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(This foreword 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 pro-
cessed according to the ANSI requirements for a stan-
dard and may contain material that has not been subject
to public review or a consensus process.)

[Informative Note: This new foreword replaces the previous
foreword.]
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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

e comparative tests that focus on building thermal enve-
lope and fabric loads

and

e 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 complex-
ity, can be tested. However, some of the tests may be incompat-
ible 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.

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 HVAC equipment cases of Section 5.3 test the ability 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
cases, the following parameters are 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 sin-
gly 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)
operation, and operation at typical Air-Conditioning and
Refrigeration Institute (ARI) rating conditions.

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 example building fabric load test results of
Annex B8, the building energy simulation computer programs
used to generate these results have been subjected to a number
of analytical verification, empirical validation, and compara-
tive testing studies. However, there is no such thing as a com-
pletely validated building energy simulation computer
program. All building models are simplifications of reality.
The philosophy here is to generate a range of results from sev-
eral 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 presented results. Thus, for a given case
the range of differences between results presented in the infor-
mative Annex B8 represents legitimate algorithmic differences
among these computer programs for comparative envelope
tests. For any given case, a tested program may fall outside
this range without necessarily being incorrect. However, it is
worthwhile to investigate the source of significant differences,
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,

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

e aproblem with a particular algorithm in the program;

e 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 Annex B8 example
results should not be perceived as better or worse than a pro-
gram that yields values at the borders of the range.

The Annex B16 results for the HVAC equipment perfor-
mance tests include both quasi-analytical solutions and simu-
lation results. 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 possible. Analyti-
cal 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 Section 5.3 are representative of typical manufac-
turer data normally used by building design practitioners;
many “‘whole-building™ simulation programs are designed to
work with this type of data. It is important to understand the

difference between a “mathematical truth standard” and an
““absolute truth standard.” In the former, we accept the given
underlying physical assumptions while recognizing that these
assumptions represent a simplification of physical reality. The
ultimate or ““absolute” validation standard would be compar-
ison of simulation results with a perfectly performed empirical
experiment, the inputs for which are perfectly specified to
those doing the simulation (the simulationists).

The minor disagreements among the two sets of quasi-
analytical solution results presented in Annex B16 are small
enough to allow 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 Section 5.3 cases in Annex
B16 is to allow simulationists to compare their relative agree-
ment (or disagreement) versus the quasi-analytical solution
results to that for other simulation results. Perfect agreement
among simulations and quasi-analytical solutions is not nec-
essarily expected. The results give an indication of the sort of
agreement that is possible between simulation results and the
quasi-analytical solution results. Because the physical
assumptions of a simulation may be different from those for
the quasi-analytical solutions, a tested program may disagree
with the quasi-analytical solutions without necessarily being
incorrect. However, it is worthwhile to investigate the sources
of differences as noted above.

3. DEFINITIONS, ABBREVIATIONS,
AND ACRONYMS

3.1 Terms Defined for This Standard

[Informative Note: Add the following new definitions to
Section 3.1.]

adjusted net sensible capacity: the gross sensible capacity less
the actual fan power. (Also see gross sensible capacity.)

adjusted net total capacity: the gross total capacity less the
actual fan power. (Also see gross total capacity.)

analytical solution: mathematical solution of a model of real-
ity that has a deterministic result for a given set of parameters
and boundary conditions.

apparatus dew point (ADP): the effective coil surface temper-
ature when there is dehumidification; this is the temperature to
which all the supply air would be cooled if 100% of the supply
air contacted the coil. On the psychrometric chart, this is the
intersection of the condition line and the saturation curve,
where the condition line is the line going through entering air
conditions with slope defined by the sensible heat ratio ([gross
sensible capacity]/[gross total capacity]). (Also see gross
sensible capacity and gross total capacity.)

building thermal envelope and fabric: includes the building
thermal envelope as defined in ASHRAE Terminology, A1 as
well as internal thermal capacitance and heat and mass transfer
between internal zones.
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bypass factor (BF): can be thought of as the percentage of the
distribution air that does not come into contact with the cool-
ing coil; the remaining air is assumed to exit the coil at the
average coil temperature (apparatus dew point). (See also
apparatus dew point.)

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
cooling energy consumption. (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, condenser fan, and related
auxiliaries.

COPgggg: the seasonal energy efficiency ratio (dimension-
less).

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

degradation coefficient: measure of efficiency loss due to
cycling of equipment.

energy efficiency ratio (EER): the ratio of net refrigeration
effect (in Btu per hour) to cooling energy consumption (in
watts) so that EER is stated in units of (Btu/h)/W. (Also see net
refrigeration effect and cooling energy consumption.)

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, EDB equals the indoor 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, this would
also be the zone air wet-bulb temperature. For mixtures of
water vapor and dry air at atmospheric temperatures and pres-
sures, the wet-bulb temperature is approximately equal to the
adiabatic saturation temperature (temperature of the air after
undergoing a theoretical adiabatic saturation process). The
wet-bulb temperature 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 operating
conditions). (Also see sensible heat and latent heat.)

gross sensible capacity: the rate of sensible heat removal by
the cooling coil for a given set of operating conditions. This
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value varies as a function of performance parameters such as
EWB, ODB, EDB, and airflow rate. (Also see sensible heat.)

gross total capacity: the total rate of both sensible heat and
latent heat removal by the cooling coil for a given set of oper-
ating conditions. This value varies as a function of perfor-
mance parameters such as EWB, ODB, EDB, and airflow rate.
(Also see sensible heat and latent heat.)

gross total coil load: the sum of the sensible heat and latent
heat removed from the distribution air by the evaporator coil.

humidity ratio: the ratio of the mass of water vapor to the mass
of dry air in a moist air sample.

indoor dry-bulb temperature (IDB): the temperature that a
thermometer would measure if exposed to indoor air.

latent heat: the change in enthalpy associated with a change
in humidity ratio, caused by the addition or removal of mois-
ture. (Also see humidity ratio.)

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 evap-
orator coil. For the tests of Section 5.3, the net refrigeration
effect is the evaporator coil load less the actual air distribution
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.)

net sensible capacity: the gross sensible capacity less the
default rate of fan heat assumed by the manufacturer; this rate
of fan heat is not necessarily the same as for the actual installed
fan (see adjusted net sensible capacity). (Also see gross sensi-
ble capacity.)

net total capacity: the gross total capacity less the default rate
of fan heat assumed by the manufacturer; this rate of fan heat
is not necessarily the same as for the actual installed fan (see
adjusted net total capacity). (Also see gross total capacity.)

outdoor dry-bulb temperature (ODB): the temperature that a
thermometer would measure if exposed to outdoor air. This is
the temperature of air entering the condenser coil.

part-load ratio (PLR): the ratio of the net refrigeration effect
to the adjusted net total capacity for the cooling coil. (Also see
net refrigeration effect and adjusted net total capacity.)

guasi-analytical solution: mathematical solution of a model
of reality for a given set of parameters and boundary condi-
tions; such a result may be computed by generally accepted
numerical method calculations, provided that such calcula-
tions occur outside the environment of a whole-building
energy simulation program and can be scrutinized.

seasonal energy efficiency ratio (SEER): the ratio of net
refrigeration effect in Btu to the cooling energy consumption



in watt-hours for a refrigerating device over its normal annual
usage period as determined using ANSI/ARI Standard 210/
240-89.A2 This parameter is commonly used for simplified
estimates of energy consumption based on a given load and is
not generally useful for detailed simulations of mechanical
systems. (Also see net refrigeration effect and cooling energy
consumption.)

sensible heat: the change in enthalpy associated with a change
in dry-bulb temperature caused by the addition or removal of
heat.

sensible heat ratio (SHR): also known as sensible heat factor
(SHF), the ratio of sensible heat transfer to total (sensible +
latent) heat transfer for a process. (Also see sensible heat and
latent heat.)

zone cooling loads: sensible heat and latent heat loads asso-
ciated with heat and moisture exchange between the building
envelope and its surroundings as well as internal heat and
moisture gains within the building. These loads do not include
internal gains associated with operating the mechanical
system (e.qg., air distribution fan heat).

3.2 Abbreviations and Acronyms Used in This Standard

[Informative Note: Add the following acronyms to Section

3.2]
ADP apparatus dew point
ANSI American National Standards Institute

ARI Air Conditioning and Refrigeration Institute

ASHRAE American Society of Heating, Refrigerating
and Air-Conditioning Engineers

BF bypass factor

Cd degradation coefficient

CDF coefficient of performance degradation factor

CFM cubic feet per minute

CIBSE Chartered Institution of Building Services
Engineers

COP coefficient of performance

EDB entering dry-bulb temperature

EER energy efficiency ratio

EWB entering wet-bulb temperature

HVAC heating, ventilating, and air-conditioning

1.D. inside diameter

IDB indoor dry-bulb temperature

NOAA National Oceanic and Atmospheric
Administration

NSRDB National Solar Radiation Database

O.D. outside diameter

OoDB outdoor dry-bulb temperature

PLR part-load ratio

SEER seasonal energy efficiency ratio

SHR sensible heat ratio

Sl Systéme Internationale
TMY2 Typical Meteorological Year 2

TUD Technische Universitat Dresden
WBAN Weather Bureau Army Navy
wg water gauge

[Informative Note: Make the following revisions in Sections
4.1—4.4)]

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 and software-to-quasi-analytical-solution compari-
sons. Fhis-is-a-comparative-testthat The methodology allows
different building energy simulation programs, representing
different degrees of modeling complexity, to be tested by

e comparing the predictions from other building energy
programs to the example simulation results provided in
the informative Annex B8, to the example quasi-analyti-
cal solution and simulation results in the informative
Annex B16, and/or to other results (simulations or
quasi-analytical solutions) that were generated using
this Standard Method of Test;

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

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

e diagnosing the algorithmic sources of prediction differ-
ences (diagnostic logic flow diagrams are included in
the informative Annex B9).

4.2 Organization of Test Cases
The specifications for determining input values are
provided case by case in Section 5:2. Weather data required for
use with the test cases are provided in Annex Al. Annex B1
provides an informative 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 informative Annex B9 on diagnostic logic. In
some instances (e.g., Case 620, Section 5.2.2.1.2), a case
developed from modifications to 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 4.2.1)
(b) Building Thermal Envelope and Fabric Load Basic Tests
(see 4.2.2)

e Low Mass (see 4.2.2.1)
e High Mass (see 4.2.2.2)
e Free Float (see 4.2.2.3)

(c) Building Thermal Envelope and Fabric Load In-Depth
Tests (see 4.2.3)

(d) HVAC Equipment Performance Base Case (see 4.2.4)

(e) HVAC Equipment Performance Parameter Variation Tests

(see 4.2.5)
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4.2.1 Building Thermal Envelope and Fabric Load

4.2.5 HVAC Equipment Performance Parameter Vari-

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 non-
deadband 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 compatible with
more building energy simulation programs. However, the
diagnosis of software using this test series is not as precise as
for Cases 195 through 320.

4.2.4 HVAC Equipment Performance Base Case. The
configuration of the base-case (Case E100) building is a near-
adiabatic rectangular single zone with only user-specified
internal gains to drive steady-state cooling load. Mechanical
equipment specifications represent a simple unitary vapor-
compression cooling system or, more precisely, a split-sys-
tem, air-cooled condensing 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.
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ation 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 temperature [EDB]). and ODB. Parametric varia-
tions 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) operation,
and operation at typical 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.

4.3 Reporting Results

The Standard Output Reports provided in the files that
accompany this standard (available at http://www.ashrae.org/
template/PDFDetail?assetID=34505) shall be used. Instruc-

tions regarding these reports are included in Annex A2. Infor-

mation required for this report includes:

(a) software name and version number,

(b) documentation of modeling methods used when alterna-
tive methods are available in the software using
S1400UT2S1400utNotes. TXT” in the accompanying
files, and

(c) results for simulated cases using S1400UT2 K3 -the
following files (available at http://www.ashrae.org/tem-
plate/PDFDetail?asset|D=34505):-

e Sech-20ut.XLS for the building thermal envelope
and fabric load tests of Section 5.2,

e Sech-3out.XLS for the HVAC equipment perfor-
mance tests of Section 5.3.

Output quantities to be included in the results report are
called out specifically for each case as they appear in the
appropriate subsections of Section 5.2_and Section 5.3.

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
guasi-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
(including self-generated quasi-analytical solutions related to
the HVAC equipment performance tests). Information about
how the example results were produced is included as infor-
mative Annex B11_and Annex B17. For the convenience of
users who wish to plot or tabulate their results along with the
example results, an-electronic versions of the example results
hashave been included with the accompanying files
RESULTS5-2. XLSWK3 (for Annex B8) and RESULTS5-
3.XLS (for Annex B16). Documentation regarding
RESULTS5-2. XLSWK3 and RESULTS5-3.XLS have has
been included with the files and is printed out in Annex B10.

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:

(@) magnitude of results for individual cases,
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(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™),=

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 equipment performance tests of Section
5.3, the degree of disagreement that occurred for other
simulation results in Annex B16 versus the quasi-analyti-
cal solution results.

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
informative Annex B9.

E

5. TEST PROCEDURES

[Informative Note: Make revisions to sections 5.1 and 5.2 as
noted.]

5.1 Modeling Approach
This modeling approach shall apply to all the test cases
presented in Sections 5.2 and 5.3.

5.1.1 Time Convention. All references to time in this
specification are to local standard time and assume that: hour
1 = the interval from midnight tol a.m. Do not use daylight
savings time or holidays for scheduling. Fherequired-TMY
weather data are in hourly bins corresponding to solar time as
described in Annex Al. TMY?2 data are in hourly bins corre-
sponding 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 (6 m x 8 m x 2.7 m =
129.6 m3). Make the thicknesses extend exterior to the cur-
rently defined internal volume.

5.1.3 Non-Applicable Inputs. In some instances the
specification will include input values that do not apply to the
input structure of the program being tested. When this occurs,
disregard the non-applicable 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 Simulation Initialization and Preconditioning. If
your software allows, begin the simulation initialization pro-
cess with zone air conditions that equal the outdoor air condi-
tions. If your program allows for preconditioning (iterative

simulation of an initial time period until temperatures or
fluxes, or both, stabilize at initial values), use that capability.

5.1.6 Simulation Duration

5.1.6.1 Results for the tests of Section 5.2 are to be taken
from a full annual simulation.

5.1.6.2 For the tests of Section 5.3, run the simulation
for at least the first two months for which the weather data are
provided. Give output for the second month of the simulation
(Eebruary) in accordance with Section 6.3. The first month of
the simulation period (January) serves as an initialization

period.

5.2 Input Specifications for Building Thermal Envelope
and Fabric Load Tests

5.2.1 Case 600: Base Case

Begin with Case 600. Case 600 shall be modeled as
detailed in this section and its subsections.

The bulk of the work for implementing this the Section
5.2 tests is assembling an accurate base building model. It is
recommended that base building inputs be double checked and
results disagreements be diagnosed before going on to the
other cases.

5.2.1.1 Weather Data. Use weather data provided on
the files accompanying this standard (available at http://
www.ashrae.org/template/PDFDetail?assetl D=34505) as

described in Annex Al, Section Al.1. These weather data
shall be used for all cases described in Section 5.2.

5.2.1.6 Infiltration. Infiltration rate = 0.5 ACH, contin-
uously (24 hours per day for the full year).

The weather data file provided in Annex Al (Section
Al.1) represents a high-altitude site (1609 m above sea level)
with an air density roughly 80% of that at sea level. If the
program being tested does not use barometric pressure from
the weather data, or otherwise automatically correct for the
change in air density due to altitude, then adjust the specified
infiltration rates to yield mass flows equivalent to what would
occur at the 1609 m altitude as shown in Table 2. The listed
infiltration rate is independent of wind speed, indoor/outdoor
temperature difference, etc. The calculation technique used to
develop Table 2 is provided as background information in
informative Annex B3.

5.2.3.1.4 High Conductance Wall/Opaque Win-
dow. An element, which may be thought of as a highly con-
ductive wall or an opaque window, replaces the 12 m? of
transparent window on the south wall.
The properties of the high-conductance wall are as
follows:

(@) Shortwave transmittance = 0.

(b) Infrared emittances and solar absorptances are as listed in
Table 15.

(c) The exterior surface coefficient is in accordance with Sec-
tion 5.2.1.9 (Case 6003; if combined coefficients are
applied, use 21.0 W/m“K. The surface texture for the
high-conductance wall is very smooth, same as glass.

(d) The interior surface coefficient is in accordance with Sec-
tion 5.2.1.10 (Case 600).

(e) Conductance, density, specific heat, and surface texture
(very smooth) are the same as for the transparent window
listed in Table 16.
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Figure 8 HVAC-BESTEST: Near-adiabatic envelope
geometry.

5.3 Input Specifications for HVAC Equipment Perfor-
mance Tests

[Informative Note: Add entirely new Section 5.3.]

5.3.1 Case E100: Base Case Building and Mechanical
System

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 Section 5.3
tests is assembling an accurate base building model. It is
recommended that base building inputs be double-checked
and results disagreements be diagnosed before going on to the
other cases.

5.3.1.1 Weather Data. This case requires either
HVBT461.TMY or HVBT461A.TM2 data provided on the
files accompanying this standard (available at http:/
www.ashrae.org/template/PDFDetail?assetl D=34505) as

described in Annex Al. Note: Other cases call for different
weather files as needed.
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5.3.1.2 Output Requirements. Case E100 requires all
of the output described in Section 6.3. Note: All of the Section
5.3 tests have the same output requirements.

5.3.1.3 Building Geometry. The base building plan is a
48 m2 floor area, single-story, low-mass building with rectan-
gular-prism geometry as shown in Figure 8. Zone air volume
is 129.6 m°,

5.3.1.4 Building Envelope Thermal Properties. The
base building zone is intended as a near-adiabatic test cell
with cooling load driven by user-specified internal gains.
Tables 23a and 23b list material properties in Systéme Inter-
nationale (SI) and inch-pound units, respectively.

5.3.1.4.1 The building insulation has been made very
thick to effectively thermally decouple the zone from ambient
conditions. If your software does not allow this much insula-
tion, use the thickest insulation your program will permit and
reduce the floor, roof, and wall areas to achieve the thermal
conductance (UA) values listed in Tables 23a or 23b. The zone
air volume must remain at 129.6 m?.

5.3.1.4.2 Materials of the space have no thermal or
moisture capacitance, and there is no moisture diffusion
through them. If your software requires inputs for thermal
capacitance, moisture capacitance, or moisture diffusion, use
the minimum values your software allows.

5.3.1.4.3 Air density at sea level is 1.201 kg/m®.
5.3.1.4.4 The floor has the same exterior film coeffi-

cient as the other walls, as if the entire zone were suspended
above the ground.

5.3.1.4.5 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) = 1.3W/m-K
Soil density = 1500 kg/m?®
Soil specific heat = 800 J/kg-K
Deep ground temperature = 10°C
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TABLE 23a
Material Specifications Base Case (S| Units)

mspecd xls; May 20, 2004

EXTERIOR WALL (inside to outside)

k Thickness U R
ELEMENT (W/(m*K)) {m) (Wl(mz*K)) (mZ*KIW)
Int Surf Coef 8.280 0.121
Insulation (Note 1) 0.010 1.000 0.010 100.000
Ext Surf Coef 29.300 0.034
Total air - air 0.010 100.155
Total surf - surf 0.010 100.000
FLOOR (inside to outside)

k Thickness u R
ELEMENT (W/(m*K)) {m) (Wl(mz*K)) (mZ*KIW)
Int Surf Coef (Note 2) 8.290 C.121
Insulation (Note 1) 0.010 1.000 0.010 100.000
Ext Surf Coef 29.300 0.034
Total air - air 0.010 100.155
Total surf - surf 0.010 100.000
ROCQCF (inside to outside)

k Thickness u R
ELEMENT (W/(m*K)) {m) (Wl(mz*K)) (mZ*KIW)
Int Surf Coef (Note 2) 8.290 C.121
Insulation (Note 1) 0.010 1.000 0.010 100.000
Ext Surf Coef 29.300 0.034
Total air - air 0.010 100.155
Total surf - surf 0.010 100.000
SUMMARY

AREA UA
COMPONENT (m2) {WIK)
Wall 75.600 0.755
Floor 48.000 0.479
Roof 48.000 0.479
Infiltration (Note 3) 0.000
Total UA 1.713
ACH VOLUME ALTITUDE
(m?) (m)
0.00 129.6 2.0

Note 1: This level of insulation defines a near-adiabatic condition such that conduction gains
are < 1% of the total cocling load. If your software does not allow this much insulation, then
reduce the floor, roof and wall areas toc achieve the listed UA values.

Note 2: The interior film coefficient for floors and ceilings is a compromise between upward
and downward heat flow for summer and winter.

