source and
uncertainty flags. Table Ad-8A1-9 provides field positions,
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element definitions, and sample FORTRAN and C formats for
reading the hourly records.

TABLE A1-6A1-7 Typical Meteorological
Year Data Format

TABLE A4-#A1-8 Header Elements in the TMY2 Format
(For First Record of Each File)

TABLE A4-8A1-9 Data Elements in the TMY2 Format
(For All Except the First Record)

Al1.6 WYEC2 Weather Data Format. For those programs
that do not have Weather Year for Energy Calculations 2
(WYEC2) weather processors, WYEC2 weather data file for-
mat is described below.

Weather files in WYEC2 format consist of 8760 identical
fixed format records (8784 records for leap years), one for
each hour of each day ofthe year. Each record is 116 characters
(plus 2 for CR/LF) in length and is organized according to
table A+9A1-10.

All WYEC2 values are for Local Standard Time. Irradi-
ance and illuminance fields contain data integrated over the
hour, meteorological fields contain observations made at the
end of the hour. For example, hour 12 contains irradiance/illu-
minance from hour 11 to 12 and meteorological observations
made at hour 12.

Table A+-9A1-10. Data Elements in the WYEC2 Format

TABLE A1-4 _ Site and Weather Summary for Space Cooling Equipment Performance Comparative Tests

Weather type

Weather format
Latitude

Longitude (local site)

Altitude

Time zone (standard meridian longitude)

Ground reflectivity
Site

Mean annual outdoor dry-bulb temperature (ODB)

Minimum annual ODB
Maximum annual ODB

Mean annual dew-point temperature

Mean annual humidity ratio

Mean annual wind speed

Maximum annual wind speed

Global horizontal solar radiation annual total

Direct normal solar radiation annual total

Hot, humid summer

™Y2
30.0° north
90.3° west

3m (9.8 ft)

6 (90° west)
0.2

Flat, unobstructed, located exactly at weather sta-
tion

19.9°C (67.8°F)
—4.4°C (24.0°F)

35.0°C (95.0°F)
14.7°C (58.5°F

0.0116 kg moisture/kg dry air
(0.0116 1b moisture/Ib dry air)

3.6 m/s (8.1 mph)

13.9 m/s (31.1 mph)

1680 kWh/m (532.5 kBtu/ft?)
1498 kWh/m (474.8 kBtu/ft2)
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(This is a normative annex and is part of this standard.)

ANNEX A2
STANDARD OUTPUT REPORTS

[Informative Note: Add item c¢ and corresponding
attachment A2.3 references as shown, renumber current
references, and make editorial changes (for consistency) as
shown]

The standard output reports consists of fewrfive forms
provided on the CD accompanying this standard:

a. Output Results for Cases of Section 5.2 €ases—(Sec5-
2out.XLS, spreadsheet file)
b. Output Results for Cases of Sections 5.3.1 and 5.3.2

B&9..L112: June 28 Hourly Output, Case CE300
B120..1.121: Case CE500 Average Daily Outputs
B129..1.130: Case CE530 Average Daily Outputs
Q62..AB8I1: Annual Hourly Integrated Maxima,

Consumptions and Loads
AC62..AH62: Annual Hourly Integrated Maxima,

Case CE300 - Weather Check
0Q89..AN108: Annual Hourly Integrated Maxima and

Minima, COP2 and Zone
3. Annual totals are consumption and/or loads just for the

entire annual simulation. Similarly, annual means,
maxima, and minima are those values that occur for the
entire annual simulation. "May-Sep" results are taken
using May 1 - September 30 data extracted from a full
annual simulation.

Cases (Sec5-3Aout.XLS, spreadsheet file)

c. Output Results for Cases of Sections 5.3.3 and 5.3.4
(Sec5-3Bout.XLS, spreadsheet file)

d. eOutput Results for Cases of Section 5.4 €ases—(Sec5-
4out. XLS, spreadsheet file)

e. €Modeling Notes (S1400utNotes. TXT, text file reprinted

as Attachment A24A2.5)

For entering output results into Sec5-2out.XLS, Sec5-
3Aout.XLS, Sec5-3Bout.XLS. and Sec5-4out.XLS, follow
the instructions provided at the top of the appropriate elec-
tronic spreadsheet file. These instructions are reprinted as
Attachments A2.1, A2.2, and-A2.3,_and A2.4 respectively,
within this section.

For entering modeling notes into S140outNotes. TXT, use
the format of the following examples given as Attachments
A25-A2.6, and-A2.7, A2.8, and A2.9 within this section.

[Informative Note:
shown.]

Revise title of Attachment A2.2 as

Attachment A2.2 Instructions for Entering Results into
Sec5-3Aout.XLS

HVAC BESTEST Cases E100-E200 Output Form Sec5-
3Aout. XLS

[Informative Note: Add new Attachment A2.3 as shown.]

Attachment A2.3 Instructions for Entering Results into
Sec5-3Bout.XLS

Sec5-3Bout. XLS
Output spreadsheet for HVAC BESTEST. Cases
CE300 - CE545

INSTRUCTIONS:

1. Use specified units.

2. Data entry is restricted to the following

ranges:
B62..1.82: Annual Sums, Annual Means, and Other
M62.N62: Annual Means, CE300 Only
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4. Output terminology is defined in the output section of the
specification for each case where applicable or in the

Glossary (Appendix C).
5. Format dates using the appropriate two-digit date followed

by a three-letter month code and two-digit hour code (24-
hour clock) as shown below.

MONTH CODE
JANUARY Tan
FEBRUARY Feb
MARCH Mar
APRIL Apr
MAY May
JUNE Jun
JULY Jul
AUGUST Aug
SEPTEMBER Sep
OCTOBER Oct
NOVEMBER Nov
DECEMBER Dec

For example, a maximum value occurring on August 16
during the 15th hour interval (2-3 P.M.) should be input

as:

DATE HOUR
16-Aug 15

[Informative Note: Change the current Attachment A2.3
to A2.4 as shown.]

Attachment A2:3A2.4 Instructions for Entering Results
into SecS5-4out.XLS

[Informative Note: Change the current Attachment A2.4 to
A2.5 as shown, with the additional revisions as shown.
Update S140outNotes.txt to include revisions detailed
below; for the accompanying files, replace previous version
of S140outNotes.txt with the updated version in the
following accompanying file folders: “Sec5-2Files,”
“Sec5-3Afiles,” “Sec5-3Bfiles,” and “Sec5-4files.” |

Attachment A2-4A2.5 Standard 140 Output Form—
Modeling Notes
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STANDARD 140 OUTPUT FORM - MODELING NOTES
INSTRUCTIONS: See Annex A2.

SOFTWARE:
VERSION:

REPORT BLOCK FOR ALTERNATIVE MODELING
METHODS

DOCUMENT BELOW THE MODELING METHODS
USED IF ALTERNATIVE MODELING

METHODS OR ALGORITHMS ARE AVAILABLE IN THE
SOFTWARE BEING TESTED.
(See Annex A2 for examples.)

Describe the Effect Being Simulated-Effeet:

Optional Settings or Modeling Capabilities:
Setting or Capability Used:
Physical Meaning of Option Used:

[Informative note: Delete redundant text just below.
Append new report blocks below.]

Votional Setti Modeline Capabilities:
Setii Capabili L
Physical Meani f Option Used:

(Include more alternative feature descriptions using this
format if applicable to the test.)

REPORT BLOCK FOR EQUIVALENT MODELING
METHODS

DOCUMENT BELOW THE EQUIVALENT INPUTS
USED IF EQUIVALENT MODELING METHODS WERE
USED

(See Annex A2 for examples.)

Describe the Effect Being Simulated:

Section(s) of the Standard where Relevant Inputs are Speci-
fied:

Equivalent Input(s) Used:

Physical, Mathematical, or Logical Justification of the Equiv-
alent Input(s)—provide supporting calculations, if relevant:

(Include more equivalent modeling method descriptions using
this format, if applicable to the test.)

REPORT BLOCK FOR OMITTED TEST CASES AND
RESULTS

DOCUMENT BELOW THE REASONS FOR
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OMITTING RESULTS
(see Annex A2 for examples)

List the Case(s) where Results Were Omitted. and which
Results Were Omitted for the Case(s):

Explanation for Omitting the Test Case(s) Results:

(Include explanations for omitting other test case results using
this format, if applicable to the test.)

REPORT BLOCK FOR CHANGES TO SOURCE CODE
FOR THE PURPOSE OF RUNNING THE TESTS WHERE
SUCH CHANGES ARE NOT AVAILABLE IN PUBLICLY
RELEASED VERSIONS OF THE SOFTWARE.

DOCUMENT BELOW THE REASONS FOR SPECIFIC
CHANGES TO THE SOURCE CODE
(See Annex A2 for examples.)

List the Change(s) to the source code:

List the Test Case(s) Relevant to the Change(s) in the Source
Code:

Explanation of Why the Change Is Not Included in the
Publicly Released Version of the Software:

(Include explanations for more changes to non-publicly
released versions of the software using this format, if applica-
ble to the test.)

[Informative Note: Renumber and revise title of
Attachment A2.5 (renumbered in Addendum a to Standard
140-2004) to Attachment A2.6 as shown below. Delete the
headers for Attachments A2.6 and A2.7, and append to new
Attachment A2.6 the text previously included under those
now deleted headers.]

Attachment A2-5:A2.6 Example of Modeling Notes, for

BLEAST3.0° Report Block for Alternative Modeling Meth-
ods

STANDARD 140 OUTPUT FORM—MODELING NOTES
INSTRUCTIONS: See Annex A2.

SOFTWARE: BLAST 3.0°

VERSION: Level 193

REPORT BLOCK FOR ALTETERNATIVE MODELING
METHODS

DOCUMENT BELOW THE MODELING METHODS
USED IF ALTERNATIVE MODELING METHODS OR
ALGORITHMS ARE AVAILABLE IN THE SOFTWARE
BEING TESTED.

(See Annex A2 for examples.)

Simulated Effect:
Convective heat transfer and radiative exchange related to

both interior and exterior surfaces
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Optional Settings or Modeling Capabilities (from simplest to
most detailed):

HEAT BALANCE = 0; HEAT BALANCE = 1; HEAT
BALANCE = 2 Setting or Capability Used: HEAT BALANCE
=2

Physical Meaning of Option Used:

Interior surface convection based on zone air and interior
surface delta T. Exterior surface heat transfer has separate
heat transfer coefficients for radiative exchange to sky and
ground and convection to ambient air.

Simulated Effect:
Interior transmitted solar radiation distribution

Optional Settings or Modeling Capabilities (from simplest to
most detailed):

SOLAR DISTRIBUTION = 0; SOLAR DISTRIBUTION = 1
Setting or Capability Used: SOLAR DISTRIBUTION = 1

Physical Meaning of Option Used:

Beam radiation falling on each surface is calculated by ray
tracing. Beam radiation not initially absorbed is diffusely
reflected.
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STANDARD 140 OUTPUT FORM - MODELING NOTES
INSTRUCTIONS: See Annex A2.

SOFTWARE: DOE-2.1E!2

VERSION: W54

REPORT BLOCK FOR ALTETERNATIVE MODELING
METHODS

DOCUMENT BELOW THE MODELING METHODS
USED IF ALTERNATIVE MODELING METHODS OR
ALGORITHMS ARE AVAILABLE IN THE SOFTWARE
BEING TESTED.

(See Annex A2 for examples.)

Simulated Effect:

Thermal behavior of windows

Optional Settings or Modeling Capabilities:
1. “Shading Coefficient”

2. GLASS-TYPE-CODE <11

3. GLASS-TYPE-CODE < 1000

Addendum b to ANSI/ASHRAE Standard 140-2004

3A. Existing window used from W4LIB.DAT 3B. Custom
window developed and added to W4LIB.DAT

Setting or Capability Used:

3B. GLASS-TYPE-CODE > 1000 with custom window devel-
oped and added to W4LIB.DAT

Physical Meaning of Option Used:

Windows modeled using thermal and optical properties devel-
oped with WINDOW 4.0.13

Attachment A7 Example-of- Modeling Notesfor BESP—r/
HOT3000™2

STANDARD 140 OUTPUT FORM — MODELING NOTES

INSTRUCTIONS: See Annex A2.

SOFTWARE: ESP-r/HOT30004-2

VERSION: bpsh3k version 1.1 and 1.7

REPORT BLOCK FOR ALTETERNATIVE MODELING
METHODS

DOCUMENT BELOW THE MODELING METHODS
USED IF ALTERNATIVE MODELING METHODS OR
ALGORITHMS ARE AVAILABLE IN THE SOFTWARE
BEING TESTED.

(See Annex A2 for examples)

Simulated Effect:
Zone temperature controller
Optional Settings or Modeling Capabilities:

*  Basic controller for heating/cooling

*  Free-float controller

*  Basic pre-heat or pre-cool controller
*  Fixed heat injection and extraction

*  PID control action for heating/cooling
*  Flux connection between zone and plant
*  Multi-stage control with hysteresis

*  Variable supply temp with constraints
*  Heat pipe from outside to inside

*  Separate flux ON and OFF setpoints
*  Match sensed/recorded value (ideal)

*  Match sensed/recorded value (on/off)
*  Time-proportioning (on/off) control

*  Floating “three position” control

*  Optimum start control

*  Optimum stop control

*  Fuzzy Logic PI-PD control

*  Null controller

*  Multi-sensor heating/cooling

*  Evaporative source (surface)

+  Slave capacity controller
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Setting or Capability Used:

ESP-r/H3K basic ( ideal) controller used with heating capac-
ity of 20 kW while the furnace capacity is set to 10 kW.

Physical Meaning of Option Used:

In ESP-r, the controller has a defined capacity. When the load
of the space is less than the capacity, the setpoint is main-
tained and the actual load is reported. If the load is greater
than the capacity of the controller, ESP-r sets the load equal
to the controller s capacity. In this case the actual load is not
met and the setpoint is not satisfied.

A value greater than 10 kW is used for the ideal controller heat-
ing capacity to allow the load of the zone to exceed 10 kW if this
is what the solution dictates. This way, the load on the furnace
is not limited to a maximum of 10 kW and it is possible to
predict the proper number of under heating hours for the zone.

This is an issue only with test HE230.

[Informative Note: Include examples for new modeler
report blocks as Attachments A2.7 through A2.9 below.]

Attachment A2.7 Examples of Modeling Notes. Report
Block for Equivalent Modeling Methods

REPORT BILOCK FOR EQUIVALENT MODELING
METHODS

DOCUMENT BELOW THE EQUIVALENT INPUTS USED
IF EQUIVALENT MODELING METHODS WERE USED

(See Annex A2 for examples.)

Describe the Effect Being Simulated:

Thermal decoupling of floor from ground.

Section(s) of the Standard where Relevant Inputs are Specified:

5.2.14,5.2.1.5

Equivalent Input(s) Used:

Floor modeled as perfectly decoupled from ground.

Physical, Mathematical or Logical Justification of the Equiv-
alent Input(s)—provide supporting calculations, if relevant:

Logical Justification: Section 5.2.1.5 states that “the
state-of-the-art in ground modeling is not very good even
in_detailed building energy simulation programs. To
reduce uncertainty regarding testing or other aspects of
simulating the building envelope, the floor insulation has
been made very thick to effectively decouple the floor
thermally from the ground.”

It is clear from this statement the intent is to eliminate
floor-to-ground heat transfer to reduce the uncertainty in
results that it will introduce. The prescribed method of
doing this is to model a floor with very high R-value
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(R=25.374 m*-K/W or U=0.039 W/m?-K). This assumes
that a software program cannot perfectly eliminate floor-
to-ground heat transfer and therefore must minimize the
error due to floor-to-ground heat transfer via use of a
large floor R-value.

The subject program cannot comply with the prescribed
floor R-value; however, the subject program can perfectly
decouple the floor from the ground. Because perfect
decoupling is interpreted as meeting the intent of section
5.2.1.5, perfect decoupling was used as an equivalent
modeling approach.

Describe the Effect Being Simulated:

Thermostat control and equipment capacity.

Section(s) of the Standard where Relevant Inputs are Specified:

5.2.1.13.1
5.2.1.13.2

Equivalent Input(s) Used:

Heating Setpoint = 20 °C, Throttling Range = 0.1 K,
Heating Capacity = 3.935 kW
Cooling Setpoint = 27 °C, Throttling Range
Cooling Capacity = 3.935 kW

0.1 K,

Physical, Mathematical, or Logical Justification of the Equiv-
alent Input(s)—provide supporting calculations, if relevant:

Logical Justification:

Together Sections 5.2.1.13.1 and 5.2.1.13.2 require use of
a_non-proportional thermostat with which the heat
extraction rate is effectively infinite when the zone air
temperature exceeds 27°C and the heat addition rate is
effectively infinite when the zone air temperature falls
below 20°C. The intent of these sections is to establish
conditions for which equipment cooling or heating output
exactly matches the zone load. This eliminates system
effects and system dynamics that could obscure the focus
of this test suite, which is zone thermal loads, not system
coil loads.

In_the subject software program, use of the prescribed
inputs constitutes an unstable control system. For exam-
ple, the moment the zone air temperature exceeds 27°C,
the system will provide 1000 kW of cooling to the zone.
This quantity of cooling far exceeds the cooling demand,
so the zone is overcooled, pushing the zone air tempera-
ture below 20°C. The moment this happens, the system
provides 1000 kW of heating to the zone. This quantity of
heating far exceeds the heating demand, so the zone is
overheated, pushing the zone air temperature above
27°C. A system with this control will rapidly oscillate
between cooling and heating. The system simulation
algorithm _in the subject program will not be able to
converge on a solution state for any hour because of the
unstable nature of this control.
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To resolve this problem, a small throttling range was used

Case 960 — Sunspace, all results

with the prescribed setpoints, and the cooling and heating
capacities were set to values close to the peak cooling and
heating demands of the zone. These inputs were chosen
empirically by tuning the inputs until thermostat control
instability was eliminated and differences between the
system cooling coil load and the zone cooling load and
between the system heating coil load and the zone heating
load were minimized as much as possible. This approach
meets the intent of Sections 5.2.1.13.1 and 5.2.1.13.2.

Note: In the subject program the 3.935 kW capacity is not
specified directly. Instead it is indirectly defined via
supply airflow rate and supply temperature. The supply
airflow was 565.6 L/s, the cooling supply air temperature
was 20°C, and the heating supply air temperature was
27°C. This yields the capacities as follows. The 0.994
factor is the standard 1.207 density X heat capacity %
correction factor corrected for site altitude.

Cooling Capacity = 0.994 x 565.6 L/s x (27 °C-20 °C)
=3935 W =3935 kW

Heating Capacity = 0.994 x 565.6 L/s x (20 °C-27 °C)
=3935 W =3935 kW

Attachment A2.8 Examples of Modeling Notes. Report
Block for Omitted Test Cases and Results

REPORT BLOCK FOR OMITTED TEST CASES AND
RESULTS

DOCUMENT BELOW THE REASONS FOR OMITTING
RESULTS

(see Annex A2 for examples)

List the Case(s) Where Results Were Omitted and Which

Explanation for Omitting the Test Case(s) Results:

The required inputs to model this type of configuration are not
available in this software program. Case 960 models a passive
solar sun room using a modified Trombe wall. In order to
model this configuration, the associated algorithm would

need to compute:

a. The hourly proportion of solar radiation absorbed by the
individual sunlit surfaces within the sunlit portion of the
Trombe wall

b. The effect of introducing infiltration in the Trombe wall
section

c. Adjacent space heat transfer between the Trombe wall
and the interior room.

Attachment A2.9 Example of Modeling Notes. Report
Block for Changes to Source Code for the Purpose of

Running the Tests. Where Such Changes Are Not Avail-
able in Publicly Released Versions of the Software

REPORT BLOCK FOR CHANGES TO SOURCE CODE
FOR THE PURPOSE OF RUNNING THE TESTS. WHERE
SUCH CHANGES ARE NOT AVAILABLE IN PUBLICLY
RELEASED VERSIONS OF THE SOFTWARE

DOCUMENT BELOW THE REASONS FOR SPECIFIC
CHANGES TO THE SOURCE CODE

List the Change(s) to the source code:

Include capability for hourly varying schedules, where such
schedules may be varied for any day of the year. for sensible
and latent internal gains, infiltration, outside air, and zone
thermostat. Currently for the subject softwares publicly
released version, such hourly schedules may only be varied

Results Were Omitted for the Case(s):

All results omitted for the following tabulated cases:

600 600FF 230 300 420
610 650FF 240 310 430
620 195 250 320 440
630 200 270 395
640 210 280 400
650 220 290 410

Explanation for Omitting the Test Case(s) Results:

These test cases require modeling lightweight building
construction (approx 12 Ib/{¥ floor area). This is residential
weight construction. _The subject software program _is
intended for modeling commercial buildings and conse-
quently the minimum building construction weight is 30 [b/f’
floor area. Since the required building construction weight for

these test cases is well outside the range of intended program
operation, these test cases cannot be performed.

List the Case(s) Where Results Were Omitted and Which

monthly, beginning on the first day of each month and
continuing through the entire month.

List the Test Case(s) Relevant to the Change(s) in the Source
Code:

More flexible schedules are needed as follows:
Internal Gains: All cases of Sections 5.3.3 and 5.3.4 (i.e.,
Cases CE300 through CE545)
Infiltration and/or Qutside Air: Cases CE320, CE330,

and CE340 only
Thermostat: Case CE350 only.

Explanation of Why the Change Is Not Included in the
Publicly Released Version of the Software:

Users of the subject software appear to be satisfied with
hourly schedules limited to monthly variation. Changing the
source code to accommodate the test cases of Sections 5.3.3
and 5.3.4 for the purpose of testing the calculation engine is
justifiable. However, without known demand from users for
additional scheduling flexibility, it is difficult to justify addi-
tional costs related to enhancing the user interface and revis-

Results Were Omitted for the Case(s):
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ing software documentation.
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(This annex is not part of the standard. It is merely
informative and does not contain requirements necessary
for conformance to the standard. It has not been
processed according to the ANSI requirements for a
standard and may contain material that has not been
subject to public review or a consensus process.
Unresolved objectors on informative material are not
offered the right to appeal at ASHRAE or ANSI.)

ANNEX B1
TABULAR SUMMARY OF TEST CASES

[Informative Note: Revise introduction as shown]

Tables B1-1a and B1-1b include a tabular summary of the
building thermal envelope and fabric load test cases described
in Section 5.2, in SI units only. Tables Bl-2a and B1-2b
include a tabular summary of the Space Cooling Equipment
Performance_Analytical Verification test cases described in
Sections 5.3.1 and 5.3.2, in SI and I-P units, respectively.
Table B1-3 includes a tabular summary of the Space Cooling
Equipment Performance Comparative Test cases described in
Sections 5.3.3 and 5.3.4, in SI units only. Table B+-3B1-4
summarizes the Space Heating Equipment test cases
described in Section 5.4, in SI units only.

Nomenclature
Abbreviations and symbols used in Tables B1-1a, B1-1b,
B1-2a, B1-2b, B1-3 and B1-43 are listed below.

[Informative Note: Add the following abbreviations to the
nomenclature used in Table B1-3.]
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Apr.  April
COP coefficient of performance

greater loads relative to “mid”

high2 greater loads relative to “mid2”

Infil. infiltration (natural ventilation)

mid internal gains schedules are relatively high daytime
and low nighttime periodically/seasonally adjusted
values

mid2 similar to “mid” but with cooler-month internal gains

= ( for 0 cooling at ODB < 55°F for 0 OA.
OA  outside air

Oct. October

[Informative Note: Revise titles of tables B1-2a and B1-2b
as shown.|

TABLE B1-2a Space Cooling Equipment BESTEST_
Analytical Verification Test Case Descriptions
(Sl Units).

TABLE B1-2b Space Cooling Equipment BESTEST
Analytical Verification Test Case Descriptions
(I-P Units).

[Informative Note: Renumber current Table BI-3 (of
Addendum a) as Table BI-4 as shown]

TABLE B4-3B1-4. Space Heating Equipment BESTEST
Cases Descriptions

[Informative Note: Insert new table B1-3 as shown.|
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TABLE B1-3 Space Cooling Equipment BESTEST Comparative Test Case Descriptions

DYNAMIC TESTS - Hot and Humid Weather (New Orleans, LA), Near-Adiabatic Building Envelope
Cooling Outside
Case Internal Gains Setpoint  Infil. Air
Sensible Latent (°C) (ACH) (ACH) |Comments

Preliminary Series

CE300 Base Case (15% OA) mid mid 25 0 1.734 |Supply fan runs continously, compressor cycles as needed,
expanded performance data. Tests outside air versus CE500.
CE310 High latent load mid high 25 0 1.734 |Tests high latent load versus CE300.
CE320 Infiltration mid mid 25 11558 0.000 |Tests high infiltration versus CE300, CE330.
CE330 Outside air mid mid 25 0 115582 |Tests high outside air versus CE300, CE320.
CE340 Infil./OA interaction mid mid 25 57792 57792 |Tests infil/OA interaction versus CE300, and CE320 or CE330.
CE350 Themmostat set up mid mid 25/35 0 1.734 |Tests thermostat set up control versus CE300.
CE360 Undersize high mid 25 0 1.734 |Tests overloaded system versus CE300.
Economizer Series Min OA (Temperature control: CE400, CE410, CE420)
CE400 Temperature control mid mid 25 0 1.734 |Tests temperature economizer versus CE300.
CE410 Compressor lockout mid mid 25 0 1.734 |Tests CE400 with compressor lockout versus CE300.
CE420 ODB limit mid mid 25 0 1.734 |Tests ODB limit (20°C) control versus CE300.
(Enthalpy control: CE430, CE440)
CE430 Enthalpy control mid mid 25 0 1.734 |Tests enthalpy control versus CE300.
CE440 Outdoor enthalpy limit mid mid 25 0 1.734 |Tests outdoor enthalpy limit control versus CE300.
0% OA Cases OA (Wet coils: CE500 - CE525)
CE500 Base Case (0% OA) mid2 mid2 25 0 0° |Like CE100 but with dynamics & expanded performance data.

Supply fan cycles ON/OFF with compressor.
Hourly output tests COP f(ODB).

CE510 High PLR high2 high2 25 0 o° High PLR. SHR same as CE500. Tests PLR versus CE500.
CE520 Low EDB = 15°C mid2 mid2 15 0 0° |Tests EDB = 15°C versus CE500.
CE522 Low EDB = 20°C mid2 mid2 20 0 0" |Tests EDB = 20°C versus CE500.
CE525 High EDB mid2 mid2 35 0 0" [Tests EDB = 35°C versus CE500, CE520.
(Dry coils: CE530 - CE545)
CE530 Dry Coil mid2 0 25 0 0° [Tests dynamic dry-coil expanded performance versus CE500.
Hourly output tests COP f(ODB).
CE540 Dry Coil, Low EDB mid2 0 15 0 0° |Tests EDB = 15°C versus CE530.
CE545 Dry Coil, High EDB mid2 0 35 0 0" |Tests EDB = 35°C versus CE530.

[Abbreviations: ACH = air changes per hour; COP = coefficient of performance; EDB = entering dry-bulb temperature; Infil. = infiltration;
OA = outside air; ODB = outdoor dry-bulb temperature; PLR = part load ratio; SHR = sensible heat ratio.

Notes:
"mid" internal gains schedules are relatively high daytime and low nighttime periodically/seasonally adjusted values.
See case descriptions for details.
"mid2" is similar to "mid" but with 0 cooler-month internal gains to get 0 cooling at ODB <55°F for 0 OA. See case descriptions.
"high” and "high2" are greater loads relative to "mid” and "mid2," respectively.

2 Apr. 21 - Oct. 12, 8:00 - 20:00 only; see case descriptions for specific schedule.
"O0A=0 implies fan cycles ON/OFF with compressor.

CE300case15.xls, d:a2..n47; Aug 16, 2006
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(This annex is not part of the standard. It is merely informative and does not contain requirements necessary for
conformance to the standard. It has not been processed according to the ANSI requirements for a standard and may
contain material that has not been subject to public review or a consensus process. Unresolved objectors on informative
material are not offered the right to appeal at ASHRAE or ANSI.)

ANNEX B2
ABOUT TYPICAL METEOROLOGICAL YEAR (TMY) WEATHER DATA

[Informative Note: Clarify Annex Al cross-reference in second paragraph of Annex B2 as shown.]

For these reasons, SPC 140 decided to keep the original TMY weather data and the detailed documentation of the TMY
weather data format. For Sections 5.3.1 and 5.3.2, either TMY-format data or TMY2-format data may be used as described in
Annex Al, Section A1.2.1.
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(This annex is not part of the standard. It is merely
informative and does not contain requirements necessary
for conformance to the standard. It has not been
processed according to the ANSI requirements for a
standard and may contain material that has not been
subject to public review or a consensus process.
Unresolved objectors on informative material are not
offered the right to appeal at ASHRAE or ANSI.)

ANNEX B9
DIAGNOSING THE RESULTS
USING THE FLOW DIAGRAMS

[Informative Note: Revise Annex B9 as shown. New
Figures B9-5, B9-6, and B9-7 are included at the end of the
text of this annex; Figures B9-1 through B9-4, not shown
here, remain as is. The full text of Annex B9 has been
included for review convenience.|

B9.1 General Description. Figures B9-1 through B9-75
contain a set of flow diagrams that serve as a guide for diag-
nosing the cause of disagreeing results that may arise from
using this method of test. These flow diagrams list the fea-
ture(s) being tested, thus indicating potential sources of algo-
rithmic differences.

B9.2 Comparing Tested Software Results to Other
Example Results

B9.2.1 “Example results” are either results presented in
informative Annexes B8 and B16 or other results that were
generated using this standard method of test.

B9.2.2 In this annex we provide no formal criteria for
when results agree or disagree. Determination of when results
agree or disagree is left to the user. In making this determina-
tion the user should consider

a. magnitude of results for individual cases,

b. magnitude of difference in results between certain cases
(e.g., “Case 610—Case 600”),

c. same direction of sensitivity (positive or negative) for dif-
ference in results between certain cases (e.g., “Case 610—
Case 600”),

d. if results are logically counterintuitive with respect to
known or expected physical behavior,

e. availability of analytical or quasi-analytical solution
results (i.e., mathematical truth standard as described in
informative Annex B16, Section B16.2),

f. for the HVAC-equipmentperformanee-analytical verifica-
tion test_cases, ef Seetion53;-the degree of disagreement
that occurred for other simulation results in Annex B16
versus the quasi-analytical or analytical solution results,

g. cxample simulation results do not represent a truth stan-
dard.

B9.2.3 Check the program being tested for agreement (see
Section B9.2.2) with example results for both the absolute
outputs and the sensitivity (or “delta”) outputs. For example,
when comparing to the example results shown in informative
Annex B8 for Case “610-600” in the “low mass basic” flow
diagram (Figure B9-1), the program results are compared
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with both the Case 610 example results and the Case 610-600
example sensitivity results.
B9.2.4 Compare all available output types specified for

each case that can be produced by the program being tested, as
described in Section 6. For—the—tests—of Section—52,—this

ineludes-appropriate-calenlated selarradiation; free-floatand

A disagreement with any one of the output types may be cause
for concern.

B9.2.5 There are some cases where it is possible to pro-
ceed even if disagreements were uncovered in the previous
case. For example, using Figure B9-1, in Case 610, inability
to model a shading overhang would not affect the usefulness
of the program for modeling buildings with unshaded win-
dows. Thus, the flow diagram has an extra arrow connecting
Case 610 and Case 620, which denotes that you may proceed
regardless of the results for Case 610. Where cases are con-
nected by a single arrow, a satisfactory result is required in
order to proceed to the next case. For example, in Case 620,
the inability to model transmitted radiation through an
unshaded east window makes it difficult to proceed with these
tests until the disagreement is reconciled.

B9.3 If Tested Software Results Disagree with Example
Results. If the tested program shows disagreement (as
defined above in informative Section B9.2.2) with the exam-
ple results, then re-check the inputs against the specified val-
ues. Use the diagnostic logic flow diagrams to help isolate the
source of the difference. If no input error can be found, then
look for an error in the software. If an error is found, then fix
it and rerun the tests. If in the engineering judgement of the
user the disagreement is due-tecaused by a reasonable differ-
ence in algorithms between the tested software and the exam-
ple results or other tested software, then continue with the
next test case.

B9.4 Diagnostic Logic Flow Diagrams for Building
Thermal Envelope and Fabric Load Tests (Section 5.2)

B9.4.1 Low-Mass and High-Mass Basic Tests. The first
flow diagram (Figure B9-1) begins with the base building
(Case 600). It is very important to have confidence in your
Case 600 results before proceeding to the other cases. If out-
put from the tested program agrees satisfactorily with other
example results for Case 600, then check other output accord-
ing to the flow diagram. Once the low-mass basic cases have
been checked, proceed with the high-mass basic (900 series)
cases (Figure B9-3).

B9.4.2 In-Depth Tests. These tests provide detailed diag-
nostic capability. The “in-depth test” flow diagram (Figure
B9-2) indicates two possible diagnostic paths, Al through
All or Bl through B10. Selecting path A versus path B
depends on the capabilities of the program being tested. Path
A is the preferable diagnostic path. Use Path A if the software
being tested is literal enough in its treatment of building phys-
ics to allow input of those cases. Otherwise, Path B will still
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help to identify algorithmic sources of differences, but less
definitively because of interacting effects.

B9.4.3 Mass Interaction Tests. Further diagnostic infor-
mation can be obtained regarding thermal mass interactions
using the diagnostic logic flow diagram of Figure B9-4. When
disagreement among results occurs, this diagram sometimes
returns to the low-mass, in-depth diagnostics (Figure B9-2)
even though the program may have already showed agree-
ment in the low-mass basic tests. The reason for this is that the
high-mass cases may reveal disagreements that the low-mass
cases did not expose because

a. the disagreement is more readily detectable when mass is
present,

b. the disagreement was not previously detectable because
of compensating differences,

c. the disagreement was not previously detectable because
of other unknown interactions.

B9.5 Diagnostic Logic Flow Diagrams for H¥AE-Space
Cooling Equipment Performance Tests (Section 5.3). Flow
diagrams are included here for cases E100—E200 (Figure B9-
5) and cases CE300—CE545 (Figures B9-6 and B9-7).

B9.5.1 General—PDeseriptionrAnalytical Verification
Tests, Cases E100-E200.

B9.5.1.1 Introduction. Cases E100-E200 (see Sections
5.3.1 and 5.3.2) are to be run first. These FheE100-sertes
eases{(E100-through-E200)-are steady-state cases that test
basic performance map modeling capabilities and utilize
comparisons with quasi-analytical solutions_that constitute a
mathematical truth standard. The diagnostic logic flow dia-
gram for these cases (Figure B9-5) indicates similar diagnos-
tics for dry-coil and wet-coil (without and with
dehumidification) cases. This is really one continuous diag-
nostic path to be implemented for both dry-coil and wet-coil
cases. Performing and analyzing results of the E100 series
tests in blocks, such as E100-E140 and E150-E200, or E100—
E200, all at once is recommended. For the E100 series cases,
if a disagreement is uncovered for one of the cases, then fix it
and rerun all the E100 series cases. It is very important to have
confidence in the results for cases E100-E200 before pro-
ceeding to the other cases.

B9.5.1.2 Consideration of Quasi-Analytical Solution
Results. As a minimum, the user should compare output with
the quasi-analytical solution results found in Annex B16,
Section B16.5.1. The user may also choose to compare output
with the example simulation results in AnnexB16-that section

fication tests of Sections 5.3.1 and 5.3.2, the user should
consider that the quasi-analytical solution results given in
Annex B16, Section B16.5.1 represent a “mathematical truth
standard” (i.e., a mathematically provable and deterministic
set of results based on acceptance of the underlying physical
assumptions represented by the case specifications, discussed
further in Annex B16, Section B16.2). Note that although the
underlying physical assumptions of the case definitions of the
mechanical equipment are consistent with those of typical
manufacturer equipment performance data, they are by defi-
nition a simplification of reality and may not fully represent
real empirical behavior.

B9.5.2 Comparative Tests, Cases CE300-CE545. After
successfully completing cases E100-E200, go on to cases
CE300-CE545 (see Sections 5.3.3 and 5.3.4). These cases
test additional model features under more dynamic (hourly

varying) conditions. Example simulation results for cases
CE300-CE545 (see Annex B16. Section B16.5.2) do not
include analytical solutions, so analytical verification versus a

mathematical truth standard is not possible for those cases.

The flow diagrams for cases CE300—CE545 may be used in
two ways. The most powerful but time-consuming way is to
perform all cases CE300—CE545 and then use the diagnostic
logic in the flow diagrams to analyze the results. The least
time-consuming way is to perform the tests in sequence

according to the flow diagrams, beginning with Figure B9-6.
The flow diagram of Figure B9-6 begins with a basic

performance test (Case CE300). It is very important to have
confidence in your Case CE300 results before proceeding to
the other cases. If output from the tested program agrees satis-

factorily with other example results for Case CE300, then
continue to check output for the remaining cases according to
the flow diagram. If output from the tested program disagrees
with other example results for Case CE300, then follow the
diagnostic logic accordingly. The diagnostic logic for cases
CE500-CE545 is presented in Figure B9-7. Cases CES00—
CES545 test similar effects as cases E100—E200 but in an
hourly dynamic context using expanded performance data
without analytical verification. The sensitivity result
“CE500-CE300” isolates the effect of outside air but with
some noise because of varying internal gains schedules
between Case CE300 and Case CE500 and because the air
distribution fan cycles with the compressor in Case CE500. In
contrast with steady-state cases E100-E200 that were solved
analytically, the more realistic nature of cases CE300—CE545
allows us to gauge the importance of being able to simulate
various effects accurately in terms of annual energy perfor-
mance. For example, a large percentage difference for a given

or with other results that were generated using Sections 5.3.1
and 5.3.2 of this test procedure. Information about how the
quasi-analytical solutions and example simulation results
were produced is included in Annex B17. For convenience to
users who wish to plot or tabulate their results along with the
quasi-analytical solution or example simulation results, or
both, an electronic version of the example results has been
included with the file RESULTS5-3A.XLS on the accompa-
nying CD. Regarding determination of agreement of results
discussed in B9.2.2, in making this determination for the
HVACspace cooling equipment performance_analytical veri-
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result that has only a very small impact on annual energy use
may not be of concern, whereas a small percentage difference

with a large impact on annual energy use may be deemed impor-
tant.

There are some cases where it is possible to proceed even
if disagreements were uncovered in the previous case. For
example, in Case CE410, inability to model an economizer
with compressor lockout does not necessarily affect the
usefulness of the program (or the ability to further test the
program) for modeling other types of economizer controls or

other mechanical equipment features. Thus, the flow diagram
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has an extra arrow connecting Case CE410 and Case CE420,
which shows that you may proceed regardless of the results for
Case E410. Where cases are connected by a single arrow, a
satisfactory result is required in order to proceed to the next
case. Forexample, in Case CE310, the inability to model latent
load removal makes it difficult to proceed with these tests until
the disagreement is reconciled.

B9.6 Examples

B9.6.1 Example Using Flow Diagrams for Building
Thermal Envelope and Fabric Load Tests (Section 5.2). A
program shows agreement with Case 600 but shows large dis-
agreement with the example results of annual sensible cooling
load predictions for Case 610. Figure B9-1 suggests the
potential algorithmic source of the difference is with the shad-
ing algorithm and directs the user to look at the sensitivity
results for shading as represented by the difference between
the output values from Cases 600 and 610. The flow diagram
then directs the user to diagnostic A12. Diagnostic A12 will
either confirm shading as the source of the difference or direct
the user to additional diagnostics if the shading algorithm is
okay. The logic is sequential in that to show disagreement
with 610-600 and to show agreement with A12 indicates dif-
ferences elsewhere in 610-600 and, therefore, possible com-
pensating differences in 600. To show disagreement with both
610-600 and A12 confirms a shading algorithm as the source
of the difference.

IEA BESTEST' gives examples of how the tests were
used to trace and correct specific algorithmic and input errors
in the programs used to produce the example results of infor-
mative Annex BS.

B9.6.2 Example Using Flow Diagrams for HVA€E
Space Cooling Equipment Performance_ Analytical Verifi-
cation Tests (Sections 5.3.1 and 5.3.2). A program shows
agreement with Case E100, but shows large disagreement
with the quasi-analytical solution results of energy consump-
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tion predictions for Case E130. Figure B9-5 suggests the
potential algorithmic source of the difference is with the algo-
rithm for incorporating part-load operating effects into the
energy consumption for a dry coil.

HVAC BESTEST Volume 1% gives examples of how the
tests were used to trace and correct specific algorithmic and
input errors in the programs used in the field trials for which
results are given in informative Annex B16, Section B16.5.1.

B9.6.3 Example Using Flow Diagrams for HVAC
Equipment Performance Comparative Tests (Sections
5.3.3 and 5.3.4). A program shows disagreement with
CE300. Because this is the base case for the CE300 series,
Figure B9-6 suggests a number of potential sources of algo-
rithmic differences including dynamic variation of'load, 15%
outside air (mixed with return air), continuous indoor fan

operation, or hourly dynamic equipment performance as
f(EDB, EWB. ODB, PLR). The user is directed to check diag-

nostics C1 and C2 utilizing Case CE500 (see Figure B9-7). If
the disagreement persists for C1 and/or C2, this likely elimi-
nates outside air mixing and continuous fan operation as the
cause of the problem. The user is then directed to run the
remainder of the CE500-series cases and if the disagreement
persists to also recheck results from cases E100-E200 (see
Figure B9-5). If the cause of the disagreement persists for the
remaining CE500-series cases, and the E100 results are still
satisfactory, then the problem is likely isolated to perfor-
mance-map parameter f{ODB, EWB, EDB) sensitivity over
the expanded range of performance data or some other prob-
lem related to hourly dynamic modeling.

HVAC BESTEST Volume 2B gives examples of how the
tests were used to trace and correct specific algorithmic and
input errors in the programs used in the field trials for which
results are given in informative Annex B16, Section B16.5.2.
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[Informative Note: Delete the current Figure B9-5 and replace it with new Figure B9-5. New Figures B9-6 and B9-7 are
added below.]

DRY COIL PROBABLE CAUSE OF DISAGREEMENT WET COIL
START® CONTINUE (B)*

E100 D> | Basic Performance Model | DH— E160 [B1 ]

E110-E100 D) Outdoor Dry-Bulb Sensitivity D— E185-E180 (B2 |
and/or Extrapolation

E120-E110 D Entering Dry-Bulb Sensitivity DH— E160-E150 [B3 |
and/or Extrapolation

E120-E100 D | ODB + EDB Interaction | D— E165-E160 [B4 |

Q,

AS | E130-E100 D Part Load Ratio (high ODB) D E190-E180 BS
AS | E140-E110 D) Part Load Ratio (low ODB) D E195-E185 BS
E140-E130 D) | ODB sensitivity at low PLR | D— E195-E190 |B6 |
\A/ l
Latent loading (v. low SHR) D E180-E150 B7
Latent loading (v. dry coil) D E150-E110 B7
GOTO
CONTINUE (B) Latent loading (v. dry, lo PLR, lo ODB D E190-E140 B8
(WET COIL) Latent loading (v. dry, lo PLR, hi ODB D E195-E130 B8
f(SHR, PLR) interaction, f(sens gain) D E170 & (E170-E150) |B9
f(SHR, PLR) interaction, f(latent gain) D E170 & (E180-E170)|B9
Basic Performance Model
(Full load at ARI conditions also D E200 1810
tests set point w/ very small overload)
GOTO
CONTINUE (CE300)
ABBREVIATIONS

A = Agree; i.e., agree with analytical solution results for the case itself and the sensitivity case. E.g., to check
for agreement regarding Case E130, compare example results for Case E130 and E130-E100 sensitivity.
D = Disagree; i.e., show disagreement with analytical solution results.
NOTES

? It is better to perform/analyze results of these tests in blocks such as E100-E140 and E150-E200.
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START
CE300 —
[CE310 & (CE310-CE300) |——

CE320 & (CE320-CE300),
(CE330-CE320)

Q,

| CE330 & (CE330-CE300)

Q,

CE340 & (CE340-CE300),
(CE330-CE340)

@,

[CE350 & (CE350-CE300)

@,

[CE360 & (CE360-CE300) |—

@;

D

PROBABLE CAUSE OF DISAGREEMENT

DIAGNOSE (GOTO)

Dynamic Load; 15% Outside Air;

Continuous Indoor Fan; and/or
Performance f(EDB, EWB, ODB, PLR)

Latent Load Removal —-

Infiltration, Psychrometrics

100% Outside Air:
Psychrometrics and/or
Performance f(EDB, EWB)

Infiltration/Outside Air Interaction |

Thermostat Setup and/or
Performance f(EDB, EWB)

Undersized System:
Equipment Capacity, Zone Temp., and/or
Performance f(EDB, EWB, PLR)

C1, C2
(CONTINUE (C))

B1 thru B10
(CONTINUE (B))

CEA400 & (CE400-CE300) D Economizer w/ Temperature Control
CE410 & (CE410-CE300) D Economizer w/ Temperature Control
+ Compressor Lockout
CE420 & (CE420-CE300) D Economizer w/ Temperature Control
+ ODB Limit
CE430 & (CE430-CE300) D Economizer w/ Enthalpy Control
CE440 & (CE440-CE300) D Economizer w/ Enthalpy Control
+ Outdoor Enthalpy Limit
STOP
ABBREVIATIONS

A= Agree; D = Disagree. For the CE300 series, agreement/disagreement is determined relative to example
simulation results or other user-provided results and the sensitivity case.

Figure B9-6 Cases CE300-CE440 (comparative test cases with outside air) diagnostic logic flow diagram.
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CONTINUE (C) PROBABLE CAUSE OF DISAGREEMENT DIAGNOSE (GOTO)

[C1 ] CE500 |—> Dynamic Load or ODB; Intermittent ID fan; C3 thru C8,
and/or performance f(EDB, EWB, ODB) also

A1 thru A6,

B1 thru B10
[C2 ] (CE500-CE300) |—> Outside Air Sensitivity, Fan Operation,

Internal Gains

[C3 [ CE500, Apr. 30 v. Jun 25— D | Performance f(ODB) — B2, B6 |
[C4 | CE510, (CE510-CE500) |——— D | PLR Sensitivity — B5
C5 CE520 D
C5 CE522 D | Performance f(EDB) — B3
C5 | CE525, (CE525-CE520) D
[c6 | CE530, (CE530-CE500) ——D | Dry-Coil Sensitivity F—{ AtthruAs |
[C7 [ CE530, Apr. 30 v. Jun 25— D | Dry-Coil Performance f(ODB) — A2, A6 |
c8 CE540 D | Dry-Coil Performance f(EDB) — A3
C8 | CE545, (CE545-CE540) D

@

END

ABBREVIATIONS
A = Agree; D = Disagree. For the CE300 series, agreement/disagreement is determined relative to example
simulation results or other user-provided results and the sensitivity case.

Figure B9-7 Cases CE500-CE545 (comparative test cases without outside air) diagnostic logic flow diagram.
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(This annex is not part of this standard. It is merely
informative and does not contain requirements necessary
for conformance to the standard. It has not been
processed according to the ANSI requirements for a
standard and may contain material that has not been
subject to public review or a consensus process.
Unresolved objectors on informative material are not
offered the right to appeal at ASHRAE or ANSI.)

ANNEX B10
INSTRUCTIONS FOR WORKING WITH RESULTS
SPREADSHEETS PROVIDED WITH THE STANDARD

[Informative Note: In file names, change “5-3” to “5-34”
as shown.]

B10.2 Documentation for RESULTS5-3A.XLS (given in
RESULTS5-3A.DOC). Import data so that Cell Al of Sec5-
3Aout.XLSisin Al of Sheet “YD” (your data). Check that the
first value (Total Consumption kWh for E100) is in YD!B25.
See Sheet A (rows 13-26) for tabulation of results locations.
Your data will then appear in column L of Sheet A, in the

rightmost column of each table on Sheet Q, and on the right
side of the last 5 sheets (used for making the charts). Chart
update of “your data” is not automated.

[Informative Note: Renumber Section B10.3 as B10.4 as
shown.]

B16-3B10.4 Documentation for RESULTS5-4.XLS (given
in RESULTS5-4.DOC).

[Informative Note: Insert new section B10.3 as shown.]

B10.3 Documentation for RESULTS5-3B.XLS (Given in
RESULTS5-3B.DOC). Import data so that Cell A1 of Sec5-

3Bout.XLSisin Al of Sheet “YD” (your data). Check that the
first value (Total Consumption kWh for CE300)isin YD!B62.
See Sheet A (rows 56-130) for tabulation of results locations.
Your data will then appear in column H of Sheet A; in the right-
most columns of each table in Sheets Q, R, T, Qdata, Rdata,

Sdata, and Tdata; and beginning in row 198 of Sheet S.
Contents of these sheets are described below. Chart update of

“your data” is not automated.

Contents of Sheets:

Description

Unformatted data compilation, all programs

Results from each simulation program.

For inputting new results

our data): see above for instructions. Data input to this sheet will pass through into

sheets A, Q. R, S, T, Qdata, Rdata, Sdata, and Tdata.

Extra blank sheets for simulation program data. Data input to these sheets will pass into sheet ‘A’ but NOT

through to sheets Q, R, S, T, Qdata, Rdata, Sdata, and Tdata.

Formatted summary results tables including simulations’ annual mean results and statistics. “Your data” automat-

ically appears on the right side of each table. See below for Sheet Q table locations.

R’ Formatted summary results tables including simulations’ annual hourly maximum and minimum results and sta-

tistics. “Your data” automatically appears on the right side of each table. See below for Sheet R table locations.

Formatted summary results tables including simulations’ June 28 hourly results. “Your data” automatically
appears in the bottommost table. See below for Sheet S table locations.

Formatted summary results tables including simulations’ sensitivities to annual mean, maximum and minimum
‘T results and statistics. ‘““Your data” automatically appears on the right side of each table. See below for Sheet T

table locations.

‘Qdata’ through
‘Tdata’

These sheets are similar to ‘Q’ thru ‘T’ but formatted for use as source data for charts.

Summary charts (one per sheet). Import of “your data” into these charts is not automated. However, the data do

‘Qtot’ through
‘HrOHR’

automatically appear on the right side of the tables used for making the charts. To get your data to appear requires
adjusting the source data setting for each chart; see below for more tables regarding the contents of each sheet.