Note 3: Infiltration derived from:

ACH*"Volume®*(specific heat of air)*(density of air at specified altitude)
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TABLE 23b
Material Specifications Base Case (English Units)

mspec4 xls; May 20, 2004

EXTERIOR WALL (inside to outside)
k Thickness u R
ELEMENT (Btu/(h*ft*F)) (f) (Btul(h*ft>*F)) (h*f**F/Btu)
Int Surf Coef 1.461 0.684
Insulation (Note 1) 0.00578 3.281 0.002 567.447
Ext Surf Coef 5.163 0.194
Total air - air 0.00176 568.325
Total surf - surf 0.00176 567.447
FLOOR (inside to outside)
k Thickness u R
ELEMENT (Btu/(h*ft*F)) (f) (Btul(h*ft>*F)) (h*f**F/Btu)
Int Surf Coef (Note 2) 1.461 0.684
Insulation (Note 1) 0.00578 3.281 0.002 567.447
Ext Surf Coef 5.163 0.194
Total air - air 0.00176 568.325
Total surf - surf 0.00176 567.447
ROOF (inside to outside)
k Thickness u R
ELEMENT (Btu/{h*ft*F)) (ft) (Btu/(h*ft°*F)) (h*ft**F/Btu)
Int Surf Coef (Note 2) 1.461 0.684
Insulation (Note 1) 0.00578 3.281 0.002 567.447
Ext Surf Coef 5.163 0.194
Total air - air 0.00176 568.325
Total surf - surf 0.00176 567.447
SUMMARY
AREA UA
COMPONENT (ft>) (Btu/(h*F))
Wall 813.752 1.432
Floor 516.668 0.909
Roof 516.668 0.909
Infiltration 0.000
Total UA 3.250
ACH VOLUME ALTITUDE UAinf (Note 3)
(ft°) {ft) (Btu/{h*F))
0.000 4577 6.56 0.000
Note 1: 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.
Note 2: The interior film coefficient for floors and ceilings is a compromise between upward
and downward heat flow for summer and winter.
Note 3: Infiltration derived from:
ACH*"Volume*(specific heat of air)*(density of air at specified altitude)
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TABLE 24
Opaque Surface Radiative Properties

Interior Surface

Exterior Surface

Solar Absorptance 0.6 0.1
Infrared Emittance 0.9 0.9
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 (1.46 Btu/(hft2F))

Upward heat transfer on horizontal surfaces

9.26 W/m?K (1.63 Btu/(hft2F))

Downward heat transfer on horizontal surfaces

6.13 W/m2K (1.08 Btu/(hftzF))

5.3.1.5 Infiltration.

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

5.3.1.6

Sensible internal gains = 5400 W (18430 Btu/h), continuously
(24 hours per day for the full simulation period).

Internal Heat Gains.

Latent internal gains = 0 W (0 Btu/h), continuously (24 hours
per day for the full simulation period).

Sensible internal gains are 100% convective.

Zone sensible and latent internal gains are assumed to be
distributed evenly throughout the zone air. These are internally
generated sources of heat (from equipment, lights, people,
etc.) that are not related to the operation of the mechanical
cooling system or its air distribution fan.

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 Convective
Surface Coefficients. If the program being tested automati-
cally 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/m2K 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 consistent 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/m?K [0.90 Btu/(hftzF)] for an interior
infrared emissivity of 0.9.

If the program being tested does not allow you to schedule
these coefficients, then use 8.29 W/m?K [1.46 Btu/(hftzF)] for
all horizontal surfaces. If different values can be justified, then
use different values.

10

Informative Annex B5 includes background information
about combined radiative and convective film coefficients.
5.3.1.10 Mechanical System. The mechanical system
represents a simple vapor compression cooling system, or
more precisely, a unitary split air-conditioning system con-
sisting of an air-cooled condensing unit and indoor evaporator
coil. Figure 9 is a schematic diagram of this system. See Sec-
tion 3 for definitions of terminology used in this section.

5.3.1.10.1 General Information.

e 100% convective air system

e Zone air is perfectly mixed

* No outside air; no exhaust air

e Single-speed, draw-through air distribution fan

e Indoor and outdoor fans cycle on and off together with
compressor

e Air-cooled condenser

03015209m

Indoor air
distribution fan

‘ %—b Supply air

Conditioned
Zone

Compressor

=

Supply
air duct
Condenser

coil .
— Evaporator coil

—Expansion device

—1—Condensate drain

qo Condenser
fan <—+ EDB, EWB**
1 v I: Thermostat*—«¢__
Ambient il
air
exhaust

* The thermostat senses only the zone air temperature (IDB)
** Location of entering dry bulb and wet bulb temperatures

Figure 9 Unitary split air-conditioning system consisting of
an air-cooled condensing unit and indoor evaporator coil.
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e Single-speed reciprocating compressor, R-22 refriger-
ant, no cylinder unloading

« No system hot gas bypass

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

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

e Crankcase heater and other auxiliary energy = 0

Note that, in one of the field-trial simulations, simulta-
neous use of “0” outside air and “0” infiltration caused an error
in the simulations. We worked around this by specifying mini-
mum outside air = 0.000001 ft3/min. We recommend doing a
sensitivity test to check that using 0 for both these inputs does
not cause a problem.

5.3.1.10.2 Thermostat Control Strategy.
Heat = off

Cool = on if zone air temperature > 22.2°C (72.0°F); other-
wise cool = off.

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

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

The controls for this system are ideal in that the equip-
ment 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 your software requires input for these, use
the minimum values your software allows.

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 cooling equipment correspond-
ing 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.

5.3.1.10.3 Full-Load Cooling System Performance
Data. Equipment full-load capacity and full-load perfor-
mance data -3 are given in six formats in Tables 26a through
26f. Before using these tables, read all of the discussion in this
section (5.3.1.10.3) and its subsections (5.3.1.10.3.1 through
5.3.1.10.3.6). Use the table that most closely matches the
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input requirements of the software being tested. The tables
contain similar information with the following differences:

e Table 26a lists net capacities (Sl units)

e Table 26b lists net capacities (I-P units)

e Table 26c lists gross capacities (Sl units)

e Table 26d lists gross capacities (I-P units)

e Table 26e lists adjusted net capacities (S| units)
e Table 26f lists adjusted net capacities (I-P units).

5.3.1.10.3.1 For convenience, an electronic file
(PERFMAP140.XLS) that contains these tables is included
in the files accompanying this standard (available at http://
www.ashrae.org/template/PDFDetail?assetID=34505).

5.3.1.10.3.2 The meaning of the various ways to
represent system capacity is discussed below; specific terms
are also defined in Section 3. These tables use outdoor dry-
bulb temperature (ODB), entering dry-bulb temperature
(EDB), and entering wet-bulb temperature (EWB) as inde-
pendent variables for performance data; the location of EDB
and EWB is shown in Figure 9.

Listed capacities of Tables 26a and 26b are net values
after subtracting manufacturer default fan heat based on 365
W per 1,000 cubic feet per minute (CFM), so the default fan
heat for the 900 CFM fan is 329 W. For example, in Table 26a
the listed net total capacity at Air-Conditioning and Refriger-
ation Institute (ARI) rating conditions (EDB = 26.7°C,
outdoor dry-bulb temperature [ODB] = 35.0°C, EWB =
19.4°C) is 7852 W, and the assumed fan heat is 329 W. There-
fore, the gross total capacity (see Table 26¢) of the system at
ARI rating conditions—including both the net total capacity
and the distribution system fan heat—is 7,852 + 329 = 8,181
W. Similarly, the gross sensible capacity—including both the
net sensible capacity and air distribution system fan heat—is
6,040 + 329 = 6,369 W.

The unit as described actually uses a 230 W fan. There-
fore, the “real” net capacity is actually an adjusted net capac-
ity, (net cap)aqj, Which is determined by

(net cap),gj = (net cap)jisteq + (default fan heat) — (actual fan
power),

so for the adjusted net total (sensible + latent) capacity at ARI
conditions and 900 CFM,

(net cap),qj = 7852 W + 329 W — 230 W = 7951 W.

The technique for determining adjusted net sensible
capacities (see Table 26g) is similar.
5.3.1.10.3.3 \Validity of Listed Data (VERY
IMPORTANT). Compressor kW (kilowatts) and apparatus
dew point, along with net total, gross total, and adjusted net
total capacities given in Tables 26a through 26f, are valid

11
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TABLE 26a
Equipment Full-Load Performance?! (SI Units)

Net Total Net Sensible Capac:ityz'3 (kW) at Compressor |Apparatus
ODB EWB | Capacity’**|entering drybulb temperature (EDB, °C) Power?| Dew Point*
(°C) (°C) (kW) 222 233 24 4 2586 26.7 (kW) (°C)
15.0 7.09 6.21 6.77 7.18 7.38 7.56 1.62 89
17.2 7.68 5.16 5.71 6.27 6.80 7.35 1.66 11.1
29.4 19.4 8.32 4.01 4.57 5.13 5.65 6.21 1.71 13.4
21.7 8.97 2.87 3.40 3.96 4.48 5.04 1.76 15.8
15.0 6.91 6.12 6.68 7.03 7.21 7.41 1.69 9.1
17.2 7.47 510 5.63 6.18 6.71 7.27 1.74 11.3
322 19.4 8.09 3.93 4.48 5.04 557 6.12 1.79 13.6
21.7 8.70 2.75 3.31 3.87 4.39 4.95 1.84 15.9
15.0 6.71 6.07 6.59 6.89 7.06 7.24 1.77 9.3
17.2 7.27 5.01 5.54 6.09 6.62 7.18 1.81 11.4
350 19.4 7.85 3.84 4.39 4.95 5.48 6.04 1.86 13.8
21.7 8.47 2.67 3.22 3.75 4.31 4.86 1.91 16.2
15.0 6.53 5.98 6.53 6.71 6.89 7.06 1.85 9.4
17.2 7.06 4.92 5.45 6.01 6.53 7.06 1.89 11.6
37.8 19.4 7.62 3.75 4.31 4.83 5.39 5.95 1.94 13.9
21.7 8.17 2.58 3.14 3.66 4.22 4.75 1.98 16.3
15.0 6.33 5.89 6.39 6.53 6.71 6.89 1.94 9.6
17.2 6.83 4.83 5.36 592 6.45 6.89 1.98 11.8
40.6 19.4 7.35 3.66 4.22 4.75 5.30 5.83 2.02 14.2
21.7 7.91 2.49 3.02 3.57 413 4.66 2.06 16.6
15.0 5.92 5.71 6.04 6.21 6.36 6.50 2.1 10.0
17.2 6.39 4.66 5.19 5.74 6.27 6.50 214 12.2
46.1 19.4 6.89 3.49 4.04 4.57 513 5.65 218 14.6
21.7 7.38 2.31 2.84 3.40 3.93 4.48 2.21 16.9
Values at ARI Rating Conditions (EDB = 26.7°C, EWB = 19.4°C, ODB = 35.0°C)
Net Total Capacity 7852 W
Airflow 0.425 m3/s
Apparatus Dew Point 13.8 °C
Com pressor Power 1858 W
Indoor Fan Power 230 W
Outdoor Fan Power 108 W
COP 3.62
Seasonal Efficiency Rating
COPgeer 3.78

Abbreviations: ODB = outdoor drybulb temperature; EWB = entering wetbulb temperature;
EDB = entering drybulb temperature; ARl = Air-Conditioning and Refrigeration Institute;
COP = coefficient of performance;

COPger = dimensionless Seasonal Energy Efficiency Ratio.

Notes:

' Full-load performance data, courtesy Trane Co., Tyler, Texas, USA. Data is for "TTP024C
with TWHO39P15-C" at 900 CFM, published April 1993. Performance rated with 25 feet
of 3/ 4" suction and 5/16" liquid lines.

Listed net total and net sensible capacities are gross total and gross sensible capacities
respectively, with manufacturer default fan heat (329 W) deducted.

Where (Sensible Capacity) > (Total Capacity) indicates dry coil condition;

in such case (Total Capacity) = (Sensible Capacity).

Compressor kW, Apparatus Dew Point, and Net Total Capacity valid only for wet coil.

perfmap140.xls, b:a4..j55; Oct 08, 2002
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TABLE 26b
Equipment Full-Load Performance? (I-P Units)

Net Total| Net Sensible Capacityz’3 (kBtu/ h) at Compressor | Apparatus
CDB | EWB | Capacity?**|entering drybulb temperature (EDB, °F) Power*| Dew Point*
(°F) (°P) (kBtu/ h) 72 74 76 78 80 (kW) (°F)
59 24.2 21.2 23.1 24.5 25.2 25.8 1.62 48.1
63 26.2 17.6 19.5 21.4 23.2 25.1 1.66 52.0
85 67 28.4 13.7 15.6 175 19.3 21.2 1.71 56.1
71 30.6 9.8 11.6 135 15.3 17.2 1.76 60.4
59 23.6 20.9 22.8 24.0 24.6 253 1.69 48.4
63 25.5 17.4 19.2 21.1 22.9 24.8 1.74 52.3
90 67 27.6 13.4 15.3 17.2 19.0 20.9 1.79 56.5
71 29.7 94 11.3 13.2 15.0 16.9 1.84 60.7
59 22.9 20.7 22.5 23.5 241 247 1.77 48.7
63 24.8 17.1 18.9 20.8 22.6 245 1.81 52.6
95 67 26.8 13.1 15.0 16.9 18.7 20.6 1.86 56.8
71 28.9 91 11.0 12.8 14.7 16.6 1.91 61.1
59 22.3 20.4 22.3 22.9 23.5 241 1.85 49.0
63 241 16.8 18.6 20.5 22.3 241 1.89 52.9
100 67 26.0 12.8 14.7 16.5 18.4 20.3 1.94 57.1
71 27.9 8.8 10.7 125 14.4 16.2 1.98 61.4
59 21.6 20.1 21.8 22.3 22.9 235 1.94 49.3
63 23.3 16.5 18.3 20.2 22.0 235 1.98 53.2
105 67 251 12.5 14.4 16.2 18.1 19.9 2.02 57.5
71 27.0 85 10.3 12.2 14.1 15.9 2.06 61.8
59 20.2 19.5 20.6 21.2 21.7 22.2 2.11 50.0
63 21.8 15.9 17.7 19.6 21.4 22.2 2.14 53.9
115 67 23.5 11.9 13.8 15.6 17.5 19.3 2.18 58.2
71 25.2 7.9 97 11.6 13.4 15.3 2.21 62.5

Values at ARI Rating Conditions (EDB = 80°F, EWB = 67°F, ODB = 95°F)
Net Total Capacity 26800 Btu/h

Airflow 900 CFM
Apparatus Dew Pt 56.8 °F
Compressor Power 1858 W

Indoor Fan Power 230 W
Outdoor Fan Power 108 W

EER 12.36 (Btu/ h) W

Seasonal Efficiency Rating
SEER 12.90 (Btu/ h)} W

EER = energy efficiency ration; SEER = seasonal energy efficiency ratio.

Abbreviations: ODB = outdoor drybulb temperature; EWB = entering wetbulb temperature;
EDB = entering drybulb temperature; ARl = Air-Conditioning and Refrigeration Institute;

Notes:
\

of 3/ 4" suction and 5/ 16" liquid lines.

respectively, with manufacturer default fan heat (1.12 kBtu/ h) deducted.

Where (Sensible Capacity) > (Total Capacity) indicates dry coil condition;
in such case (Total Capacity) = (Sensible Capacity).

Compressor kW, Apparatus Dew Point, and Net Total Capacity valid only for wet coil.

Full-load performance data, courtesy Trane Co., Tyler, Texas, USA. Data is for "TTP024C
with TWH0O39P15-C" at 800 CFM, published April 1993. Performance rated with 25 feet

Listed net total and net sensible capacities are gross total and gross sensible capacities
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TABLE 26¢
Equipment Full-Load Performance with Gross Capacities! (Sl Units)

Gross Total | Gross Sensible Capacityz’3 (kW) at Compressor |Apparatus
ODB | EWB | Capacity®**|entering drybulb temperature (EDB, °C) Power*| Dew Point*
(°C) (°C) (kW) 22.2 23.3 24.4 256 26.7 (kW) (°C)
15.0 7.42 6.54 7.10 7.51 7.71 7.89 1.62 8.9

17.2 8.01 5.49 6.04 6.60 713 7.68 1.66 111

294 19.4 8.65 4.34 4.90 5.46 598 6.54 1.71 13.4
21.7 9.29 3.20 3.73 4.28 4.81 5.37 1.76 15.8

15.0 7.24 6.45 7.01 7.36 7.54 7.74 1.69 9.1

17.2 7.80 5.43 5.95 6.51 7.04 7.60 1.74 11.3

322 19.4 8.42 4.26 4.81 5.37 5.90 6.45 1.79 13.6
21.7 9.03 3.08 3.64 4.20 4.72 5.28 1.84 15.9

15.0 7.04 6.39 6.92 7.21 7.39 7.57 1.77 9.3

17.2 7.60 5.34 5.87 6.42 6.95 7.51 1.81 11.4

350 19.4 8.18 417 4.72 5.28 5.81 6.36 1.86 13.8
21.7 8.80 3.00 3.55 4.08 4.64 5.19 1.91 16.2

15.0 6.86 6.31 6.86 7.04 7.21 7.39 1.85 9.4

17.2 7.39 5.25 5.78 6.34 6.86 7.39 1.89 11.6

378 19.4 7.95 4.08 4.64 5.16 5.72 6.28 1.94 13.9
21.7 8.50 2.91 3.46 3.99 4.55 5.08 1.98 16.3

15.0 6.66 6.22 6.72 6.86 7.04 7.21 1.94 9.6

17.2 7.16 5.16 5.69 6.25 6.77 7.21 1.98 11.8

40.6 19.4 7.68 3.99 4.55 5.08 5.63 6.16 2.02 14.2
21.7 8.24 2.82 3.35 3.90 4.46 4.99 2.06 16.6

15.0 6.25 6.04 6.36 6.54 6.69 6.83 2.11 10.0

17.2 6.72 4.99 5.52 6.07 6.60 6.83 2.14 12.2

46.1 19.4 7.21 3.82 4.37 4.90 5.46 5.98 2.18 14.6
21.7 7.71 2.64 3.17 3.73 4.26 4.81 2.21 16.9

Values at ARl Rating Conditions (EDB = 26.7°C, EWB = 19.4°C, ODB = 35.0°C)
Gross Total Capacity 8181 W

Airflow 0.425 m*/s
Apparatus Dew Point 13.8 °C
Com pressor Power 1858 W
Indoor Fan Power 230 W
Qutdoor Fan Power 108 W
CcoP 3.62
Seasonal Efficiency Rating
COPser 3.78

Abbreviations: CDB = outdoor drybulb temperature; EWB = entering wetbulb temperature;
EDB = entering drybulb temperature; ARl = Air-Conditioning and Refrigeration Institute;
COP = coefficient of performance;

COPgeer = dimensionless Seasonal Energy Efficiency Ratio.

Notes:

' Based on full-load performance data, courtesy Trane Co., Tyler, Texas, USA. Data is for
"TTPO24C with TWHO39P15-C" at 900 CFM, published April 1993. Performance rated with
25 feet of 3/ 4" suction and 5/ 16" liquid lines.

Listed gross total and gross sensible capacities include manufacturer default fan heat of
329 W.

Where (Sensible Capacity) > (Total Capacity) indicates dry coil condition;

in such case (Total Capacity) = (Sensible Capacity).

Compressor kW, Apparatus Dew Peint, and Gross Total Capacity valid only for wet coil.
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TABLE 26d

Equipment Full-Load Performance with Gross Capacities' (I-P Units)

Gross Total | Gross Sensible Capacityz’3 (kBtu/ h) at Compressor |Apparatus
ODB EWB | Capacity?>*|entering drybulb temperature (EDB, °F) Power*| Dew Point*
(°F) (°R (kBtu/ h) 72 74 76 78 80 (kW) (°F)
59 253 22.3 242 256 26.3 26.9 1.62 48 1

63 27.3 18.7 206 225 243 26.2 1.68 52.0

85 67 295 14.8 16.7 18.6 20.4 223 1.71 56.1
71 31.7 10.9 12.7 14.6 16.4 18.3 1.76 60.4

59 247 22.0 239 251 237 26.4 1.69 48 4

63 26.6 18.5 20.3 222 240 259 1.74 52.3

80 67 28.7 14.5 16.4 18.3 201 220 1.79 565
71 30.8 10.5 12.4 14.3 16.1 18.0 1.84 60.7

59 240 21.8 236 246 25.2 258 1.77 487

63 259 18.2 20.0 21.9 237 256 1.81 526

85 67 27.89 14.2 16.1 18.0 19.8 21.7 1.86 56.8
71 30.0 10.2 12.1 13.9 15.8 17.7 1.91 61.1

59 234 21.5 234 240 246 25.2 1.85 49.0

63 25.2 17.9 19.7 216 234 25.2 1.89 52.9

100 67 271 13.9 15.8 17.6 18.5 21.4 1.94 571
71 290 9.9 11.8 13.6 15.5 17.3 1.98 61.4

59 227 21.2 229 23.4 24.0 246 1.94 493

63 24 .4 17.6 19.4 21.3 231 246 1.98 532

105 67 26.2 13.6 15.5 17.3 19.2 21.0 2.02 57.5
71 281 9.6 11.4 13.3 15.2 17.0 2.06 61.8

59 21.3 20.6 21.7 223 22.8 233 211 50.0

63 228 17.0 18.8 207 225 233 214 539

115 67 2486 13.0 14.9 16.7 18.6 20.4 218 58.2
71 26.3 9.0 10.8 12.7 14.5 16.4 2.21 62.5

Values at ARI Rating Conditions (EDB = 80°F, EWB = 67°F, ODB = 95°F)
Gross Total Capacity 27920 Btu/h

Airflow 900 CFM
Apparatus Dew Pt 56.8 °F
Compressor Power 1858 W

Indoor Fan Power 230 W
Outdoor Fan Power 108 W

EER 12.36 (Btu/h)/ W

Seasonal Efficiency Rating
SEER 12.90 (Btu/h)/ W

EER = energy efficiency ration; SEER = seasonal energy efficiency ratio.

Abbreviations: ODB = outdoor drybulb temperature; EWB = entering wetbulb temperature;
EDB = entering drybulb temperature; ARI = Air-Conditioning and Refrigeration Institute;

Notes:

25 feet of 3/ 4" suction and 5/ 16" liquid lines.

1.12 kBtu/ h.

in such case (Total Capacity) = (Sensible Capacity).