Contents of Sheet Q (Annual Mean Results. Formatted):

Description Cell Range
Space Cooling Electricity Consumption A6—N105
(Total, Compressor, Supply Fan, Condenser Fan) -
Weather Data Checks A109 —NI119
Coil Loads: Total, Sensible, Latent A125 —N198
Various Annual Means (COP2, IDB, Humidity Ratio, Relative Humidity) A205 — N304
F(ODB) Sensitivities, CES00 and CE530, April 30 and June 25 (Consumptions, Loads, A316 - N402

COP2, Zone Conditions)
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Contents of Sheet R (Annual Hourly Maximum and Minimum Results, Formatted):

Description Cell Range
fate;et ated Total Electricity Consumption and Disaggregated Coil Loads (Total, Sensible A7 AAL02
CoP2. Alll — AA157
IDB A159 — AA206
Humidity Ratio and Relative Humidity A215 - AA310
Contents of Sheet S (June 28 Hourly Results, Formatted):

Description Cell Range
TRNSYS-TUD A3 —N32
DOE-2.2 A35 -N62
DOE-2.1E-E A66 —N95
ENERGYPLUS A98 —N125
CODYRUN A130-N159
HOT3000 A162 —N189
Your Software A193 —N221

Contents of Sheet T (Sensitivities: Annual Mean, Maximum and Minimum Results. Formatted):

Description Cell Range
Mean Electricity Consumptions A6 — NO4
(Total, Compressor, Supply Fan, Condenser Fan) -
Mean Coil Loads: Sensible, Latent A99 —N142
Various Annual Means (COP2, IDB, Humidity Ratio, Relative Humidity) Al145 —N234
Ma.ximum and Minimum Aggregated Total Electricity Consumption and Disaggregated A242 - N330
Coil Loads (Total, Sensible, Latent) —
Maximum and Minimum COP2 and IDB A339 —N429
Maximum and Minimum Humidity Ratio and Relative Humidity A431 —N519
Contents of Sheet Qdata (Annual Mean Results, Unformatted):

Description Cell Range
Space Cooling Electricity Consumption AG—1105
(Total, Compressor, Supply Fan, Condenser Fan) -
Total Electricity Consumption BEFORE BESTESTing M8 — S30
Weather Data Checks A109 1119
Coil Loads: Total, Sensible, Latent A125-1198
Various Annual Means (COP2, IDB, Humidity Ratio, Relative Humidity) A205 — 1304
F(ODB) Sensitivities, CE500 and CE530, April 30 and June 25 (Consumptions and Loads) A316 —R357
F(ODB) Sensitivities, CE500 and CE530, April 30 and June 25 (COP2 and Zone Condi- A370 — 1401

tions)
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Contents of Sheet Rdata (Annual Hourly Maximum and Minimum Results. Unformatted):

Description Cell Range
Aggregated Total Electricity Consumption and Disaggregated Coil Loads (Total, Sensible

Latent A6-1100
COP2 and IDB Alll —1204
Humidity Ratio and Relative Humidity A215 1308
Contents of Sheet Sdata (June 28 Hourly Results, Unformatted):

Description Cell Range
Electricity Consumptions: Compressor + OD Fan, OD Fan, Compressor A5 — W31
Coil Loads: Sensible, Latent A33 — 059
Humidity Ratio, COP2 A62 —H118
ODB, EDB, EWB, OHR A122 — 0208

Contents of Sheet Tdata (Sensitivities: Annual Mean, Maximum and Minimum Results. Unformatted):

Description Cell Range

Mean Electricity Consumptions

(Total, Compressor, Supply Fan, Condenser Fan) A6-14
Mean Coil Loads: Sensible, Latent A99 —1142
Various Annual Means (COP2, IDB, Humidity Ratio, Relative Humidity) Al145 1234
Ma.ximum and Minimum Aggregated Total Electricity Consumption and Disaggregated A242 — 1330
Coil Loads (Total, Sensible, Latent) —
Maximum and Minimum COP2 and IDB A339 —1429
Maximum and Minimum Humidity Ratio and Relative Humidity A431 1519
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(This annex is not part of this standard. It is merely
informative and does not contain requirements necessary
for conformance to the standard. It has not been
processed according to the ANSI requirements for a
standard and may contain material that has not been
subject to public review or a consensus process.
Unresolved objectors on informative material are not
offered the right to appeal at ASHRAE or ANSI.)

ANNEX B11

PRODUCTION OF EXAMPLE RESULTS FOR
BUILDING THERMAL ENVELOPE AND
FABRIC LOAD TESTS

[Informative  Note:  Revise  README.DOC to
README?*.DOC in last paragraph of introductory section
of Annex B11 as shown.]

Input decks used to generate the results are provided on
the CD accompanying this standard; see the README*.DOC
file on the CD. The IEA participants that ran SERIRES 1.2
only provided two input decks with their results. IEA partici-
pants that ran simulations for ESP, S3PAS, and TASE did not
supply input decks with their results.

[Informative Note: Clarify Annex Al cross-reference in
B11.3 as shown]
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B11.3 Hourly Time Convention. Details of differences in
modeling methods utilized by various software are given in
Part 11 of /EA BESTEST.'* That reference does not discuss
how the specified time convention is modeled by various sim-
ulation software. For Standard 140, the time convention for
the input specification and hourly outputs is standard time,
while the time convention for Typical Meteorological Year
(TMY) weather data is solar time (see Annex Al, Section
A1.43, for discussion of the difference between solar time and
standard time). The time convention is therefore most cor-
rectly modeled by software that rebins TMY data into hourly
data based on local standard time. A tabulation of how the
time convention was modeled by some of the software used to
generate the example results given in informative Annex B8
is noted in Table B11-3.

Since software being tested by Standard 140 may not be
rebinning TMY data, it is important to understand the poten-
tial differences in Standard 140 results that can be generated
by applying a time convention different from that specified in
Section 5.1.1. In Standard 140 such differences are minimized
and are primarily related to the equation of time (see Annex
Al, Section A1.43) because the building site has been located
within 0.1° longitude of the standard meridian. For this reason
Standard 140 does not provide a good test for the ability to
calculate solar incidence angles for longitudes far away from
the standard meridian.
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[Informative Note: Revise informative Annex B13 as shown below]

(This annex is not part of this standard. It is merely informative and does not contain requirements necessary for
conformance to the standard. It has not been processed according to the ANSI requirements for a standard and may
contain material that has not been subject to public review or a consensus process. Unresolved objectors on informative
material are not offered the right to appeal at ASHRAE or ANSI.)

ANNEX B13
COP DEGRADATION FACTOR (CDF) AS A
FUNCTION OF PART-LOAD RATIO (PLR)

B13.1 Derivation of CDF Based on Performance Data.

Per the equipment manufacturer (D Cawley),

CDF = 1 - Cd(1-PLR), 0 <= PLR <= 1
CDF = 1, PLR => 1 (1)

where Cd is assumed constant for a given unit.
Cd can be determined from listed performance data using:
SEER = EERb (1 - 0.5Cd) which solves for Cd as,
Cd = (1 - SEER/ EERb)/ 0.5 (2)
where EERb = (Adjusted Net Total Capacity)/ (Cooling Energy Consumption) at EDB = 80 F,
EWB = 67 F, ODB =82 F; listed SEER = 12.90
Adjusted Net Total Capacity (Qnetcap,adj) is used to account for fan heat assumed for gross
capacity calculation being different from actual fan heat.
Note: The procedures for independently calculating Cd and EERb from measured data are given

in ANSI/ ARl 210/240-89.
Calculations to obtain EERb

Extrapolate performance based on manufacturer data (Qnetcap,list), for EDB = 80, EWB = 67.

Total Capacities

ODB Qnetcap,list Qnetcap,adj Qcomp Qfans EER
(°F) (kBtu/ h) (kBtu/ h) (kW) (kW)
90 276 27.9 1.79 0.34 13.13
85 28.4 28.7 1.71 0.34 14.03
extrap
82 14.57
| Eqn (2) implies Cd = 0.229 |

So for some points along the CDF f(PLR) linear curve using Equation (1)

PLR CDF
1.0 1.000
0.9 0.977
0.8 0.954
0.7 0.931
0.6 0.908
0.5 0.885
0.4 0.862
0.3 0.840
0.2 0.817
0.1 0.794
0.0 0.771

cdfvplr xls; May 14, 2001
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For real equipment, the representation of Figure 10_(see
Section 5.3.1.10.4.1) is reasonable for PLR greater than or
equal to approximately 0.1; for PLR less than or equal to
approximately 0.1, Figure 10 indicates less efficiency degra-
dation than that suggested by more detailed information.’
However, real equipment that cycles ON/OFF has controls
that prevent operation at PLR less than or equal to approxi-
mately 0.05. Thus, Efor the purpose of testing the basic capa-
bility of simulation software to model part-load effects, in-the
context—ofthese—analytiealvertfieation—tests—Figure 10 is

reasonable.

B13.2 PLR Definition Similarity. We-have-defined-PLR
in cases E100-E200_(Sections 5.3.1 and 5.3.2) is defined
based on guidance from the-an equipment manufacturer as

PLRI

= Onet | CAPnet

where
Onet = net refrigeration effect,
CAPnet = adjusted net total capacity.

For cases CE300-CE545 (Sections 5.3.3 and 5.3.4), and
for simulation software that generally define part-load ratio
based on gross total coil load and gross total capacity, We-wish
it is desirable to check the equivalence of defining PLR as

PLR2 = Qgtc / CAPgtc

where

QOgtc
CAPgtc = gross total capacity.

gross total coil load,

The net refrigeration effect = Qgtc — Ofan where Qfan is
the indoor air distribution fan heat.

For cases CES00-CE545 (and cases E100-E200), where
the compressor and all fans cycle on/off together, the net
refrigeration effect is the evaporator coil load less the air
distribution fan heat. For cases CE300-CE440, where the
indoor air distribution fan is always on, the net refrigeration
effect is the evaporator coil load less the air distribution fan
heat for times when the evaporator coil is removing heat.

The adjusted net capacity = CAPgtc — Pfan where Pfan
=is the indoor air distribution fan rated power.

[Informative Note: the equal sign in the line above is to

be deleted in the 2007 edition.]
Then, for PLR1 = PLR2 to be true implies

Qgtc | CAPgtc = (Qgtc — Qfan) /| (CAPgtc — Pfan),
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which is true if

Ofan | Pfan =

that is, if the fan heat for a given period is the fan’s run-time
fraction for that period multiplied by the fan power, where
Qgtc/CAPgtc inherently defines the required fraction of a time
period that the evaporator coil is to be removing heat at a given
capacity. The above relation is true if there is no additional fan
run time (and fan heat) associated with additional compressor
start-up run time, which occurs during part-load operation.
This is true for cases CE300-CE440, where the indoor fan is
always on and may be thought of as only being accounted for
in the net refrigeration effect term when the coil is actually
cold enough to remove heat (i.e., additional start-up run time
notincluded). (For this discussion we are ignoring that the coil
removes heat at a small rate during start-up, a rate that grad-
ually increases until the evaporator coil temperature reaches
stability.) Then for cases CE300-CE440,

QOfan = Pfan x PLR2 = Pfan x Qgtc | CAPgtc,

and it would follow that PLR1 = PLR2.

For cases E100-E200, because the indoor fan cycles on/
off with the compressor, we-eriginally-defined-the net refrig-
eration effect was originally defined to subtract out fan heat for
the time when the compressor is operating (which is longer
than the time that the coil is actually removing heat at rated
capacity).

For that situation, which also applies to cases CE500-
CE545, it is useful to think of

Ofan | Pfan = PLR / CDF.

Qgtc | CAPgtc,

However, this relation implies
Ofan | Pfan # Qgtc | CAPgtc

with the theoretical result that PLR1 # PLR2.

An analysis of the difference between PLR1 and PLR2
and corresponding resultant CDF1 and CDF2 that could be
used in evaluating part-load performance is shown below in
the spreadsheet tables. This analysis applies reasonable hypo-
thetical values of coil capacity and fan power. for-the-equip-
ment-at-ARl-rating—conditions—From—thisThe analysis we
observeindicates (see far right column of the spreadsheet
table) that the resulting difference between CDF1 and CDF2
and, therefore, the compressor energy consumptions related to
applying those CDFs, is<0.1%, <6:-65%;-which is negligible.
Thus, we-eenelade-that-for the purpose of calculating CDF,
either PLR1 or PLR2 may be used.
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[Informative Note: Delete the table immediately below, and replace it with the tables below it.]

PLR2 PLR1=
CAPgtc Qgtc  Pfan Qfan  Qfan/ Qnet CAPnet Qnet/ PLR2/ PLR2- CDF2/
(Btuh) (Btu/h) (Btush) CDF2  (Btu/h) Pfan| (Btu/h)  (Btu/h) CAPnet PLR1 PLR1 CDF1 CDF1
001 27920 2792 785 0.7733 10 0.013 269 27135 0.0099 1.0086 0.0001 0.7733 1.00002511
0.1 27920 2792 785 0.7939 99 0126 2693 27135 0.0992 1.0076 0.0008 0.7937 1.00021661
02 27920 5584 785 0.8168 192 0.245 5392 27135 0.1987 1.0065 0.0013 0.8165 1.00036385
0.3 27920 8376 785 0.8397 280 0.357 8096 27135 0.2983 1.0056 0.0017 0.8393 1.00045190
039 27920 10889 785 0.8603 356 0.453 10533 27135 0.3882 1.0047 0.0018 0.8599 1.00048772
04 27920 11168 785 0.8626 364 0.464 10804 27135 0.3982 1.0046 0.0018 0.8622 1.00048942
041 27920 11447 785 0.8649 372 0474 11075 27135 0.4081 1.0045 0.0019 0.8645 1.00049068
0.42 27920 11726 785 0.8672 380 0484 11346 27135 0.4181 1.0044 0.0019 0.8668 1.00049153
043 27920 12006 785 0.8695 388 0495 11617 27135 04281 1.0044 0.0019 0.8690 1.00049195
0.435 27920 12145 785 0.8706 392 0.500 11753 27135 0.4331 1.0043 0.0019 0.8702 1.00049201
044 27920 12285 785 0.8718 396 0.505 11889 27135 0.4381 1.0043 0.0019 0.8713 1.00049197
045 27920 12564 785 0.8741 404 0515 12160 27135 0.4481 1.0042 0.0019 0.8736 1.00049158
046 27920 12843 785 0.8763 412 0525 12431 27135 04581 1.0041 0.0019 0.8759 1.00049079
047 27920 13122 785 0.8786 420 0535 12703 27135 0.4681 1.0040 0.0019 0.8782 1.00048961
048 27920 13402 785 0.8809 428 0545 12974 27135 04781 1.0039 0.0019 0.8805 1.00048804
05 27920 13960 785 0.8855 443 0.565 13517 27135 0.4981 1.0038 0.0019 0.8851 1.00048378
06 27920 16752 785 0.9084 518 0.661 16234 27135 05983 1.0029 0.0017 0.9080 1.00044129
0.7 27920 19544 785 0.9313 590 0.752 18954 27135 0.6985 1.0021 0.0015 0.9310 1.00036734
0.8 27920 22336 785 0.9542 658 0.838 21678 27135 0.7989 1.0014 0.0011 0.9539 1.00026658
09 27920 25128 785 0.9771 723 0.921 24405 27135 0.8994 1.0007 0.0006 0.9770 1.00014299
0.99 27920 27641 785 0.9977 779 0.992 26862 27135 0.9899 1.0001 0.0001 0.9977 1.00001508
Continuously operating fan, compressor cycling (start-up) does not create any additional fan ON time.
PLR2 PLR1 =
CAPgtc Qgtc  Pfan Qfan  Qfan/| netrefr adjnetcap netrefr/ PLR2/ CDF2/
(Btu/h) (Btu/h) (Btu/h) CDF2 (Btu/h) Pfan (Btu/h)  (Btu/h) CAPnet PLR1 CDF1 CDF1
0.1 100000 10000 4000 0.7939 400 0.100 9600 96000 0.1000 1.0000 0.7939 1.00000
0.5 100000 50000 4000 0.8855 2000 0.500 48000 96000 0.5000 1.0000 0.8855 1.00000
0.9 100000 90000 4000 0.9771 3600 0.900 86400 96000 0.9000 1.0000 0.9771 1.00000
So for E300 the ratio of net refr effect to adj net cap exactly equals the ratio of Qgtc to CAPgtc, as shown previously.
Fan cycles ON/OFF with compressor, compressor cycling creates additional fan ON time.
PLR2 PLR1 =
CAPgtc Qgtc  Pfan Qfan  Qfan/| netrefr adjnetcap netrefr/ PLR2/ CDF2/
(Btu/h) (Btu/h) (Btu/h) CDF2 (Btu/h) Pfan (Btu/h)  (Btu/h) CAPnet PLR1 CDF1 CDF1
0.1 100000 10000 4000 0.7939 504 0.126 9496 96000 0.0989 0.9892 0.7937 1.000312
0.35 100000 35000 4000 0.8512 1645 0411 33355 96000 0.3474 0.9927 0.8506 1.000687
0.4 100000 40000 4000 0.8626 1855 0.464 38145 96000 0.3973 0.9934 0.8620 1.000705
0.45 100000 45000 4000 0.8741 2059 0.515 42941 96000 0.4473 0.9940 0.8734 1.000708
0.5 100000 50000 4000 0.8855 2259 0.565 47741 96000 0.4973 0.9946 0.8849 1.000697
0.55 100000 55000 4000 0.897 2453 0.613 52547 96000 0.5474 0.9952 0.8963 1.000673
0.9 100000 90000 4000 0.9771 3684 0.921 86316 96000 0.8991 0.9990 0.9769 1.000206

Notes regarding the above spreadsheet table:

Bold font indicates value of CDF2/CDF1 at PLR2 = 0.5,
and value of PLR2 at maximum value of CDF2/CDF1.

For the case where the fan cycles on/off with the compres-
sor, Fthe total fan run-time fraction, including the additional
start-up run time during which no or little cooling occurs, =
PLR/CDF. Actually, fan heat should be slightly higher
because the additional fan run time due to CDF creates a slight
amount of additional fan heat that, in turn, causes slightly
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more additional run time. In accord with the analytical solu-
tion by Dresden University of Technology (discussed in infor-
mative Annex B17, Section B17.1.1.2), the additional run
time (fan heat) for mid-PLR Case E170 is 0.5% greater if this
effect is taken into account. SineeBecause this is a 0.5% effect
on a quantity that makes up at most 4% of the total coil load
(i-e., 0.02% effect overall), then-for the purpose of calculating

CDF = f(PLR), we-ignere-itit can be ignored.
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(This annex is not part of this standard. It is merely
informative and does not contain requirements necessary
for conformance to the standard. It has not been
processed according to the ANSI requirements for a
standard and may contain material that has not been
subject to public review or a consensus process.
Unresolved objectors on informative material are not
offered the right to appeal at ASHRAE or ANSI.)

[Informative Note: Subdivide Annex BI15 into B15.1 and
add new B15.2 as shown.]

ANNEX B15
INDOOR FAN DATA EQUIVALENCE

B15.1 For Cases E100-E200 (Sections 5.3.1 and 5.3.2).
Fan performance data for mdoor fan power (230 W) and air-
flow rate (900 CFM =0.425 m /s) are based on dry air at stan-
dard fan rating conditions. ASHRAE defines a standard
condition as 1 atmosphere (101.325 kPa or 14.696 ps1) and
68°F (20°C) with a density of 0.075 Ib/ft? (1.204 kg/m?).3!

The fan efficiency of 0.5 is based on a discussion with the
un%t3ary system manufacturer. The total fan pressure is based
on

Eff=Q%x AP/ W
where
O = indoor fan airflow rate (m3/s),
AP = total fan pressure (Pa),

W = fan electric power input (W)

Eff = total fan plus motor and drive efficiency (motor/drive
in airstream).

Solving for AP,

AP =W 2x Eff/ O
=230 W %x 0.5/ 0.425 m’/s = 271 Pa= AP.
The supply air temperature rise from fan heat is based on
Qfan = P EX Cp X Q EX AT X C

Dfan = fan heat (Btu/h or W),

= standard air density = 0.075 Ib/ft> (1.204 kg/m3),

= specific heat of air (Btu/(Ib:°F) or kJ/(kg:K)),

= indoor fan airflow rate (ft3/min or m3/s),

AT = supply air temperature rise from fan heat (°F or °C),
units conversion constant.

Solvmg for AT,

AT =qp,  (p %X c, %x O %x C)

a
Il

where
dfan= 230 W =785 Btu/h; O = 900 CFM = 0.425 mdss,
¢, = 0.24 Btu/(Ib-°F)¥b-E for dry air, or

14
¢, = 0.2445 Btw/(Ib-°F)te-F when humidity ratio = 0.01 31
Then,
AT = 785 Btu/h / {0.075 Ib/ft> £x 900 ft>/min *
x 60 min/h £x 0.2445 Btu/(1b-°F)}
AT = 0.793°F (0.441 °C)
or
for cp= 0.24 Btu/(Ib:°F), AT = 0.808°F (0.449°C).
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B15.2 For Cases CE300-CE545 (Sections 5.3.3 and
5.3.4).

Fan performance data for indoor fan electric power (1242
W). mechanical shaft power (1.565 BHP = 1167 W), and
airflow rate (4000 CFM = 1.888 m>/s) are based on dry air at
standard fan rating conditions. ASHRAE defines a standard
condition as 1 atmosphere (101.325 kPa or 14.696 psi) and
68°F (20°C) with a density of 0.075 Ib/ft® (1.204 kg/m3).3!

The static pressure 0f 0.3 in. w.g. (74.7 Pa) is based on the
Air-Conditioning and Refrigeration Institute (ARI) rating
condition, according to the provider of the performance data.

The fan static efficiency is based on;33-B-2
Eff; =0 x AP/ Wp,

where

QO = indoor fan airflow rate ( mi/_s)l
AP, = static fan pressure (Pa),

V_Vi = fan shaft power input (W),
Eff, = static fan efficiency.

EffS:1.888 m3/s x 74.7 Pa/ 1167 W = 0.121 = 12.1%.

The motor/drive efficiency is based on

= motor/drive efficiency,
Wy, = fan shaft power input (W),
= electric power input (W).

Solving for Eﬁm
Eff,, = 1167 W /1242 W = 0.940 = 94.0%.

The supply air temperature rise from fan heat is based on
Gfan= DXC X O x AT xC

where

Qfan = fan heat (Btu/h or W), motor/drive in airstream.,

p = standard air density = 0.075 Ib/ft® (1.204 kg/m?3).

¢ = specific heat of air (Btu/(1b-°F) or kJ/(kg-K)),

Q = indoor fan airflow rate ( ft3/min or mé/_s)J

AT = supply air temperature rise from fan heat (°F or °C),
C = units conversion constant.

Solving for AT
AT =g, [ (pXc, X Q % C),

where

dan = 1242 W = 4237 Btwh: O = 4000 CFM = 1.888 m3/s.
= 0.24 Btu/(I1b-°F) for dry air, or

= (.2445 Btu/(1b-°F) when humidity ratio = 0.01.31

TIBQ

Sp

Then, AT = 4237 Btu/h / { 0.075 Ib/f2 x 4000 ft3/min x 60
min/h x 0.2445 Btu/(1b-°F) }

AT =0.963°F (0.535°C)

for ¢, = 0.24 Btu/(Ib-°F), AT = 0.981°F (0.545°C).
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(This annex is not part of this standard. It is merely
informative and does not contain requirements necessary
for conformance to the standard. It has not been
processed according to the ANSI requirements for a
standard and may contain material that has not been
subject to public review or a consensus process.
Unresolved objectors on informative material are not
offered the right to appeal at ASHRAE or ANSI.)

ANNEX B16

ANALYTICAL AND QUASI-ANALYTICAL SOLUTION
RESULTS AND EXAMPLE SIMULATION RESULTS
FOR HVAC EQUIPMENT PERFORMANCE TESTS

[Informative Note: Revise Sections B16.1 through B16.3 as
shown below.]

B16.1 Introduction

The results from quasi-analytical solutions and various
detailed building energy simulation programs applied to the
tests of Section 5.3 and 5.4 are presented here in tabular and
graphic form. These results can be used for a comparison with
the software being tested. Alternatively, a user can run a
number of different programs through the Standard Method of
Test or generate their own quasi-analytical solution results and
draw comparisons from those results independently or in
conjunction with the results listed here. In either case, when
making comparisons, the user should employ the diagnostic
logic presented in informative Annex B9.

For convenience to users who wish to plot or tabulate their
results along with the example results, an electronic version of
the analytical and quasi-analytical solution results and exam-
ple simulation results has been included with the spreadsheet
files RESULTS5-3A.XLS., RESULTSS-3B.XLS and
RESULTSS5-4.XLS ion the accompanying CDfHles. Spread-
sheet navigation instructions are included in RESULTSS-
3A.DOC, RESULTSS5-3B.DOC and RESULTS5-4.DOC, and
have been printed out in informative Annex B10, Sectiong
B10.2, B10.3 and B10.43, respectively, for convenience.

B16.2 Importance of Analytical and Quasi-Analytical
Solution Results

A characteristic difference between the Annex B8 results
for the building thermal envelope and fabric load tests versus
the Annex B16 results for the HVAC equipment performance
tests is that the Annex B16 results_of Sections B16.5.1 and
B16.6 include quasi-analytical solutions. In general, it is diffi-
cult to develop worthwhile test cases that can be solved analyt-
ically or quasi-analytically, but such solutions are extremely
useful when possible. Analytical or quasi-analytical solutions
represent a “mathematical truth standard”; that is, given the
underlying physical assumptions in the case definitions, there
is a mathematically correct solution for each case. In this
context, the underlying physical assumptions regarding the
mechanical equipment as defined in cases E100-E200 and
HE100-HE170 are representative of typical manufacturer data
normally used by building design practitioners. Many “whole-
building” simulation programs are designed to work with this
type of data.
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It is important to understand the difference between a
“mathematical truth standard” and an “absolute truth stan-
dard.” In the former, we only test the solution process for a
model, not the appropriateness of the solution; that is, we
accept the given underlying physical assumptions while
recognizing that these assumptions represent a simplification
of physical reality. An approximate truth standard from an
experiment tests both the solution process and appropriateness
of the model within experimental uncertainty. The ultimate or
“absolute” validation truth standard would be comparison of
simulation results with a perfectly performed empirical exper-
iment, the—inputs—for—which—are—with all simulation inputs
perfectly defined -specified-te-the-simulationists: In reality, an

experiment is performed and the experimental object is spec-
ified within some acceptable range of uncertainty. Such exper-
iments are possible, but expensive. We recommend
developing a set of empirical validation experiments in the
future.
The-miner—disagreements—ameng—the—twe—sets—ef-The
quasi-analytical and analytical solution results presented in
selected parts of Annex B16 represent a mathematical truth
standard.-are-small-enough—+te-This allows identification of
bugs in the software that would not otherwise be apparent
from comparing software only to other software and therefore
improves the diagnostic capabilities of the test procedure.
Further discussion of how quasi-analytical and analytical
solutions were developed is included in Annex B17.

B16.3 Example Simulation Results

The building energy simulation computer programs used
to generate example results are described in informative
Annex B17.

B16.3.1 Results for Analytical Verification Tests.

B16.3.1.1 Because the quasi-analytical and analytical
solution results constitute a reliable set of theoretical results (a
mathematical truth standard), the primary purpose of includ-
ing simulation results for the E100-E200 and HE100-HE170
cases in Annex-Sections B16.5.1 and B16.6 is to allow simu-
lationists to compare their relative agreement (or disagree-
ment) versus the quasi-analytical and analytical solution
results to that for other simulation results. Perfect agreement
among simulations and analytical or quasi-analytical solu-
tions is not necessarily expected. The results give an indica-
tion of what sort of agreement is possible between simulation
results and the analytical or quasi-analytical solution results.

B16.3.1.2 Because the physical assumptions of a simu-
lation may be different from those for the analytical or quasi-
analytical solutions, a tested program may disagree with the
quast-analytieal—such solutions without necessarily being
incorrect. However, it is worthwhile to investigate the sources
of the differences.