Where (Sensible Capacity) > (Total Capacity) indicates dry coil condition;

Compressor kW, Apparatus Dew Point, and Gross Total Capacity valid only for wet ceil.

" Based on full-load performance data, courtesy Trane Co., Tyler, Texas, USA. Data is for
"TTP024C with TWHO39P15-C" at 900 CFM, published April 1993. Performance rated with

Listed gross total and gross sensible capacities include manufacturer default fan heat of
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TABLE 26e
Equipment Full-Load Performance with Adjusted Net Capacities1 (Sl Units)

Adj Net Total |Adjusted Net Sensible Capacity®® (kW) at Compressor | Apparatus
oDB EWB Capacityz’g"4 entering drybulb temperature (EDB, °C) Power*| Dew Point*
(°C) (°C) (kW) 22.2 233 24.4 256 26.7 (kW) {°C)
15.0 7.19 6.31 6.87 7.28 7.48 7.66 1.62 8.9
17.2 7.78 5.26 5.81 6.37 6.90 7.45 1.66 111
294 19.4 8.42 4.11 4.67 5.23 575 6.31 1.71 13.4
21.7 $.06 2.97 3.50 4.05 4.58 514 1.76 15.8
15.0 7.01 6.22 6.78 7.13 7.31 7.51 1.69 9.1
17.2 7.57 5.20 5.72 6.28 6.81 7.37 1.74 11.3
322 19.4 8.19 4.03 4.58 5.14 5.67 6.22 1.79 13.6
21.7 8.80 2.85 3.4 3.97 4.49 5.05 1.84 15.9
15.0 6.81 6.18 6.69 6.98 7.16 7.34 1.77 9.3
17.2 7.37 5.11 564 6.19 6.72 7.28 1.81 11.4
35.0 19.4 7.95 3.94 4.49 5.05 5.58 6.13 1.86 13.8
21.7 8.57 2.77 3.32 3.85 4.41 4.96 1.91 16.2
15.0 6.63 6.08 6.63 6.81 6.98 7.16 1.85 9.4
17.2 7.16 5.02 555 6.11 6.63 7.16 1.89 11.6
378 19.4 7.72 3.85 4.41 4.93 5.49 6.05 1.94 13.9
21.7 827 2.68 3.23 3.76 4.32 4.85 1.98 16.3
15.0 6.43 5.99 6.49 6.63 6.81 6.98 1.94 9.6
17.2 6.93 4.93 5.46 6.02 6.54 6.98 1.98 11.8
40.6 19.4 7.45 3.78 4.32 4.85 5.40 5.93 2.02 14.2
21.7 8.01 2.59 3.12 3.87 4.23 4.76 2.06 16.6
15.0 6.02 5.81 6.13 6.31 6.46 6.60 2.11 10.0
17.2 6.49 4.76 528 5.84 6.37 6.60 2.14 12.2
46.1 194 6.98 3.59 4.14 4.87 5.23 5.75 2.18 14.6
21.7 7.48 2.41 2.94 3.50 4.03 4.58 2.21 16.9
Values at ARl Rating Conditions (EDB = 26.7°C, EWB = 19.4°C, ODB = 35.0°C)
Adj Net Total Capacity 7951 W
Airflow 0.4248 m®/s
Apparatus Dew Point 13.8 °C
Compressor Power 1858 W
Indoor Fan Power 230 W
Qutdoor Fan Power 108 W
CcOoP 3.62
Seasonal Efficiency Rating
COPgeer 3.78
Abbreviations: ODB = outdoor drybulb temperature; EWB = entering wetbulb temperature;
EDB = entering drybulb temperature; ARl = Air-Conditioning and Refrigeration Institute;
COP = coefficient of performance;
COPgeer = dimensionless Seasonal Energy Efficiency Ratio.
Notes:
! Based on full-load performance data, courtesy Trane Co., Tyler, Texas, USA. Data is for
"TTPO24C with TWHO39P15-C" at 900 CFM, published April 1993. Performance rated with
25 feet of 3/ 4" suction and 5/ 16" liquid lines.
’ Listed adjusted net total and adjusted net sensible capacities are gross capacities with
actual fan heat (230 W) subtracted.
® Where (Sensible Capacity) > (Total Capacity) indicates dry coil condition;
in such case (Total Capacity) = (Sensible Capacity).
* Compressor kW, Apparatus Dew Point, and Adjusted Net Total Capacity valid only for wet coil.
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TABLE 26f

Equipment Full-Load Performance with Adjusted Net Capacities1 (I-P Units)

Adj Net Total|Adjusted Net Sensible Capacityz’3 (kBtu/ h) Compressor |Apparatus
ODB EWB Capacityz’a’4 at entering drybulb temperature (EDB, °F) Power*| Dew Point*
(°P) ‘P (kBtu/ h) 72 74 76 78 80 (kW) (°F
59 245 215 234 248 255 26.1 1.62 48.1
63 26.5 17.9 19.8 21.7 235 254 1.66 52.0
85 87 28.7 14.0 159 17.8 19.6 215 1.71 56.1
71 309 10.1 11.9 13.8 15.6 17.5 1.76 60.4
59 239 21.2 231 243 249 258 1.69 48 4
63 258 17.7 195 214 23.2 25.1 1.74 52.3
a0 87 27.9 13.7 156 17.5 19.3 21.2 1.79 56.5
71 30.0 9.7 11.6 13.5 15.3 17.2 1.84 60.7
59 232 21.0 228 238 24 4 25.0 1.77 48.7
63 25.1 17.4 19.2 211 22.9 24.8 1.81 526
as 87 27 1 13.4 15.3 17.2 19.0 209 1.86 56.8
71 29.2 9.4 11.3 13.1 15.0 16.9 1.91 61.1
59 228 207 2286 232 238 24 .4 1.85 49.0
63 24 .4 17.1 18.9 208 22.6 24.4 1.89 52.9
100 87 26.3 131 15.0 16.8 18.7 208 1.94 571
71 28.2 9.1 11.0 12.8 14.7 16.5 1.98 61.4
59 21.9 20.4 221 226 232 23.8 1.94 49.3
63 236 16.8 18.6 205 22.3 23.8 1.98 53.2
105 87 254 12.8 147 16.5 18.4 20.2 2.02 57.5
71 27.3 8.8 10.6 12.5 14.4 16.2 2.06 61.8
59 205 19.8 209 21.5 22.0 225 2.11 50.0
63 221 16.2 18.0 19.9 21.7 225 2.14 53.9
115 87 23.8 12.2 141 15.9 17.8 19.6 2.18 58.2
71 255 8.2 10.0 11.9 13.7 15.6 2.21 62.5

Values at ARl Rating Conditions (EDB = 80°F, EWB = 67°F, ODB = 95°F)
Adj Net Total Capacity 27140 Btu/h

Airflow 800 CFM
Apparatus Dew Pt 56.8 °F
Compressor Power 1858 W
Indoor Fan Power 230 W
Outdoor Fan Power 108 W

EER 12.36 (Btu/h)/ W
Seasonal Efficiency Rating
SEER 12.90 (Btu/h)/ W

EER = energy efficiency ration; SEER = seasonal energy efficiency ratio.

Abbreviations: ODB = cutdoor drybulb temperature; EWB = entering wethulk temperature;
EDB = entering drybulb temperature; ARI = Air-Conditioning and Refrigeratien Institute;

Notes:

25 feet of 3/ 4" suction and 5/ 16" liquid lines.

actual fan heat (785 Btu/ h) subtracted.

Where (Sensible Capacity) > (Total Capacity) indicates dry coil condition;
in such case (Total Capacity) = (Sensible Capacity).

' Based on full-load performance data, courtesy Trane Co., Tyler, Texas, USA.
"TTPO24C with TWHO39P15-C" at 900 CFM, published April 1993. Performance rated with

Data is for

Listed adjusted net total and adjusted net sensible capacities are gross capacities with

Compressor kW, Apparatus Dew Point, and Adjusted Net Total Capacity valid only for wet coil.
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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 effec-
tive coil surface temperature (apparatus dew point). In Tables
26a through 26f, the dry-coil condition is evident from a
given table for conditions where the listed sensible capacity
is greater than the corresponding total capacity. For such a
dry-coil condition, set total capacity equal to sensible capac-
ity.

For a given EDB and ODB, the compressor power, total
capacity, sensible capacity, and apparatus dew point for wet
coils change only with varying EWB. Once the coil becomes
dry—uwhich is apparent for a given EDB and ODB from the
maximum EWB where total and sensible capacities are
equal— for a given EDB, compressor power and capacities
remain constant with decreasing EWB.A™*

To evaluate equipment performance for a dry-coil condi-
tion, establish the performance at the maximum EWB where
total and sensible capacities are equal. Make this determina-
tion by interpolating or extrapolating with EWB for a given
EDB and ODB. For example, to determine the dry-coil
compressor power for ODB/EDB = 29.4°C/26.7°C, find the
“maximum EWB” dry-coil condition (net sensible capacity =
net total capacity) using the data shown in Table 27 (extracted
from Table 26e):

At the dry-coil condition:

Adjusted net total capacity = adjusted net sensible capacity =
7.66 KW

Linear interpolation based on adjusted net total capacity
gives

Maximum EWB for the dry-coil condition = 16.75°C
Compressor power = 1.652 kW

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 B17.2, regarding analytical solution results.

5.3.1.10.3.4 Extrapolation of Performance Data.
For Cases E100-E200, allow your software to perform the
necessary extrapolations of the performance data as may be
required by these cases, if it has that capability. Cases E100,
E110, E130, and E140 require some extrapolation of data for
EWB <15.0°C (<59°F). Additionally, Case E180 may
require (depending on the model) a small amount of extrapo-
lation of data for EWB >21.7°C (>71°F). Case E200 may
require (depending on the model) some extrapolation of data
for EDB >26.7°C (>80°F).

In cases where the maximum-EWB dry-coil condition
occurs at EWB <15.0°C, extrapolate the total capacity and
sensible capacity to the intersection point where they are both
equal. For example, use the data shown in Table 28 (extracted
from Table 26e) to find the maximum EWB dry-coil condition
for ODB/EDB = 29.4°C/22.2°C:

Linear extrapolation of the total and sensible capacities to
the point where they are equal gives:

Adjusted net total capacity = adjusted net sensible capacity =
6.87 kW

Maximum dry-coil EWB = 13.8°C

Resulting compressor power = 1.598 kW.

TABLE 27
Determination of Maximum Dry-Coil EWB Using Interpolation

EWB Adjusted Net Total Capacity Adjusted Net Sensible Capacity Compressor Power

§9) (kW) (kw) (kw)
15.0 7.19 7.66 1.62
Maximum
dry EWB 7.66* 7.66* 1.652*
16.75*
17.2 7.78 7.45 1.66

* |talicized values are not specifically listed with Table 26e; they are determined based on the accompanying discussion. Other data in this

table are from Table 26e.

TABLE 28
Determination of Maximum Dry-Coil EWB Using Extrapolation

EWB Adjusted Net Sensible Capacity Compressor Power
&) Adjusted Net Total Capacity (kW) (kw) (kw)
Maximum dry EWB
13.8* 6.87* 6.87* 1.598*
15.0 7.19 6.31 1.62
17.2 7.78 5.26 1.66

* Italicized values are not specifically listed with Table 26e; they are determined based on the accompanying discussion. Other data in this

table are from Table 26e.
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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 B17.2, regarding analytical solution results.

5.3.1.10.3.5 Apparatus Dew Point. Apparatus
dew point (ADP) is defined in Section 3. Listed values of
ADP may vary somewhat from those calculated using the
other listed performance parameters. For more discussion of
this, see informative Annex B14 (Cooling Coil Bypass Fac-
tor).

5.3.1.10.3.6 Values at ARI Rating Conditions. In
Tables 26a through 26f, nominal values at ARI rating condi-
tions are useful to system designers for comparing the capa-
bilities of one system to those of another. Some detailed
simulation programs utilize inputs for ARI rating conditions
in conjunction with the full performance maps of Tables 26a
through 26f. For simplified simulation programs and other
programs that do not allow performance maps of certain
parameters, appropriate values at ARI conditions may be
used and assumed constant.

5.3.1.10.3.7 SEER. In Tables 26a through 26f, sea-
sonal energy efficiency ratio (SEER), which is a generalized
seasonal efficiency rating, is not generally a useful input for
detailed simulation of mechanical systems. SEER (or
“COPgggr” in the metric versions) is useful to system
designers for comparing one system to another. SEER is fur-
ther discussed in Section 3 and informative Annex B13.

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

BF at ARI rating conditions is approximately 0.049 <BF
<0.080.

Calculation techniques and uncertainty about this range
of values are discussed in informative Annex B14. Annex B14
is provided for illustrative purposes; some models may
perform the calculation with minor differences in technique or
assumptions or both. If your software requires this input,
calculate the BF in a manner consistent with the assumptions
of your specific model. If the assumptions of your model are
not apparent from its documentation, use a value consistent
with the above range and Annex B14.

Calculations based on the listed performance data indi-
cate that BF varies as a function of EDB, EWB, and ODB.
Incorporate this aspect of equipment performance into your
model if your software allows it, using a consistent method for
developing all points of the BF variation map.

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 operating condi-
tions. If your software requires an input for minimum allow-
able supply air temperature, use

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

BSR/ASHRAE Addendum a to ANSI/ASHRAE STANDARD 140-2001
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Figure 10 Cooling equipment part load performance (COP
degradation factor versus PLR).

This value is the lowest value of ADP that occurs in the
Section 5.3 test cases based on the quasi-analytical solutions
for Case E110 presented in HVAC BESTEST.A™

If your software does not require this input, ignore this
information.

5.3.1.10.4 Part-Load Operation. The system COP
degradation that results from part-load operation is described
in Figure 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)) *
CDF(PLR).

This representation is based on information provided by
the 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. Then, because the controller is ideal ON/OFF cycling
(see Section 5.3.1.10.2),

Hourly fractional run time = PLR/CDF.
In Figure 10, the PLR is calculated by
(Net refrigeration effect) / (Adjusted net total capacity) ,

where the net refrigeration 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 total 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.

Simplifying assumptions in Figure 10 are:

e 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.

e The decrease in efficiency with increased on/off cycling
at very low PLR remains linear.
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Annex B13 includes additional details about how Figure
10 was derived.

If your software utilizes the cooling coil bypass factor,
model the BF as independent of (not varying with) the PLR.

5.3.1.10.5 Evaporator Coil. Geometry of the evapo-
rator coil is included in Figures 11 and 12. Evaporator coil fins
are actually contoured to enhance heat transfer, but further
design details about fin geometry are proprietary and there-
fore unavailable.

5.3.1.10.5.1
Figure 11).

Frontal Dimensions (also see

e Height=68.6 cm (27 in.)

e Width=61.0cm (24 in.)

e Frontal area = 0.418 m2? (4.50 ft?)
e Depth=9.53cm (3.751in.)

5.3.1.10.5.2 Tubes.

e 130 tubes total
(5 tubes per row, 26 rows)
e Tube outside diameter = 9.53 mm (0.375 in.)
e Tube inside diameter = 8.81 mm (0.347 in.)
«  Exposed tube surface area = 2.229 m2 (23.99 ft?).

5.3.1.10.5.3 Fins.

e 12 fins perinch

e Finthickness =0.13 mm (0.005 in.)

e 288 fins total

e Exposed fin surface area = 32.085 m2 (345.36 ft?).

5.3.1.10.6 Fans.
5.3.1.10.6.1 Indoor Air Distribution Fan.

e Indoor fan power = 230 W

«  Airflow rate = 0.425 m%s = 1529 m%h = 900 CFM

e Total combined fan and motor efficiency = 0.5

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

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

e Air distribution efficiency = 100% (adiabatic ducts)

For further discussion of these inputs, see Annex B15.

The draw-through indoor air distribution fan cycles on
and off with the compressor. For calculating additional heating
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.

5.3.1.10.6.2 Outdoor Condenser Fan.
e Outdoor fan power = 108 W.

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

5.3.2 HVAC Equipment Performance Parameter Vari-
ation Tests
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Figure 12 Evaporator coil detail, tube and fin geometry.

5.3.2.1 Additional Dry Coil Test Cases

It is recommended to double check the Case E100 base
case inputs and to diagnose Case E100 results disagreements
before going on to the other test cases.

This section describes sequential revisions to the base
case required to model additional dry-coil cases. The dry-coil
cases have no latent load in the zone. In many instances the
base case for a given case is not Case E100; appropriate base
cases for a given dry-coil case are:

Case Basis for That Case
E110 E100
E120 E110
E130 E100
E140 E130
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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 in the files accompanying this
standard (available at http://www.ashrae.org/template/

PDFEDetail?assetlD=34505) as described in Annex Al,
Section A1.2.

5.3.2.1.2 Case E120: Increased Thermostat Set-
point. Case E120 is exactly the same as Case E110 except the
thermostat control strategy is:

Heat = off

Cool =onif zone air temperature >26.7°C (80.0°F); otherwise
cool = off

All other features of the thermostat remain as before.

5.3.2.1.3 Case E130: Low Part-Load Ratio. Case
E130 is exactly the same as Case E100 except the internal heat
gains are:

Sensible internal gains =270 W (922 Btu/h), continuously (24
hours per day for the full simulation period)

Latent internal gains = 0 W (0 Btu/h), continuously (24 hours
per day for the full simulation period)

Sensible internal gains remain as 100% convective.

Zone sensible internal gains are assumed to be distributed
evenly throughout the zone air. These are internally generated
sources of heat (from equipment, lights, people, etc.) that are
not related to the operation of the mechanical cooling system
or its air distribution fan.

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 weather applicable weather
data file is

HVBT294.TMY or HVBT294A. TM2.

These data are provided in the files accompanying this
standard as described in Annex A1, Section A1.2.

5.3.2.2 Humid Zone Test Cases. In this section, the
sequential revisions required to model humid zone cases are
described. The humid zone cases have latent load in the zone
and, therefore, have moisture removed by the evaporator coil.
All condensed moisture is assumed to leave the system
through a condensate drain. The appropriate base cases for a
given case are:

Case Basis for That Case
E150 E110
E160 E150
E165 E160
E170 E150
E180 E170
E185 E180
E190 E180
E195 E190
E200 E150
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5.3.2.2.1 Case E150: Latent Load at High Sensible
Heat Ratio. Case E150 is exactly as Case E110 except the
internal heat gains are:

Sensible internal gains = 5400 W (18430 Btu/h), continuously
(24 hours per day for the full simulation period)

Latent internal gains = 1100 W (3754 Btu/h), continuously
(24 hours per day for the full simulation period)

Sensible gains remain as 100% convective.

Zone sensible and latent internal gains are assumed to be
distributed evenly throughout the zone air. These are internally
generated sources of heat (from equipment, lights, people,
etc.) that are not related to operation of the mechanical cooling
system or its air distribution fan.

If the software being tested requires input of water vapor
mass flow rate rather than latent internal gains, then to convert
the listed latent internal gains to water vapor mass flow rate,
use a heat of vaporization (hyg) that approximates the value of
htg for condensation at the coil used by the software being
tested.

If the software being tested requires input of total internal
gains, then use the sum of listed sensible + latent internal
gains.

5.3.2.2.2 Case E160: Increased Thermostat Set-
point at High Sensible Heat Ratio. Case E160 is exactly the
same as Case E150 except the thermostat control strategy is:

Heat = off

Cool =onif zone air temperature >26.7°C (80.0°F); otherwise
cool = off
All other features of the thermostat remain as before.

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 HYBT406A.TM2

These data are provided in the files accompanying this
standard as described in Annex Al, Section Al1.2.

5.3.2.2.3.2 Thermostat control strategy
Heat = off

Cool =onifzone air temperature >23.3°C (74.0°F); otherwise
cool = off

All other features of the thermostat remain as before.

5.3.2.24 Case E170: Reduced Sensible Load. Case
E170 is exactly the same as Case E150 except the internal heat
gains are:

Sensible internal gains = 2100 W (7166 Btu/h), continuously
(24 hours per day for the full simulation period)

Latent internal gains = 1100 W (3754 Btu/h), continuously
(24 hours per day for the full simulation period)

Sensible gains remain as 100% convective.
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Zone sensible and latent internal gains are assumed to be
distributed evenly throughout the zone air. These are internally
generated sources of heat (from equipment, lights, people,
etc.) that are not related to operation of the mechanical cooling
system or its air distribution fan.

If the software being tested requires input of water vapor
mass flow rate rather than latent internal gains, then to convert
the listed latent internal gains to water vapor mass flow rate,
use a heat of vaporization (hyy) that approximates the value of
htg for condensation at the coil used by the software being
tested.

If the software being tested requires input of total internal
gains, then use the sum of listed sensible + latent internal
gains.

5.3.2.2.5 Case E180: Increased Latent Load. Case
E180 is exactly the same as Case E170 except the internal heat
gains are:

Sensible internal gains = 2100 W (7166 Btu/h), continuously
(24 hours per day for the full simulation period)

Latent internal gains = 4400 W (15018 Btu/h), continuously
(24 hours per day for the full simulation period).

Sensible gains remain as 100% convective.

Zone sensible and latent internal gains are assumed to be
distributed evenly throughout the zone air. These are internally
generated sources of heat (from equipment, lights, people,
etc.) that are not related to operation of the mechanical cooling
system or its air distribution fan.

If the software being tested requires input of water vapor
mass flow rate rather than latent internal gains, then to convert
the listed latent internal gains to water vapor mass flow rate,
use a heat of vaporization (hyy) that approximates the value of
heg for condensation at the coil used by the software being
tested.

If the software being tested requires input of total internal
gains, then use the sum of listed sensible + latent internal
gains.

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 weather applicable
weather data file is

HVBT461.TMY or HVBT461A.TM2.