B16.3.2 Results for Comparative Tests. The computer
programs used to generate example results for Section
B16.5.2 have been subjected to a number of analytical verifi-
cation, empirical validation, and comparative testing studies.
However, there is no such thing as a completely validated
building energy simulation computer program. All building
models are simplifications of reality. The philosophy here is
to generate a range of results from several programs that are
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generally accepted as representing the state-of-the-art in
whole building energy simulation programs. Regarding the
presented results, input errors or differences have been elim-
inated to the extent possible. Thus, for a given case, the range
of differences between results presented in informative Sec-
tion B16.5.2 represents algorithmic differences among these
computer programs for comparative space cooling equipment
tests. For any given case, a tested program may fall outside the
range of given example results without necessarily being
incorrect. Also, for any given case, a program that yields val-
ues in the middle of the range of the example results should
not be perceived as better or worse than a program that yields
values at the borders of the range.

B16.3.3 General Comments Regarding Simulation
Results.

B16.3.3.1 Heweverilt is worthwhile to investigate the
source of differences for a given set of simulation results in
both the analytical verification and comparative tests asbe-
cause the collective experience of the authors of this standard
is that such differences often indicate problems with the soft-
ware or its usage, including, but not limited to,

a. user input error, where the user misinterpreted or mis-
entered one or more program inputs;

b. problem with a particular algorithm in the program;
one or more program algorithms used outside their
intended range.

B16.3.3.2 For generating example simulation results
presented in this annex, along with using consistent modeling
methods, simulationists were requested to use the most
detailed modeling methods their software allows. The exam-
ple simulation results were the product of numerous iterations
to incorporate clarifications to the test specifications, simula-
tion input deck corrections, and simulation software improve-
ments. Where improvements to simulation programs or
simulation inputs were made as a result of running the tests,
such improvements must have mathematical and physical
bases and must be applied consistently across tests. Arbitrary
modification of a simulation program’s input or internal code
just for the purpose of more closely matching a given set of
results is not allowed. For a summary of how quasi-analytical
solution and simulation results were developed, see informa-
tive Annex B17. For more detailed information about these
results, see HVAC BESTEST Volume 1.8 HVAC BESTEST Vol-
ume 2.B"Y and HVAC BESTEST for Fuel-Fired Furnaces.*®

B16.4 Nomenclature

[Informative Note: Add the following abbreviations to the
nomenclature used in Section B16.5.2]

Results are grouped by case numbers, e.g., “E100” is Case
E100 (Section 5.3.1). Sensitivity results are listed using two
case numbers separated by a minus sign, e.g., “E110-100” is
the difference between Case E110 (Section 5.3.2.1.1) and
Case E100.

Analytical quasi-analytical solution
Apr April
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DOE21E-E

DOE-2.1E

DOE-2.1E-E

DOE-2.2

Energy+

EnergyPlus

=
=

=
=

%IE

Hi
HOT3000

HTAL1

HTAL2

Hum.
IDB
Inf or Infl

Air-Conditioning & Refrigeration Institute
August
CA-SIS VI (see Table B17-1)

Centro de Investigaciones Energeticas,
Medioambientales y Technologicas

CLIM2000 2.1.6 (see Table B17-1)
CODYRUN/LGIMAT (see Table B17-2)

compressor
compressor
coefficient of performance

alternative coefficient of performance, see
Section 3.1

control
December

sensitivity between listed cases

sensitivity between listed cases

DOE-2.1E ESTSC version- 088 or DOE-
2.1E_JJHirsch version- 133 (see Table B17-
1) (for section B16.5.1)

DOE-2.1E, ESTSC version 120 (see Table
B17-2) (for Section B16.5.2)

DOE-2.1E, JJHirsch version-_133 (for Sec-
tion B16.6)

DOE-2.1E, ESTSC version 120 (see Table
B17-2) (for Section B16.5.2)

DOE-2.2 version NT42j (see Table B17-2)

dry coil

€conomizer

Electricité de France

EnergyPlus 1.0.0.023 (see Table B17-1)
(for section B16.5.1)

[Informative note: Editorial changes will
be included for the next continuous mainte-
nance revision of Standard 140 to re-label
EnergyPlus results of Section B16.5.1 from
“Energy+ " to either “EnergyPlus” or
“E+" as appropriate.]

EnergyPlus 1.1.0.020 (see Table B17-2)
(for Section B16.5.2)

EnergyPlus 1.0.2.008 (for Section B16.6)

enthalpy

February

GARD Analytics

high

HOT3000/ESP-r (see Table B17-2)

quasi-analytical solution with ideal con-
troller by Hochschule Technik & Architek-
tur Luzern

quasi-analytical solution with realistic con-
troller model by Hochschule Technik &
Architektur Luzern

humidity
indoor dry-bulb temperature

infiltration
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Nov
NRCan
NREL

PLR
Qcoil,lat
Qcoil,s
Qcoil,t
Qcomp

Q ID fan
Q OD fan

Qtot
sens

Sep
SH

January

July
June

kilowatt hours

kilowatt hours, electrical
kilowatt hours, thermal
latent internal gains
limit

low

mid-range

March

maximum

minimum
November

Natural Resources Canada

National Renewable Energy Laboratory
outside air

October

outdoor

outdoor dry-bulb temperature
outdoor humidity ratio
part-load ratio

part-load ratio

latent coil load

sensible coil load

total sensible + latent coil load
compressor electric energy
indoor fan electric energy
outdoor fan electric energy

total electric energy of compressor + both
fans

sensible internal gains

September
sensible heat ratio
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SHR sensible heat ratio

T temperature

Temp. temperature

TRNSYS TRNSYS-TUD (see Table B17-2)
TRNSYS-TUD with ideal controller

TRN-id TabTIIeSB 1S7_1l)J with ideal controller (see

TRN-re TRNSYS-TUD with realistic controller
(see Table B17-1)

Tstat thermostat

TUD Technische Universitat Dresden

UR University of Reunion Island

V. versus

Wh watt hours

Wh.e watt hours, electrical

Wh.th watt hours, thermal

w/ with

X multiplied by

@ at

50/50 50% outside air, 50% infiltration air

[Informative Note: Revise title of Section B16.5; create
Section B16.5.1 for current Standard 140-2004 space
cooling analytical verification results. Create section
B16.5.2 and put new space cooling comparative test results
in it; these tables and graphs follow.]

B16.5 Tables and Graphs of Results for Space Cooling
Equipment Eases 1001206

B16.5.1 Analytical Verification Test Results, Cases
E100-E200

[Informative Note. These are the results currently
published after Section B16.4 of Standard 140-2004
(designated as Section B16.5 of Addendum a)]

B16.5.2 Comparative Test Results, Cases CE300-
CE545
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CE300 - CE545
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Peak Hour Total Electricity Consumption
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HVAC BESTEST
Indoor Fan Electricity Consumption
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Peak Hour Total Coil Load
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HVAC BESTEST

Sensible Coil Load

s

S SH ST
R
S

e
\\\\\\\\\

e
R
EEE——————

e
Rl
w///////////////////////////

7,

T
T
ST LTI,
EE=————————————

e
s

S
R
9///////////////////////////////////4

—
R
R ——————

\
NSNS

LIS
S

bz
=

7z

T

b

RS
0 O

S

——
R
- —

== S S
N I

S
2 R
MEEETEEE——-—-———

5 S
222222
EEE—————

BN
R
e

\
N | % A | % NI
| N N N| NI
NI E N /V N N |
HIH N N ’$/§ % N

E

E

S S < |

=

i

L
S

>SS
]
mEEEEE————

s

=== ST

//////// 7/////////
R
EEE————————_——

(s s s
RN
R

PR
A

——

5 SaS—— =
bz
R R

140000

120000 f---nssnmmmmnen e

80000 f----
40000 -
20000 -

100000 ----cvrrermrrmnnnnanann.

(rewuayy ymy) peon

EODOE-2.1E-E/NREL
EHOT3000/NRCan

NDOE-2.2/NREL

ATRNSYS/TUD

ECODYRUN/UR

EnergyPlus/GARD

CE300 - CE545

HVAC BESTEST
Sensible Cooling Load Sens

itivities

S
Rl

///////////////«////////////////////o///
rrzzzzzzzZd

v,
AN

.
2z

RS

AN

SN

25000

(lewuayy ym) peo-

EBDOE-2.1E-E/NREL

NDOE-2.2/NREL
ECODYRUN/UR

[m)
]
T
S~
w
>
(2]
=z
o
—

BHOT3000/NRCan

O EnergyPlus/GARD

73

Addendum b to ANSI/ASHRAE Standard 140-2004



CE300 - CE545

Peak Hour Sensible Coil Load
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HVAC BESTEST

Latent Coil Load
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HVAC BESTEST

Peak Hour Latent Coil Load
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COP2
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HVAC BESTEST

Maximum COP2
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CE300 - CE545

Minimum COP2

HVAC BESTEST
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: CE300 - CE545
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CE300 - CE545
Maximum Indoor Dry-Bulb Temperature

HVAC BESTEST
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CE300 - CE545

Indoor Dry-Bulb Temperature
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: CE300 - CE545

HVAC BESTEST

Zone Humidity Ratio
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: CE300 - CE545

HVAC BESTEST

Maximum Zone Humidity Ratio
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CE300 - CE545

Zone Humidity Ratio
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CE300 - CE545

HVAC BESTEST

Relative Humidity
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CE300 - CE545

HVAC BESTEST
Maximum Zone Relative Humidity
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f(ODB) for CE500, CE530
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HVAC BESTEST: CE300

June 28 Hourly Electricity Consumption
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Humidity Ratio (kg/kg)

Temperature (°C)
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Temperature (°C)

Humidity Ratio (kg/kg)
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Space Cooling Electricity Consumption

Energy Consumption, Total (kWh,e) Statistics, All Results
TRNSYS DOE-2.2 DOE21E-E EnergyPlus CODYRUN HOT3000 (Max-Min)
TUD NREL NREL GARD UR NRCan Min Max Mean
CE300 35634 34750 34755 34746 34976 35070 34746 35634 2.5%
CE310 39973 39379 39384 39290 39520 39608 39290 39973 1.7%
CE320 40060 38745 38792 39079 39401 39457 38745 40060 3.3%
CE330 40963 39708 39438 40143 40535 40330 39438 40963 3.8%
CE340 40619 39358 39265 39783 40065 39947 39265 40619 3.4%
CE350 32237 30547 30548 31145 31587 31742 30547 32237 5.4%
CE360 55299 54064 54016 54705 54843 55068 54016 55299 2.3%
CE400 32045 30846 30876 31013 31413 30846 32045 3.8%
CE410 32078 31668 31699 31503 31503 32078 1.8%)
CE420 33387 32530 32910 32736 33208 32530 33387 2.6%)
CE430 32538 31932 31811 31772 31818 31772 32538 2.4%
CE440 33691 33032 32973 33032 33248 32973 33691 2.2%
CES500 22338 22817 22822 23035 22323 23138 22323 23138 3.6%
CES500 May-Sep 17391 17872 17870 17996 17435 18051 17391 18051 3.7%
CES510 May-Sep 34609 35971 35970 35732 34849 35845 34609 35971 3.8%
CE520 24987 25389 25390 25017 25131 25781 24987 25781 3.1%
CE522 23544 24293 24307 24078 23620 24360 23544 24360 3.4%
CES525 20321 20408 20421 20702 20242 21323 20242 21323 5.3%
CES530 17281 17540 17537 17742 17442 17875 17281 17875 3.4%
CE540 19430 19878 19874 19061 19537 20164 19061 20164 5.6%
CES345 15687 15802 15791 16636 15791 16339 15687 16636 5.9%|

Energy Consumption, Compressor (kWh,e) Statistics, All Results
TRNSYS DOE-2.2 DOE21E-E EnergyPlus CODYRUN HOT3000 (Max-Min)
“ TUD NREL NREL GARD UR NRCan Min Max /Mean|
CE300 22354 21569 21573 21770 21876 21569 22354 3.6%
CE310 26340 25813 25817 25937 26053 25813 26340 2.0%)
CE320 26433 25250 25294 25846 25912 25250 26433 4.6%)
CE330 27300 26172 25925 26928 26775 25925 27300 5.2%
CE340 26963 25829 25745 26473 26400 25745 26963 4.6%
CE350 19317 17802 17801 18738 18891 17801 19317 8.2%
CE360 40106 38999 38955 39697 39941 38955 40106 2.9%)
CE400 19179 18106 18131 18629 18106 19179 5.8%
CE410 19204 18823 18850 18685 18685 19204 2.8%
CE420 20359 19596 19934 20214 19596 20359 3.8%
CE430 19599 19059 18951 18966 18951 19599 3.4%
CE440 20629 20042 19989 20249 19989 20629 3.2%
CE500 17854 18473 18478 17858 18522 17854 18522 3.7%
CE500 May-Sep 13942 14508 14506 13989 14491 13942 14508 4.0%
CES510 May-Sep 27748 28811 28810 27902 28721 27748 28811 3.7%
CES520 19521 20121 20126 19655 20185 19521 20185 3.3%
CE522 18620 19407 19418 18690 19281 18620 19418 4.2%
CE525 16558 16880 16893 16507 17443 16507 17443 5.6%
CES530 13657 14127 14124 13856 14172 13657 14172 3.7%
CES540 15021 15680 15677 15164 15664 15021 15680 4.3%
CES545 12622 12967 12957 12751 13215 12622 13215 4.6%)

RESULTS5-3B xls q:a06..m55; 02/09/06
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Space Cooling Electricity Consumption

Energy Consumption, Supply Fan (kWh,e) Statistics, All Results
TRNSYS DOE-2.2 DOE21E-E EnergyPlus CODYRUN HOT3000 (Max-Min)
TUD NREL NREL GARD UR NRCan Min Max /Mean
CE300 10880 10880 10880 10862 10880 10880 10862 10880 0.2%
CE310 10880 10880 10880 10862 10880 10880 10862 10880 0.2%
CE320 10880 10880 10880 10862 10880 10880 10862 10880 0.2%
CE330 10880 10880 10880 10862 10880 10880 10862 10880 0.2%
CE340 10880 10880 10880 10862 10880 10880 10862 10880 0.2%
CE350 10880 10880 10880 10862 10880 10880 10862 10880 0.2%
CE360 10880 10880 10880 10862 10880 10880 10862 10880 0.2%
CE400 10880 10880 10880 10862 10880 10862 10880 0.2%
CE410 10880 10880 10880 10880 10880 10880 0.0%
CE420 10880 10880 10880 10862 10880 10862 10880 0.2%
CE430 10880 10880 10880 10862 10880 10862 10880 0.2%
CE440 10880 10880 10880 10862 10880 10862 10880 0.2%
CE500 2564 2369 2369 2628 2553 2639 2369 2639 10.7%
CE500 May-Sep 1972 1837 1837 2029 1970 2035 1837 2035 10.2%|
CE510 May-Sep 3923 4099 4099 4063 3972 4073 3923 4099 4.4%|
CE520 3125 2874 2871 3019 3131 3200 2871 3200 10.8%
CE522 2816 2704 2707 2843 2819 2904 2704 2904 71%
CE525 2152 1886 1885 2180 2136 2221 1885 2221 16.2%
CE530 2072 1833 1833 2090 2051 2117 1833 2117 14.2%
CE540 2522 2258 2258 2309 2500 2573 2258 2573 13.1%
CE545 1753 1501 1501 1871 1739 1786 1501 1871 21.9%
Energy Consumption, Gondenser Fan (kWh,e) Statistics, All Results
TRNSYS DOE-22 DOE21E-E EnergyPlus CODYRUN HOT3000 (Max-Min)
TUD NREL NREL GARD UR NRCan Min Max /Mean|

CE300 2400 2301 2302 2326 2323 2301 2400 4.3%
CE310 2754 2686 2687 2703 2691 2686 2754 2.5%
CE320 2747 2615 2618 2675 2681 2615 2747 4.9%
CE330 2784 2656 2633 2727 2693 2633 2784 5.6%
CE340 2776 2649 2640 2713 2684 2640 2776 5.1%
CE350 2040 1865 1867 1969 1970 1865 2040 9.0%
CE360 4313 4185 4181 4266 4272 4181 4313 3.1%
CE400 1986 1860 1865 1902 1860 1986 6.6%
CE410 1994 1965 1969 1936 1936 1994 3.0%
CE420 2149 2054 2096 2115 2054 2149 4.5%
CE430 2059 1993 1980 1970 1970 2059 4.5%
CE440 2182 2110 2104 2120 2104 2182 3.7%
CE500 1920 1975 1975 1912 1976 1912 1976 3.3%
CE500 May-Sep 1477 1527 1527 1476 1524 1476 1527 3.4%
CE510 May-Sep 2938 3061 3061 2974 3050 2938 3061 4.1%)
CE520 2340 2394 2393 2345 2396 2340 2396 2.4%
CE522 2108 2182 2182 2111 2174 2108 2182 3.4%
CE525 1611 1642 1643 1599 1663 1599 1663 3.9%
CE530 1552 1580 1580 1536 1585 1536 1585 3.1%
CE540 1888 1940 1939 1872 1926 1872 1940 3.5%
CE545 1312 1334 1333 1302 1337 1302 1337 2.7%||

RESULTS5-3B xls q-a56..m105; 02/09/06

Weather Data Checks, CE300 Only

Statistics, All Results

TRNSYS DOE-2.2 DOE21E-E EnergyPlus CODYRUN HOT3000 (Max-Min)
TUD NREL NREL GARD UR NRCan Min Max /Mean
IAnnual Mean Output
ODB 19.91 19.89 19.89 19.91 19.91 19.91 20 20 0.1%
OHR 0.01164 0.01160 0.01160 0.01159 0.01165 0.01160 0.01159 0.01165 0.5%
IAnnual Hourly Integrated Maxima
ODB 34.70 35.00 35.00 34.78 35.00 35.00 35 35 0.9%
OHR 0.02188 _ 0.02250 0.02250 0.02184 0.02241  0.02230 0.02184  0.02250 3.0%

RESUL TS5-3B.xls q:a109..m119; 02/09/06
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Space Cooling Coil Loads

Total Sensible + Latent (kKWh,th)

Statistics, All Results

Addendum b to ANSI/ASHRAE Standard 140-2004

TRNSYS DOE-22 DOE21E-E EnergyPlus CODYRUN HOT3000 (Max-Min),
TUD NREL NREL GARD UR NRCan Min Max /Mean
CE300 80427 77283 77292 77318 77745 78257 77283 80427 4.0%
CE310 99342 97395 97412 96448 97296 97261 06448 99342 3.0%
CE320 99792 96356 96493 96084 97141 96957 06084 99792 3.8%
CE330 105013 100730 100993 102211 103713 102008 100730 105013 4.2%
CE340 102728 99028 99223 99709 100676 99753 99028 102728 3.7%
CE350 69388 63736 63635 65790 66860 67389 63635 69388 8.7%
CE360 162974 159807 159854 161248 161200 162168 159807 162974 20%
CE400 68793 64918 65025 65414 66898 64918 68793 5.9%
CE410 68673 66780 66844 66175 66175 68673 3.7%
CE420 72609 69611 70882 70349 71803 69611 72609 4.2%
CE430 69756 67641 67219 67141 67200 67141 69756 3.9%
CE440 73711 71380 71181 71417 72029 71181 73711 3.5%
CES500 63357 65996 65992 65571 63105 65614 63105 65996 4.5%
CE500 May-Sep | 48443 50693 50690 50354 48440 50357 48440 50693 4.5%
CE510 May-Sep| 108974 114018 114015 112793 108979 112781 108974 114018 4.5%
CE520 63422 66571 66565 66088 63212 66146 63212 66571 51%
CE522 63389 66373 66372 65851 63157 65900 63157 66373 4.9%
CE525 63293 65399 65395 64973 63002 65155 63002 65399 3.7%
CE530 45046 46634 46631 46944 44875 47002 44875 47002 4.6%
CES540 45113 47130 47126 47297 44980 47462 44980 47462 53%
CE545 44981 46240 46236 46612 44775 46668 44775 46668 4.1%)
Sensible Coil Load {KWh,th} Statistics, All Results
TRNSYS DOE-22 DOE21E-E EnergyPlus CODYRUN HOT3000 (Max-Min),
TUD NREL NREL GARD UR NRCan Min Max /Mean
CE300 56662 55797 55805 55052 55200 55191 55191 56662 26%
CE310 56256 56301 56313 55295 55185 55083 55083 56313 22%
CE320 62859 62697 62747 62043 62009 62734 62009 62859 1.4%
CE330 63083 63311 63328 63779 62649 61822 61822 63779 3.1%
CE340 63033 63053 63111 62886 62381 61406 61406 63111 27%
CE350 50371 47684 47677 48545 48589 48768 47677 50371 5.5%
CE360 134977 134920 134940 135287 134206 134697 134206 135287 0.8%
CE400 41952 41419 41437 40688 41181 40688 41952 3.1%
CE410 45677 47659 47660 45585 45585 47660 4.4%
CE420 50390 49666 50612 49524 49984 49524 50612 2.2%
CE430 47863 47731 47454 46739 46143 46143 47863 3.6%
CE440 50876 50593 50492 50060 49785 49785 50876 2.2%
CE500 45044 47650 47646 47491 44874 47530 44874 47650 59%
CE500 May-Sep | 34443 36596 36593 36476 34448 36480 34443 36596 6.0%
CE510 May-Sep| 77480 82306 82303 81566 77499 81563 77489 82306 6.0%
CE520 45110 48102 48096 47986 44977 48059 44977 48102 6.6%
CE522 45076 47962 47961 47758 44924 47795 44924 47962 6.5%
CE525 44979 47218 47213 46930 44775 47110 4775 47218 53%
CE530 45046 46574 46570 46944 44874 47002 44874 47002 4.6%
CE540 45112 47023 47019 47288 44977 47460 44977 47460 53%
CE545 44981 46214 46210 46612 44775 46668 44775 46668 4.1%)
Latent Coil Load{iWh, th) Statistics, All Results
TRNSYS DOE-22 DOE21E-E EnergyPlus CODYRUN HOT3000 (Max-Min),
TUD NREL NREL GARD UR NRCan Min Max /Mean|
CE300 23765 21487 21487 22066 22535 23067 21487 23765 10.2%
CE310 43086 41094 41099 41222 4211 42178 41094 43086 4.8%
CE320 36932 33659 33746 34040 35133 34224 33659 36932 9.5%
CE330 41929 37419 37666 38433 41063 40186 37419 41929 11.4%
CE340 39695 35074 36113 36823 38296 38346 35974 39695 9.9%
CE350 19017 16052 15958 17245 18271 18621 15958 19017 17.5%
CE360 27997 24887 24914 25961 26994 27470 24887 | 27997 11.8%
CE400 26840 23498 23588 24726 25717 23498 26840 13.4%
CE410 22996 19121 19184 20590 19121 22996 18.9%
CE420 22219 19945 20270 20826 21855 19945 22219 10.8%
CE430 21893 19909 19765 20403 21057 19765 21893 10.3%
CE440 22835 20788 20689 21357 22044 20689 22835 9.9%
CES500 18313 18346 18346 18080 18231 18084 18080 18346 1.5%
CE500 May-Sep [ 14000 14097 14097 13879 13991 13877 13877 14097 1.6%
CE510 May-Sep| 31485 31712 31712 31226 31480 3217 31217 31712 1.6%
CE520 18312 18470 18470 18101 18235 18087 18087 18470 21%
CE522 18313 18411 18410 18093 18233 18104 18093 18411 1.7%
CE525 18314 18182 18182 18044 18227 18045 18044 18314 1.5%
CE530 0 61 61 0 1 0 0 61 297.1%
CE540 1 107 107 9 3 2 1 107  2782%
CE545 0 25 25 0 0 0 0 25 300.0%|

RESULTS5-3B xIs q:a125..m198; (2/0%06
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Various Annual Means (COP2, IDB)

cCOP2 Statistics, All Results
“ TRNSYS DOE-2.2 DOE21E-E EnergyPlus CODYRUN HOT3000 (Max-Min)
TUD NREL NREL GARD UR NRCan Min Max Mean
CE300 3.249 3.238 3.237 3.237 3.226 3.230 3226 3.249 0.7%)
CE310 3.415 3.417 3.417 3.393 3.397 3.380 3.380 3.417 1.1%|
CE320 3.420 3.458 3.457 3.405 3.406 3.390 3.390 3.458 2.0%)
CE330 3.491 3.494 3.536 3.491 3.497 3.460 3.460 3.536 2.2%
CE340 3.454 3.477 3.496 3.448 3.450 3420 3.420 3.496 2.2%
CE350 3.249 3.241 3.235 3.244 3.229 3.230 3229 3.249 0.6%
CE360 3.669 3.701 3.706 3678 3.667 3.660 3.660 3.706 1.2%|
CE400 3.250 3.251 3.252 3.246 3.260 3.246 3.260 0.4%|
CE410 3.240 3.212 3.211 3.210 3.210 3.240 0.9%|
CE420 3.226 3.215 3.218 3.216 3.210 3.210 3.226 0.5%
CE430 3.221 3.213 3.211 3.211 3210 3210 3.221 0.3%
CE440 3.231 3.222 3.222 3.221 3220 3.220 3.231 0.4%
CE500 3.204 3.227 3.227 3.213 3.192 3.200 3.192 3.227 1.1%|
CES500 May-Sep 3.142 3.161 3.162 3.154 3.132 3.140 3.132 3.162 0.9%
CE510 May-Sep 3.551 3.577 3.577 3.562 3.530 3.550 3.530 3.577 1.3%)
CE520 2.901 2.957 2.956 3.004 2.873 2.920 2873 3.004 4.5%
CE522 3.058 3.074 3.073 3.101 3.036 3.070 3.036 3.101 2.1%
CE525 3.484 3.531 3.528 3.508 3.480 3410 3410 3.531 3.5%
CE530 2.962 2.969 2.969 2.999 2.916 2.980 2916 2.999 2.8%
CE540 2.668 2.675 2.675 2.823 2.640 2.690 2.640 2.823 6.8%)
CE545 3.228 3.233 3.236 3.157 3.186 3.200 3.157 3.236 2.5%)

IDB (°C) Statistics, All Results
TRNSYS DOE-22 DOE21E-E EnergyPlus CODYRUN HOT3000 {Max-Min)
“ TUD NREL NREL GARD UR NRCan Min Max /Mean
CE300 23.62 24.06 24.06 24.09 24.08 23.99 23.62 24.09 1.9%|
CE310 23.76 24.11 24.06 24.09 24.09 24.01 23.76 24.11 1.5%
CE320 23.90 24.39 24.39 24.25 2433 2453 23.90 24 53 2.6%
CE330 23.88 24.28 24.28 2427 24.30 24.18 23.88 24.30 1.7%)
CE340 23.88 24.28 24.28 24.30 24.31 24.21 23.88 24.31 1.8%|
CE350 25.66 26.17 26.17 26.24 26.27 26.15 25.66 26.27 2.3%
CE360 25.36 25.61 25.56 25.32 25.48 25.37 25.32 25.61 1.1%|
CE400 24.13 24.06 24.06 24.09 23.99 23.99 2413 0.6%
CE410 24.12 24.06 24.06 23.99 23.99 2412 0.5%
CE420 23.93 24.06 24.06 24.09 23.99 23.93 24.09 0.7%
CE430 23.99 24.06 24.06 24.09 23.99 23.99 24.09 0.4%
CE440 23.91 24.06 24.06 24.09 23.99 23.91 24.09 0.7%
CE500 20.23 20.67 20.56 20.38 21.10 22.86 20.23 22.86 12.5%|
CE500 May-Sep 24 57 25.00 25.00 2498 25.00 25.00 24 57 25.00 1.7%
CE510 May-Sep 2582 25.11 25.11 24.96 25.00 25.00 24 .96 25.82 3.4%
CE520 13.52 13.78 13.72 13.58 14.14 14.89 13.52 14.89 9.9%
CE522 16.95 17.28 17.22 17.00 17.73 18.70 16.95 18.70 10.0%)
CE525 26.84 27.39 27.28 27.10 27.77 30.69 26.84 30.69 13.8%)
CE530 20.03 20.61 20.56 20.59 21.10 22.86 20.03 22 86 13.5%|
CE540 13.29 13.78 13.72 13.79 14.14 14.98 13.29 14.98 12.1%|
CE545 26.61 27.33 27.28 27.31 27.72 30.69 26.61 30.69 14.7%
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Various Annual Means (Humidity Ratio, Zone Relative Humidity)

Humidity Ratio (kg/kg)

Statistics, All Results

TRNSYS DOE-2.2 DOE21E-E EnergyPus CODYRUN HOT3000 {Max-Min)
TUD NREL NREL GARD UR NRCan Min Max /Mean
CE300 0.0091 0.0092 0.0092 0.0093 0.0092 0.0092 0.0091 0.0093 24%
CE310 0.0111 0.0113 0.0113 0.0113 0.0112 0.0111 00111  0.0113 2.0%
CE320 0.0100  0.0101 0.0101 0.0101 0.0100 0.0099 0.0099 0.0101 21%
CE330 0.0097  0.0099 0.0099 0.0100 0.0098  0.0099 0.0097 0.0100 2.3%
CE340 0.0098  0.0099 0.0099 0.0100 0.0099 0.0099 0.0098 0.0100 1.9%
CE350 0.0097  0.0100 0.0100 0.0099 0.0098  0.0098 0.0097 0.0100 3.0%
CE360 0.0085  0.0087 0.0087 0.0088 0.0086 0.0086 0.0085  0.0088 3.1%
CE400 0.0098  0.0100 0.0100 0.0101 0.0100 0.0098  0.0101 29%
CE410 0.0097  0.0085 0.0095 0.0095 0.0095 0.0097 25%
CE420 0.0093  0.0094 0.0094 0.0094 0.0093 0.0093  0.0094 2.0%
CE430 0.0093  0.0094 0.0094 0.0095 0.0094 0.0093  0.0095 1.9%
CE440 0.0092  0.0093 0.0093 0.0093 0.0092 0.0092  0.0093 1.9%
CE500 0.0098 0.0094 0.0102 0.0107 0.0094 0.0107 13.2%|
CE500 May-Sep 0.0110  0.0114 0.0114 0.0113 0.0113 0.0109 0.0109 0.0114 45%
CE510 May-Sep 0.0114  0.0114 0.0114 0.0113 0.0113 0.0109 0.0109 0.0114 4.4%
CE520 0.0067 0.0060 0.0070 0.0076 0.0060 0.0076 23.1%
CE522 0.0082 0.0076 0.0086 0.0090 0.0076  0.0090 16.8%|
CE525 0.0137 0.0138 0.0140 0.0151 0.0137  0.0151 9.8%
CE530 0.0062 0.0067 0.0058  0.0067 0.0058  0.0067 14.4%)
CE540 0.0045 0.0043 0.0039 0.0046 0.0039  0.0046 17.9%)
CES545 0.0062 0.0067 0.0067 0.0072 0.0062  0.0072 14.8%|
Relative Humidity (%) Statistics, All Results
TRNSYS DOE-2.2 DOE21E-E EnergyPlus CODYRUN HOT3000 {Max-Min)
TUD NREL NREL GARD UR NRCan Min Max /Mean|
CE300 48.61 48.26 48.28 48.59 47.83 4793 47.83 4861 1.6%
CE310 58.33 58.51 58.53 58.55 57.84 57.80 57.80 58.55 1.3%
CE320 52.01 51.21 51.25 51.84 51.10 4994 49.94 52.01 4.0%
CE330 50.84 50.58 50.65 51.18 50.08 50.70 50.08 51.18 22%
CE340 51.09 50.69 50.73 51.15 50.30 50.78 50.30 51.15 1.7%
CE350 4548 4545 4555 4517 44 .32 44 56 44 .32 4555 27%
CE360 41.03 41.49 41.49 42.37 40.87 4121 40.87 4237 3.6%
CE400 50.77 52.21 52.25 5255 52.01 50.77 5255 3.4%
CE410 50.50 49.65 4963 4975 4963 50.50 1.7%
CE420 48.78 4914 48.97 4940 4876 48.76 4940 1.3%
CE430 48.82 49.17 49.30 49.60 4917 48.82 4960 1.6%
CE440 48.33 48.46 48.57 48.83 4823 48.23 4883 1.2%
CE500 66.53 59.20 65.94 63.73 59.20 66.53 11.5%]
CE500 May-Sep 57.05 57.47 57.47 57.32 57.07 55.13 55.13 57.47 41%
CE510 May-Sep 54.70 57.36 57.36 57.44 57.06 5524 54.70 57.44 4.8%
CE520 69.87 61.40 70.23 7217 61.40 7217 15.7%)
CE522 68.68 60.75 68.23 68.11 60.75 68.68 11.9%|
CE525 61.47 54.99 60.14 5737 54.99 6147 11.1%]
CE530 46.73 48.97 41.45 39.60 39.60 48.97 21.2%
CE540 48.52 46.31 40.05 4382 40.05 4852 19.0%|
CES545 36.62 38.63 36.87 29.20 29.20 38.63 26.7%
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f(ODB) Sensitivity CE500 and CE530, April 30 and June 25

Statistics, All Results
TRNSYS DOE-2.2 DOE21E-E EnergyPlus CODYRUN HOT3000 (Max-Min),
TUD NREL NREL GARD UR NRCan Min Max Mean
Energy Consumption, Compr. + Both Fans (Wh,e}
CES00Apr30 3893 3975 3975 4029 3901 4073 3893 4073 4.5%
CES00Jun25 5045 5204 5204 5229 5067 5230 5045 5230 3.6%|
Del CES00 1152 1229 1229 1200 1165 11567 1152 1229 6.5%
CES30Apr30 3023 3062 3062 3101 3092 3144 3023 3144 3.9%|
CES30Jun25 3894 3978 3978 4029 3935 4043 3894 4043 3.7%)
Del CES30 871 916 916 927 843 899 843 927 9.4%
Energy Consumption, Compressor (Wh,e)
CES00Apr30 3015 3120 3120 3020 3159 3015 3159 4.7%
CES00Jun25 4084 4264 4263 4106 4239 4084 4264 4.3%
Del CES00 1069 1144 1144 1086 1080 1069 1144 6.7%
CES30Apr30 231 2390 2390 2378 2411 2311 2411 4.2%
CES530Jun25 3118 3243 3243 3166 3248 3118 3248 4.1%
Del CES30 807 853 853 787 837 787 853 8.0%
Energy Consumption, Condenser Fan (Wh,e)
CES00Apr30 376 389 389 377 391 376 391 3.9%
CES00Jun2d 411 426 426 1M1 424 M1 426 3.6%
Del CES00 35 37 37 34 33 33 37 12.0%|
CES30Apr30 305 311 31 305 314 305 314 3.1%|
CES30Jun25 332 340 340 329 340 329 340 3.2%)
Del CES30 28 28 29 24 26 24 29 17.0%|
Energy Consumption, Supply Fan {Wh,e)
CES00Apr30 502 467 466 519 504 522 466 522 11.2%|
CES00Jun25 550 514 514 566 549 566 514 566 9.5%
Del CES00 a7 48 48 47 45 44 44 438 8.5%
CES30Apr30 407 361 361 12 408 419 361 M9 14.8%|
CES530Jun25 444 396 396 450 440 454 396 454 13.6%|
Del CES30 37 35 35 38 32 35 32 38 16.0%|
Sensible + Latent Coil Load (Wh,th)
CES00Apr30 13186 13733 13733 13655 13170 13673 13170 13733 4.2%
CES00Jun2d 13188 13838 13837 13733 13198 13727 13188 13838 4.8%
Del CES00 2 105 104 78 29 54 2 105 165.3%
CES30Apr30 9353 9721 721 9775 9365 9798 9353 9798 4.6%
CES30Jun25 9376 9761 9761 9835 9388 9834 9376 9835 4.8%
Del CE530 23 40 39 60 22 36 22 60 102.8%
'Sensible Coil Load {Wh,th)
CES00Apr30 9375 9925 9925 9884 9365 9902 9365 9925 5.8%|
CES00Jun25 9378 9981 9981 9953 9388 9946 9378 9981 6.2%
Del CES00 3 56 56 69 22 14 3 69 158.2%
CES30Apr30 9353 ar21 9721 9775 9365 9793 9353 97938 4.6%
CES30Jun25 9376 9761 9761 9835 9388 9834 9376 9835 4.8%
Del CES30 23 40 39 60 22 36 22 60 102.9%
Latent Coil Load (Wh,th)
CES00Apr30 3811 3808 3808 3772 3804 3770 3770 3811 1.1%
CES00Jun25 3810 3856 3856 3781 3810 3780 3780 3856 2.0%
Del CES00 -1 48 48 9 6 10 -1 48 242 3%
CES30Apr30 0 0 0 0 0 0 0 0 28464.8%
CES530Jun25 0 0 0 0 0 0 0 0 300.0%
0 0 0 0 0 0 0 0 300.0%)|
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f(ODB) Sensitivity CE500 and CE530, April 30 and June 25

Statistics, All Results

TRNSYS DOE-22 DOE21E-E EnergyPlus CODYRUN HOT3000 (Max-Min)
TUD  NREL NREL GARD UR  NRCan Min Max  /Mean

Humidity Ratio (ka/kg)
CE500Apr30 0.0107  0.0110 0.0110 0.0110 0.0109  0.0160 0.011 0016  45.3%
CE500Jun25 0.0112  0.0115 0.0115 0.0115 0.0115  0.0110 0.011 0.012 4.4%
Del CE500 0.0005  0.0005 0.0005 0.0005 0.0005  -0.0050 0.005  0.001 -1334.8%
CE530Apr30 0.0062  0.0071 0.0071 0.0068 0.0055  0.0067 0.005 0007  246%
CE530Jun25 0.0062  0.0078 0.0078 0.0068 0.0055  0.0067 0.005 0008  342%
Del CE530 0.0000  0.0007 0.0007 0.0000 0.0000  0.0000 0000 0001 304.5%
cCOoP2
CE500Apr30 3.845 3.914 3.914 3.850 3.837 3.850 3837 3914 2.0%
CE500Jun25 2.931 2.951 2.951 2.943 2.921 2.940 2.921 2.951 1.0%
Del CE500 0914  -0.963 -0.963 -0.907 0916  -0.910 0963  -0.907 6.1%
CE530Apr30 3.543 3.599 3.599 3.441 3.460 3.590 3.441 3.599 4.5%
CE530Jun25 2.720 2.724 2.724 2.780 2.690 2.740 2690  2.780 3.3%
Del CE530 -0.823  -0.874 -0.875 -0.662 0770  -0.850 0875 -0662 -26.3%
ODB (°C)
CE500Apr30 16.79 16.83 16.83 16.81 16.88 16.96 16.79 16.96 1.0%
CE500Jun25 29.52 29.50 29.50 29.52 29.52 29.50 2950  29.52 0.1%
Del CE500 12.73 12.67 12.67 12.70 12.63 12.54 12.54 12.73 1.5%
CE530Apr30 16.79 16.83 16.83 16.81 16.88 16.96 16.79 16.96 1.0%
CE530Jun25 29.52 29.50 29.50 29.52 29.52 29.50 2950 2952 0.1%
Del CE530 12.73 12.67 12.67 12.70 12.63 12.54 12.54 12.73 1.5%
EDB (°C)
CE500Apr30 24.64 24.94 24.94 24.98 25.00 25.00 2464  25.00 1.4%
CE500Jun25 24.55 25.00 25.00 24.98 25.00 25.00 2455  25.00 1.8%
Del CE500 -0.09 0.06 0.06 0.00 0.00 0.00 -0.09 0.06 4740.8%
CE530Apr30 2437 24.94 24,67 25.00 25.00 25.00 2437  25.00 2.6%
CE530Jun25 2435 24.94 24.94 25.00 25.00 25.00 2435  25.00 2.6%
Del CE530 -0.01 0.00 0.28 0.00 0.00 0.00 -0.01 0.28  651.2%
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June 28 Hourly Output - Case CE300

[TRNSYS-TUD | Energy Consumption Evaporator Coil Load Zone Hum.

Compressor Cond Fan Total Sensible Latent Ratio COP2 ODB EDB EWB OHR
Hour (Wh) (Wh) (Wh) (Wh) (Wh)[  (kg/kg) (°C) (°C) (°C)|  (kg/kg)
1 2056 257 8132 6189 1942 0.0091 3517 1805 231 16.96 0.0113
2 2054 257 8116 6202 1914 0.0090 3513 1805 2337 1690 0.0113
3 2054 257 8128 6194 1934 0.0091 3517 1805 2338 16.94 0.0113
4 1830 230 7224 5549 1676 0.0090 3.507 1780 2337 16.86 0.0111
5 2029 256 8105 6319 1786 0.0088 3.546 1750 2335 16.70 0.0106
6 1839 230 Akl 5686 1445 0.0087 3.447 1830 2342 16.57 0.0106]
7 2667 309 9711 7597 2115 0.0092 3.263 220 2404 1732 0.0121
8 3553 384 12121 9558 2563 0.0095 3.079 2610 2457 1779 0.0122
9 4365 458 14556 11758 2798 0.0097 3.018 2805 2500 1797 0.0115]
10 4441 458 14639 11506 3133 0.0101 2988 2890 2528 1840 0.0124
11 5000 506 168374 12342 4032 0.0104 2974 3000 2538 18.82 0.0138
12 5317 529 17248 12810 4438 0.0107 2950 3085 2559 1912 0.0140
13 6189 617 20498 16816 3682 0.0101 3.012 3085 2653 1884 0.0123
14 6211 616 20234 17284 2951 0.0098 2964 3140 2656 18.55 0.0115]
15 7922 781 26687 22882 3805 0.0096 3.066 3195 2678 1855 0.0121
16 7965 781 26723 22285 4438 0.0097 3.055 3220 2656 1867 0.0133
17 5421 529 17231 13048 4183 0.0108 2.896 3195 2620 19.40 0.0145]
18 5410 529 17506 12721 4785 0.0112 2947 3140 2623 1977 0.0152
19 5260 529 17662 12491 317 0.0111 3.051 2970 2570 19.58 0.0151
20 4880 506 16990 11655 5335 0.0110 3.154 2775 2517 19.37 0.0157|
21 3939 409 13540 8882 4658 0.0111 3.114 2720 2465 1944 0.0169
22 3924 410 13565 8880 4684 0.0112 3130 2695 2474 1948 0.0169
23 4123 434 14531 9449 3082 0.0112 3.189 2640 2487 1947 0.0169
24 3877 410 13692 8807 4885 0.0113 3.194 2610 2473 1957 0.0171
DOE-2.2 Energy Consumption Evaporator Coil Load Zone Hum.

Compressor Cond Fan Total Sensible Latent Ratio COP2 ODB EDB EWB OHR|
Hour (Wh) (Wh) (Wh) (Wh) (Wh)[  (kg/kg) (°C) °C) (°C)|  (kglkg)
1 1897 237 7552 5889 1663 0.0094 3.539 1778 2383 1734 0.0114
2 1941 240 7630 6070 1560 0.0093 3.499 1833 2394 17.29 0.0112
3 1897 237 7550 5881 1669 0.0094 3538 1778 2383 17.34 0.0114
4 1891 237 7534 5878 1656 0.0094 3.540 1778 2383 1734 0.0114
5 1697 215 6798 5675 1123 0.0089 3.555 1722 2378 16.85 0.0103
6 2126 259 8136 6439 1698 0.0092 3.411 1944 2411 1730 0.0113
7 3198 352 11076 8342 2734 0.0100 3120 2500 2494 1839 0.0133
8 3135 332 10291 9070 1221 0.0094 2968 2722 2528 17.78 0.0109
9 4528 469 14786 11873 2913 0.0099 2.959 2889 2556 18.36 0.0117
10 4651 479 13340 12039 3301 0.0103 2990 2889 2558 18.68 0.0125
11 5434 537 17455 12812 4643 0.0109 2923 31.11 2589 19.48 0.0148
12 5019 498 16215 12612 3603 0.0108 2939 3056 2583 1923 0.0134
13 6040 597 19723 17139 2584 0.0101 2972 31.11 2594 18.56 0.0115
14 6420 633 20808 17638 3170 0.0100 2.950 3167 2606 1860 0.0121
15 7671 51 25387 22196 3191 0.0098 3.014 3222 2611 1846 0.0119
16 8190 800 27581 22528 5053 0.0100 3.068 3222 2617 18.84 0.0144
17 5715 561 18205 13599 4605 0.0107 2.901 3167 2606 1935 0.0146
18 5536 544 17933 12830 3103 0.0112 2950 31.11 2594 1975 0.0157|
19 4711 481 16012 11876 4137 0.0110 3.084 2833 2550 19.32 0.0143
20 4859 504 17082 11532 5550 0.0114 3.185 2722 2533 1976 0.0164
21 3913 405 13435 9302 4133 0.0113 3111 2722 2533 19.76 0.0164
22 3825 390 13280 8974 4307 0.0114 3144 2667 2522 19.80 0.0167|
23 3750 395 13192 8787 4404 0.0115 3.183 2611 2511 1984 0.0169
24 3880 407 13724 8799 4925 0.0117 3.201 26.11 2511 2014 0.0178
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June 28 Hourly Output(Ctd) - Case CE300

DOE-2.1E-E Energy Consumption Evaporator Coil Load Zone Hum.

Compressor Cond Fan Total Sensible Latent Ratio COP2 ODB EDB EWB OHR
Hour (Wh) (Wh) (Wh) (Wh) (Wh)|  (kg/kg) 0 (C) CC)|  (kgrkg)
1 1894 237 7545 5887 1658 0.0094 351 1778 2383 1734 0.0114
2 1941 241 1627 6067 1560 0.0093 3495 1833 2394 1729 0.0112
3 1894 237 7546 5878 1668 0.0094 3541 1778 2383 1737 0.0114
4 1890 236 7528 5873 1655 0.0094 351 1778 2383 1737 0.0114
5 1694 215 6753 5672 1081 0.0090 3537 1722 2378 1694 0.0103
6 2133 259 8185 6439 1747 0.0092 3422 1944 2411 1730 0.0113
7 3223 353 11233 8348 2885 0.0098 311 2500 2494 1823 0.0133
8 3145 335 10272 9069 1203 0.0094 2952 2722 2528 1778 0.0109
9 4526 467 14844 11875 2969 0.0099 2973 2889 2556 1828 0.0117
10 4655 478 15393 12041 3352 0.0102 2999 2889 255 1860 0.0125
11 5456 536 17605 12818 4787 0.0107 2938 3111 2589 1933 0.0148
12 5015 4198 16188 12611 3577 0.0108 2936 3056 2583 1923 0.0134
13 6036 600 19621 17135 2486 0.0102 2957 3111 2584 1864 0.0115
14 6429 635 20819 17639 3180 0.0100 2947 3167 2606 1860 0.0121
15 7683 54 25393 22197 3196 0.0098 3010 3222 2611 1846 0.0119
16 8222 803 27721 22533 5188 0.0098 3072 3222 2617 1876 0.0144
17 5696 556 18245 13600 4644 0.0107 2918 3167 2606 1935 0.0146)
18 5531 541 17978 12832 5146 0.0112 2961 3111 2594 1968 0.0157|
19 4689 479 15914 11871 4043 0.0111 3.079 2833 2550 1940 0.0143
20 4855 503 17120 11534 5586 0.0113 3195 2722 2533 1976 0.0164
21 3918 406 13445 9303 4142 0.0113 3109 2722 2533 1976 0.0164
22 3823 399 13285 8974 4311 0.0114 3147 2667 2522 1980 0.0167|
23 3748 394 13192 8787 4405 0.0115 3185 2611 2511 1984 0.0169
24 3880 407 13754 8800 4955 0.0117 3.208 2611 2511 2006 0.0178 |

nergyPlus Energy Consumption Evaporator Coil Load Zone Hum.
’E Compressor Cond Fan Total Sensible Latent Ratio COP2 ODB EDB EWB OHR
Hour (Wh) (Wh) (Wh) (Wh) (Wh)|  (kg/kg) ¢C) (C) (C)|  (kglkg)
1 2119 Note 1 7472 5811 1661 0.0094 3527 1799 2395 0.00 0.0112
2 2131 Note 1 7494 5853 1641 0.0094 3516 1811 2396 0.00 0.0113
3 2113 Note 1 7447 5809 1637 0.0094 3525 1799 2395 0.00 0.0112
4 2075 Note 1 7332 5744 1588 0.0093 3534 1780 2392 0.00 0.0111
5 1997 Note 1 7091 5614 1477 0.0092 3.550 1743 2386 0.00 0.0105
6 2142 Note 1 7425 6015 1410 0.0090 3.467 1858 2403 0.00 0.0106
7 2870 Note 1 9216 7532 1684 0.0093 3212 2290 2468 0.00 0.0123
8 3499 Note 1 10609 8757 1853 0.0096 3033 2638 2521 0.00 0.0118
9 4682 Note 1 14032 11767 2265 0.0098 2997 2826 2549 0.00 0.0116
10 4948 Note 1 14778 11996 2781 0.0102 2987 2880 25359 0.00 0.0124
1 5407 Note 1 15905 12488 3417 0.0106 2942 3028 2579 0.00 0.0140
12 5632 Note 1 16522 12671 3851 0.0109 2933 3079 2587 0.00 0.0138
13 7133 Note 1 21588 17401 187 0.0104 3027 3081 2588 0.00 0.0120
14 6983 Note 1 20678 17592 3086 0.0100 2961 3148 2597 0.00 0.0115
15 8572 Note 1 26133 22481 3652 0.0098 3.049 3201 2605 0.00 0.0121
16 8733 Note 1 26665 22557 4107 0.0099 3.053 3220 26.08 0.00 0.0135
17 5718 Note 1 16345 13061 3283 0.0106 2858 3189 26.04 0.00 0.0145
18 5881 Note 1 17193 12870 4324 0.0112 2924 3133 2595 0.00 0.0153
19 5555 Note 1 16878 12170 4708 0.0113 3.038 2635 2565 0.00 0.0149
20 5259 Note 1 16536 11556 4981 0.0113 3144 2761 2539 0.00 0.0159
21 4326 Note 1 13445 9063 4383 0.0116 3.108 2720 2533 0.00 0.0168
22 4279 Note 1 13387 8953 4434 0.0116 3129 2689 2529 0.00 0.0168
23 4173 Note 1 13191 8753 4437 0.0116 3.161 2633 2520 0.00 0.0168
24 4152 Note 1 13196 8674 4522 0.0117 3178 2610 2517 0.00 0.0171
RESUL TS5-3B xls s:a66..n125; 02/09/06
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June 28 Hourly Output(Ctd) - Case CE300