These data are provided in the files accompanying this stan-
dard (available at http://www.ashrae.org/template/PDFDe-

tail?assetlD=34505) as described in Annex A1, Section Al1.2.

5.3.2.2.7 Case E190: Low Part-Load Ratio at Low
Sensible Heat Ratio. Case E190 is exactly the same as Case
E180 except the internal heat gains are:

Sensible internal gains =270 W (922 Btu/h), continuously (24
hours per day for the full simulation period)

Latent internal gains = 550 W (1877 Btu/h), continuously (24
hours per day for the full simulation period)

Sensible gains remain as 100% convective.

Zone sensible and latent internal gains are assumed to be
distributed evenly throughout the zone air. These are internally
generated sources of heat (from equipment, lights, people,
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etc.) that are not related to operation of the mechanical cooling
system or its air distribution fan.

If the software being tested requires input of water vapor
mass flow rate rather than latent internal gains, then to convert
the listed latent internal gains to water vapor mass flow rate,
use a heat of vaporization (hgy) that approximates the value of
htg for condensation at the coil used by the software being
tested.

If the software being tested requires input of total internal
gains, then use the sum of listed sensible + latent internal
gains.

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 A1, Section Al1.2.

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 Al.2.

5.3.2.2.9.2 Internal heat gains

Sensible internal gains =6120 W (20890 Btu/h), continuously
(24 hours per day for the full simulation period)

Latent internal gains = 1817 W (6200 Btu/h), continuously
(24 hours per day for the full simulation period).

Sensible gains remain as 100% convective.

Zone sensible and latent internal gains are assumed to be
distributed evenly throughout the zone air. These are internally
generated sources of heat (from equipment, lights, people,
etc.) that are not related to operation of the mechanical cooling
system or its air distribution fan.

If the software being tested requires input of water vapor
mass flow rate rather than latent internal gains, then to convert
the listed latent internal gains to water vapor mass flow rate,
use a heat of vaporization (hyg) that approximates the value of
hg for condensation at the coil used by the software being
tested.

If the software being tested requires input of total internal
gains, then use the sum of listed sensible + latent internal
gains.

5.3.2.2.9.3 Thermostat Control Strategy

Heat = off.

Cool = on if zone air temperature > 26.7°C (80.0°F); other-
wise cool = off.

All other features of the thermostat remain as before.
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6. OUTPUT REQUIREMENTS

[Informative Note: Make the following revisions to Section
6.]

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
(Annex B1 includes an informative summary listing of all the
cases). Required outputs for the non-free-float cases are:

6.1.1.5 All heating and cooling loads listed in 6.1.1.1

through 6.1.1.4 shall be entered into the appropriate standard
output report (see Annex A2) as positive values (=0).

6.2 Daily Hourly Output for Building Thermal Envelope
and Fabric Load Tests of Section 5.2

If the program being tested can produce hourly outputs,
then produce the following 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 temperature history errors. Required
outputs are listed for specific cases in Table 293.

Table 293
Daily Hourly Output Requirements for Building Thermal
Envelope and Fabric Load Tests of Section 5.2

6.3 Output Requirements for HVYAC Equipment Perfor-

((Net refrigeration effect)/(total cooling energy consump-

tion))

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

(This is a normative annex and is part of the standard.)
ANNEX A1

WEATHER DATA
[Informative Note: Create new Section Al1.1 by combining
the first paragraph of Annex Al and the first sentence of the
second paragraph and revising as follows.]

Al.l Weather Data for Building Thermal Envelope and
Fabric Load Tests

The full-year weather data (DRYCOLD.TMY) inthe files
accompanying this standard method of test (available at http:/
/www.ashrae.org/template/PDFDetail?assetID=34505) shall
be used for performing the tests called out in Section 5.2. Site
and weather characteristics are summarized in Table Al1-1.

Al.2 \Weather Data for HVAC Equipment Performance
Tests

The weather data listed in Table A1-2 shall be used as
called out in Section 5.3. These data files represent TMY and
TMY?2 format weather data files, respectively, with modifica-
tions so that the initial fundamental series of mechanical
equipment tests may be very tightly controlled. The TMY-

mance Tests of Section 5.3

6.3.1 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 sets). The
terms cooling energy consumption, evaporator coil loads,
zone cooling loads, and coefficient of performance are defined
in Section 3.

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.

6.3.2 The outputs listed immediately below are to include
the mean value for the month of February and the hourly inte-
grated maximum and minimum values for the month of Feb-
ruary.

(a) Calculated coefficient of performance (COP) (dimension-
less)
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format data are three-month-long data files used in the original
field trials of the test procedure; the TMY2-format data are
year-long data files that may be more convenient for users. For
the purposes of HYAC BESTEST, which uses a near-adiabatic
building envelope, the TMY and TMY?2 data sets are equiva-
lent. (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 envelope.)
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 Al1-3a and A1-3b for the TMY and TMY?2 data files,
respectively. Details about the TMY and TMY2 weather data
file formats are included in Sections A1.3 and Al.4 respec-

tively.

[Informative Note: Revise the title of Table Al-1 as follows.]

TABLE A1-1
Site and Weather Summary_for DRYCOLD.TMY

Weather Data Used with Building Thermal Envelope
and Fabric Load Tests
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[Informative Note: Add entirely new Tables A1-2, A1-3a, and A1-3b as noted.]

TABLE A1-2
Weather Data for HVAC Equipment Performance Tests

Data Files

Applicable Cases

Applicable Cases’ Sections

HVBT294.TMY or HVBT294A. TM2

E110, E120, E140, E150, E160, E170,

53.21.1;53.212;53.2.14;53.2.2.1;

E180, E190 5.3.2.2.2;5.3.2.24,53.2.25;5.3.2.2.7
HVBT350.TMY or HVBT350A.TM2 E200 5.3.2.29
HVBT406.TMY or HVBT406A.TM2 E165 53223

HVBT461.TMY or HVBT461A.TM2

E100, E130, E185, E195

53.1;5.3.2.1.3;5.3.2.2.6; 5.3.2.2.8

TABLE A1-3a
Site and Weather Summary for HVAC Equipment Performance Tests—TMY Data

Weather Type Artificial Conditions
Weather Format T™MY

Latitude 25.8° North
Longitude (local site) 80.3° West

Altitude 2m (6.6 ft)

Time Zone (Standard Meridian Longitude) 5 (75° West)
Ground Reflectivity 0.2

Site

Flat, unobstructed, located exactly at weather station

Dew Point Temperature (constant)

14.0°C (57.2°F)

Humidity Ratio

0.010 kg moisture/kg dry air
(0.010 Ib moisture/lb dry air)

Mean 3-Month Wind Speed

4.4 m/s (9.8 miles/h)

Maximum 3-Month Wind Speed

12.4 m/s (27.7 miles/h)

Global Horizontal Solar Radiation 3-Month Total

1354 MJ/m2 (119.2 kBtu/ft?)

Direct Normal Solar Radiation 3-Month Total

1350 MJ/m2 (118.8 kBtu/ft?)

Direct Horizontal Solar Radiation 3-Month Total

817 MJ/m2 (71.9 kBtu/ft?)

Diffuse Horizontal Solar Radiation 3-Month Total

536 MJ/m? (47.2 kBtu/ft2)

Quantities That Vary Between Data Sets | Ambient Dry Bulb Ambient
Temperature (constant) Relative Humidity
HVBT294.TMY 29.4°C (85.0°F) 39%
HVBT350.TMY 35.0°C (95.0°F) 28%
HVBT406. TMY 40.6°C (105.0°F) 21%
HVBT461.TMY 46.1°C (115.0°F) 16%
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TABLE A1-3b
Site and Weather Summary for HVAC Equipment Performance Tests—TMY2 Data

Weather Type Artificial Conditions
Weather Format TMY2

Latitude 25.8° North
Longitude (local site) 80.3° West

Altitude 2m (6.6 ft)

Time Zone (Standard Meridian Longitude) 5 (75° West)
Ground Reflectivity 0.2

Site

Flat, unobstructed, located exactly at weather station

Dew Point Temperature (constant)

14.0°C (57.2°F)

Humidity Ratio

0.010 kg moisture/kg dry air
(0.010 Ib moisture/lb dry air)

Mean Annual Wind Speed

4.3 m/s (9.7 miles/h)

Maximum Annual Wind Speed

13.9 m/s (31.1 miles/h)

Global Horizontal Solar Radiation Annual Total

6453 MJ/m2 (568 kBtu/ft?)

Direct Normal Solar Radiation Annual Total

5418 MJ/m? (477 kBtu/ft2)

Diffuse Horizontal Solar Radiation Annual Total

2914 MI/m2 (257 kBtu/ft?)

Quantities That Vary Between Data Sets | Ambient Dry Bulb Ambient
Temperature (constant) Relative Humidity
HVBT294A.TM2 29.4°C (85.0°F) 39%
HVBT350A.TM2 35.0°C (95.0°F) 28%
HVBT406A.TM2 40.6°C (105.0°F) 21%
HVBT461A.TM2 46.1°C (115.0°F) 16%

[Informative Note: Revise Section A1.3 as follows.]

Al.3 TMY Weather Data Format

For those programs that do not have Typical Meteorolog-
ical Year (TMY) weather processors, TMY weather data file
format is provided in Table A1-42. This reprint of tables also
includes some additional notes based on experience with
TMY data. If this summary is insufficient, the complete docu-
mentation on TMY weather data® can be obtained from the
National Climatic Data Center (NCDC) in Asheville, North
Carolina. The address is Federal Building, Asheville, NC
28801-2733; telephone 828-271-4800. Informative Annex B2
contains additional background information regarding TMY
weather data.

The hourly time convention for TMY weather data is
solar time, where

Solar Time = Standard Time + (4 minutes / degree) x (Lst -
Lloc) + E

and where
Lst = standard meridian longitude (degrees)

Lloc = local site longitude (degrees)

E =-9.87-sin-2B—-+53-cosB—1.5-sin B229.2(0.000075 +
0.001868 cos(B) — 0.032077 sin(B) — 0.014615 cos(2B) —

0.04089 sin(2B) (minutes)

where
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B =360(n - 81)/364365 (degrees)
n = day of the year, 1 <n <365

E varies roughly £ 15 minutes throughout the year
because of cosmology. Additional background information on
the equation of time may be found in the references.*

Additional background regarding the difference between
solar time and standard time is included in informative Annex
B11 (Section B11.3).

[Informative Note: Add entirely new Section Al.4 as below.]

Al.4 TMY2 Weather Data Format

For those programs that do not have Typical Meteorolog-
ical Year 2 (TMY2) weather processors, TMY?2 weather data
file format is described below. If this summary is insufficient,
the complete documentation on TMY 2 weather data”6 can be
obtained at http://rredc.nrel.gov/solar/pubs/tmy?2.

Al1.4.1 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 Al1-5, along with sample FOR-
TRAN and C formats for reading the header. A sample of a
file header and data for January 1 is shown in Figure A1-1.

A1.4.2 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
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uncertainty flags. Table Al-6 provides field positions, ele-
ment definitions, and sample FORTRAN and C formats for
reading the hourly records.

Each hourly record begins with the year (field positions 2-
3) from which the typical month was chosen, followed by the
month, day, and hour information in field positions 4-9. The
times are in local standard time (previous TMYs based on
SOLMET/ERSATZ data are in solar time).

For solar radiation and illuminance elements, the data
values represent the energy received during the 60 minutes
preceding the hour indicated. For meteorological elements
(with a few exceptions), observations or measurements were
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made at the hour indicated. A few of the meteorological
elements had observations, measurements, or estimates made
at daily, instead of hourly, intervals. Consequently, the data
values for broadband aerosol optical depth, snow depth, and
days since last snowfall represent the values available for the
day indicated.

[Informative Note: Add Figure Al-1. Change the designa-
tion of Table Al-2, Typical Meteorological Year Data
Format, to Table Al-4 on all pages on which the table
appears. Add tables A1-5 and A1-6.]
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TABLE A1-5
Header Elements in the TMY2 Format (For First Record of Each File)

Field Position Element Definition
002 - 006 WBAN Number Station’s Weather Bureau Army Navy number (see Table 2-1 of Marion and Urban [1995])*-
008 - 029 City City where the station is located (maximum of 22 characters)
031 -032 State State where the station is located (abbreviated to two letters)
034 - 036 Time Zone Time zone is the number of hours by which the local standard time is ahead of or behind Uni-

versal Time. For example, Mountain Standard Time is designated -7 because it is 7 hours
behind Universal Time.

038 - 044 Latitude Latitude of the station

038 N = North of equator

040 - 041 Degrees

043 - 044 Minutes

046 - 053 Longitude Longitude of the station

046 W = West, E = East

048 - 050 Degrees

052 - 053 Minutes

056 - 059 Elevation Elevation of station in meters above sea level

FORTRAN Sample Format:
(1X,A5,1X,A22,1X,A2,1X,13,1X,A1,1X,I2,1X,I2,1X,Al,1X,I3,1X,I2,2X,I4)
C Sample Format:

($s %$s %s %d %s %d %d

o\
o\

d

o\°

d

o\

s d)
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TABLE A1-6

Data Elements in the TMY2 Format (For All Except the First Record)

Field Position Element Values Definition
002 - 009 Local Standard Time
002 - 003 Year 61-90 Year, 1961-1990
004 - 005 Month 1-12 Month
006 - 007 Day 1-31 Day of month
008 - 009 Hour 1-24 Hour of day in local standard time
2
010-013 Extraterrestrial Horizontal 0-1415 Amount of solar radiation in Wh/m received on a horizontal
Radiation surface at the top of the atmosphere during the 60 minutes pre-
ceding the hour indicated
2
014 - 017 Extraterrestrial Direct Normal Radiation 0- 1415 Amount of solar radiation in Wh/m " received on a surface nor-
mal to the sun at the top of the atmosphere during the 60 min-
utes preceding the hour indicated
018 - 023 Global Horizontal Radiation Total amount of direct and diffuse solar radiation in Wh/m
018 - 021 Data Value 0-1200 received on a horizontal surface during the 60 minutes preced-
022 Flag for Data Source A-H,? ing the hour indicated
023 Flag for Data Uncertainty 0-9
024 - 029 Direct Normal Radiation Amount of solar radiation in Wh/m2 received withina 5.7°
024 - 027 Data Value 0-1100 field of view centered on the sun, during the 60 minutes preced-
028 Flag for Data Source A-H,? ing the hour indicated
029 Flag for Data Uncertainty 0-9
030 - 035 Diffuse Horizontal Radiation Amount of solar radiation in Wh/m received from the sky
030 - 033 Data Value 0-700 (excluding the solar disk) on a horizontal surface during the 60
034 Flag for Data Source A-H,? minutes preceding the hour indicated
035 Flag for Data Uncertainty 0-9
036 - 041 Global Horiz. llluminance Average total amount of direct and diffuse illuminance in hun-
036 - 039 Data Value 0-1,300 dreds of lux received on a horizontal surface during the 60 min-
040 Flag for Data Source 1,? utes preceding the hour indicated.
041 Flag for Data Uncertainty 0-9 0to 1,300 = 0 to 130,000 lux
042 - 047 Direct Normal Illuminance Average amount of direct normal illuminance in hundreds of
042 - 045 Data Value 0-1,100 lux received within a 5.7 degree field of view centered on the
046 Flag for Data Source 1,? sun during the 60 minutes preceding the hour indicated.
047 Flag for Data Uncertainty 0-9 0to 1,100 = 0 to 110,000 lux
048 - 053 Diffuse Horiz. llluminance Average amount of illuminance in hundreds of lux received
048 - 051 Data Value 0-800 from the sky (excluding the solar disk) on a horizontal surface
052 Flag for Data Source 1,? during the 60 minutes preceding the hour indicated.
053 Flag for Data Uncertainty 0-9 0 to 800 = 0 to 80,000 lux
054 - 059 Zenith Luminance Avyerage amount of luminance at the sky’s zenith in tens of Cd/
054 - 057 Data Value 0-7,000 m  during the 60 minutes precgding the hour indicated.
058 Flag for Data Source 1,? 0 to 7,000 = 0 to 70,000 Cd/m
059 Flag for Data Uncertainty 0-9
060 - 063 Total Sky Cover Amount of sky dome in tenths covered by clouds or obscuring
060 - 061 Data Value 0-10 phenomena at the hour indicated
062 Flag for Data Source A-F?
063 Flag for Data Uncertainty 0-9
064 - 067 Opaque Sky Cover Amount of sky dome in tenths covered by clouds or obscuring
064 - 065 Data Value 0-10 phenomena that prevent observing the sky or higher cloud lay-
066 Flag for Data Source A-F ers at the hour indicated
067 Flag for Data Uncertainty 0-9
068 - 073 Dry Bulb Temperature Dry bulb temperature in tenths of °C at the hour indicated.
068 - 071 Data Value -500 to 500 -500 to 500 = -50.0 to 50.0 degrees C
072 Flag for Data Source A-F
073 Flag for Data Uncertainty 0-9
074 - 079 Dew Point Temperature Dew point temperature in tenths of °C at the hour indicated.
074 - 077 Data Value -600 to 300 -600 to 300 = -60.0 to 30.0 °C
078 Flag for Data Source A-F
079 Flag for Data Uncertainty 0-9
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TABLE A1-6

(Continued)

Data Elements in the TMY2 Format (For All Except the First Record)

Field Position Element Values Definition
080 - 084 Relative Humidity Relative humidity in percent at the hour indicated
080 - 082 Data Value 0-100
083 Flag for Data Source A-F
084 Flag for Data Uncertainty 0-9
085 - 090 Atmospheric Pressure Atmospheric pressure at station in millibars at the hour indi-
085 - 088 Data Value 700 - 1100 cated
089 Flag for Data Source A-F
090 Flag for Data Uncertainty 0-9
091 - 095 Wind Direction Wind direction in degrees at the hour indicated. (N = 0 or 360,
091 - 093 Data Value 0-360 E =90, S =180, W = 270). For calm winds, wind direction
094 Flag for Data Source A-F equals zero.
095 Flag for Data Uncertainty 0-9
096 - 100 Wind Speed Wind speed in tenths of meters per second at the hour indi-
096 - 98 Data Value 0-400 cated.
99 Flag for Data Source A-F 0to 400 =0to0 40.0 m/s
100 Flag for Data Uncertainty 0-9
101 - 106 Visibility Horizontal visibility in tenths of kilometers at the hour indi-
101 - 104 Data Value 0- 1609 cated.
105 Flag for Data Source A-F? 7777 = unlimited visibility
106 Flag for Data Uncertainty 0-9 0 to 1609 = 0.0 to 160.9 km
9999 = missing data
107 - 113 Ceiling Height Ceiling height in meters at the hour indicated.
107 - 111 Data Value 0 - 30450 77777 = unlimited ceiling height
112 Flag for Data Source A-F? 88888 = cirroform
113 Flag for Data Uncertainty 0-9 99999 = missing data
114 - 123 Present Weather See Present weather conditions denoted by a 10-digit number. See
Appendix B of Mar- | Appendix B of Marion and Urban (1995)"6 for key to present
ion and Urban weather elements.
(1995)A6
124 - 128 Precipitable Water Precipitable water in millimeters at the hour indicated
124 - 126 Data Value 0-100
127 Flag for Data Source A-F
128 Flag for Data Uncertainty 0-9
129 - 133 Aerosol Optical Depth Broadband aerosol optical depth (broad-band turbidity) in
129 - 131 Data Value 0-240 thousandths on the day indicated.
132 Flag for Data Source A-F 0to 240 =0.0 to 0.240
133 Flag for Data Uncertainty 0-9
134 -138 Snow Depth Snow depth in centimeters on the day indicated.
134 - 136 Data Value 0-150 999 = missing data
137 Flag for Data Source A-F?
138 Flag for Data Uncertainty 0-9
139 - 142 Days Since Last Snowfall Number of days since last snowfall
139 - 140 Data Value 0-88 88 = 88 or greater days
141 Flag for Data Source A-F? 99 = missing data
142 Flag for Data Uncertainty 0-9

1(I2,A1,I1))
C Sample Format:

FORTRAN Sample Format:
(1X,412,214,7(I4,A1,I1),2(I2,A1,I1),2(I4,A1,I1),1(I3,AL,I1),
1(14,A1,11),2(I3,A1,11),1(14,A1,I1),1(I5,A1,I1),10I1,3(I3,A1,I1),

(%$2d%2d%2d%2d%4d%4d%4d%1s%1d%4d%1s%1d%4d%1s%1d%4d%1s%1d%4d%1s%1d%4d%1ls
%$1d%4d%1s%1d%2d%1s%1d%2d%1s%1d%4d%1s%1d%4d%1s%1d%3d%1s%1d%4d%1s%1d%3d
%$1s%1d%3d%1s%1d%4d%1s%1d%51d%1s%1d%1d%1d%1d%1ds1ds1ds1ds1ds1ds1ds3dsls
%$1d%3d%1s%1d%3d%1s%1d%2d%1s%1d)

Note: For ceiling height data, integer variable should accept data values as large as 99999.
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(This is a normative annex and is part of the standard.)
ANNEX A2
STANDARD OUTPUT REPORTS

[Informative Note: Replace item (b) in alphabetized list
below with new item (b), change old item (b) to item (c), and
revise items (a) and (c) as shown.]

The standard output report consists of twe-three forms
provided in the files accompanying this standard (available at
http://www.ashrae.org/template/PDFDetail?assetID=34505):
(@) Output Results for Section 5.2 Cases (S1460UF2Sec5-

20ut. XLSWAK3, spreadsheet file)

(b) Output Results for Section 5.3 Cases (Sec5-3out.XLS,

spreadsheet file
(€) Modeling Notes (83400UF2S51400utNotes. TXT, text file

reprinted as Attachment A2.3A2.1)

For entering output results into ST400UF2Sec5-
2out. XL SWK and Sec5-2o0ut.XLS, follow the instructions
provided at the top of the appropriate electronic spreadsheet
files. These instructions are reprinted as Attachments A2.1
and A2.2 respectivelyA2:2 within this section.