Energy Consumption Evaporator Coil Load Zone Hum.
Compressor Cond Fan Total] Sensible Latent Ratio COoP2 ODB EDB EWB OHR|
Hour (Wh) (Wh) (Wh) (Wh) Wh)|  (kg/kg) S (6] Q)| (kglkg)
1 1886 237 7472 5788 1684 0.0093 3520 1780 2392 1716 0.0111
2 1964 244 7707 5961 1747 0.0093 3.490 1830 2400 17.24 0.0115
3 1881 236 7445 5788 1657 0.0092 3517 1780 2392 1712 0.0111
4 1878 236 7432 5788 1644 0.0092 3516 1780 2392 1710 0.0111
5 1756 224 7000 5580 1420 0.0090 3535 1720 2383 1679 0.0102
6 2075 253 7915 6341 1574 0.0090 3.400 1940 2416 17.03 0.0110
7 3035 334 10450 8277 2173 0.0095 3.102 2500 2500 1791 0.0131
8 3303 352 10813 9038 1775 0.0093 2958 2720 2533 1765 0.0111
9 4483 463 14631 11971 2660 0.0097 2958 2890 2559 1812 0.0120
10 4594 472 15099 11971 3128 0.0100 2980 2890 2559 1844 0.0128
11 5238 516 16722 12731 39 0.0106 2906 3110 2591 1914 0.0148
12 5066 504 16258 12559 3699 0.0106 2919 3060 2584 1894 0.0133
13 6442 642 21090 17422 3669 0.0100 2977 3110 2591 1833 0.0113
14 6523 645 21067 17629 3438 0.0098 2939 3170 2600 1827 0.0117
15 8000 785 26636 224N 4145 0.0096 3.032 3220 2608 1824 0.0124
16 8169 799 27416 22491 4925 0.0097 3.057 3220 2608 1856 0.0142
17 5306 519 16702 12939 3763 00104 2867 3170 2600 19.06 0.0147
18 5381 528 17312 12729 4582 00109 2930 3110 2591 1946 0.0157
19 4791 492 16232 11761 4470 0.0109 3072 2830 2550 19.20 0.0145
20 4809 498 16867 11381 5486 00113 3.178 2720 2533 1965 0.0169
21 3939 408 13484 9036 4447 00113 3.102 2720 2533 1971 0.0169
22 3852 402 13322 8864 4459 00114 3.132 2670 2525 19.70 0.0168
23 3752 395 13139 8656 4482 00114 3.168 2610 2516 1969 0.0169
24 3794 399 13323 8656 1666 00115 3177 2610 2516 19.81
OT3000 Energy Consumption Evaporator Coil Load Zone Hum.
’H Compressor Cond Fan Total Sensible Latent Ratio COP2 oDB EDB EWB
Hour (Wh) (Wh) (Wh) (Wh) Wh)|  (kg/kg) 9] %) ()
1 1943 241 7668 5870 1798 0.0093 3511 1780 2394 17.30
2 1951 241 7674 5872 1803 0.0093 3502 1830 2394 173
3 1902 237 7528 5783 1745 0.0092 3519 1780 2390 1724
4 1845 231 317 5683 1634 0.0091 3524 1780 2384 17.08
5 1914 239 7514 5855 1559 0.0090 3.490 1720 2398 17.01
6 2507 293 9223 7312 1911 0.0092 3295 1940 2458 1754
7 3171 343 10770 8647 2123 0.0095 3.065 2500 2516 17.99
8 3434 361 11186 9299 1888 0.0094 2948 2720 2545 1796
9 4489 461 14744 11923 2821 0.0097 2979 2890 2558 1833
10 4853 489 15882 12287 3595 0.0102 2973 2890 2574 1885
11 5164 508 16615 12562 4053 0.0106 2929 3110 2586 19.19
12 5005 497 16030 12561 3468 00104 2914 3060 2586 1887
13 6455 639 21180 17431 3749 0.0100 2.986 3110 2594 1852
14 6503 640 21055 17609 3447 0.0097 2948 3170 2602 1844
15 8041 785 27070 22350 4719 0.0098 3.067 3220 2613 1865
16 8134 794 27623 22292 5331 0.0098 3.094 3220 2603 1880
17 5212 510 16551 12739 3812 0.0103 2893 3170 2594 1911
18 5122 507 16830 12181 4649 00109 2990 3110 2570 1939
19 4832 493 16635 11541 5095 0.0110 3.124 2830 2541 1953
20 4875 501 17131 11359 5712 00114 3.187 2720 2533 1974
21 3936 406 13525 8931 4593 00114 3115 2720 2529 1974
22 3844 399 13356 8747 4609 00114 3.148 2670 2521 19.79
23 3807 397 13343 8647 4697 00114 3173 2610 2516 19.84
24 3664 386 12973 8360 4613 00115 3.203 2610 2504 19.77
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Delta Annual Space Cooling Electricity Consumptions

Total (kWh,e)

Statistics, All Results

TRNSYS DOE-2.2DOE21E-E EnergyPlus CODYRUN HOT3000 (Max-Min)

TUD NREL NREL GARD UR  NRCan Min Max /Mean

CE310-CE300 4340 4629 4629 4545 4543 4538 4340 4629 6.4%
CE320-CE300 4426 3095 4037 4333 4424 4387 3095 4426 10.1%
CE330-CE300 5330 4958 4683 5308 5559 5260 4683 5559 16.8%
CE330-CE320 904 963 646 1064 1134 873 646 1134 525%
CE340-CE300 4986 4608 4510 5037 5089 4877 4510 5089 11.9%
CE330-CE340 344 350 173 360 470 383 173 470 856%
CE350-CE300 -3397 4203 -4207 -3601 -3390 -3328 4207 -3328 -23.8%
CE360-CE300 19665 19314 19261 19959 19867 19998 19261 19998 37%
CE400-CE300 -3589 -3904 -3879 -3733 -3657 -3904 -3589 84%
CE410-CE300 -3555 -3082 -3056 -3567 -3567 -3056 -15.4%
CE420-CE300 -2247 -2220 -1845 -2010 -1862 2247 -1845 -19.7%
CE430-CE300 -3096 2818 -2944 -2973 -3252 -3252 2818 -14.4%
CE440-CE300 -1942 1718 1782 1714 -1822 1942 -1714 12.7%
CE500-CE300 | 13296 -11933  -11933 11711 -12653 -11932 13296 -11711 -12.9%
CE510-CE500 17218 18099 18100 17736 17414 17794 17218 18100 5.0%
CE525-CE520 -4666 4981 -4969 -4316 -4889 4458 4981 -4316 -14.1%
CE530-CE500 -5057 -5277 -5285 -5293 -4880 -5263 5293  -4880 8.0%
CES545-CE540 -3743 4076 -4083 -2425 -3745 -3825 -4083  -2425 45.4%

Compressor (kWh,e)

Statistics, All Results

TRNSYS DOE-2.2DOE21E-E EnergyPlus CODYRUN HOT3000 (Max-Min)

TUD NREL NREL GARD UR  NRCan Min Max /Mean

CE310-CE300 3986 4244 4244 4167 177 3986 4244 62%
CE320-CE300 4080 3681 3721 4076 4036 3681 4080 102%
CE330-CE300 4946 4603 4352 5158 4899 4352 5158 16.8%
CE330-CE320 867 922 631 1082 863 631 1082 51.6%
CE340-CE300 4609 4260 4172 4703 4524 4172 4703 11.9%
CE330-CE340 337 343 180 455 375 180 455 81.4%
CE350-CE300 -3037 -3767 -3772 -3032 -2985 3772 -2985 23.7%
CE360-CE300 17752 17430 17382 17927 18065 17382 18065 3.9%
CE400-CE300 -3175 -3463 -3442 -3247 -3463 -3175 8.7%
CE410-CE300 -3149 2746 -2723 -3191 3191 2723 -15.9%
CE420-CE300 -1995 -1973 -1639 -1662 -1995 -1639 -19.6%
CEA430-CE300 -2755 2510 -2622 2910 2910 -2510 -14.8%
CE440-CE300 1724 1527 -1584 -1627 1724  -1527 -12.2%
CE500-CE300 -4499 -3096 -3095 -3912 -3354 -4499  -3095 -39.1%
CE510-CE500 13806 14303 14304 13913 14230 13806 14304 35%
CE525-CE520 -2963 -3241 -3233 -3148 2742 3241 2742 -16.3%
CE530-CE500 4197 4346 4354 -4002 4350 4354 4002 -8.3%
CE545-CE540 -2399 2713 -2720 2413 2449 2720 -2399 -12.6%|
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Delta Annual Space Cooling Electricity Consumptions (ctd.)

Supply Fan (kWh,e) Statistics, All Results
TRNSYS DOE-2.2DOE21E-E EnergyPlus CODYRUN HOT3000 (Max-Min)
TUD NREL NREL GARD UR  NRCan Min Max /Mean
CE310-CE300 0 0 0 0 0 0 0 0 #DIV/O!
CE320-CE300 0 0 0 0 0 0 0 0 #DIV/O!
CE330-CE300 0 0 0 0 0 0 0 0 #DIV/O!
CE330-CE320 0 0 0 0 0 0 0 0 #DIV/O!
CE340-CE300 0 0 0 0 0 0 0 0 #DIV/O!
CE330-CE340 0 0 0 0 0 0 0 0 #DIV/O!
CE350-CE300 0 0 0 0 0 0 0 0 #DIV/O!
CE360-CE300 0 0 0 0 0 0 0 0 #DIV/O!
CE400-CE300 0 0 0 0 0 0 0 #DIV/O!
CE410-CE300 0 0 0 0 0 0 #DIV/O!
CE420-CE300 0 0 0 0 0 0 0  #DIV/O!
CE430-CE300 0 0 0 0 0 0 0 #DIV/O!
CE440-CE300 0 0 0 0 0 0 0 #DIV/O!
CE500-CE300 -8316 -8511 -8511 8234 -8327 -8241 8511 -8234 -3.3%
CE510-CE500 1951 2262 2262 2034 2002 2038 1951 2262 14.9%
CE525-CE520 973 -988 -986 839 -096 979 996  -839 -16.3%
CE530-CE500 -491 -536 -536 -538 -502 522 538 491 -9.0%)
CE545-CES540 769 -757 757 438 762 787 -787 -438 -49.0%
Condenser Fan (kWh,e) Statistics, All Results
TRNSYS DOE-2.2DOE21E-E EnergyPlus CODYRUN HOT3000 (Max-Min)
TUD NREL NREL GARD UR  NRCan Min Max /Mean
CE310-CE300 354 385 385 376 368 354 385 8.4%
CE320-CE300 346 314 316 348 358 314 358 13.1%
CE330-CE300 383 355 331 401 370 331 401 19.0%
CE330-CE320 ar 41 15 53 12 12 53 128.8%
CE340-CE300 376 348 338 386 361 338 386 13.3%
CE330-CE340 7 7 -7 15 9 7 15 352.1%
CE350-CE300 -360 436 -435 -358 -353 436  -353 21.4%
CE360-CE300 1913 1884 1879 1940 1949 1879 1949 3.7%
CE400-CE300 414 -441 -437 421 441 414 -6.3%
CE410-CE300 -406 -336 -333 -387 406  -333 20.1%
CE420-CE300 252 -247 -206 208 252  -206 20.1%
CE430-CE300 -341 -308 -322 -353 353  -308 -13.6%
CE440-CE300 218 -191 -198 -203 218 191 13.4%
CE500-CE300 -481 -326 -327 415 -347 481 -326 -40.8%
CE510-CE500 1461 1534 1534 1499 1526 1461 1534 4.8%
CE525-CE520 729 -752 -750 746 -733 752 -729 -3.1%
CE530-CE500 -368 -395 -395 -376 -391 -395  -368 -7.0%
CES545-CES540 576 -606 -606 571 589 606 571 -6.0%)

RESULTS5-3B xIst:a51..m94; 02/09/06

112 Addendum b to ANSI/ASHRAE Standard 140-2004



Delta Cooling Coil Loads

Sensible Coil Load (kWh,th) Statistics, All Results
TRNSYS DOE-2.2DOE21E-E EnergyPlus CODYRUN HOT3000 (Max-Min)
TUD NREL NREL GARD UR NRCan Min Max /Mean
CE310-CE300 -405 504 508 -27 24 -108 -405 508 12245%
CE320-CE300 6197 6900 6942 6791 6799 7543 6197 7543 19.6%
CE330-CE300 6422 7514 7523 8527 7440 6631 6422 8527 28.7%
CE330-CE320 224 614 581 1735 641 912 912 1735 550.9%
CE340-CE300 6371 7257 7306 7634 7171 6215 6215 7634 20.3%|
CE330-CE340 51 258 217 893 269 416 51 893 240.2%
CE350-CE300 6291 8112 -8128 6707 6621 -6423 -8128 -6291 -26.1%
CE360-CE300 78315 79123 79135 80035 78996 79506 78315 80035 22%
CE400-CE300 | -14709 -14378  -14368 -14564 -14010 -14709 -14010 -4 9%)|
CE410-CE300 | -10985 -8138 -8145 -9606 -10985 -8138 -30.9%
CE420-CE300 6272 6131 5193 5728 5207 6272 -5193 -18.9%
CE430-CE300 -8798 -8066 -8351 -8513 0048 -9048 -8066 -11 5%
CE440-CE300 5786 5204 5313 5192 5406 -5786 -5192 -11.0%,
CE500-CE300 | -11618 8147 -8159 7761 -10335 -7661 -11618 -7661 -44 2%
CE510-CE500 43046 45710 45710 45091 43051 45083 43046 45710 6.0%
CE525-CE520 -131 -884 -882 -1057 -202 949 -1057 131 -1354%
CE530-CE5S00 2 -1076 -1076 547 0 528 -1076 2  -2006%
CE545-CE540 -130 -809 -809 676 -202 -792 -809 130 -119.1%
Latent Coil Load{(kWh,th) Statistics, All Results
TRNSYS DOE-2.2DOE21E-E EnergyPlus CODYRUN HOT3000 (Max-Min)
TUD NREL NREL GARD UR NRCan Min Max /Mean
CE310-CE300 19321 19607 19612 19156 19576 19111 19111 19612 2 6%
CE320-CE300 13167 12173 12259 11974 12597 11157 11157 13167 16.4%
CE330-CE300 18164 15932 16179 16367 18528 17119 15932 18528 152%
CE330-CE320 4997 3760 3919 4393 5931 5962 3760 5962 45 6%
CE340-CE300 15930 14488 14625 14757 15760 15279 14488 15930 95%
CE330-CE340 2234 1445 1553 1610 2768 1840 1445 2768 69.3%|
CE350-CE300 -4748 -5435 5529 -4821 4264 -4446 -5529 -4264 -26.0%|
CE360-CE300 4232 3401 3427 3895 4459 4403 3401 4459 26.7%|
CE400-CE300 3075 2012 2101 2660 2650 2012 3075 42 5%
CE410-CE300 -769 -2366 -2303 2477 -2477 -769 -86.3%
CE420-CE300 -1546 1542 1217 -1240 1212 -1546  -1212 24 7%
CE430-CE300 -1872 1577 1722 -1663 -2010 -2010 -1577 -24 5%
CE440-CE300 -930 -699 -798 -709 823 -930  -699 -29 1%
CE500-CE300 -5452 -3141 -3141 -3986 4304 -4983 -5452  -3141 -55.5%
CE510-CE5S00 17485 17615 17615 17348 17488 17340 17340 17615 16%
CE525-CE520 2 288 -288 -58 -9 42 -288 2  -2550%
CE530-CE500 | -18313  -18285  -18286 -18080 -18230 -18084 -18313 -18080 -1.3%|
CE545-CES40 -1 -81 81 -9 -3 -2 -81 -1 -272.0%
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Delta Various Annual Means (COP2, IDB)

COP2 Statistics, All Results
TRNSYS DOE-2.2DOE21E-E EnergyPlus CODYRUN HOT3000 (Max-Min)
TUD NREL NREL GARD UR  NRCan Min Max /Mean
CE310-CE300 0.166 0.180 0.180 0.155 0.171 0.150 0.150 0.180 18.0%
CE320-CE300 0.171 0.220 0.220 0.168 0.180 0.160 0.160 0.220 32.3%
CE330-CE300 0.242 0.256 0.299 0.253 0.271 0.230 0230 0.299 26.7%
CE330-CE320 0.071 0.036 0.079 0.086 0.091 0.070 0.036 0.091 76.3%
CE340-CE300 0.205 0.240 0.258 0.210 0.223 0.190 0.190 0258 30.9%
CE330-CE340 0.036 0.017 0.041 0.043 0.048 0.040 0.017 0.048 825%
CE350-CE300 0.000 0.003 -0.002 0.006 0.003 0.000 -0.002 0006 4986%
CE360-CE300 0.420 0.463 0.468 0.441 0.440 0.430 0.420 0.468 10.9%
CE400-CE300 0.001 0.014 0.015 0.009 0.030 0001 0030 2103%
CE410-CE300 -0.010 -0.025 -0.027 -0.020 -0.027 -0.010 -84.0%
CE420-CE300 -0.023 -0.022 -0.020 -0.021 -0.020 -0.023 -0.020 -14.9%
CE430-CE300 -0.028 -0.025 -0.026 -0.026 -0.020 -0.028 -0.020 -33.0%
CE440-CE300 -0.018 -0.015 -0.015 -0.016 -0.010 -0.018 -0.010 -51.9%
CE500-CE300 -0.045 -0.010 -0.011 -0.024 -0.034 -0.030 -0.045 -0010 -1354%
CE510-CE500 0.409 0.416 0.416 0.408 0.397 0.410 0.397 0416 46%
CE525-CE520 0.582 0574 0.572 0.504 0.606 0.490 0490 0.606 21.0%
CE530-CE500 -0.242 -0.258 -0.257 0214 0.276 -0.220 -0276 -0214 -255%
CES545-CE540 0.560 0.559 0.560 0.334 0.546 0.510 0.334  0.560 44 3%

IDB (°C) Statistics, All Results
TRNSYS DOE-2.2DOE21E-E EnergyPlus CODYRUN HOT3000 (Max-Min)
TUD NREL NREL GARD UR  NRCan Min Max /Mean
CE310-CE300 0.13 0.06 0.00 0.00 0.01 0.02 0.00 013  364.3%
CE320-CE300 0.28 033 0.33 0.16 0.25 054 0.16 054 119.3%
CE330-CE300 0.26 022 0.22 0.18 0.21 0.19 0.18 0.26 34.0%
CE330-CE320 -0.02 0.1 -0.11 0.02 003 035 -0.35 002 -3654%
CE340-CE300 0.25 022 0.22 0.21 023 022 0.21 0.25 19.5%
CE330-CE340 0.00 0.00 0.00 -0.02 0.01 0.03 -0.03 0.00 -319.0%
CE350-CE300 2.04 2.11 2.11 215 219 2.16 204 2.19 71%
CE360-CE300 1.74 1.56 150 1.23 140 138 123 174 34.6%
CE400-CE300 0.50 0.00 0.00 0.00 0.00 0.00 050  498.8%
CE410-CE300 0.50 0.00 0.00 0.00 0.00 050  400.0%
CE420-CE300 0.30 0.00 0.00 0.00 0.00 0.00 030 500.3%
CE430-CE300 037 0.00 0.00 0.00 0.00 0.00 037 500.3%
CE440-CE300 0.29 0.00 0.00 0.00 0.00 0.00 029  5002%
CE500-CE300 -3.39 339 -3.50 3.71 2098 113 371 113 855%
CE510-CE500 1.24 0.11 0.1 -0.02 0.00 0.00 -0.02 124 526 6%
CE525-CE520 13.33 1361 13.56 13,53 13.63 15.80 1333 15.80 17 8%
CE530-CE500 -0.21 -0.06 0.00 0.21 0.00 0.00 021 021 -43025%
CES545-CE540 13.32 13.56 13.56 13.52 13.58 15.71 1332 15.71 17.3%
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Delta Various Annual Means (Zone Humidity)

Humidity Ratio (kg/kg) Statistics, All Results
TRNSYS DOE-2.2 DOE21E-E EnergyPlus CODYRUN HOT3000 (Max-Min)
TUD NREL NREL GARD UR NRCan Min Max /Mean
CE310-CE300 0.0020  0.0021 0.0021 0.0020 0.0020 0.0019 0.0019 0.0021 9.9%
CE320-CE300 0.0009 0.0009  0.0009 0.0008 0.0009 0.0007 0.0007 0.0009 25.7%
CE330-CE300 0.0007 0.0007  0.0007 0.0007 0.0006 0.0007 0.0006 0.0007 9.3%,
CE330-CE320 | -0.0002 -0.0002 -0.0002 -0.0001 -0.0002 0.0000 -0.0002 0.0000 -143.9%
CE340-CE300 0.0007 0.0007  0.0007 0.0007 0.0007 0.0007 0.0007 0.0007 4.1%
CE330-CE340 | -0.0001 0.0000  0.0000 0.0000 -0.0001 0.0000 -0.0001 0.0000 -277.9%
CE350-CE300 0.0006 0.0008  0.0008 0.0006 0.0006 0.0006 0.0006 0.0008 34.2%
CE360-CE300 | -0.0006 -0.0005 -0.0005 -0.0005 -0.0006  -0.0006 -0.0006 -0.0005 -22.0%
CE400-CE300 0.0007 00008  0.0008 0.0008 0.0008 0.0007 0.0008 8.7%
CE410-CE300 0.0007 0.0003  0.0003 0.0003 0.0003 0.0007 94.5%
CE420-CE300 0.0002 0.0002  0.0002 0.0002 0.0001 0.0001 0.0002 58.3%
CE430-CE300 0.0002 0.0002  0.0002 0.0002 0.0002 0.0002 0.0002 19.7%
CE440-CE300 0.0001 0.0001 0.0001 0.0000 0.0000 0.0000 0.0001 148 5%,
CE500-CE300 0.0007 0.0001 0.0010 0.0015 0.0001 0.0015 169.4%
CE510-CE500 0.0004 0.0000 0.0000 0.0000 0.0000 0.0004 394.2%
CE525-CE520 0.0070 0.0078 0.0070 0.0075 0.0070 0.0078 10.9%
CE530-CE500 | -0.0035 -0.0027 -0.0044  -0.0040 -0.0044 -0.0027 -48.0%
CE545-CE540 0.0018 0.0024 0.0029 0.0026 0.0018 0.0029 46.8%|
Relative Humidity (%) Statistics, All Results
TRNSYS DOE-2.2 DOE21E-E EnergyPlus CODYRUN HOT3000 (Max-Min)
TUD NREL NREL GARD UR NRCan Min Max /Mean
CE310-CE300 9.72 10.25 10.25 9.96 10.01 9.87 972 1025 5.3%,
CE320-CE300 3.39 2.95 2.97 3.25 3.28 2.01 2.01 3.39 46.4%
CE330-CE300 223 232 2.37 259 2.26 277 223 277 22.3%
CE330-CE320 -1.16 -0.63 -0.60 -0.66 -1.02 0.76 -1.16 076 -347.8%
CE340-CE300 247 243 245 256 247 285 243 2.85 16.5%
CE330-CE340 -0.24 -0.11 -0.08 0.03 0.21 -0.08 024 003 -232.7%
CE350-CE300 -313 -2.81 273 -3.42 -3.51 -3.37 351 273 24.7%
CE360-CE300 758 6.77 6.79 .22 -6.96 .72 758 -6.22 -19.9%
CE400-CE300 216 3.05 3.97 3.96 408 2.16 4.08 53.1%
CE410-CE300 1.88 1.39 135 1.82 1.35 1.88 33.0%
CE420-CE300 0.16 0.88 0.69 0.81 0.83 0.16 088 106.1%
CE430-CE300 021 0.91 1.02 1.01 1.24 021 124  117.8%
CE440-CE300 -0.29 0.20 0.29 0.24 0.30 029 030 394.1%
CE500-CE300 17.91 10.61 18.12 15.80 1061 18.12 48.1%
CE510-CE500 235 0.1 -0.01 0.11 235 011 -461.4%
CE525-CE520 -8.41 -6.41 -10.09 -14.80 -14.80 -6.41 -84.5%
CE530-CE500 -19.80 -10.22 -24 49 2413 2449 -1022 -72.6%
CES545-CE540 -11.90 -7.68 -3.18 -14.62 -14.62 318 -122.5%
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Delta Hourly Integrated Maximum Total Consumptions

Total Consumption (Wh,e) Statistics, All Results
TRNSYS DOE-2.2DOE21E-E EnergyPlus CODYRUN HOT3000 (Max-Min)
TUD NREL NREL GARD UR  NRCan Min Max /Mean
CE310-CE300 968 1019 993 641 721 614 614 1019 49.0%
CE320-CE300 1402 1352 1379 1055 1172 1327 1055 1402 27.1%
CE330-CE300 1721 1648 1805 1414 1535 1787 1414 1805 23.7%
CE330-CE320 319 296 426 360 363 460 296 460 44.3%
CE340-CE300 1555 1594 1588 1234 1345 1553 1234 1594 24 3%
CE330-CE340 166 54 217 180 190 234 54 234 103.8%
CE350-CE300 1 90 0 0 0 -2 -2 90 621.2%
CE360-CE300 1143 1172 1124 844 931 1214 844 1214 34.5%
CE400-CE300 2 0 75 0 -29 -29 75  1087.2%
CE410-CE300 2 0 0 1 0 2 258.7%
CE420-CE300 0 0 0 0 0 0 0 #DIV/O!
CE430-CE300 0 0 0 0 0 0 0 -500.0%
CE440-CE300 0 0 0 0 -87 -87 0 -500.0%
CE500-CE300 -1460 -1133 1177 -1501 -1755 -1274 -1755 -1133 -45.0%
CE510-CE500 1038 1159 1162 1011 1009 1070 1009 1162 14.2%
CE525-CE520 -1669 -1451 -1483 -1531 -1625 -1099 -1669  -1099 -38.6%
CE530-CE500 -2138 -2372 -2370 -2228 -2185 -2185 2372  -2138 -10.4%
CES545-CE540 -1494 -1593 -1593 -915 -1495 -1514 -1593 -915 -47.3%
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Delta Hourly Integrated Maximum GCoil Loads

nsible + Latent Coil Load (Wh,th) Statistics, All Results A

TRNSYS DOE-2.2DOE21E-E EnergyPlus CODYRUN HOT3000 (Max-Min

TUD NREL NREL GARD UR NRCan Min Max Meal
E310-CE300 5154 5349 5578 4393 4759 4919 4303 5578 23.6%
E320-CE300 8144 22412 22368 7032 7402 7848 7032 22412 122.7%
E330-CE300 11318 12227 33117 10712 11476 10343 10343 33117 153.2%
E330-CE320 3174 -10185 10749 3680 4074 2495 -10185 10749 898.0%
E340-CE300 9478 19418 28094 8595 8864 9060 8505 28094 140.1%
E330-CE340 1840 -7191 5023 2117 2612 1283 7191 5023  1289.3%
E350-CE300 82 0 -1 0 0 5 82 5  -669.0%
E360-CE300 6683 9212 9564 5726 5820 6379 5726 9564 53.1%
E400-CE300 o005 9142 18383 7995 8702 7995 18383 97.6%
E410-CE300 82 0 0 1 82 1 -409.8%

E420-CE300 0 0 0 0 0 o 0 #DIViO!
E430-CE300 0 0 0 0 0 o 0 -500.0%
E440-CE300 0 0 0 0 -295 -295 0 -500.0%
E500-CE300 -4689 -3694 -3749 -5087 -5935 4517 5935 -3694 -48.6%
E510-CE500 3108 3481 3482 3531 3381 3542 3108 3542 12.7%
E525-CE520 410 412 -412 76 8 -881 -881 410 -568.4%
E530-CE500 -7651 8131 8131 -8008 7791 -7929 8131 -7651 -6.0%
E545-CE540 500 -291 -292 -187 -30 -302 -302 500 -800.3%

nsible Coil Load {Wh.th) Statistics, All Results

TRNSYS DOE-2.2DOE21E-E EnergyPlus CODYRUN HOT3000 (Max—MinJ

TUD NREL NREL GARD UR NRCan Min Max Meal
E310-CE300 -183 -123 -86 254 -379 -259 -379 86  -136.9%
E320-CE300 8038 7916 7867 8441 7677 8059 7677 8441 9.6%
E330-CE300 9049 10207 11285 11234 10540 10513 9049 11285 12.6%
E330-CE320 1911 2291 3418 2793 2863 2454 1911 3418 57.5%
E340-CE300 9552 8883 8881 9357 9483 9272 8881 9552 7.3%
E330-CE340 397 1324 2404 1877 1057 1241 397 2404 145.1%,
E350-CE300 0 0 0 0 0 -32 -32 0 -603.8%
E360-CE300 8783 8908 8860 9090 8524 9271 8524 9271 8.4%
E400-CE300 0 0 0 0 -31 -3 0 -503.2%
E410-CE300 12 0 0 -15 -15 0 -2247%
E420-CE300 0 0 0 0 -15 -15 0 -500.0%
E430-CE300 0 0 0 0 -15 -15 0 -500.0%
E440-CE300 0 0 0 0 -33 -33 0 -500.0%
E500-CE300 -3728 -3194 -3197 -3682 -4681 -3090 4681 -3090 -44 3%
E510-CE500 2180 2504 2505 2441 2345 2451 2180 2505 13.5%
E525-CE520 287 -300 -304 -336 -210 717 717 287  -379.1%
E530-CE500 285 -433 -433 211 0 -192 433 285  -437.9%
E545-CE540 500 -291 292 187 -35 -302 302 500 793.7%

Latent Coil Load (Wh,th) Statistics, All Results

TRNSYS DOE-2.2DOE21E-E EnergyPlus CODYRUN HOT3000 (Max—MinJ

TUD NREL NREL GARD UR NRCan Min Max Meal
E310-CE300 6271 5835 5876 6040 5737 5685 5685 6271 9.9%
E320-CE300 13512 22193 22109 11961 11322 11537 11322 22193 70.4%
E330-CE300 18190 17637 31415 16899 17809 17096 16899 31415 73.2%
E330-CE320 4678 -4556 9306 4939 6487 5559 4556 9306 314.9%
E340-CE300 15213 21147 26617 13676 13850 13402 13402 26617 76.3%
E330-CE340 2977 -3510 4798 3223 3959 3694 -3510 4798 329.2%
E350-CE300 116 -1 -1 1 380 1211 -1 1211 426.5%,
E360-CE300 -361 722 942 1715 -1516 -1458 -1715 942  -470.9%
E400-CE300 17440 16274 23002 16082 16253 16082 23002 38.9%
E410-CE300 1503 0 3 -15 -15 1503 408.9%
E420-CE300 115 0 0 0 2 o 115 491.5%
E430-CE300 0 1801 1707 839 2 0o 1801 207.1%
E440-CE300 0 0 3 0 -253 -253 0 -494.1%
E500-CE300 -1670 -1571 -1661 2396 -2570 -2630 2630 -1571 -50.8%
E510-CE500 927 990 990 1116 1045 1112 927 1116 18.3%,
E525-CE520 123 122 -122 249 212 -144 -144 249  1201.2%
E530-CE500 -7965 7733 7733 -7838 -7626 -T726 7965 -7626 -4.4%
E545-CE540 627 0 0 -1655 841 -1181 -1655 0  -230.7%
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Delta Hourly Integrated Maximum and Minimum COP2

Maximum COP2 Statistics, All Results
TRNSYS DOE-2.2DOE21E-E EnergyPlus CODYRUN HOT3000 (Max-Min)
TUD NREL NREL GARD UR NRCan Min Max /Mean
CE310-CE300 -0.025 0.272 0.271 0.248 0.257 0.240 0025 0272 141.1%
CE320-CE300 0.000 1274 1.110 0.014 0.073 0.500 0.000 1274  257.3%
CE330-CE300 0.000 0.240 1.738 0.146 0.251 0.170 0.000 1738  4096%
CE330-CE320 0.000 -1.034 0.628 0.132 0.179 -0.330 -1.034 0628 -23442%
CE340-CE300 0.000 0.752 1.482 0.061 0.147 0.070 0.000 1482  354.0%
CE330-CE340 0.000 -0.512 0.256 0.085 0.105 0.100 0512 0256 13685.7%
CE350-CE300 0.000 0.020 0.006 0.630 0.061 0.000 0.000 0630 526.8%
CE360-CE300 0.233 0.559 0.570 0.530 0.561 0.560 0233 0570 87.2%
CE400-CE300 -0.091 0.219 0.919 0.146 0.170 0091 0919 3707%
CE410-CE300 -0.280 0.034 -0.002 -0.040 0280 0034 -436.1%
CE420-CE300 -0.387 -0.062 -0.098 -0.104 0.060 0387 0060 -3783%
CE430-CE300 -0.387 -0.064 -0.098 -0.133 0.050 0387 0050 -3460%
CE440-CE300 -0.285 -0.095 -0.098 -0.123 -0.070 -0285 -0.070 -160.0%
CE500-CE300 0.107 3.498 1.444 0.273 0.314 0.260 0107 3498  3451%
CE510-CE500 0.417 0.000 0.000 0.487 0.505 0.390 0.000 0505 1684%
CE525-CE520 0.904 1.429 1.379 0.766 0.836 0.560 0560 1.429 88.8%
CE530-CE500 -0.269 -3.386 -1.451 -0.273 -0.345 -0.260 3386 -0260 -3135%
CE545-CE540 0.794 0.819 0.973 0.470 0.490 0.480 0470 0.973 74.9%|
Minimum COP2 Statistics, All Results
TRNSYS DOE-2.2DOE21E-E EnergyPlus CODYRUN HOT3000 (Max-Min)
TUD NREL NREL GARD UR  NRCan Min Max /Mean
CE310-CE300 0.072 0.052 0.050 0.111 0.087 0.060 0.050 0.111 84.8%
CE320-CE300 0.032 0.003 0.004 0.060 0.029 0.020 0.003 0060 231.0%
CE330-CE300 0.032 0.000 0.000 0.063 0.038 0.030 0.000 0063 231.1%
CE330-CE320 0.000 -0.003 -0.004 0.003 0.009 0.010 0004 0010 5842%
CE340-CE300 0.032 0.000 0.000 0.063 0.038 0.030 0.000 0063 231.1%
CE330-CE340 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 #DIV/O!
CE350-CE300 -0.003 0.000 0.000 0.000 0.000 0.000 -0.003 0000 -7422%
CE360-CE300 0.032 0.001 0.000 0.063 0.038 0.030 0.000 0063 229.7%
CE400-CE300 -0.011 -0.064 -0.066 0.000 0.000 0066 0000 -233.8%
CE410-CE300 -0.007 0.000 0.000 0.000 -0.007 0000 -400.0%
CE420-CE300 0.000 0.000 0.000 0.000 0.000 0.000 0.000 #DIV/O!
CE430-CE300 -0.022 -0.064 -0.066 0.000 0.000 -0.066 0000 -2172%
CE440-CE300 -0.011 -0.064 -0.066 0.000 0.000 -0.066 0.000 -2347%
CE500-CE300 -0.108 -0.105 -0.149 -0.076 0.119 -0.100 0149 -0076 -666%
CE510-CE500 0.203 0.124 0.000 0.160 0215 0.190 0.000 0215 144.8%
CE525-CE520 0.469 0.476 0.420 0.408 0.561 0.430 0408 0.561 33.2%
CE530-CE500 -0.184 -0.198  -0.154 -0.173 -0.193 -0.190 -0.198 -0154  242%
CES45-CE540 0.479 0.459 0.460 0.277 0.549 0.440 0.277 0549 61.2%

RESUL TS5-3B xIst:a341..m384; 02/09/06
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Delta Hourly Integrated Maximum and Minimum IDB

Maximum IDB (°C)

TRNSYS DOE-2.2DOE21E-E EnergyPlus CODYRUN HOT3000

Statistics, All Results
(Max-Min)

TUD NREL NREL GARD UR  NRCan Min Max /Mean
CE310-CE300 0.88 178 1.61 147 157 1.00 0.88 178 65.1%
CE320-CE300 6.16 6.50 6.39 6.71 727 5.46 5.46 727 282%
CE330-CE300 6.03 6.61 6.89 6.07 6.85 511 5.11 6.89 28 4%
CE330-CE320 -0.13 0.11 0.50 064 042 035 -0.64 050 -736.8%
CE340-CE300 6.11 6.50 6.45 6.50 7110 539 5.39 7.10 27 .0%
CE330-CE340 -0.07 0.11 044 043 025 028 -0.43 044 -1078.3%
CE350-CE300 8.38 9.83 9.83 10.00 9.95 8.81 838 10.00 17.1%
CE360-CE300 7.56 767 745 7.51 7.95 6.94 6.94 7.95 13.4%
CE400-CE300 0.91 245 3.72 1.91 015 -0.15 372  218.8%
CE410-CE300 0.63 0.00 0.00 0.00 0.00 063  400.0%
CE420-CE300 0.00 0.00 0.00 0.00 0.04 0.00 0.04  500.0%
CE430-CE300 1.00 0.00 0.00 0.00 026 0.00 100  396.6%
CE440-CE300 0.85 0.00 0.00 0.00 0.07 0.00 085 4615%
CE500-CE300 -0.39 0.00 0.00 0.00 0.03 1.19 -1.19 0.00 -4415%
CE510-CE500 0.29 0.00 0.00 0.00 0.00 0.00 0.00 029  600.0%
CE525-CE520 19.96 18.95 19.12 20.00 19.02 16.38 16.38  20.00 19.1%
CE530-CE500 0.31 -0.05 -0.05 0.00 0.00 0.00 -0.05 031 10252%
CE545-CE540 19.53 19.89 19.89 20.00 19.95 20.00 19.53  20.00 24%
Minimum IDB (°C) Statistics, All Results
TRNSYS DOE-2.2DOE21E-E EnergyPlus CODYRUN HOT3000 (Max-Min)
TUD NREL NREL GARD UR  NRCan Min Max /Mean
CE310-CE300 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -600.0%|
CE320-CE300 0.00 194 1.95 -0.96 0.00 0.00 -0.96 195  5975%
CE330-CE300 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -600.0%
CE330-CE320 0.00 -1.94 -1.95 0.96 0.00 0.00 -1.95 096 -596.8%
CE340-CE300 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -600.0%
CE330-CE340 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #DIV/O!
CE350-CE300 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #DIV/O!
CE360-CE300 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  600.0%
CE400-CE300 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -500.0%
CE410-CE300 0.00 0.00 0.00 0.00 0.00 0.00 #DIV/O!
CE420-CE300 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -500.0%
CE430-CE300 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -500.0%
CE440-CE300 0.00 0.00 0.00 0.00 0.01 0.00 001  500.0%
CE500-CE300 0.50 072 -0.89 0.22 0.54 17.05 089 17.05 6446%
CE510-CE500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  600.0%
CE525-CE520 0.14 0.06 0.05 0.18 0.03 19.44 003 1944 5853%
CE530-CE500 -0.01 0.00 0.00 0.00 0.00 0.00 -0.01 0.00 -533.6%
CE545-CE540 0.22 0.06 0.05 0.18 0.03 18.06 0.03 1806  581.6%

RESUL TS5-3B xIs t:a386..m429; 02/09/06
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Delta Hourly Integrated Maximum and Minimum Zone Humidity Ratio

Maximum Humidity Ratio (kg/kg) Statistics, All Results
TRNSYS DOE-2.2DOE21E-E EnergyPlus CODYRUN HOT3000 (Max-Min)
TUD NREL NREL GARD UR  NRCan Min Max /Mean
CE310-CE300 00025 00050  0.0052 0.0020 0.0020 0.0023 0.0020 00052 102.1%
CE320-CE300 00047  0.0039  0.0039 0.0042 0.0041 0.0043 0.0039 0.0047 19.9%
CE330-CE300 00044 00040  0.0040 0.0043 0.0036 0.0043 0.0036 0.0044 19.0%
CE330-CE320 | 00004 00001  0.0001 0.0001 -0.0005 0.0000 -0.0005 00001 -696.5%
CE340-CE300 00046 00039  0.0037 0.0042 0.0038 0.0043 0.0037 0.0046 21.8%
CE330-CE340 | -0.0002 00001  0.0003 0.0001 -0.0002 0.0000 -0.0002 00003 31742%
CE350-CE300 00035 00061 0.0062 0.0036 0.0030 0.0032 0.0030 0.0062 74 6%
CE360-CE300 0.0001 0.0000  0.0000 0.0002 0.0000 0.0000 0.0000 0.0002  366.5%
CE400-CE300 00037 00032 0.0033 0.0033 0.0039 0.0032 0.0039 20.2%
CE410-CE300 00036 00031 0.0032 0.0039 0.0031 0.0039 23.3%
CE420-CE300 00010  0.0009  0.0004 0.0010 0.0013 0.0004 0.0013 98.3%
CE430-CE300 00029 00018 0.0019 0.0025 0.0024 0.0018 0.0029 49 6%
CE440-CE300 00000 00000  0.0000 0.0000 0.0000 0.0000 0.0000  500.0%
CE500-CE300 | -0.0016 -0.0019 -0.0019 -0.0019 -0.0017  -0.0019 -0.0019 -0.0016 -20.6%
CE510-CE500 00002 0.0000  0.0001 0.0000 0.0000 0.0000 0.0000 0.0002 3526%
CE525-CE520 00104 00103  0.0102 0.0115 0.0101 0.0067 0.0067 0.0115 48.3%
CE530-CE500 | -0.0047 -0.0038 -0.0037 -0.0049 -0.0062  -0.0047 -0.0062 -0.0037 53.9%
CES545-CE540 00009  0.0072  0.0059 0.0000 0.0034 0.0013 0.0000 0.0072  230.7%

Minimum Humidity Ratio (kg/kg) Statistics, All Results
TRNSYS DOE-2.2DOE21E-E EnergyPlus CODYRUN HOT3000 (Max-Min)
TUD NREL NREL GARD UR  NRCan Min Max /Mean
CE310-CE300 00000 00000 0.0000 0.0000 0.0001 0.0000 0.0000 0.0001 6464%
CE320-CE300 00000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  600.0%
CE330-CE300 00000  0.0000  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -600.0%
CE330-CE320 00000  0.0000  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -600.0%
CE340-CE300 00000  0.0000  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -600.0%
CE330-CE340 00000  0.0000  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 #DIV/O!
CE350-CE300 00000  0.0000  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 #DIV/O!
CE360-CE300 00000  0.0000  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -600.0%
CE400-CE300 00000  0.0000  0.0000 0.0000 0.0000 0.0000 0.0000  500.0%
CE410-CE300 00000 00000  0.0000 0.0000 0.0000 0.0000 #DIV/O!
CE420-CE300 00000 0.0000  0.0000 0.0000 0.0000 0.0000 0.0000 -500.0%
CE430-CE300 00000 0.0000  0.0000 0.0000 0.0000 0.0000 0.0000  500.0%
CE440-CE300 00000  0.0000  0.0000 0.0000 0.0000 0.0000 0.0000 -500.0%
CE500-CE300 0.0050 0.0051 0.0049 0.0083 0.0049 0.0083 58.2%
CE510-CES00 0.0000 0.0000 0.0000 0.0002 0.0000 0.0002  400.0%
CE525-CE520 0.0007 0.0005 0.0004 0.0088 0.0004 00088 3228%
CE530-CE500 | -0.0006 -0.0003 -0.0015  -0.0037 -0.0037 00003 -226.1%
CES545-CE540 0.0021 0.0030 0.0034 0.0028 0.0021  0.0034 47 3%

RESULTS5-3BxIst:a431..m474; 02/09/06
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Delta Hourly Integrated Maximum and Minimum Zone Relative Humidity

Maximum Relative Humidity (%) Statistics, All Results
H TRNSYS DOE-2.2DOE21E-E EnergyPlus CODYRUN HOT3000 (Max-Min)
TUD NREL NREL GARD UR NRCan Min Max /Mean
CE310-CE300 8.91 30.83 31.85 10.28 9.00 10.75 891 3185 135.4%
CE320-CE300 13.05 14.06 14.82 14.60 15.00 14.44 13.05 15.00 13.6%)|
CE330-CE300 7.87 9.11 9.09 8.51 8.00 11.26 787 11.26 37.8%
CE330-CE320 -5.18 -4.95 573 -6.09 -7.00 -3.18 -7 -3 -11.3%
CE340-CE300 11.14 12.02 12.41 12.43 12.00 12.81 11 13 13.8%)
CE330-CE340 -3.27 291 -332 -3.92 -4.00 -1.55 -4 -2 -17.5%
CE350-CE300 0.00 11.77 12.27 0.00 2.00 5.21 0.00 1227 235.6%
CE360-CE300 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 -600.0%
CE400-CE300 14.96 16.22 16.72 16.27 18.87 14.96 18.87 23.5%
CE410-CE300 14.44 15.44 15.94 18.74 1444 1874 26.7%|
CE420-CE300 2.05 5.16 2.68 492 6.41 2.05 6.41 102.7%
CE430-CE300 11.92 9.08 9.58 12.38 11.50 9.08 1238 30.3%
CE440-CE300 -0.06 0.00 0.00 0.00 0.07 -0.06 0.07 13500.0%
CE500-CE300 31.21 31.63 32.00 -7.36 -7.36 3200 180.0%
CE510-CE500 0.00 0.00 0.00 -2.57 -2.57 0.00 -400.0%
CE525-CE520 9.77 6.19 5.00 -20.65 -20.65 9.77 39706.5%
CE530-CE500 -8.96 -3.84 -21.00 -24 07 2407 -384 -1398%
CE545-CE540 29.60 41.06 50.00 -15.82 -15.82  50.00 251.1%
Minimum Relative Humidity (%) Statistics, All Results
H TRNSYS DOE-2.2DOE21E-E EnergyPlus CODYRUN HOT3000 (Max-Min)
TUD NREL NREL GARD UR NRCan Min Max /Mean
CE310-CE300 0.06 0.00 0.00 1.10 1.00 0.99 0.00 1.10 209.6%
CE320-CE300 0.00 0.00 0.00 0.24 0.00 -2.02 -2.02 024 -7612%
CE330-CE300 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 600.0%
CE330-CE320 0.00 0.00 0.00 024 0.00 202 -0.24 202 761.1%
CE340-CE300 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 600.0%
CE330-CE340 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #DIV/O!
CE350-CE300 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 #DIV/0!
CE360-CE300 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 -600.0%
CE400-CE300 -0.12 0.00 0.00 -0.48 0.37 -0.48 0.00 -246.0%
CE410-CE300 -0.12 0.00 0.00 -0.36 -0.36 000 -298.7%
CE420-CE300 -0.12 0.00 0.00 -0.48 -0.35 -0.48 0.00 -251.4%
CE430-CE300 -0.12 0.00 0.00 048 -0.36 -0.48 000 -2483%
CE440-CE300 -0.12 0.00 0.00 -0.48 -0.40 -0.48 0.00 -238.1%
CE500-CE300 40.07 40.76 39.00 37.89 37.89 40.76 7.3%|
CE510-CE500 -1.32 0.12 0.00 0.32 -1.32 032 -7478%
CE525-CE520 -15.74 -13.87 -17.00 -17.50 -17.50 -13.87 -22 6%
CE530-CE500 -23.81 21.14 -26.00 -19.15 -26.00 -19.15 -30.4%
CE545-CE540 -19.35 -16.77 -12.00 -19.60 -19.60 -12.00 -44 9%

RESULTS5-3B xIst:a476..m519; 02/09/06
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[Informative Note. Correct the title of B16.6 as shown. The tables and graphs of Section B16.6 are the same as the furnace
test cases of 140-2004 Addendum a and have no further changes in this addendum.]

B16.6 Tables and Graphs of Results For Space Heating Equipment Cases HE100-HE170 and HE210-HE230
The following tables provide a comparison of the results calculated from the methods outlined in Section B17.2 with the

results obtained from the test cases using three different software simulation tools: ESP-r/HOT3000,%"2 EnergyPlus,**! and
DOE2.1E. A7
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(This annex is not part of this standard. It is merely
informative and does not contain requirements necessary
for conformance to the standard. It has not been
processed according to the ANSI requirements for a
standard and may contain material that has not been
subject to public review or a consensus process.
Unresolved objectors on informative material are not
offered the right to appeal at ASHRAE or ANSI.)

ANNEX B17

PRODUCTION OF QUASI-ANALYTICAL SOLUTION
RESULTS AND EXAMPLE SIMULATION RESULTS
FOR HVAC EQUIPMENT PERFORMANCE TESTS

[Informative Note: Renumber Section Bl7.1 to facilitate
cross-referencing in later sections, and make editorial
revisions as shown.|

B17.1 FOR SPACE COOLING EQUIPMENT CASES

B17.1.1.1 Introduction

B17.1.1.1.1 The full discussion regarding production
of quasi-analytical solution results and example simulation
results is included in HVAC BESTEST.® Portions of that dis-
cussion have been included here. The quasi-analytical solu-
tions and programs used to generate the example simulation
results are described in Table B17-1.

B17.1.1.1.2 The first column of Table BI17-1
(“Model”) indicates the proper program name and version
number or indicates a quasi-analytical solution. The second
column (“Authoring Organization”) indicates the national
research facility or university with expertise in building sci-
ence that wrote the simulation software or did the quasi-ana-
lytical solutions. The third column (“Implemented By”)
indicates the national research facility or university with
expertise in building science that performed the simulations
or did the quasi-analytical solutions. The entries in the fourth
column are the abbreviations for the simulations and quasi-
analytical solutions generally used in Annex B16 and else-
where in the informative annexes. The majority of participat-
ing organizations that performed simulations ran software
that their organization either authored or coauthored.

B17.1.1.1.3 The availability of quasi-analytical solu-
tions (see Section B17.1.1.2) greatly helped to identify and
correct errors in the simulations such that errors are mini-
mized in the final simulation results. Also, to minimize the
potential for user error in the simulations, when feasible, more
than one modeler developed input files for each program.
This was done for DOE-2.1E and where disagreement in the
inputs or results was found, the modelers worked to resolve
the differences. Additionally, one of the participants (TUD)
developed quasi-analytical solutions and ran separate control-
ler models within TRNSYS; this allowed for greater under-
standing of the test specification and of their simulation
model. Where only a single modeler was involved, we
strongly recommended that another modeler familiar with the
program check the inputs carefully.
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B17.1.1.1.4 Where improvements to simulation pro-
grams or simulation inputs were made as a result of running
the tests, such improvements must have mathematical and
physical bases and must be applied consistently across tests.
Also, all improvements were required to be documented in
modeler reports. Arbitrary modification of a simulation pro-
gram’s input or internal code just for the purpose of more
closely matching a given set of results was not allowed.

B17.1.1.1.5 Input decks used to generate the simula-
tion results are provided in the files accompanying this stan-
dard; see the READMEX*.DOC file. International Energy
Agency participants that ran simulations for CA-SIS and
CLIM2000 did not supply input decks with their results.

[Informative Note: Revise title of Table B17-1 as shown]

TABLE B17-1
Participating Organizations and Computer Programs_

Analytical Verification Cases E100-E200

[Informative Note: Renumber Section Bl17.1.2, with
editorial revision as shown]|

B17.1.1.2 Quasi-Analytical Solution Results

The quasi-analytical solution results given in Annex B16,
Section B16.5.1 were developed as part of ...

[Informative Note: Add entirely new Section Bl7.1.2 as
shown.]

B17.1.2 Comparative Tests, Cases CE300-CES545
B17.1.2.1 Introduction. Programs used to generate the

example simulation results are described in Table B17-2,

which is organized similarly to Table B17-1. See Section
B17.1.1.1.2 for description of information included in the

table. Rules for improvements to simulations were in accord
with Section B17.1.1.1.4. Input decks used to generate the
simulation results are provided on the accompanying CD: see
the README*.DOC file.

B17.1.2.2 Disagreements Related to TMY2 Data
Time Convention. According to the TMY?2 weather data

documentation included in Annex A1, Section A1.5, solar radi-
ation data represent energy received during the 60 minutes pre-
ceding the hour indicated. For meteorological elements, such as
dry-bulb temperature, dew-point temperature, relative humid-
ity, and atmospheric pressure, data are spot measurements
made at the hour indicated. During the field trials of cases
CE300-CE545. it was observed that some simulation tools
have adapted the meteorological element data to a preceding

hour convention by averaging the listed point measurements
for each hour. Other simulation tools have applied the meteo-
rological element data as listed directly to their preceding hour
time convention. These different applications give similar
annual energy use results but can cause variations among
hourly and peak-hour load and consumption results. Either of
these applications is a reasonable interpretation for the tests in

this Standard for simulations that use preceding hour time con-
ventions: such different adaptations of the mixed conventions

of TMY?2 data cause legitimate disagreement among simula-
tion results.
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[Informative Note: Revise Section B17.1.3. as shown.|

B17.1.3 Selection of Programs for Producing Example
Simulation Results. The criteria for selection of programs
used for producing example results required that

a. the program be a true simulation based on hourly weather
data and calculational time increments of one hour or less
and

b. the program be representative of the state of the art in
whole-building energy simulation as defined by the IEA
country making the selection.

The programs used to generate example results have been
subjected to extensive prior validation testing. Such testing
includes the preliminary trials of HVAC BESTEST Volume 1 ®
that ran from 1997 through 2001 and HVAC BESTEST Volume
2B-L that ran from 2001 through 2004. The programs (to vari-
ous extents) were also subjected to other comparative, empir-
ical validation and/or analytical verification tests such as
those referenced in HVAC BESTEST, IEA BESTEST, and in
International Building Performance Simulation Association
(IBPSA) proceedings.g’ 14,27,28

[Informative Note: Renumber Tables B17.2 through B17.6
as B17-3 through B17-7 as shown.]

B17.2 FOR SPACE HEATING EQUIPMENT CASES
(HE100-HE170)

B17.2.2.1 Case HE140. The calculation of the heating
load on the furnace and the fuel consumption over a 24-hour
period is required to examine the impact of the varying out-
door dry-bulb temperature. Table B+%#2B17-3 shows the cal-
culated sensible heat load to be delivered by the furnace,
Oleliverea» the part-load efficiency, 1,4 jpqq- the rate of fuel
consumption of the furnace, Oy, and the resulting fuel con-
sumption over a 24-hour period. A description of the semi-
analytical calculation method is presented in Section B17.2.2.