For entering modeling notes into
S$3400UT251400utNotes. TXT, use the format of the follow-
ing examples given as Attachments A2:3-ard-A2.4 and A2.5
within this section.

[Informative Note: Change Attachment A2.2 to A2.1 and
revise heading as follows. Move it ahead of the former A2.1.]

Attachment A22A2.1 Instructions for Entering Results
into S3400UF2Sec5-20ut. XLSWAKS

[Informative Note: Revise results as follows.]

STANDARD 140 OUTPUT FORM - RESULTS
1997:- S1400UT2Sec5-20ut. XL SWK3

7 BEC

[Informative Note: Delete the following paragraph in A2.2
(formerly A2.1).]

When dates are input in this format, they are converted to
a 5-digit date code (04-Jan = 33607) which appears in the data
cell. To convert this five-digit code back into a date, the cell
must have an appropriate format. Thus, for S1400UT2.WK3
the format command "/ Worksheet Range Format Date 2" is
already applied to the cells that require the entry of dates.

[Informative Note: Add entirely new Attachment A2.2.]

Attachment A2.2 Instructions for Entering Results into
Sec5-3out. X1 S

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

Instructions:
1. Use specified units.

BSR/ASHRAE Addendum a to ANSI/ASHRAE STANDARD 140-2001

2. Dataentry is restricted to columns B through T and rows 25
through 38. The protection option has been employed to
help ensure that data are input in the correct cells.

3. February totals are consumptions and loads just for the
month of February. Similarly, February means and maxima
are those values just for the month of February.

4. Cooling energy consumption, evaporator coil load, zone
load, and COP are defined in Section 3.

[Informative Note: Change Section A2.1to A2.3 and move it
to the correct sequence (heading change only).]

Attachment A221A2.3 Standard 140 Output Form -
Modeling Notes

[Informative Note: Change Section A2.3 to A2.4 (heading
change only).]

Attachment A23A2.4 Example of Modeling Notes for
BLAST 3.03

[Informative Note: Change Section A2.4 to A2.5 (heading
change only).]

Attachment A24A2.5 Example of Modeling Notes for
DOE-2.1E°

(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 pro-
cessed according to the ANSI requirements for a stan-
dard and may contain material that has not been subject
to public review or a consensus process.)

ANNEX B1

TABULAR SUMMARY OF TEST CASES
[Informative Note: Revise the introductory paragraph for
Annex B1 as follows.]

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 Sl units only. Tables B1-2A and
B1-2B include a tabular summary of the HVAC Equipment
Performance test cases described in Section 5.3, in Sl and I-P

units respectively.

NOMENCLATURE

[Informative Note: Add the following abbreviations to the
nomenclature used in Tables B1-1A and B1-1B.]

ARI Air Conditioning and Refrigeration Institute
EDB entering dry-bulb temperature

ODB  outdoor dry-bulb temperature

PLR  part-load ratio

SHR  sensible heat ratio
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[Informative Note: Add new tables B1-2a and B1-2b.]

TABLE B1-2a
HVAC BESTEST Case Descriptions (Sl Units).

Zone Weather
Internal Gains* Setpoint
Sensible Latent EDB ODB
Case # (W) (W) (°C) (°C) |Comments
dry zone series
E100 5400 0 222 46.1 |Base case, dry coil. High PLR.
E110 5400 0 222 29 4 |High PLR. Tests low ODB versus E100.
E120 5400 0 267 29.4 |High PLR. Tests high EDB versus E110.
Tests ODB & EDB interaction versus E100.
E130 270 0 22.2 46.1 [Low PLR test versus E100.
E140 270 0 22.2 28.4 [Tests ODB at low PLR vs E130.
Tests PLR at low ODB vs E110.
humid zone series
E150 5400 1100 22.2 29.4 |High PLR. High SHR.
Tests latent load versus E110.
E160 5400 1100 267 29.4 [High PLR. High SHR.
Tests EDB versus E150.
E165 5400 1100 23.3 40.6 [High PLR. High SHR. Tests ODB & EDB
interaction with latent load versus E160.
E170 2100 1100 22.2 29.4 (Mid PLR. Mid SHR.
Tests low sensible load versus E150.
E180 2100 4400 22.2 29.4 |High PLR. Low SHR.
Tests SHR versus E150.
Tests high latent load versus E170.
E185 2100 4400 22.2 46.1 |High PLR. Low SHR.
Tests ODB versus E180.
E190 270 550 22.2 29.4 [Low PLR. Low SHR
Tests low PLR at constant SHR vs E180.
Tests latent load at low PLR versus E140.
E195 270 550 22.2 46.1 |Low PLR. Low SHR
Tests ODB at low PLR & SHR versus E190.
Tests low PLR at constant SHR vs E185.
Tests latent load at low PLR versus E130.
full load test at ARI conditions
E200 6120 1817 26.7 35.0 |Tests for ARl indoor wetbulb temperature
at full sensible and latent loads.
Abbreviations: PLR = Part Load Ratio; ODB = outdoor drybulb temperature,
EDB = entering drybulb temperature; vs = versus;
SHR = Sensible Heat Ratio; ARl = Air Conditioning and Refrigeration Institute.
*Internal Gains are internally generated sources of heat and humidity that are not related to
operation of the mechanical cooling system or its air distribution fan.

122case4 xls, a:al. h48; May 30, 2000
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TABLE B1-2b
HVAC BESTEST Case Descriptions (I-P Units).

Zone Weather
Internal Gains* Setpoint
Sensible Latent EDB ODB
Case # (Btu/h)| (Btu/h) (°F) (°F) [Comments
dry zone series
E100 18430 0 72.0 115.0 |Base case, dry coil. High PLR.
E110 18430 0 72.0 85.0 |High PLR. Tests low ODB versus E100.
E120 18430 0 80.0 85.0 |High PLR. Tests high EDB versus E110.
Tests ODB & EDB interaction versus E100.
E130 922 0 72.0 115.0 [Low PLR test versus E100.
E140 922 0 72.0 85.0 |Tests ODB at low PLR vs E130.
Tests PLR at low ODB vs E110.
humid zone series
E150 18430 3754 72.0 85.0 |High PLR. High SHR.
Tests latent load versus E110.
E160 18430 3754 80.0 85.0 |High PLR. High SHR.
Tests EDB versus E150.
E165 18430 3754 74.0 105.0 [High PLR. High SHR. Tests CDB & EDB
interaction with latent load versus E160.
E170 7166 3754 72.0 85.0 [Mid PLR. Mid SHR.
Tests low sensible load versus E150.
E180 7166 15018 72.0 85.0 |High PLR. Low SHR.
Tests SHR versus E150.
Tests high latent load versus E170.
E185 7166 15018 72.0 115.0 |High PLR. Low SHR.
Tests QDB versus E180.
E190 922 1877 72.0 85.0 |[Low PLR. Low SHR
Tests low PLR at constant SHR vs E180.
Tests latent load at low PLR versus E140.
E195 922 1877 72.0 115.0 [Low PLR. Low SHR
Tests ODB at low PLR & SHR versus E190.
Tests low PLR at constant SHR vs E185.
Tests latent load at low PLR versus E130.
full load test at ARI conditions
E200 20890 6200 80.0 95.0 [Tests for ARI indoor wetbulb temperature
at full sensible and latent loads.

Abbreviations: PLR = Part Load Ratio; ODB = outdoor drybulb temperature;
EDB = entering drybulb temperature; vs = versus;
SHR = Sensible Heat Ratio; ARl = Air Conditioning and Refrigeration Institute.

*Internal Gains are internally generated sources of heat and humidity that are not related to
operation of the mechanical cooling system or its air distribution fan.
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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 pro-
cessed according to the ANSI requirements for a stan-
dard and may contain material that has not been subject
to public review or a consensus process.)

ANNEX B2

ABOUT TYPICAL METEOROLOGICAL YEAR (TMY)
WEATHER DATA

[Informative Note: Revise Annex B2 as follows.]

TMY data are used in Standard 140, Section 5.2 for the
following reasons:

e The original research that is the foundation of Standard
140, IEA BESTEST, was performed by the International
Energy Agency.l? —(Judkeff-and-Neymark—1995) The
underlying research used in this standard began in 1990
and was completed in 1993. At that time TMY data rep-
resented the state of the art regarding hourly weather
data.

e During the process of converting the original IEA work
into a Standard Method of Test, SPC 140 considered
changing the weather data file and format. The problems
with this were that:

1. Some parts of the test specification are based on the
specific TMY data file provided with Standard 140.
For example, the convective portion of annual average
exterior combined surface coefficients — provided for
those programs that do not calculate exterior convec-
tion hourly — are related to the average annual wind
speed from the original weather data file. This means
that some inputs in the test specification would need to
be changed.

2. The example results of informative Annex B8 would
not be consistent with user-generated results if new
weather data were used—unless the test cases were
rerun for all the programs shown. For many users of
Standard 140, the evaluation of results will be facili-
tated by being able to compare the results for their
program with the example results presented in Annex
B8, which requires using consistent testing methods
and weather data.

For these reasons, SPC 140 decided to keep the original
TMY weather data and the detailed documentation of the
TMY weather data format. For Section 5.3, either TMY-

format data or TMY2-format data may be used as described in
Annex Al, Section A1.2.
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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 pro-
cessed according to the ANSI requirements for a stan-
dard and may contain material that has not been subject
to public review or a consensus process.)

ANNEX B8

EXAMPLE RESULTS FOR BUILDING THERMAL
ENVELOPE AND FABRIC LOAD TESTS

[Informative Note: Revise Annex B8 as noted.]

The example results from various detailed building
energy simulation programs that applied the tests of Section
5.2 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 and draw
comparisons from those results independently or in conjunc-
tion with the results listed here. In either case, when making
comparisons the user should employ the diagnostic logic
presented in informative Annex B9, Section B9.4.

The building energy simulation computer programs used
to generate example results are described in informative
Annex B11. These computer programs have been subjected to
a number of analytical verification, 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 generally accepted as representing
the state of the art in whole building energy simulation
programs. Regarding the results presented, to the extent possi-
ble, input errors or differences have been eliminated. Thus, for
a given case the range of differences between results presented
in the informative Annex B8 represents algorithmic differ-
ences among these computer programs for comparative enve-
lope tests. For any given case, a tested program may fall
outside this range without necessarily being incorrect.
However, it is worthwhile to investigate the source of signifi-
cant differences, 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

mis-entered one or more program inputs;

(b) problem with a particular algorithm in the program;
(c) 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 example results
should not be perceived as better or worse than a program that
yields values at the borders of the range.

For the convenience to users who wish to plot or tabulate
their results along with the example results, an electronic
version of the example results has been included with the file
RESULTS5-2. XLSWAKS3 in the files accompanying this stan-
dard. Documentation regarding RESULTS5-2. XL SWAK3 has
been included with the file and is printed out in informative
Annex B10, Section B10.1, for convenience.

For generating these results, along with using consistent
modeling methods, simulationists were requested to use the
most detailed modeling methods their software allows. For a
summary of how example results were developed see infor-
mative Annex B11. For more detailed information about the
example results see IEA BESTEST.
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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 pro-
cessed according to the ANSI requirements for a stan-
dard and may contain material that has not been subject
to public review or a consensus process.)

ANNEX B9

DIAGNOSING THE RESULTS
USING THE FLOW DIAGRAMS

[Informative Note: Revise Sections B9.1 — B9.4 as noted.]

B9.1 General Description. Figures B9-1 through B9-589-
4 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 Annexgs 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 equipment performance tests of Section
5.3, the degree of disagreement that occurred for other
simulation results in Annex B16 versus the quasi-analyti-
cal solution results.

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
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.
For the tests of Section 5.2, Fthis includes appropriate calcu-
lated solar radiation, free float, and hourly results if the soft-
ware being tested is capable of producing that type of output.

For the tests of Section 5.3, this includes appropriate energy
consumption, coil load, zone load, zone temperature, and
humidity ratio results if the software being tested is capable of
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producing that type of output. 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 recheck 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 judgment of the
user, the disagreement is due to a reasonable difference in
algorithms between the tested software and the example
results or other tested software, then continue with the next
test case.

B9.4 Diagnostic Logic Flow Diagrams for Building
Thermal Envelope and Fabric L oad 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).

B9:5B9.4.2 In-Depth Tests. These tests provide detailed
diagnostic capability. The “in-depth test” flow diagram (Fig-
ure B9-2) indicates two possible diagnostic paths, Al through
All or B1 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
help to identify algorithmic sources of differences but less
definitively because of interacting effects.

B9.6B9.4.3 Mass Interaction Tests Further diagnostic
information can be obtained regarding thermal mass interac-
tions using the diagnostic logic flow diagram of Figure B9-4.
When disagreement among results occurs, this diagram some-
times returns to the low-mass, in-depth diagnostics (Figure
B9-3) even though the program may have already showed
agreement 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
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(@) 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.

[Informative Note: Add new Section B9.5.]

B9.5 Diagnostic Logic Flow Diagram for HVAC Equip-
ment Performance Tests (Section 5.3)

B9.5.1 General Description. The E100 series cases
(E100 through E200) are steady-state cases that test basic per-
formance map modeling capabilities and utilize comparisons
with quasi-analytical solutions. 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.

B9.5.2 Consideration of Quasi-Analytical Solution
Results. As a minimum, the user should compare output with
the quasi-analytical solution results found in Annex B16. The
user may also choose to compare output with the example sim-
ulation results in Annex B16 or with other results that were gen-
erated using Section 5.3 of this test procedure. Information
about how the quasi-analytical solutions and example simula-
tion results were produced is included in Annex B17. For con-
venience 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 RESULTS5-3.XLS on the accom-
panying electronic media (available at http://www.ashrae.org/

template/PDFDetail?assetlD=34505). Regarding determina-
tion of agreement of results discussed in B9.2.2, in making this
determination for the HVAC equipment performance tests of
Section 5.3, the user should consider that the quasi-analytical
solution results given in Annex B16 represent a “mathematical
truth standard” (i.e., a mathematically provable and determin-
istic set of results based on acceptance of the underlying phys-
ical assumptions represented by the case specifications). Note
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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 definition a simplification of reality and may not
fully represent real empirical behavior.

[Informative Note: Renumber current Section B9.7 as B9.6
and revise as follows.]

B9.76 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 example results of informa-
tive Annex BS8.

B9.6.2 Example using Flow Diagrams for HVAC
Equipment Performance Tests (Section 5.3). A program
shows agreement with Case E100, but shows large disagree-
ment with the quasi-analytical solution results of energy con-
sumption 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 BESTESTA= 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.
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[Informative Note: Add new Figure B9-5.]

DRY COIL PROBABLE CAUSE OF DISAGREEMENT WET COIL
START* CONTINUE (B)*
(A1 ] E100 J——> | Basic Performance Model | E160 [B1 ]
A2 | E110-E100J——> Qutdoor Drybulb Sensitivity E185-E180  [B2 |
and/or Extrapolation
A
[A3 [ E120-E110 }——@ Entering Drybulb Sensitivity E160-E150 B3 |

f and/or Extrapolation

[A4 | E120-E100 ]—@ | ODB+EDB Interaction |

E165-E160  |B4 |

W v

[A6 | E140-E130|—!> | ODB sensitivity at low PLR | E195-E190  [B6 |

v

E180-E150 B7
E150-E110 B7

\

GOTO
CONTINUE (B) Latent loading (v. dry, lo PLR, lo ODB
(WET COIL) Latent loading (v. dry, lo PLR, hi ODB)

Latent loading (v. low SHR)
Latent loading (v. dry coil)

E190-E140 B8
E195-E130 B8

v

f(SHR, PLR) interaction, f(sens gain) D E170 & (E170-E150)|B9
f(SHR, PLR) interaction, f(latent gain)| D E170 & (E180-E170) B9

v

i
<G
g
A5 | E130-E100 D Part Load Ratio (high ODB) D E190-E180 BS
A5 | E140-E110 D Part Load Ratio (low ODB) D E195-E185 BS
D
D
D
D

Basic Performance Model
(Full load at ARI conditions also @——! E200 B |
tests setpoint w/ very small overload) %ﬁ?
STOP

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 exampe 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.

Figure B9-5 E100-E200 series (steady-state analytical verification) 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 pro-
cessed according to the ANSI requirements for a stan-
dard and may contain material that has not been subject
to public review or a consensus process.)

ANNEX B10

INSTRUCTIONS FOR WORKING WITH
RESULTS SPREADSHEETS PROVIDED
ON-GD WITH THE STANDARD

[Informative Note: Revise introductory paragraph and
Section B10.1 as follows.]

For the convenience of users, a printout of documentation
included-with-for navigating the example results files en-the

CBD{(RESULTS2:\WIK3)-is included below.

B10.1 Documentation for RESULTS5-2. XLSWAK3 21
APRR-1998

This spreadsheet contains the IEA 12B/21C participant
results that are presented in informative Annex B8. These data
are provided for the convenience of users who wish to plot or
tabulate their results along with the example results.
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This spreadsheet was originally created with Lotus 1-2-3
version 3.1 for DOS.

The spreadsheet contains only values and text (no formu-
las).

The  Standard Output  Report  spreadsheet
(S2400U7F2Sec5-20ut. XLSWAK3) has been designed such
that values input to Column B of $1480UF2Sec5-
2out. XL SWWAK3 can be directly transferred to Column J of this
spreadsheet.

[Informative Note: Add new Section B10.2.]

B10.2 Documentation for RESULTS5-3.XLS (given in
RESULTS5-3.DOC)

Import data so that Cell Al of Sec5-3out.XLS isin 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.

BSR/ASHRAE Addendum a to ANSI/ASHRAE STANDARD 140-2001



Contents of Sheets:

Sheet Description
‘AN Raw data compilation.
‘YD’ For inputting new results (your data); see above for instructions.
‘B’-‘G’, ‘L’ Results from each simulation program. ‘E’ is blank.
‘H - Results from the quasi-analytical solutions.
‘Q’ Formatted summary results tables including quasi-analytical solutions, simulations and statistics. “Your data” auto-
matically appears on the right side of each table. See below for Sheet Q table locations.
‘R’ Formatted summary results tables and statistics for quasi-analytical solutions only. See below for Sheet ‘R’ table
locations. (Sheet ‘R’ is not reproduced in the hardcopy.)
‘COP’ thru ‘QCL- 26 summary charts (one per sheet). Import of “your data” into these charts is not automated. However the data does
Qzr automatically appear on the right side of the tables used for making the charts. See below.
(26 sheets)
“Data”-x’ (last 5 5 data sheets that the 26 data charts are linked to. “Your data” automatically appears on the right side of each data
sheets) table.
Contents of Sheet Q:
Description Cell Range
Space Cooling Electricity Consumption A6 - P75
(Total, Compressor, Supply Fan, Condenser Fan)
COP including (Max-Min)/Mean A185 - P220
Coil Loads: Total, Sensible, Latent, BC77 - BR147
and (Sensible Coil)-(Sensible Zone)
Zone Loads: Total, Sensible, Latent, and (Latent Coil)-(Latent Zone) BT77 - Cl147
Sensitivities for Space Cooling Electricity Consumption (Total, Compressor, ID fan, OD CK491 - CZ580
fan)
Sensitivities for COP and Coil Loads (Total, Sensible, and Latent) DB491 - DQ580
Zone IDB and Humidity Ratio including (Max-Min)/Mean BC233 - BR304

Contents of Sheet R:

Description Cell Range

COP, IDB and Humidity Ratio including (Max-Min)/Mean AB85 - K141

Space Cooling Electricity Consumption, Coil Loads, Zone Loads, Fan Heat and Latent AMO06 — BES1
Loads Check

Sensitivities for Space Cooling Electricity Consumption, COP and Coil Loads S145 - AK192
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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 pro-
cessed according to the ANSI requirements for a stan-
dard and may contain material that has not been subject
to public review or a consensus process.)

ANNEX B11

PRODUCTION OF EXAMPLE RESULTS FOR
BUILDING THERMAL ENVELOPE AND FABRIC
LOAD TESTS

[Informative Note: Revise selected paragraphs in Annex
B11 as follows.]

To minimize the potential for user error, when feasible,
more than one modeler developed input files for each program.
This was done for BLAST, SERIRES, and TRNSYS. Where
disagreement in the inputs or results was found, the modelers
were requested to resolve the differences. Where only a single
modeler was involved, it was strongly recommended that
inputs be carefully checked by another modeler familiar with
the program.

Input decks used to generate the results are provided in the
files accompanying this standard (available at http://
www.ashrae.org/template/PDFDetail?assetl D=34505); see the
README.DOCHXF file. The IEA participants that ran
SERIRES 1.2 only provided two input decks with their results.
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IEA participants that ran simulations for ESP, S3PAS, and
TASE did not supply input decks with their results.

B11.3 Hourly Time Convention

Details of differences in modeling methods utilized by
various software are given in Part 11 of IEA BESTEST*. That
reference does not discuss how the specified time convention
is modeled by various simulation 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 Al.3, for discussion of the difference
between solar time and standard time). The time convention is
therefore most correctly modeled by software which re-bins
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
re-binning 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
A1, Section Al.3) 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: Add new Annexes B13 through B17.]

(This annex is not part of this standard. It is merely informative and does not contain requirements necessary for con-
formance to the standard. It has not been processed according to the ANSI requirements for a standard and may con-
tain material that has not been subject to public review or a consensus process.)

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/ ARI 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,ad;j Qcomp Qfans EER
(°F) (kBtu/ h) (kBtu/ h) (kW) (kW)
90 27.6 27.9 1.79 0.34 13.13
85 28.4 28.7 1.71 0.34 14.03
extrap
82 14.57
| Egn (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
03 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 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 degradation than that suggested by
more detailed information.A”’ However, real equipment that
cycles ON/OFF has controls that prevent operation at PLR less
than or equal to approximately 0.05. For the purpose of testing
simulation software in the context of these analytical verifica-
tion tests, Figure 10 is reasonable.

B13.2 PLR Definition Similarity
We have defined PLR in cases E100-E200 based on guid-
ance from the equipment manufacturer as

PLR1 = Qnet / CAPnet
where
Qnet = net refrigeration effect,
CAPnet = adjusted net total capacity.
We wish to check the equivalence of defining PLR as
PLR2 = Qgtc / CAPgtc
where
Qgtc = gross total coil load,
CAPgtc = gross total capacity.

The net refrigeration effect = Qgtc — Qfan
where Qfan is the air distribution fan heat.

The adjusted net capacity = CAPgtc — Pfan
where Pfan = fan rated power.

Then, for PLR1 = PLR2 to be true implies

Qgtc / CAPgtc = (Qgtc — Qfan) / (CAPgtc — Pfan),
which is true if
Qfan / Pfan = Qgtc / CAPgtc,

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 addi-
tional fan run time (and fan heat) associated with additional
compressor start-up run time, which occurs during part-load
operation.

For cases E100-E200, because the indoor fan cycles on/
off with the compressor, we originally defined the net refrig-
eration effect 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, it is useful to think of

Qfan/ Pfan = PLR / CDF.
However, this relation implies
Qfan / 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
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used in evaluating part-load performance is shown below in
the spreadsheet table. This analysis applies values of coil
capacity and fan power for the equipment at ARI rating condi-
tions. From this analysis we observe (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 <0.05%,
which is negligible. Thus, we conclude that for the purpose of
calculating CDF, either PLR1 or PLR2 may be used.

PLRZ PLR1=
CAPgic  Ogic  Plan Qfan  Qfar|  Qnet CAPhot Qnet PLRZI PLRZ- coFz
(Biwh) _{Biwh) (Biuh) COF2 (Bwhi Plan| (Blum]  (Biwh} CAPret PLR1 _PLR1 COF1 COF1

001 27920 2782 765 07733 0 0013 269 27135 0009 10086 00001 07733 100002511
01 27E0  27e2 785 07839 9 0126| 2663 27135 00982 10076 Q0008 07837 100021661
02 27820 5584 785 08168 152 0245 5362 27135 01987 10065 00013 08165 100036385
03 27820 8376 785 0837 280 0357 BOS6 27135 02963 10056 00017 06393 100045180
039 27920 10889 765 08603 356 0453) 10533 27135 03862 10047 Q0018 08509 100046772
04 27920 11168 785 0BE26 364 0464) 10804 27135 03982 10046 OO0IB  0BSZ2 100048842
041 27920 11447 TBS 08648 372 0474 11075 27135 04081 10045 00019  0B545 100040068
D42 27820 11726 7ES OBE72 380 O4B4| 11345 27135 04181 10044 00018 0BSGE 100045153
043 27920 12006 785 OB635  3B@ 0465\ 11817 27135 04281 10044 00019 0BS0 100040165
0436 27520 12145 785 OBTO6 392 0.800) 11753 27135 04331 10043 00018 08702 1.00048201
D44 27920 12285 7ES OBTIE 396 0505 11883 27135 04381 10043 00018 OB713 100048157
045 27920 12564  7ES OB741 404 0515 12160 27135 04481 10042 00019 0BT 100048158
046 27520 12843 TES OB7E3 412 0525 12431 27135 04581 10041 00019  OBTSS 100045079
047 27520 13122 7HS OBTEE 420 0635 12703 27135 04881 10040 00018 0B7EZ 100048961
048 27520 13402 785 OBB09 428 0545\ 12974 27135 04781 10039 00018 0BBOS 100048804
05 27520 13980 7BS 08855 443 0S565) 13517 27136 04981 10038 00018 OB851 100048378
06 27520 16752 TES 05084 s1E 0681 16234 27138 0%9E3 10029 QOO1T 05080 100044129
07 27520 16544 7ES 0SM3 S50 0752 18954 27135 O69BS 10021 00015 05310 100036734
08 27520 22336 7BS 09542 658 0B38| 21678 27135 07960 10014 00011 0953% 100026658
08 27620 25128 7BS OSTV1 T2 0§21 24405 27135 OGS4 10007 Q0006 OSVTO 100014269
099 27920 27641 785 09977 779 0982| 26862 27135 089899 10001 00001 0987 100001508

Note regarding the above spreadsheet table: The 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 more additional run time. In accord
with the analytical solution by Dresden University of Technol-
ogy (discussed in informative Annex B17), the additional run
time (fan heat) for mid-PLR Case E170 is 0.5% greater if this
effect is taken into account. Since this is a 0.5% effect on a quan-
tity 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 ignore it.

(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 pro-
cessed according to the ANSI requirements for a stan-
dard and may contain material that has not been subject
to public review or a consensus process.)

ANNEX B14
COOLING COIL BYPASS FACTOR

B14.1 Introduction

Calculation techniques provided here are for illustrative
purposes. Some models may have slight variations in the
calculation, including the use of enthalpy ratios rather than
dry-bulb temperature ratios in Equation B14-1 (below), or
different specific heat assumptions for leaving air conditions
in Equation B14-3 (below), among others.

Cooling coil BF can be thought of as the fraction of the
distribution air that does not come into contact with the cool-
ing coil; the remaining air is assumed to exit the coil at the
average coil surface temperature (ADP). BF at ARI rating
conditions is approximately

0.049 < BF < 0.080.
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The uncertainty surrounding this value is illustrated in the
two examples for calculating BF from given manufacturer
data that are included in the rest of this annex, as well as from
separate calculation results by Technische Universitat Dres-
den (TUD). The uncertainty can be traced to the calculated
ADP (56.2°F) being different from the ADP listed by the
manufacturer (56.8°F). Because we have been unable to
acquire the manufacturer’s specific method for determining
ADP, we have not been able to determine which ADP number
is better. However, the manufacturer has indicated that perfor-
mance data are only good to within 5% of real equipment
performance. So we can hypothesize that the listed versus
calculated ADP disagreements could be a consequence of the
development of separate correlation equations for each perfor-
mance parameter within the range of experimental uncer-
tainty. Based on simulation sensitivity tests with DOE-2.1E,
the above range of BF inputs causes total electricity consump-
tion to vary by £1%.

Calculations based on the listed performance data indi-
cate that BF varies as a function of EDB, EWB, and ODB.
Incorporate this aspect of equipment performance into your
model if your software allows it, using a consistent method for
developing all points of the BF variation map. (Note that sensi-
tivity tests for cases E100—E200 using DOE-2.1E indicate that
assuming a constant value of BF—versus allowing BF to vary
as a function of EWB and ODB—adds an additional £1%
uncertainty to the total energy consumption results for Case
E185 and less for the other cases.)

The equipment manufacturer recommends modeling the
BF as independent of (not varying with) the PLR. This is
because the airflow rate over the cooling coil is assumed
constant when the compressor is operating (fan cycles on/off
with compressor).

B14.2 Calculation of Coil Bypass Factor
B14.2.1 Nomenclature

ADP apparatus dew point (°F)

BF bypass factor (dimensionless)

CPa specific heat of dry air (Btw/Ib°F)

CPy specific heat of water vapor (Btu/Ib°F)

hy enthalpy of air entering cooling coil (Btu/lb dry
air)

h, enthalpy of air leaving cooling coil (Btu/Ib dry
air)

Os gross sensible capacity (Btu/h)

ar gross total capacity (Btu/h)

Q indoor fan airflow rate (ft3/min)

Tib1 entering dry-bulb temperature (°F)

Tav leaving dry-bulb temperature (°F)

Twbi entering wet-bulb temperature (°F)

w humidity ratio (Ib water vapor/Ib dry air)

Pr density of standard dry air at fan rating

conditions (0.075 Ib/ft3)

B14.2.2 Known Information
Air-Conditioning and Refrigeration Institute (ARI) Condi-
tions:

BSR/ASHRAE Addendum a to ANSI/ASHRAE STANDARD 140-2001

° Tdbl = 80°F
© Typ=67°F.

From Table 26d at ARI conditions:

« Q=900 ft3min

* (g = 21700 Btu/h (gross sensible capacity)
* Qg7 = 27900 Btu/h (gross total capacity)

* ADP =56.8°F.

B14.2.3 Governing Equations
BF = (Tgpz - ADP)/(Tgp; - ADP) (Eq. B14-1)A8

The following equations and related properties are
commonly used approximations for working with volumetric
flow rates.A™®

ar = pr Q (60 min/h) (hy - hy)
Gs = pr Q (60 min/h) (cp, + cpy(W)) (Tap1 - Tanz)  (EQ. B14-3)

py = 0.075 Ib/ft®

(Eq. B14-2)

cp, = 0.24 Btu/Ib°F
cpy, = 0.45 Btu/lb°F

w = 0.01 Ib water vapor/lb dry air.

So for these English units, Equations (B14-2) and (B14-
3) become:

qr=4.5Q (hy - hy)
ds=1.10 Q (Tgp1 - Tab2)

B14.2.4 Solution Technique Using ADP Calculated by
Extending the Condition Line to the Saturation Curve.

To find ADP, extend the condition line of the system
through the saturation curve on the psychrometric chart.A"1°
The condition line is the line going through coil entering
conditions with slope determined by sensible heat ratio for the
given operating conditions.A"8 This example is illustrated on
the psychrometric chart in Figure B14-2. To draw the condi-
tion line, State 2 must be determined; State 1 is ARI conditions
(Tgp1r = 80.0°F, Typy = 67°F). Defining State 2 requires two
independent properties that can be identified from Equations
(B14-2) and (B14-3).

Solve for h, using Equation (B14-2) with gt = 27,900
Btu/h and Q = 900 ft3/min. From ideal gas equations
commonly used for psychrometrics,1 at ARI conditions hy =
31.45 Btu/lb dry air. These values applied to Equation (B14-
2) give:

(Eq. B14-23a)
(Eq. B14-3a)

Fan
Supply Ret
air - eail:,m
| qTr qu |
ADP 03015204m
Figure B14-1 System schematic.
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h, = 24.55 Btu/lb dry air.

Solving for Ty, using Equation (B14-3) with Ty, =
80°F, g5 = 21700 Btu/h, and Q = 900 ft*/min gives:

Tde =58.1°F.

On the psychrometric chart, drawing a line through these
two states and extending it to the saturation curve gives:

ADP = 56.2°F.

Solving Equation (B14-1) using Tgy; = 80°F, Tgpp =
58.1°F, and ADP = 56.2°F gives:

BF =0.080

B14.2.5 Solution Technique Using ADP Listed in Per-
formance Data
Solving Equation (B14-1) using Tgy; = 80°F, Tgpp =
58.1°F, and ADP = 56.8 F gives:

BF =0.055

B14.2.6 Solution by TUD
The TRNSYS-TUD modeler report in Part 11 of HVAC
BESTESTA™ indicates that:

BF =0.049

This solution is based on manufacturer-listed values of
ADP.

B14.3 Conclusions
The BF for this system at ARI conditions is approxi-
mately in the range of:

0.049 < BF < 0.080

Some uncertainty is associated with the governing equa-
tions and related properties commonly used for calculating
leaving air conditions; these equations are approximations. In
addition, some uncertainty is associated with using the
psychrometric chart to find the ADP (56.2°F) in the first solu-
tion. Finally, there may be additional uncertainty related to the
methodology for developing ADP. For example, the results of
Equation B14-1 can be slightly different if enthalpy ratios are
used in place of dry bulb temperature ratios. Also, documen-
tation of how the manufacturer calculated its listed ADP was
unavailable, and the source code for manufacturer software
used to develop catalog data is proprietary.

Based on sensitivity tests with DOE-2.1E:

e The above range of BF inputs causes total electricity
consumption to vary by +1%.

e Assuming a constant value of BF versus allowing BF to
vary as a function of EWB and ODB adds an additional
+1% uncertainty to the total energy consumption results
for Case E185, and less for the other cases.
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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 pro-
cessed according to the ANSI requirements for a stan-
dard and may contain material that has not been subject
to public review or a consensus process.)

ANNEX B15

INDOOR FAN DATA EQUIVALENCE

Fan performance data for indoor fan power (230 W) and
airflow rate (900 CFM = 0.425 m3/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/ft3 (1.204 kg/m?).A-°

The fan efficiency of 0.5 is based on a discussion with the
unitary system manufacturer.

The total fan pressure is based on:A11
Eff=Q*AP/W
where
Q = indoor fan airflow rate (m?/s)
AP = total fan pressure (Pa)
W = fan electric power input (W)
Eff = total fan plus motor and drive efficiency (motor/drive

in air stream).
Solving for AP,

AP =W * Eff/Q
=230 W * 0.5/0.425 m3/s = 271 Pa = AP,
The supply air temperature rise from fan heat is based on

qfan:p*cp*Q*AT*C

Afan = fanheat (Btu/h or W),
standard air density = 0.075 b/t (1.204 kg/m3),

p =
¢, = specific heat of air (Btu/(Ib°F) or kJ/(kgK)),
Q = indoor fan airflow rate (ft3/min or m3/s),
AT = supply air temperature rise from fan heat (°F or °C),
C = units conversion constant.

Solving for AT,

AT = Oan / (p* ¢, * Q *C)

where
Opn = 230 W =785 Btu/h; Q = 900 CFM = 0.425 ms,
¢p = 0.24Btu/lbF fordry air, or
c, = 0.2445Btu/lb F when humidity ratio = 0.01.4

Then, AT = 785 Btu/h / {0.075 Ib/ft® * 900 ft3/min * 60
min/h * 0.2445 Btu/(Ib°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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(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 pro-
cessed according to the ANSI requirements for a stan-
dard and may contain material that has not been subject
to public review or a consensus process.)

ANNEX B16

QUASI-ANALYTICAL SOLUTION RESULTS AND
EXAMPLE SIMULATION RESULTS FOR HVAC
EQUIPMENT PERFORMANCE TESTS

B16.1 Introduction

The results from quasi-analytical solutions and various
detailed building energy simulation programs applied to the
tests of Section 5.3 are presented here in tabular and graphic
form. These results can be used for a comparison with the soft-
ware 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 conjunc-
tion 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
quasi-analytical solution results and example simulation results
has been included with the spreadsheet file RESULTS5-3. XL S in
the accompanying files (available at http://www.ashrae.org/
template/PDFDetail?assetiD=34505). Spreadsheet navigation
instructions are included in RESULTS5-3.DOC and have been
printed out in informative Annex B10, Section B10.2 for conve-
nience.

B16.2 Importance of 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 include quasi-analytical
solutions. 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 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 solu-
tion for each case. In this context, the underlying physical
assumptions regarding the mechanical equipment as defined
in cases E100-E200 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.

It is important to understand the difference between a
“mathematical truth standard” and an “absolute truth stan-
dard.” In the former, we accept the given underlying physical
assumptions while recognizing that these assumptions repre-
senta simplification of physical reality. The ultimate or “abso-
lute” validation standard would be comparison of simulation
results with a perfectly performed empirical experiment, the
inputs for which are perfectly specified to the simulationists.
In reality, an experiment is performed and the experimental
object is specified within some acceptable range of uncer-
tainty. Such experiments are possible, but expensive. We
recommend developing a set of empirical validation experi-
ments in the future.
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The minor disagreements among the two sets of quasi-
analytical solution results presented in Annex B16 are small
enough to allow 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 solutions were developed is included in
Annex B17.

B16.3 Example Simulation Results

Because the quasi-analytical solution results constitute a
reliable set of theoretical results (a mathematical truth stan-
dard), the primary purpose of including simulation results for
the E100-E200 cases in Annex B16 is to allow simulationists to
compare their relative agreement (or disagreement) versus the
quasi-analytical solution results to that for other simulation
results. Perfect agreement among simulations and quasi-analyt-
ical solutions is not necessarily expected. The results give an
indication of what sort of agreement is possible between simu-
lation results and the quasi-analytical solution results.

Because the physical assumptions of a simulation may be
different from those for the quasi-analytical solutions, a tested
program may disagree with the quasi-analytical solutions
without necessarily being incorrect. However, it is worthwhile
to investigate the source of differences, as the collective expe-
rience of the authors of this standard is that such differences
often indicate problems with the software or its usage, includ-
ing, but not limited to,

(@) user input error, where the user misinterpreted or
mis-entered one or more program inputs;

(b) problem with a particular algorithm in the program;

(c) one or more program algorithms used outside their
intended range.

For generating simulation results, along with using
consistent modeling methods, simulationists were requested
to use the most detailed modeling methods their software
allows. The example simulation results were the product of
numerous iterations to incorporate clarifications to the test spec-
ification, simulation input deck corrections, and simulation
software improvements. For a summary of how quasi-analyt-
ical solution and simulation results were developed see infor-
mative Annex B17. For more detailed information about these
results see HVAC BESTESTA®

B16.4 Nomenclature

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
ARI Air-Conditioning & Refrigeration Institute

CA-SIS CA-SIS VI (see Table B17-1)

CIEMAT Centro de Investigaciones Energeticas,
Medioambientales y Technologicas

CLM2000 CLIM2000 2.1.6 (see Table B17-1)

COP coefficient of performance

Delta sensitivity between listed cases

BSR/ASHRAE Addendum a to ANSI/ASHRAE STANDARD 140-2001
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DOE21E

dry
EDF
Energy+
Hi
HTAL1

HTAL?2

IDB
kWh
kWh,e
lat

Max
Min
GARD
NREL

DOE-2.1E-088 or DOE-2.1E-133 (see Table
B17-1)

dry coil

Electricité de France

EnergyPlus 1.0.0.023 (see Table B17-1)

high

quasi-analytical solution with ideal controller
by Hochschule Technik & Architektur Luzern

quasi-analytical solution with realistic
controller model by Hochschule Technik &
Architektur Luzern

indoor dry-bulb temperature

kilowatt hours

kilowatt hours, electrical

latent internal gains

low

mid-range

maximum

minimum

GARD Analytics

National Renewable Energy Laboratory

BSR/ASHRAE Addendum a to ANSI/ASHRAE STANDARD 140-2001

oDB

PL

PLR
Qcoil, lat
Qcoil,s
Qcoil t
Qcomp
QID fan
QOD fan
Qtot
sens

SH

SHR
TRN-id

TRN-re

TUD

V.
X
@

outdoor dry-bulb temperature

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

sensible heat ratio

sensible heat ratio

TRNSYS-TUD with ideal controller (see Table
B17-1)

TRNSYS-TUD with realistic controller (see
Table B17-1)

Technische Universitat Dresden

Versus

multiplied by

at
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Space Cooling Electricity Consumption