The average hourly calculated heat delivered by the
furnace is 4998.45 W and the rate of fuel consumption is
0.000132 m%s.

Table B4#2B17-3 Heat Load, Efficiency, and Fuel
Consumption for the Complex Part-Load Test

B17.2.2.2 Case HE150. As the circulation fan runs con-
stantly, 200 W of fan heat is continuously added to the heated
airstream. This reduces the energy required from fuel com-
bustion while maintaining the constant zone temperature.
This has the impact of affecting the part load factor and fuel
consumption.

The average-hourly value calculated for the heat to be
delivered by the furnace is 4759.67 W and the rate of fuel
consumption is 0.0001253 m%s. The total electricity
consumption is calculated to be 432 kWh or 1.56GJ for the
three-month period. Table B+%3B17-4 gives the results for a
24-hour period.

Table B4#+3B17-4 Heat Load, Efficiency, Fuel and
Electricity Consumption for the Circulating Fan Test
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B17.2.2.3 Case HE160. This calculated solution
assumes that the PLR¢ is equal to the fraction of time during
which the fan operates for a given time-step. In addition, it
assumes that there are no effects from fan start-up or shut-
down, i.e., when the fan is on it draws 200 W. It is recognized
that some building simulation programs may apply different
assumptions in the modeling of circulation fans. In this case,
results would be expected to disagree with these calculated
results by a small degree.

As the circulating fan cycles with the burner operation, its
hourly energy varies based on the load on the furnace. It can

be calculated as
(B17.15)

Energycirc‘fan = At - Power ~PLRf,

circ.fan

where At is the time step, Power;y.. ., is the rated circulation

fan power (200 W in this case), and PLR¢is

PLR. = load placed on fu}’nace
s furnace capacity

(B17.8)

where the available Furnace Capacity includes the fan power.

The average-hourly value calculated for the heat to be
delivered by the furnace is 4898.48 W and the rate of fuel
consumption is 0.0001289 m/s. These values are higher than
the previous case where the circulating fan ran constantly.

The total electricity consumption is 172.76 kWh or
0.62 GJ for the three-month period, which is lower than in the
previous case. Table B++4B17-5 gives the results for a 24-
hour period.

Table B4#+4B17-5 Heat Load, Efficiency,
Fan Power, Fuel and Electricity Consumption for
Cycling Fan Case

B17.2.2.4 Case HE170 The circulating fan operates
continuously at 200 W whereas the draft fan cycles with the
burner operation. Implicit in this calculation is that the PLR¢
is equal to the fraction of time during which the draft fan oper-
ates for a given time-step. In addition, it is assumed that there
are no effects from fan start-up or shutdown, i.e., when the
draft fan is on it draws 50 W. The draft fan’s hourly energy var-
ies based on the load on the furnace and can be calculated as

ENergy j,s1 fan = At - Powery, .o 1, - PLR ., (B17.16)
where At is the time step, Power 4z 1, is the rated draft fan
power (50 W in this case), and PLR¢is

PLR. = hourly load
/' available capacity -

(B17.8)

The heat output of the draft fan should not be added to the
zone energy balance; therefore, there should be no impact on
the energy balance of the zone. The average hourly value calcu-
lated for the heat to be delivered by the furnace is 4759.67 W
and the rate of fuel consumption is 0.0001253 m?Js.

The electrical consumption of the furnace system should
increase with an additional load of the draft fan. The total elec-
tricity consumption is calculated as 473.18 kWhor 1.70 GJ for
the three-month period of this test. Table B+%5B17-6 gives
the results for a 24-hour period.
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Table B4#8B17-6: Heat Load, Efficiency, Fan Power,
Fuel and Electricity Consumption for Draft Fan Case

B17.2.3 Analytical Solution For Alternate Cases.
These alternate test cases, described in section 5.4.1.9, are
designed for those simulation programs that do not allow the
definition of convective heat transfer coefficients. In this
approach, the heating loads are driven by infiltration of out-
door air into the zone.

The rate of energy consumption due to the required sensi-
ble heating of the incoming outdoor air, Oy, can be defined
as

Qtotal = Vh'Cp~AT, (15)

Using the values defined in the previous sections and
Equation 9, the heat transfer rate required to maintain the inte-
rior setpoint temperature is Qggea1 = 9997 W. The rate of
energy transfer from the furnace to the zone air required to
meet this load is Qgeliverea = 9997 W.

As the furnace is 100% efficient, the heat delivered by the
furnace is equal to the rate at which the furnace consumed fuel,
as calculated with Equation 11, i.e., Qgelivered = Qfuel = 9997
W. Using Equation 10, the rate of fuel consumption is
0.000263 m%/s.

The remaining test cases differ from the originals only in
the analytical/calculated solutions. Table B54B17-7

where describes the numerical results calculated for the infiltration
m = air mass flow rate, kg/s, cases.
Cp specific heat of the air, J/(kg'K), and
AT = temperature difference between the indoor and  Table B4~6B17-7 Energy Delivered and Consumed by
outdoor air, K. Fuel-Fired Furnace for alternate tests, in GJ
TABLE B17-2 Participating Organizations and Computer Programs,
Comparative Test Cases CE300-CE545
Model Authoring Organization Implemented by Abbreviation
CODYRUN/LGIMAT Université de la Reunion Island. France Loniversitc de o Reunion CODYRUN/UR

DOE-2.1E version 120

LANL/LBNL/ESTSC/JJH 22ed United States NREL/JNA £ United States

Island, France

DOE-2.1E-E/NREL

(ESTSC release)

DOE-2.2 NT42j LBNL/JJH >4 United States

. . . 11 .
EueruyPlus 110020 FSEC/DOE-BT.2E&04d United States

HOT3000/ESP-r
TRNSYS 14.2-TUD

LBNL/UIUC/CERL/OSU/GARD Analytics/

CETC/ESRU K Canada/United Kingdom CETC X Canada

University of Wisconsin, United States; Tech-

DOE21E-E

NREL/JNA.® United States DOE-2.2/NREL

GARD Analytics, United

EnergyPlus/GARD
States

HOT3000/NRCan

Technische Universitét Dres-

with real controller model nische Universitit Dresden, Germany

TRNSYS-TUD/TUD

den, Germany

LANL: Los Alamos National Laboratory, United States
LBNL: Lawrence Berkeley National Laboratory, United States

JIJH: James J. Hirsch & Associates, United States

UIUC: University of Illinois Urbana/Champaign. United States

= e = o o o |o 1=

OSU: Oklahoma State University. United States
ESEC: University of Central Florida, Florida Solar Energy Center, United States

CETC: CANMET Energy Technology Centre, Natural Resources Canada, Canada

— e
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ESTSC: Energy Science and Technology Software Center (at Oak Ridge National Laboratory. United States
NREL/INA: National Renewable Energy Laboratory/J. Neymark & Associates. United Sates

CERL: US Army Corps of Engineers. Construction Engineering Research Laboratories, United States

DOE-BT: US Department of Energy. Office of Building Technologies, Energy Efficiency and Renewable Energy, United States

ESRU: Energy Systems Research Unit, University of Strathclyde. Scotland. United Kingdom
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(This annex is not part of this standard. It is merely
informative and does not contain requirements necessary
for conformance to the standard. It has not been
processed according to the ANSI requirements for a
standard and may contain material that has not been
subject to public review or a consensus process.
Unresolved objectors on informative material are not
offered the right to appeal at ASHRAE or ANSI.)

ANNEX B18
VALIDATION METHODOLOGIES AND OTHER
RESEARCH RELEVANT TO STANDARD 140

[Informative Note: Revise Section B18.1 as shown to
include updates contained in the new 2005 Handbook of
Fundamentals validation section.]

B18.1 Overall Validation Methodology. An overall vali-
dation methodology consists of three parts:

a. Comparative Testing—in which a program is compared
to itself or to other programs

b. Analytical Verification—in which the-outputs from a pro-
gram, subroutine, algorithm, or software object isare
compared to-the-results from a known analytical or quasi-
analytical solution_or a generally accepted numerical
method for isolated heat transfer meehanisms-under very
simple, and highly constrained boundary conditions

c. Empirical Validation—in which calculated results from a
program, subroutine, algorithm, or software object are
compared to monitored data from a real building, test cell,
or laboratory experiment.

Table B18-1

shows—the—advantages—and-—disadvantages
efcompares these three-techniques.’” 3% 8 Defining two-terms
is-useful-in-interpreting Table 1-—Herealn this table the term

“model” is the representation of reality for a given physical
behavior. For example, heat transfer may be simulated with
one-, two-, or three-dimensional conduction models. ene-way

. - i g | Ij' .g II ihg
{mere-detatled)-model-for-wall-heat-transfercould-empley
two-dimenstonal-eonduetion—The term “solution process” is-a
term-thatencompasses the mathematics and computer coding

tosolvea glven model {e—g—a—ﬁm%eéﬁefeﬂee-appfe*maﬂeﬁ

system{s)y—The solution process for a model can be perfect
while the model remains faulty—er inappropriate for a given

physical situation,-er-purpese—for-example;_such as using a

one-dimensional conduction model where two-dimensional
conduction dominates. The term “truth standard” represents

the standard of accuracy for predicting real behavior. An
analytical solution is a “mathematical truth standard” but only
tests the solution process for a model, not the appropriateness
of the model. An approximate truth standard from an experi-
ment tests both the solution process and appropriateness of the
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model within experimental uncertainty. The ultimate (or
“absolute”) validation truth standard would be comparison of
simulation results with a perfectly performed empirical exper-
iment, with all simulation inputs perfectly defined.

The methodologies may be further subdivided within
each category as building envelope tests and mechanical
equipment tests, creating a matrix of six areas for testing
including:

a. Comparative Tests— Building Envelope

b. Comparative Tests—Mechanical Equipment and On-Site
Energy Generation Equipment

c. Analytical Verification—Building Envelope

d.  Analytical Verification—Mechanical Equipment and On-
Site Energy Generation Equipment

e. Empirical Validation—Building Envelope

f. Empirical Validation—Mechanical Equipment_and On-
Site Energy Generation Equipment.

[Informative Note. Delete HVAC BESTEST Volume 2
(item d and Section 18.2.4); Addendum b is proposing to
add it to Standard 140. Renumber following sections
accordingly, and add a new reference for “ETNA
BESTEST”.]

B18.2 Other Relevant Research. There are a number of
other simulation test suites in various stages of completion
that could eventually be included in Standard 140. These
include, among others:

a. ASHRAE RP-1052, “Development of an Analytical Veri-
fication Test Suite for Whole Building energy Simulation
Programs — Building Fabric™’

b. “Home Energy Rating System Building Energy Simula-
tion Test (HERS BESTEST)#

c. ASHRAE RP-865, “Development of Accuracy Tests for
Mechanical System Simulation”™*!

EST), Volume 2:-Cases E300-E54524

e- “RADTEST Radiant Heating and Cooling Test
Cases™®

£ “Proposed IEA BESTEST Ground-Coupled Cases”
e-ETNA BESTEST Empirical Validation Test Specifica-
tionB=3

k- “Daylighting — HVAC Interaction Tests for the Empiri-
cal Validation of Building Energy Analysis Tools™*

i “Economizer Control Tests for the Empirical Validation
of Building Energy Analysis Tools™A4

+ A number of test suites that are being developed by
National Renewable Energy Laboratory and researchers
in International Energy Agency (IEA) member nations
under auspices of IEA Solar Heating and Cooling Pro-
gramme Task 34 and IEA Energy Conservation in Build-
ings and Community Systems Programme Annex 43
(IEA SHC 34/ECBCS 43).%

|~

= |

P e

=

(Note: Sinee-itemsfand-gareBecause item e is a works in

progress, no references can yet be cited for itthem.)
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B18.2.1 ASHRAE RP-1052% These tests are analytical
verification tests that focus on the ability to model thermal
physics related to the building fabric. The tests were devel-
oped by Oklahoma State University as an ASHRAE research
project. Cases allow the comparison of analytical solutions to
program results for the purpose of testing the ability of pro-
grams to model steady-state convection and conduction, exte-
rior and interior infrared radiation, exterior solar radiation,
transient conduction, infiltration, convective and radiant
internal gains, ground coupling, solar transmission through
windows, internal (transmitted) solar radiation distribution,
and external shading.

B18.2.2 HERS BESTEST HERS BESTEST* is similar
to the current test included in Section 5.2 of Standard 140 in
that it is a comparative test that focuses on the building enve-
lope. However, HERS BESTEST was designed for testing
more simplified building energy analysis tools commonly
used for residential modeling and specifically for home
energy rating systems. As such, it goes into less detail in test-
ing specific building physics algorithms than Standard 140
and uses more realistic test cases.

B18.2.3 ASHRAE RP-865*' These tests are analytical
verification tests that focus on the ability to model thermal
physics related to the air side of mechanical equipment. The
tests were developed by Pennsylvania State University and
Texas A&M University as an ASHRAE research project.
Cases allow the comparison of quasi-analytical solutions to
program results for the purpose of testing the ability of pro-
grams to model air-side mechanical equipment and systems.
These tests are subdivided by system type, for example, con-
stant-volume dual duct or variable-volume single duct with
reheat.

atare-and-enthalpy-ecentrols—

B18.245 RADTEST® is a comparative test developed by
Hochschule fur Technik + Architektur Luzern in conjunction
with the IEA Solar Heating and Cooling Task 22. Cases allow
the comparison of program results to each other for the
purpose of testing the ability of programs to model radiant
heating or cooling hydronic loop systems embedded in the
building shell (e.g., floor, ceiling, etc.).

B18.2.56 Proposed IEA BESTEST Ground-Coupled
Cases is a comparative test being developed by the National
Renewable Energy Laboratory in conjunction with the IEA
Solar Heating and Cooling (SHC) Programme Task 22 and
IEA SHC Programme Task 34/Energy Conservation in Build-
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ings and Community Systems (BCS) Programme Annex 43.
These cases focus on the ability to model ground-coupled heat
transfer and could directly append the building fabric cases of
Section 5.2. Cases allow the comparison of program results to
each other for the purpose of testing the ability of programs to
model interaction of the building with the atmosphere through
the ground, effects of solar radiation on ground-coupled
surfaces, effects of calculated film coefficients versus constant
film coefficients, slab-on-grade geometries with and without
insulation, basement geometries with and without insulation,
interaction of the building with the deep ground conditions
including heat sinks such as water tables, and walkout base-
ment construction. Additional in-depth cases are being devel-
oped to determine the causes for disagreements among
detailed model results found in the preceding test cases. The
new test cases compare ground models integrated with whole-
building simulations to independent detailed models. There is
also an analytical verification test case for checking the inde-
pendent detailed models and for checking that such models are
properly applied by users. Parametric variations versus a
steady-state slab-on-grade base case include periodic ground
surface temperature variation (versus steady-state), floor slab
aspect ratio, slab size, deep ground temperature depth, and
interior and exterior convective coefficients (realistic versus
high values to test the effect of surface temperature unifor-

mity).

B18.2.67 ETNA BESTESTE= is an empirical validation
test being developed by Electricité de France in conjunction
with J. Neymark & Associates and the National Renewable
Energy Laboratory. Cases allow the comparison of empirical
data to program results, allowing for validation of models
within the uncertainty of the experiments. Test cases focus on
the ability to model thermal loads associated with the building
fabric in artificial and natural climatic configurations. Para-
metric variations in a natural climate configuration include
dynamic thermal diffusion (with windows insulated and
covered), solar gains (windows uncovered), thermostat
setback, variation of interior surface convective coefficient
(by varying mixing fan flow rate), variation of heater type,
variation of thermal mass (insulation over the floor slab), and
interactions of these. Parametric variations in an artificial
climate configuration include tests for the ability to model
outside air ventilation/infiltration, internal gains, and typical
wall mounted “convective” and “radiant” heaters versus a
heater designed for ideal pure convective output with uniform
mixing of zone air (commonly assumed by simulations). Data
were gathered in the artificial climate configuration to empir-
ically characterize steady-state overall building heat loss coef-
ficient; steady-state thermal conductance of individual walls,
floor, ceiling, and windows; and internal thermal capacitance.
Measurements were also made with the objectives of estimat-
ing interior convective surface coefficients and empirically
characterizing incidence-angle-dependent window optical
transmittance.

B18.2.78 Daylighting—HVAC Interaction Tests for the
Empirical Validation of Building Energy Analysis Tools**
were developed by lowa State University and lowa Energy
Resource Station in conjunction with IEA SHC Task 22. Cases
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allow the comparison of empirical data to program results,
allowing for validation of models within the uncertainty of the
experiments. The tests focus on the ability to model daylight-
ing/HVAC interaction. Identical rooms connected to separate
mechanical systems are used with the difference that one room
has dimmable ballasts; interior illuminance, solar irradiance,
and heating loads were measured in both rooms.

B18.2.89 Economizer Control Tests for the Empirical
Validation of Building Energy Analysis Tools”* are being
developed by lowa State University and lowa Energy

TABLE B18-1

Resource Station in conjunction with [EA SHC Task 22. Cases
allow the comparison of empirical data to program results,
allowing for validation of models within the uncertainty of the
experiments. The test cases focus on the ability to model econ-
omizer control and outdoor air in VAV Systems. Parametric
variations of economizer control tests include outside air
versus return air temperature comparison, with parametric
variations for 0% and 20% minimum outside air, and outside
air versus return air enthalpy comparison with 0% minimum
outside air.

Advantages and Disadvantages of Various Validation Techniques

Technique

Advantages

Disadvantages

Empirical

Test of model and solution process accuracy

* Approximate truth standard within experimental

* Any level of complexity

» Experimental uncertainties:
- Instrument calibration, spatial/
temporal discretization
- Imperfect knowledge/specification of
the experimental object (building)
being simulated
* High quality, Pdetailed measurements ef
high-quality-are expensive and time
consuming
* Only a limited number of test conditions
are practical

Analytical * No input uncertainty
Test of solution process
model

* Inexpensive

* Exact mathematical truth standard for the given

* No test of model validity

* Limited to highly constrained cases for
which analytical solutions can be
derived

Comparative * No input uncertainty
Relative test of model and solution * Any level of complexity
process * Many diagnostic comparisons possible

* Inexpensive and quick

* No absolute truth standard (only
statistically based acceptance ranges are

possible)
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(This annex is not part of the standard. It is merely
informative and does not contain requirements necessary
for conformance to the standard. It has not been
processed according to the ANSI requirements for a
standard and may contain material that has not been
subject to public review or a consensus process.
Unresolved objectors on informative material are not
offered the right to appeal at ASHRAE or ANSI.)

ANNEX B19
INFORMATIVE REFERENCES

[Informative Note: Current 140-2004 references that are
re-cited in the addendum are included here for
convenience, with editorial revision as shown; see
published version of 140-2004 for full listing of references

1 through 44, and Addendum a for full listing of references

A-1 through A-8.]

7Brandemuehl, M. (1993). HVAC 2 Toolkit. Atlanta, GA:
American Society of Heating, Refrigerating, and Air-
Conditioning Engineers. See pp. 4-82, 4-83.

8Neymark, J., and R. Judkoff. (2002). International Energy
Agency Building Energy Simulation Test and Diagnostic
Method for Heating, Ventilating, and Air-Conditioning
Equipment Models (HVAC BESTEST) Volume 1: Cases
E100-E200. NREL/TP-550-30152.  Golden, CO:
National Renewable Energy Laboratory. http://
www.nrel.gov/docs/fy020sti/30152.pdf.

"'Marion, W.; Urban, K. (1995). User s Manual for TMY2s
Typical Meteorological Years. Golden, CO: National
Renewable Energy Laboratory.
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Hammond, K.J. Lomas, C. Martin, F. Parand, J. Patro-
nis, and N. Ramdani. (1995). “New Techniques for Vali-
dating Building Energy Simulation Programs.” Proc.
Building Simulation '95 (Madison, Wisconsin, USA),
IBPSA.

ZJensen, S.0. (1993). “Empirical Whole Model Validation
Case Study: the PASSYS Reference Wall.” Proc. Build-
ing Simulation ‘93 (Adelaide, Australia), IBPSA.

29Henderson, H., Y.J. Huang, and D. Parker. (1999). Resi-
dential Equipment Part Load Curves for Use in DOE-2.
LBNL-42175. Berkeley, CA: Lawrence Berkeley
National Laboratory.

31Howell, R.H.; Sauer, H.J.; Coad, W.J. (1998). Principles of
Heating, Ventilating, and Air Conditioning. Atlanta,
GA: American Society of Heating, Refrigerating, and
Air-Conditioning Engineers. See pp. 3.4-3.5.

3 ANSI/AMCA 210-85, ANSI/ASHRAE 51-1985. (1985).
Laboratory Methods of Testing Fans for Rating. Jointly
published by: Air Movement and Control Association
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Heating, Refrigerating, and Air-Conditioning Engi-
neers, Atlanta, GA._See pp. 4, 40, 46-48.
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37Judkoff, R., D. Wortman, R. O’Doherty, and J. Burch.
1983. A Methodology for Validating Building Energy
Analysis  Simulations. SERI/TR-254-1508 (190 p.).
Golden, CO: National Renewable Energy Laboratory
(formerly Solar Energy Research Institute).

38Judkoff, R. (1988). Validation of Building Energy Analysis
Simulation Programs at the Solar Energy Research
Institute. Energy and Buildings, Vol. 10, No. 3, p. 235.
Lausanne, Switzerland: Elsevier Sequoia.

[Informative Note: Rename Addendum a Section B19.2
(Addendum a furnace tests references) as B19.1 as shown;
neither 140-2004 nor its Addendum a contained a Section
B19.1.]

B19.12 References for Addendum a to ANSI/ASHRAE
Standard 140-2004

[Informative Note: A partial listing of Addendum a
references cited in this document (even if not as part of new
language for Addendum b) are listed here for convenience.
Also note that this Addendum b deleted citation of
reference “A-5” from Annex BI18, but then cites it
elsewhere, see Section B19.2.]

A'1Crawley, Drury B., Linda K. Lawrie, Curtis O. Pedersen,
Richard K. Strand, Richard J. Liesen, Frederick C.
Winkelmann, W. F. Buhl, Y. Joe Huang, A.Ender
Erdem, Daniel E. Fisher, Michael J Witte, and Jason
Glazer. (2001), Creating a New-Generation Building
Energy Simulation Program, Energy & Buildings, Vol.
33, No. 4 (April), pp. 319-331.

A<2ESRU (2000), The ESP-r System for Building Energy
Simulations: User Guide Version 9 Series, ESRU Man-
ual U00/1, University of Strathclyde, Glasgow UK

A'4Maxwell, G.; Loutzenhiser P.; Klaassen C. (2004). Econo-
mizer Control Tests for the Empirical Validation of
Building Energy Analysis Tools. Ames lowa: lowa State
University, Department of Mechanical Engineering.
Ankeny, lowa: lowa Energy Center.
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A6pyrdy, J. and I.Beausoleil-Morrison. 2002. Building
Energy Simulation Test for Heating, Ventilating, and
Air-Conditioning Equipment Models (HVAC BESTEST),
IEA Fuel-Fired Furnace. Ottawa, Energy Technology
Centre.

A“TWinkelmann F., Birdsall B., Buhl W., Ellington K.,
Erdem A., Hirsch J., and Gates S. (1994), DOE-2 Sup-
plement: Version 2.1E, U. California, Berkeley USA.

[Informative Note: Add section B19.2 references, new for
Addendum b as shown.]

B19.2 References for Addendum b to ANSI/ASHRAE
Standard 140-2004
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B-INeymark, J.: Judkoff, R. (2004). International Energy

Agency Building Energy Simulation Test and Diagnostic
Method for Heating, Ventilating, and Air-Conditioning
Equipment Models (HVAC BESTEST), Volume 2: Cases
E300-E545. NREL/TP-550-36754. Golden, Colorado,
US: National Renewable Energy Laboratory. Available
from http://www.nrel.gov/docs/fy050sti/36754.pdf
(PDF 15.4 MB).

B2McQuiston, F.; Parker, J. (1994). HVAC Analysis_and

Design. 4th ed. New York, New York, US: John Wiley
& Sons. See p. 463.

B-3Neymark, J.: Girault, P.; Guyon, G., Judkoff, R.; LeBerre,
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R.: Ojalvo, J.; Reimer, P. (2005). The “ETNA BESTEST
Empirical Validation Data Set. Building Simulation

2005, Ninth International IBPSA Conference, Montréal,
Canada, August 15-18, 2005. International Building
Performance Simulation Assocation.

[Informative Note: In the 2007 edition of ANSI/ASHRAE
Standard 140, the following editorial revisions will be
made for consistency:

* all occurences of “air stream” will be changed to “air-
stream”

* all alpha-lists that are in outline form will be standard-
ized to have the same style.

*  use parentheses in denominatiors as needed to group
units. For example, change “W/m?-K” to “W/(mz ‘K).”]
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POLICY STATEMENT DEFINING ASHRAE’S CONCERN
FOR THE ENVIRONMENTAL IMPACT OF ITS ACTIVITIES

ASHRAE is concerned with the impact of its members’ activities on both the indoor and outdoor environment. ASHRAE’s
members will strive to minimize any possible deleterious effect on the indoor and outdoor environment of the systems and
components in their responsibility while maximizing the beneficial effects these systems provide, consistent with accepted
standards and the practical state of the art.

ASHRAE’s short-range goal is to ensure that the systems and components within its scope do not impact the indoor and
outdoor environment to a greater extent than specified by the standards and guidelines as established by itself and other
responsible bodies.

As an ongoing goal, ASHRAE will, through its Standards Committee and extensive technical committee structure,
continue to generate up-to-date standards and guidelines where appropriate and adopt, recommend, and promote those new
and revised standards developed by other responsible organizations.

Through its Handbook, appropriate chapters will contain up-to-date standards and design considerations as the material is
systematically revised.

ASHRAE will take the lead with respect to dissemination of environmental information of its primary interest and will seek
out and disseminate information from other responsible organizations that is pertinent, as guides to updating standards and
guidelines.

The effects of the design and selection of equipment and systems will be considered within the scope of the system’s
intended use and expected misuse. The disposal of hazardous materials, if any, will also be considered.

ASHRAE’s primary concern for environmental impact will be at the site where equipment within ASHRAE’s scope
operates. However, energy source selection and the possible environmental impact due to the energy source and energy
transportation will be considered where possible. Recommendations concerning energy source selection should be made by
its members.