Energy Consumption, Total (kWh,e) Statistics, All Results
CA-SIS CLM2000 DOEZ1E DOE21E Energy+ TRN-id TRN-re (Max-Min) Analytical
EDF EDF CIEMAT NREL  GARD TUD TUD) Min Max { Analytical TUD HTAL1 HTAL2
1531 1530 1521 1519 1520 15622 1812 1512 1531 1.2%|| 1531 15631 1531
1077 1089 1061 1065 1069 1067 1062 1061 1089 2.6%|| 1076 1077 1077
1012 1012 1011 1003 1006 1007 1002 1002 1012 1.0%|| 1013 1011 1011
110 108 105 106 109 108 110 105 110 4.2% 111 110 110
68 69 65 66 68 68 69 65 69 5.8% 69 69 68
1208 1207 1202 1183 1197 1199 1192 1183 1208 21%|| 1206 1207 1207
1140 1138 1138 1107 1132 1137 1133 1107 1140 2.9%|| 1140 1139 1139
1502 1501 1499 1470 1491 1500 1490 1470 1502 21%|| 1498 1500 1500
638 638 629 620 635 636 636 620 638 2.8% 641 638 638
1083 1082 1077 1080 1082 1081 1080 1077 1083 0.5%| 1083 1082 1082
1544 1543 1541 1547 1540 1542 1538 1538 1547 0.6%|| 1545 1543 1543
164 164 160 160 164 164 165 160 165 3.1%, 165 164 164
250 250 245 246 250 250 252 245 252 2.6% 252 250 250
1477 1464 1468 1440 1465 1480 1480 1440 1480 2.7%|___1476 1477 1477
Energy Consum ption, Com pressor (kWh,e) Statistics, All Results
’7 CA-SIS CLM2000 DOE21E DOE21E Energy+ TRN-id TRN-g (Max-Min) Analytical
EDF EDF CIEMAT NREL  GARD TUD TUD Min Max [/ Analytical TUD HTAL1 HTAL2
1319 1318 1307 1311 1311 1303 1303 1319 1.2%| 1319 1319 1319
889 893 866 883 878 876 866 899 3.7%, 888 889 889
840 840 850 838 836 832 832 850 2.2% 841 838 839
95 94 93 93 94 95 93 95 2.1%, 95 94 94
57 57 b5 56 56 57 55 57 3.9% 57 57 56
1000 9939 1007 982 992 987 982 1007 2.5% 999 9939 999
950 9489 963 926 947 944 926 963 3.9% 950 949 949
1283 1281 1291 1256 1280 1272 1256 1291 2.8%| 1279 1280 1280
531 530 539 523 528 529 523 539 3.0% 533 530 530
809 908 914 912 907 806 906 914 0.9% 808 908 808
1340 1339 1343 1344 1337 1334 1334 1344 0.7%|| 1340 1338 1338
138 138 139 138 138 138 138 139 1.4%)| 138 138 138
217 217 219 217 216 218 216 219 1.1%)| 219 217 217
1250 1238 1249 1218 1253 12563 1218 1253 2.8%| 1249 1250 1250
Energy Consum ption, Supply Fan {(kWh,e) Statistics, All Results
CA-SIS CLM2000 DOE21E DOE21E Energy+ TRN-id TRN-re {Max-Min) Analytical
EDF EDF CIEMAT NREL  GARD TUD TUD Min Max { Analytical TUD HTAL1 HTAL2
E100 144 144 145 141 144 144 142 141 145 2.9% 144 144 144
E110 128 129 133 122 128 128 127 122 133 8.5% 128 128 128
E120 117 117 110 110 116 117 115 110 117 6.3% 117 117 117
E130 10 10 8 8 10 10 10 8 10 23.0% 10 10 10
E140 8 8 7 6 8 8 8 6 8 26.9% 8 8 8
E150 141 141 133 136 140 141 139 133 141 5.7% 141 141 141
E160 129 129 119 121 128 129 128 119 129 7.8% 129 129 129
E165 149 150 142 145 149 149 148 142 150 5.6% 149 149 149
E170 73 73 61 63 73 73 73 61 73 16.1% T4 73 73
E180 118 119 111 112 118 118 118 111 119 6.9% 119 119 119
E185 139 139 135 137 139 139 139 135 139 3.0% 139 139 139
E180 18 18 14 14 18 18 18 14 18 22.8% 18 18 18
E185 23 23 18 18 23 23 23 18 23 23.1% 23 23 23
E200 154 153 149 151 153 155 155 149 155 3.5%) 154 155 155
Energy Consumption, Condenser Fan (kWh,e) Statistics, All Results
’7 CA-SIS CLM2000 DOE21E DOE21E Energy+ TRN-id TRN-e (Max-Min) Analytical
EDF EDF CIEMAT NREL  GARD TUD TUD Min Max { Analytical TUD HTAL1 HTAL2
68 68 68 67 67 67 67 68 2.0% 68 68 68
60 61 62 60 60 59 59 62 4.9% 60 60 60
55 55 51 55 55 54 51 55 6.5% 55 55 55
5 5 4 5 5 5 4 5 22.4% 5 5 5
4 4 3 4 4 4 3 4 18.1% 4 4 4
66 66 62 65 66 65 62 66 5.6% 66 66 66
61 61 56 60 61 60 56 61 8.4% 61 61 61
70 70 67 69 70 69 67 70 5.2% 70 70 70
34 34 29 34 34 34 29 34 16.1% 35 34 34
56 56 52 56 56 55 52 56 7 1% 56 56 56
65 65 63 66 65 65 63 66 3.9% 65 65 65
8 9 7 8 8 9 7 9 27.6% 9 9 9
11 11 8 11 11 11 8 11 25.0% 11 11 11
73 72 70 71 73 73 70 73 4.1%| 73 73 73

resultss-3.xIs q:aD6..p75; 10/ 15/02
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COP: Mean, and (Max-Min)/ Mean
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ean Slalistics, All Resulis
CA-SIS CLM2000 DOE21E DOE21E Energy+ TRN-id TRN-re| (Max-Min) Analytical

EDF EDF CIEMAT NREL GARD TUD TUD Min Max / Analytical TUD HTAL1 HTAL2
E100 2.39 2.39 2.43 2.41 2.40 2.40 2.42 2.39 2.43 1.7% 2.39 2.39 2.39
E110 3.38 3.34 3.46 3.41 3.40 3.41 3.43 3.34 3.46 3.5% 3.38 3.38 3.38
E120 3.59 3.59 3.61 3.62 3.61 3.61 3.63 3.59 3.63 1.2% 3.59 3.59 3.59
E130 1.91 1.91 1.98 1.85 1.90 1.92 1.92 1.90 1.98 3.8% 1.89 1.91 1.91
E140 2,77 2.73 292 2.85 277 2.80 2.80 273 2,92 6.6% 2.75 2.7 277
E150 3.62 3.63 3.67 3.70 3.65 3.65 3.67 3.62 3.70 2.2% 3.63 3.63 3.63
E160 3.84 3.84 3.87 3.5 3.86 3.85 3.86 3.84 3.95 2.9% 3.83 3.84 3.84
E165 2,92 2.92 295 2.99 2.94 2.93 2.94 2.92 2.99 2.2% 2.93 2.93 2.93
E170 3.38 3.39 3.44 3.48 3.40 3.39 3.40 3.38 3.48 2.9% 3.37 3.39 3.39
E180 4.04 4.04 4.08 4.03 4.04 4 .05 4 .06 403 408 1.4% 4.04 4.04 4.04
E185 2.85 2.85 2.87 282 2.85 2.85 2.86 2.82 287 1.8% 2.85 285 2.85
E190 3.41 3.41 3.49 3.46 3.39 3.41 3.40 3.39 3.49 2.7% 3.39 3.41 3.41
E195 2.31 231 2.36 2.34 2.30 232 2.31 2.30 2.36 25% 2.29 2.31 2.31
E200 3.62 3.61 3.67 3.71 3.65 3.61 3.61 3.61 3.71 2.7% 3.62 3.62 3.62

Statisiics, Al Resulls
CA-SIS CLM2000 DOE21E DOE21E Energy+ TRN-id TRN-re (Max-Min) Analytical

EDF EDF CIEMAT NREL GARD TUD TUD Min Max [ Analytical TUD HTAL1T HTAL2
E100 0.000 0.001 0.002 0.001 0.003 0.000 0.000 0.000 0.003 0.000 0.000 0.000
E110 0.000 0.010 0.002 0.001 0.003 0.000 0.011 0.000 0.011 0.000 0.000 0.000
E120 0.000 0.004 0.001 0.001 0.003 0.000 0.012 0.000 0.012 0.000 0.000 0.000
E130 0.000 0.038 0.013 0.009 0.004 0.000 0.172 0.000 0.172 0.000 0.000 0.000
E140 0.000 0.056 0.011 0.019 0.004 0.000 0.204 0.000 0.204 0.000 0.000 0.000
E150 0.003 0.003 0.001 0.005 0.011 0.000 0.009 0.000 0.011 0.000 0.000 0.001
E160 0.003 0.005 0.001 0.003 0.011 0.000 0.010 0.000 0.011 0.000 0.000 0.000
E165 0.010 0.003 0.001 0.003 0.012 0.000 0.008 0.000 0.012 0.000 0.000 0.000
E170 0.000 0.006 0.002 0.004 0.015 0.000 0.043 0.000 0.043 0.000 0.000 0.000
E180 0.005 0.002 0.002 0.010 0.029 0.000 0.012 0.000 0.029 0.000 0.000 0.000
E185 0.007 0.004 0.002 0.010 0.034 0.000 0.009 0.000 0.034 0.000 0.000 0.000
E190 0.000 0.023 0.007 0.019 0.040 0.000 0.101 0.000 0.101 0.000 0.000 0.000
E195 0.000 0.017 0.008 0.017 0.043 0.000 0.086 0.000 0.086 0.000 0.000 0.000
E200 0.006 0.000 0.000 0.005 0.012 0.000 0.000 0.000 0.012 0.000 0.000 0.000

resulisb-3.xIs q.a ~ 10715702
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Coil Loads: Total, Sensible, and Latent

Coil Load, Total {kWh,thermal)

Statistics, All Results

CA-SIS CLM2000 DOE21E DOE21E  Energy+ TRN-id TRN-re| (Max-Min) Analytical
EDF EDF  CIEMAT NREL GARD TUD TUD| Min Max / Analytical TUD HTAL1 HTAL2
E100 3800 3800 3841 3794 3798 3800 3798 3794 3841 1.3% 3800 3800 3800
E110 3765 3766 3804 3756 3763 3765 3763 3758 3804 1.3% 3765 3785 3765
E120 3749 3749 3763 3739 3747 3748 3747 3739 3763 0.6% 3749 3749 3749
E130 219 219 2186 215 217 219 220 215 220 21% 219 219 219
E140 198 198 196 185 196 198 199 195 189 2.0% 198 198 197
E150 4517 4517 4543 4528 4509 4517 4515 4509 4543 0.8% 4518 4517 4518
E160 4501 4500 4516 4508 4491 4500 4499 4491 4516 0.6% 4501 4500 4500
E165 4538 4538 4567 4549 4529 4537 4535 4529 4567 0.9% 4537 4537 4538
E170 2233 2232 2226 2237 2225 2232 2232 2225 2237 0.5% 2232 2232 2233
E180 4495 4495 4510 4535 4481 4495 4494 4481 4535 1.2% 4495 4495 4494
E185 4507 4535 4565 4583 4523 4535 4534 4507 4583 1.7% 4535 4535 4534
E190 578 577 573 579 574 577 578 573 579 1.0% 578 577 578
E195 602 601 585 602 598 601 601 595 602 1.1% 601 601 601
E200 5498 54386 5534 5522 5484 5498 5498 5436 5534 1.8% 5498 5498 5498
Coil Load, Sensible (kWh,thermal) Statistics, All Results
CA-SIS CLM2000 DOE21E DOE21E  Energy+ TRN-id TRN-re| (Max-Min) Analytical
EDF EDF  CIEMAT NREL GARD TUD TUD)| Min Max / Analytical TUD HTAL1 HTAL2
E100 3800 3800 3841 3794 3798 3800 3798 3794 3841 1.3% 3800 3800 3800
E110 3765 3766 3804 3756 3763 3765 3763 3758 3804 1.3% 3765 3785 3765
E120 3749 3749 3763 3739 3747 3748 3747 3739 3763 0.6% 3749 3749 3749
E130 219 219 216 215 217 219 220 215 220 21% 219 219 219
E140 198 198 196 185 196 198 199 195 189 2.0% 198 198 197
E150 3778 3778 3804 3786 37786 3778 3776 3778 3804 0.7% 3778 3778 3779
E160 3761 3761 3777 3769 3759 3761 3760 3759 3777 0.5% 3761 3761 3761
E165 3798 3798 3828 3809 3795 3798 3796 3795 3828 0.9% 3798 3798 3799
E170 1493 1493 1487 1498 1491 1492 1492 1487 1498 0.7% 1493 1493 1493
E180 1537 1538 1553 1607 1537 1538 1537 1537 1607 4.5% 1538 1538 1538
E185 1548 1578 1608 1653 1577 1578 1577 1548 1653 6.6% 1578 1578 1578
E190 208 208 203 212 206 208 208 203 212 4.4% 208 208 208
E195 232 232 226 235 230 231 232 226 235 41% 232 232 232
E200 4278 4215 4313 4303 4274 4277 4277 4215 4313 2.3% 4277 4277 4277
Coil Load, Latent {(kWh,thermal) Statistics, All Results
CA-SIS CLM2000 DOE21E DOE21E Energy+ TRN-id TRN-re| (Max-Min) Analytical
EDF EDF  CIEMAT NREL GARD TUD TUD)| Min Max / Analytical TUD HTAL1 HTAL2
E100 0 0 0 0 0 0 0 0 0 0 0 0
E110 0 0 0 0 0 0 0 0 0 0 0 0
E120 0 0 0 0 0 0 0 0 0 0 0 0
E130 0 0 0 0 0 0 0 0 0 0 0 0
E140 0 0 0 0 0 0 0 0 0 0 0 0
E150 739 739 739 742 733 739 739 733 742 1.2% 739 739 739
E160 740 739 739 739 732 739 739 732 740 1.1% 739 739 739
E165 740 739 739 740 733 739 739 733 740 1.0% 739 739 739
E170 740 739 739 739 734 739 739 734 740 0.9% 739 739 739
E180 2958 2957 2957 2928 2944 2957 2857 2928 2958 1.0% 2957 2957 2956
E185 2959 2957 2957 2930 29486 2957 2957 2930 2959 1.0% 2958 2957 2956
E190 370 370 370 366 368 370 370 366 370 1.0% 370 370 370
E195 370 370 370 367 368 370 370 367 370 0.9% 370 370 370
E200 1222 1221 1221 12189 1210 1221 1221 1210 1222 1.0% 1221 1221 1221
resultsd-3.xIs g:bcs7..br147;10/15/02
[Sensible Coil - Zone Load, (Fan Heat) (kWh,thermal) Statistics, All Results
CA-SIS CLM2000 DOCE21E DOE21E  Energy+ TRN-id TRN-re| (Max-Min) Analytical
EDF EDF  CIEMAT NREL GARD TUD TUD| Min Max / Analytical TUD HTAL1 HTAL2
E100 144 144 187 139 144 144 142 139 187 33.6% 144 144 144
E110 128 129 168 119 128 128 127 119 168 38.2% 128 128 128
E120 117 117 133 108 116 117 115 108 133 21.8% 117 117 117
E130 10 10 8 8 10 10 10 8 10 26.7% 10 10 10
E140 8 8 7 6 8 8 8 6 8 25.0% 8 8 8
E150 141 141 168 149 140 141 139 139 168 20.2% 141 141 142
E160 129 129 147 137 129 129 128 128 147 14.3% 129 129 129
E165 149 149 181 161 149 149 148 148 181 22.4% 149 149 150
E170 73 73 69 79 73 73 73 69 79 14.2% 74 73 74
E180 117 118 135 188 119 118 118 117 188 60.2% 118 119 118
E185 109 139 171 215 140 139 139 109 215 76.6% 139 139 139
E190 18 18 15 24 18 18 18 15 24 51.1% 18 18 18
E195 23 23 18 28 23 23 23 18 28 40.7% 23 23 23
E200 154 153 193 181 154 155 155 153 183 25.7% 154 155 155
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Zone Loads: Total, Sensible, and Latent

Zone Load, Total (kWh,thermal)

Statistics, All Results

CA-SIS CLM2000 DOE21E DOE21E  Energyt+ TRN-id TRN-re| (Max-Min) Analytical
EDF EDF _CIEMAT NREL GARD TUD TUD, Min Max /Analytical TUD HTALIl HTAL?2
E100 3656 3656 3654 3655 3654 3656 3656 3654 3656 0.1%| 3656 3656 3656
E110 3637 3637 3636 3637 3636 3637 3637 3636 3637 0.0%| 3637 3637 3637
E120 3632 3632 3630 3632 3631 3632 3631 3630 3632 0.0%| 3632 3632 3632
E130 209 209 207 208 207 209 209 207 209 1.3%| 209 209 209
E140 190 190 189 188 188 190 190 188 190 1.1%| 190 190 190
E150 4376 4376 4375 4376 4375 4376 4376 4375 4376 0.0% 4376 4376 4376
E160 4371 4371 4370 4371 4370 4371 4371 4370 4371 0.0% 4371 4371 4371
E165 4388 4388 4386 4387 4386 4388 4387 4386 4388 0.0% 4388 4388 4388
E170 2159 2159 2157 2158 2157 2159 2159 2157 2159 0.1% 2159 2159 2159
E180 4376 4376 4375 4376 4375 4376 4376 4375 4376 0.0% 4376 4376 4376
E185 4396 4396 4394 4395 4393 4395 4395 4393 4396 0.1% 4396 4396 4396
E190 557 559 558 558 558 559 559 557 559 0.4%| 559 559 559
E195 576 579 577 577 576 578 579 576 579 0.5%| 579 579 579
E£200 5343 5283 5342 5343 5342 5343 5343 5283 5343 1.1%l 5343 5343 5343
Zone Load, Sensible (KkWh,thermal) Statistics, All Results
CA-SIS CLM2000 DOE21E DOE21E  Energy+ TRN-id TRN-1e (Max-Min), Analytical
EDF EDF _CIEMAT NREL GARD TUD TUD Min Max /Analytical TUD HTALI HTAL2
E100 3656 3656 3654 3655 3654 3656 3656 3654 3656 0.1% 3656 3656 3656
E110 3637 3637 3636 3637 3636 3637 3637 3636 3637 0.0% 3637 3637 3637
E120 3632 3632 3630 3632 3631 3632 3631 3630 3632 0.0% 3632 3632 3632
E130 209 209 207 208 207 209 209 207 209 1.3%)| 209 209 209
E140 190 190 189 188 188 190 190 188 190 1.1%] 190 190 190
E150 3637 3637 3636 3637 3636 3637 3636 3636 3637 0.0%| 3637 3637 3637
E160 3632 3632 3630 3632 3631 3632 3631 3630 3632 0.0%] 3632 3632 3632
E165 3649 3649 3647 3648 3647 3649 3648 3647 3649 0.1%| 3649 3649 3649
E170 1420 1420 1418 1419 1418 1419 1419 1418 1420 0.1%| 1420 1420 1420
E180 1420 1420 1418 1419 1418 1419 1419 1418 1420 0.1%| 1420 1420 1420
E£185 1439 1439 1437 1437 1437 1438 1438 1437 1439 0.2%)| 1439 1439 1439
E190 190 190 188 188 188 190 190 188 190 1.094| 190 190 190
E195 209 209 207 208 207 209 209 207 209 1.1%)| 209 209 209
E200 4122 4062 4121 4122 4121 4122 4122 4062 4122 1 5% 4122 4122 4122
Zone Load, Latent (KkWh,thermal) Statistics, All Results
CA-SIS CLM2000 DOE21E DOE21E  Energyt+ TRN-id TRN-re| (Max-Min) Analytical
EDF EDF__CIEMAT NREL GARD TUD TUD| Min Max /Analytical TUD __ HTALI HTAL2)
E100 0 0 0 0 0 0 0 0 0 0 0 0
E110 0 0 0 0 0 0 0 0 0 0 0 0
E120 0 0 0 0 0 0 0 0 0 0 0 0
E130 0 0 0 0 0 0 0 0 0 0 0 0
E140 0 0 0 0 0 0 0 0 0 0 0 0
E150 739 739 739 739 739 739 739 739 739 0.1%| 739 739 739
E160 739 739 739 739 739 739 739 739 739 0.1% 739 739 739
E165 739 739 739 739 739 739 739 739 739 0.1% 739 739 739
E170 739 739 739 739 739 739 739 739 739 0.1% 739 739 739
E180 2957 2957 2957 2958 2957 2957 2957 2957 2958 0.0% 2957 2957 2957
E185 2957 2957 2957 2958 2957 2957 2957 2957 2958 0.0%| 2957 2957 2957
E190 367 370 370 370 370 370 370 367 370 0.8%| 370 370 370
E195 367 370 370 370 370 370 370 367 370 0.8%| 370 370 370
E200 1221 1221 1221 1221 1221 1221 1221 1221 1221 0.0%l 1221 1221 1221
resultsS-3.xls g:bt77..chl 47: 10/15/02
Latent Coil - Zone Load, (Should be 0) (kWh,thermal) Statistics, All Results
CA-SIS CLM2000 DOE21E DOE2IE  Energy+  TRN-id TRN-re (Max-Min) Analytical
EDF EDF _CIEMAT NREL GARD TUD TUD Min Max /Analyticalf TUD HTALI1 HTAL?2)
E100 0 0 0 0 0 0 0 0 0 0 0 0
E110 0 0 0 0 0 0 0 0 0 0 0 0
E120 0 0 0 0 0 0 0 0 0 0 0 0
E130 0 0 0 0 0 0 0 0 0 0 0 0
E140 0 0 0 0 0 0 0 0 0 0 0 0
E150 0 0 0 2 -7 0 0 -7 2 0 0 0
E160 1 0 0 0 -7 0 0 -7 1 0 0 0
E165 1 0 0 1 -6 0 0 -6 1 0 0 0
E170 1 0 0 -1 -6 0 0 -6 1 0 0 0
E180 1 0 0 -30 -13 0 0 -30 1 1 0 -1
E185 2 0 0 -28 -11 0 0 -28 2 1 0 -1
E190 3 0 0 -3 -2 0 0 -3 3 0 0 0
E195 3 0 0 -3 -1 0 0 -3 3 0 0 0
1E200 1 0 0 -2 211 0 0 -11 1 0 0 0
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Sensitivities for Space Cooling Electricity Consumption

elta Qtot (kWh,e)

Statisfics, All Results

CA-SIS CLM2000 DOE2IE DOE2IE Energy+ TRN-id TRN-re] Abs(Max-| Analytical
EDF EDF CIEMAT NREL GARD TUD TUD] Min Max  Min)/Analy. TUD HTALl HTAL2
110-E100 -454 -441 -460 -454 -451 -455 -450 -460 -441 4.1% -154 -454 -453
120-E110 -65 -77 -50 -62 -63 -60 -60 =77 -50 42.3% -64 -66 -66
120-E100 -519 -518 -510 -516 -514 -515 -510 -519 -510 1.8% -518 -520 -520
130-E100 -1421 -1421 -1415 -1413 -1411 -1414 -1402 -1421 -1402 1.4%, -1420 -1421 -1421
140-E130 -42 -40 -40 -40 -41 -41 -41 -42 -40 4.8% -42 -41 -41
140-E110 -1009 -1020 -996 -999 -1001 -999 -993 -1020 -993 2.609 -1007 -1009 -1009
150-E110 131 118 141 118 128 132 130 118 141 17.8%4 130 129 129
160-E150 -68 -58 -65 -76 -65 -62 -59 -76 -59 26.1%| -65 -67 -58
165-E160 362 362 362 363 359 363 357 357 363 1.7% 357 360 361
170-E150 -570 -569 -573 -563 -562 -563 -556 -573 -5356 3.19% -565 -569 -569
180-E150 -125 -125 -125 -103 -115 -118 -112 -125 -103 18.094 -124 -124 -125
180-E170 445 444 448 460 447 445 444 444 460 3.604 442 445 444
185-E180 461 461 464 467 458 460 458 458 467 1.9 462 461 461
190-E180 -919 -918 -917 -920 -918 -917 -915 -920 -915 0.69% -817 -918 -918
190-E140 26 95 95 94 96 96 96 94 96 2.60% 96 96 96
195-E190 86 85 85 86 86 86 86 85 86 2.094 87 86 86
195-E185 -1294 -1293 -1296 -1301 -1290 -1292 -1287 -1301 -1287 1.19% -1292 -1293 -1293
195-E130 140 141 140 140 142 141 141 140 142 1.5% 142 141 141
200-E100 -54 -56 -53 -79 -55 -42 -32 -79 -32 86.0% -55 -53 -54
el Ocomp (KWh,e) Statistics, Al Results
CA-SIS CLM2000 DOE2IE DOE2IE Energyt TRN-id TRN-re] Abs(Max-| Analytical
EDF EDF _CIEMAT NREL GARD TUD TUD Min Max  Min)/Analy. TUD HTAL1 HTAL32
110-E100 -430 -419 -442 -428 -432 -427 -442 -419 5.29% -431 -430 -430
120-E110 -49 -59 -16 -45 -43 -44 -59 -16 9].8% -47 -50 -50
120-E100 -479 -478 -457 473 -475 471 -479 -457 4.5% -478 -480 -480
130-E100 -1224 -1224 -1214 -1218 -1218 -1208 -1224 -1208 1.3% -1224 -1225 -1225
140-E130 -38 -37 -38 -37 -38 -38 -38 -37 3.6%% -38 -38 -38
140-E110 -832 -842 -811 -827 -823 -819 -842 -811 3.7%% -831 -833 -833
150-E110 111 100 141 99 113 111 99 141 38.0049 111 110 110
160-E150 -50 -50 -44 -56 -45 -42 -56 -42 28.0949 -49 -50 -50
165-E160 333 332 329 330 333 328 328 333 1.6% 328 331 331
170-E150 -469 -469 -468 -459 -464 -458 -469 -458 2.3% -466 -469 -469
180-E150 -91 -91 -93 -70 -85 -80 -93 -70 25.19%9 -91 -91 -92
180-E170 378 378 375 389 379 378 375 389 3. 799 375 378 378
185-E180 431 431 428 432 430 428 428 432 0.99 432 431 431
190-E180 =771 =770 -775 -774 =170 -768 =175 -768 0.99 =770 -770 =770
190-E140 81 81 85 82 82 82 81 85 4.4% 82 81 81
195-E190 79 79 79 79 70 80 79 80 0.894 80 70 79
195-E185 -1123 -1122 -1124 -1127 -1120 -1116 -1127 -1116 1.094 -1121 -1122 -1121
122 123 126 124 123 123 122 126 3.099 123 122 123
-69 -79 -58 -93 -58 -50 -93 -50 61.6%4 -70 -69 -69
el Q IDfan (kWh,e) Statistics, Al Results
CA-SIS CLM2000 DOE2IE DOE2IE Energyt TRN-id TRN-re] Abs(Max-| Analytical
EDF EDF CIEMAT NREL GARD TUD TUD Min Max  Min)/Analy. TUD HTALlI HTAL2
110-E100 -16 -15 -12 -19 -16 -16 -16 -19 -12 42.3% -16 -16 -16
120-E110 -11 -12 -23 -12 -11 -11 -11 -23 -11 110.084 -11 -11 -11
120-E100 -27 -27 -36 -31 -27 -27 =27 -36 -27 32.2% -27 -27 -27
130-E100 -134 -134 -137 -133 -133 -133 -132 -137 -132 3.794 -134 -134 -134
140-E130 -2 -2 -1 -2 -2 -2 -2 -2 -1 36.8% -2 -2 -2
140-E110 -120 -121 -126 -116 -119 -120 -118 -126 -116 8.3% -120 -120 -120
150-E110 13 12 0 14 13 13 13 0 14 107.0%4 13 13 13
160-E150 -12 -12 -14 -15 -12 -12 -11 -15 -11 32.6% -12 -12 -12
165-E160 20 21 23 24 20 20 20 20 24 21.8% 20 20 20
170-E150 -68 -58 -72 -73 -67 -68 -56 -73 -65 9.7%4 -68 -68 -58
180-E150 -23 <22 -22 -24 =22 =22 221 -24 221 12194 =22 -3 -23
180-E170 45 46 49 49 45 45 45 45 49 9.9 45 45 45
185-E180 21 20 24 25 21 21 21 20 25 24.3% 21 21 21
190-E180 -100 -101 -97 -98 -100 -100 -100 -101 -97 4.3% -101 -101 -101
190-E140 10 10 7 8 10 10 10 7 10 28.1% 10 10 10
195-E190 5 5 4 4 5 5 5 4 5 30.6% 5 5 5
195-E185 -116 -116 -117 -119 -116 -117 -116 -119 -116 2.604 -117 -117 -117
195-E130 13 13 9 10 12 12 12 9 13 28.9%9 12 12 12
10 9 4 10 10 11 12 4 12 79.199 10 11 11
el Q ODfan (kWh,e) Statistics, AIl Results
CA-SIS CLM2000 DOE2IE DOE2IE Energyt TRN-id TRN-re] Abs(Max-| Analytical
EDF EDF CIEMAT NREL GARD TUD TUD] Min Max  Min)/Analy. TUD HTALl HTAL2
-8 -7 -6 -7 -7 -7 -8 -5 29.9949 -7 -7 -7
-5 -5 -11 -5 -5 -5 -11 -5 113.194 -5 -5 -5
-13 -13 -17 -12 -13 -13 -17 -12 37.004 -13 -13 -13
-63 -53 -64 -62 -63 -52 -64 -62 3.7%4 -63 -63 -53
-1 -1 -1 -1 -1 -1 -1 -1 36.8% -1 -1 -1
-56 -57 -59 -56 -56 -56 -59 -56 6.39%% -56 -56 -56
6 5 0 5 6 6 0 5 100.8%4 6 6 5
-5 -5 -7 -5 -6 -5 -7 -5 27.0%4 -6 -6 -5
9 9 11 9 10 9 9 11 17.5% 9 9 9
-32 -32 -34 -31 -32 -31 -34 -31 8.294 -32 -32 -32
-10 -10 -10 -9 -11 -10 -11 -9 14.3% -11 -11 -11
22 22 23 22 21 21 21 23 9.69% 21 21 21
9 9 11 10 10 10 9 11 24.6%9 10 10 10
-48 -47 -45 -48 -47 -47 -48 -45 5.59%4 -47 -47 -47
4 5 3 4 5 5 3 5 34.6% 5 5 5
3 2 2 3 2 2 2 3 60.5% 2 2 2
-54 -54 -55 -55 -55 -54 -55 -54 2.099 -55 -55 -55
6 5 4 6 6 6 4 5 27.199 6 6 5
5 4 2 4 5 6 2 ] 79.1%| 5 5 5

resulls3-3.x1s q:ckd9T. .cz580, 1U715/02
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Sensitivities for COP and Coil Loads

elta COP (kWh,t) Statistics, All Results
-SIS  CLM2000 DOE2IE DOE2IE Energyt TRN-id TRN-re] Abs(Max- Analytical
EDF EDF CIEMAT NREL GARD TUD TUD Min Max fin)/Analy. TUD HTAL1  HTAL2
110-E100 0.99 0.95 1.03 1.01 1.00 1.01 1.01 0.95 1.03 7.6% 0.99 0.99 0.99
120-E110 0.21 0.25 0.16 0.21 0.21 0.20 0.20 0.16 0.25 44. 9% 0.21 0.21 0.21
120-E100 1.20 1.20 118 1.22 1.20 1.20 1.21 1.18 1.22 2. 8% 1.20 1.20 1.20
130-E100 -0.48 -0.48 -0.46 -0.45 -0.50 -0.48 -0.50 -0.50 -0.45 9.8% -0.50 -0.48 -0.48
140-E130 0.86 0.83 0.94 0.90 0.87 0.88 0.88 0.83 0.94 13,39 0.86 0.86 0.86
140-E110 -0.61 -0.61 -0.54 -0.56 -0.63 -0.61 -0.63 -0.63 -0.54 13.6% -0.63 -0.61 -0.61
150-E110 0.24 0.29 0.21 0.29 0.25 0.24 0.25 0.21 0.29 32.0% 0.25 0.25 0.25
160-E150 0.22 0.21 0.20 0.25 0.21 0.20 0.19 0.19 0.25 30.99% 0.21 0.21 0.21
165-E160 -0.92 -0.92 -0.91 -0.96 -0.92 -0.92 -0.92 -0.96 -0.91 5.6% -0.90 -0.91 -0.91
170-E150 -0.24 -0.24 -0.23 -0.22 -0.26 -0.26 -0.27 -0.27 -0.22 18.1% -0.26 -0.24 -0.24
180-E150 0.42 0.41 0.42 033 039 0.40 0.38 0.33 0.42 22.6%| 0.42 0.41 0.41
180-E170 0.66 0.65 0.64 0.55 0.65 0.65 0.65 0.55 0.66 16.4% 0.68 0.65 0.65
185-E180 -1.19 -1.19 -1.21 -1.20 -1.19 -1.20 -1.20 -1.21 -1.19 1. 7% -1.20 -1.19 -1.19
190-E180 -0.63 -0.63 -0.60 -0.57 -0.65 -0.64 -0.65 -0.65 -0.57 12.4% -0.66 -0.63 -0.63
190-E140 0.64 0.68 0.57 0.60 0.62 0.561 0.61 0.57 0.68 16.4% 0.64 0.64 0.64
195-E190 -1.10 -1.10 -1.13 -1.12 -1.09 -1.09 -1.10 -1.13 -1.09 3.3% -1.09 -1.10 -1.10
195-E185 -0.54 -0.54 -0.51 -0.49 -0.55 -0.54 -0.55 -0.55 -0.49 12.00 -0.55 -0.54 -0.54
195-E130 0.40 0.40 038 038 0.40 0.40 0.39 0.38 0.40 4.2% 0.40 0.40 0.40
200-E100 1.23 1.22 1.24 1.30 1.24 1.21 1.19 1.19 1.30 1.23 1.23 1.23
Statistics, All Results
CA-SIS CLM2000 DOE2IE DOE2IE Energy+ TRN-id TRN-re] Abs(Max- Analytical
EDF EDF _CIEMAT NREL GARD TUD TUD Min Max ﬁn)p'AnilL| TUD HTAL1 HTAL3J
-35 -34 -38 -38 -35 -35 -33 -38 -34 12.5% -33 -35 -35
-16 -17 -40 -16 -16 -16 -16 -40 -16 147.5% -16 -16 -17
-51 -51 -78 -55 -51 -51 -51 -78 -51 52 .99 -51 -52 -52
-3581 -3581 -3626 -3579 -3581 -3581 -3578 -3626 -3578 1.3% -3581 -3581 -3581
-21 -21 -20 -21 -21 -21 -21 -21 -20 5. 0% -21 -21 -22
-3567 -3568 -3608 -3561 -3567 -3567 -3565 -3608 -3561 1.3% -3567 -3567 -3568
752 751 739 772 746 752 752 739 772 4.4% 752 752 753
-16 -17 -26 -19 -18 -17 -16 -26 -16 61.3% -17 -17 -18
37 38 51 40 38 37 36 36 51 40. 8% 36 37 38
-2284 -2285 -2317 -2291 -2284 -2285 -2283 -2317 -2283 1.5%) -2285 -2286 -2286
-22 -22 -33 7 -28 -22 221 -33 7 178.9% -22 -23 -25
2262 2263 2284 2298 2256 2263 2262 2256 2298 1.8% 2263 2263 2261
12 40 55 48 41 40 40 12 55 107. 7% 40 40 40
-3017 -3918 -3937 -3956 -3507 -3917 -3916 -3856 -3907 1.3% -3918 -3918 -3916
380 379 377 384 378 380 379 377 384 1.8% 380 379 380
24 24 23 23 23 24 24 23 24 5. 7% 24 24 24
-3905 -3934 -3970 -3981 -3925 -3934 -3933 -3981 -3905 1.9% -3934 -3934 -3933
383 382 379 387 381 382 382 379 387 1. 9% 382 382 382
1698 1636 1693 1728 1687 1698 1700 1636 1728 5.4% 1697 1697 1697
il,s (kWh,) Stafstics, All Results
CA-SIS CLM2000 DOE2IE DOE2IE Energy+ TRN-id TRN-re] Abs(Max-| Analytical
EDF EDF CIEMAT NREL GARD TUD TUD Min Max fin)/Analy. TUD HTAL1 HTALJ
-35 -34 -38 -38 -35 -35 -35 -38 -34 12.5% -335 -35 -35
-16 -17 -40 -16 -16 -16 -16 -40 -16 147.5% -16 -16 -17
-51 -51 -78 -55 -51 -51 -51 -78 -51 52,994 -51 -52 -52
-3581 -3581 -3626 -3579 -3581 -3581 -3578 -3626 -3578 1.3% -3581 -3581 -3581
-21 -21 -20 -21 -21 -21 -21 -21 -20 5.0 -21 -21 -22
-3567 -3568 -3608 -3561 -3567 -3567 -3565 -3608 -3561 1.3% -3567 -3567 -3568
13 12 0 30 13 13 13 [+ 30 232994 13 13 14
-17 -17 -26 -17 -17 -17 -16 -26 -16 60.3% -17 -17 -18
37 37 51 40 36 37 36 36 51 40.8% 36 37 38
-2285 -2285 -2317 -2288 -2285 -2285 -2283 -2317 -2283 1.5%) -2285 -2286 -2286
-2241 -2240 -2250 -2179 -2239 -2240 -2239 -2250 -2179 3.2% -2241 -2240 -2241
44 45 66 109 46 45 45 44 109 145.3% 45 45 45
11 40 55 46 39 40 40 11 55 110.39% 40 40 40
-1329 -1330 -1350 -1394 -1331 -1330 -1329 -1394 -1329 4. 9% -1330 -1330 -1330
10 10 7 18 10 10 9 7 18 102. 7% 10 10 11
24 24 23 23 23 24 24 23 24 5. 7% 24 24 24
-1316 -1346 -1382 -1418 -1347 -1346 -1345 -1418 -1316 7.6% -1346 -1347 -1346
13 13 10 20 13 12 12 10 20 81 ¥ 12 12 12
476 415 472 508 477 477 479 415 509 19.7%) 476 476 476
el Qcoil,lat (kWh,t) Stafisfics, All Resulis
| CA-SIS CLM2000 DOE21E DOE2IE Energyt TRN-id TRN-re Abs(Max-| Analytical
EDF EDF CIEMAT NREL GARD TUD TUD Min Max fin)/Analy. TUD HTAL1  HTAL2)
0 0 0 0 0 0 0 0 0 0 0 0
[+ 4 0 0 0 0 0 [+ 0 0 [+ 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
[+ 0 0 0 0 0 0 [+ 0 0 [+ 0
0 0 0 0 0 0 0 0 0 0 0 0
739 739 739 742 733 739 739 733 742 1.29% 739 739 739
1 0 0 -2 -1 0 0 -2 1 0 4] 0
[ 0 0 1 1 0 0 [ 1 0 [ 0
1 0 0 -3 1 0 0 -3 1 0 [ 0
2219 2218 2218 2186 2211 2218 2218 2186 2219 1.5% 2218 2218 2217
2218 2218 2218 2189 2210 2218 2218 2189 2218 1.3% 2218 2218 2217
1 0 0 2 2 0 0 0 2 0 0 0
-2588 -2587 -2587 -2562 -2576 -2587 -2587 -2588 -2562 1.0% -2588 -2587 -2586
370 370 370 366 368 370 370 366 370 1.0% 370 370 370
[+ 4 0 0 0 0 0 [+ 0 0 [+ 0
-2589 -2587 -2587 -2563 -2578 -2587 -2587 -2589 -2563 1.09% -2588 -2587 -2587
370 370 370 367 368 370 370 367 370 0. 9% 370 370 370
1221 1219 1210 1221 1221 1210 1222 1.0%4 1221 1221 1221
-deq
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Indoor Drybulb Temperature: Mean and (Max-Min)/ Mean

[Mean OB /gy

Statistics, Al Resulls

CASIS CLM2000 DOE21E DOE21E  Energy+ TRN-id TRN-re {Max-Min) Analytical
EDF EDF  CIEMAT NREL GARD TUD TUD Min Max / Analytical TUD HTAL1 HTAL2
E100 222 222 223 223 22.2 222 228 222 228 2.0% 222 222 222
E110 22.2 222 223 223 22.2 22.2 225 222 225 1.5% 22.2 222 222
E120 28.7 28.7 26.8 26.7 26.7 26.7 271 26.7 271 1.4% 26.7 2867 26.7
E130 22.2 222 221 221 22.2 22.2 216 216 222 2.5% 22.2 222 222
E140 222 22.2 221 221 22.2 222 21.5 215 22.2 3.1% 222 222 222
E150 222 22.2 223 223 22.2 22.2 227 222 227 21% 222 222 222
E160 26.7 28.7 26.8 26.7 26.7 26.7 27.0 26.7 27.0 1.1% 26.7 26.7 26.7
E165 233 233 23.4 23.4 23.3 233 23.8 233 23.8 21% 233 233 233
E170 22.2 22.2 22.2 22.2 22.2 22.2 221 221 22.2 0.5% 22.2 222 22.2
E180 222 22.2 223 223 22.2 222 223 222 223 0.6% 222 222 222
E185 22.2 22.2 223 223 22.2 22.2 22.4 22.2 22.4 0.8% 22.2 222 22.2
E190 222 22.2 221 221 22.2 222 21.8 218 22.2 1.1% 222 222 222
E195 22.2 222 221 221 22.2 22.2 22.0 220 222 0.9% 22.2 222 222
E200 28.7 28.7 26.8 28.8 26.7 26.7 28.7 28.7 28.8 0.4% 26.7 26.7 28.7
[(Wax - Win)/ Mean IDB (°C) Stafistics, Al Resulis
CASIS CLM2000 DOE21E DOE21E  Energy+ TRN-id TRN-re {Max-Min) Analytical
EDF EDF  CIEMAT NREL GARD TUD TUD Min Max / Analytical TUD HTAL1 HTAL2
E100 0.000 0.000 0.000 0.000 0.000 0.000 0.049 0.000 0.049 0.000 0.000 0.002
E110 0.000 0.000 0.000 0.000 0.000 0.000 0.048 0.000 0.048 0.000 0.000 0.002
E120 0.000 0.000 0.000 0.000 0.000 0.000 0.077 0.000 0.077 0.000 0.000 0.002
E130 0.000 0.000 0.000 0.000 0.000 0.000 0.056 0.000 0.056 0.000 0.000 0.001
E140 0.000 0.000 0.000 0.000 0.000 0.000 0.089 0.000 0.089 0.000 0.000 0.002
E150 0.000 0.000 0.000 0.000 0.000 0.000 0.054 0.000 0.054 0.000 0.000 0.002
E160 0.000 0.000 0.000 0.000 0.000 0.000 0.045 0.000 0.045 0.000 0.000 0.002
E165 0.000 0.000 0.000 0.000 0.000 0.000 0.051 0.000 0.051 0.000 0.000 0.002
E170 0.000 0.000 0.000 0.000 0.000 0.000 0.050 0.000 0.050 0.000 0.000 0.001
E180 0.000 0.000 0.000 0.000 0.000 0.000 0.035 0.000 0.035 0.000 0.000 0.001
E185 0.000 0.000 0.000 0.000 0.000 0.000 0.021 0.000 0.021 0.000 0.000 0.001
E190 0.000 0.000 0.000 0.000 0.000 0.000 0.028 0.000 0.028 0.000 0.000 0.001
E195 0.000 0.000 0.000 0.000 0.000 0.000 0.023 0.000 0.023 0.000 0.000 0.001
E200 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Humidity Ratio: Mean and (Max-Min)/ Mean
[Mean Humidity Ratio Statistics, Al Resulis
CASIS CLM2000 DOE21E DOE21E  Energy+ TRN-id TRN-re {Max-Min) Analytical
EDF EDF  CIEMAT NREL GARD TUD TUD Min Max / Analytical TUD HTAL1 HTAL2
E100 0.0075 0.0068 0.0076 0.0074 0.0075 0.0075 0.0075 0.0069 0.0076 9.3%| 0.0074 0.0073 0.0073
E110 0.0066 0.0068 0.0070 0.0064 0.0066 0.0066 0.0066 0.0064 0.0070 9.7%| 0.0065 0.0084 0.0064
E120 0.0080 0.0070 0.0078 0.0078 0.0080 0.0080 0.0080 0.0070 0.0080 13.2%|| 0.00739 0.0078 0.0079
E130 0.0075 0.0068 0.0076 0.0073 0.0075 0.0075 0.0075 0.0068 0.0076 93%| 0.0074 0.0073 0.0073
E140 0.0065 0.0068 0.0071 0.0064 0.0066 0.0066 0.0066 0.0064 0.0071 10.1%|| 0.0065 0.0064 0.0064
E150 0.0083 0.0085 0.0082 0.0083 0.0084 0.0083 0.0085 0.0082 0.0085 4.0%| 0.0082 0.0082 0.0082
E160 0.0102 0.0101 0.0097 0.0099 0.0103 0.0101 0.0102 0.0097 0.0103 58%| 0.0100 0.0098 0.0099
E165 0.0083 0.0098 0.0090 0.0092 0.0094 0.0083 0.0095 0.0090 0.0099 9.1%| 0.0083 0.0092 0.0092
E170 0.0106 0.0107 0.0105 0.0105 0.0106 0.0105 0.0105 0.0105 0.0107 22%| 0.0104 0.0105 0.0105
E180 0.0164 0.0164 0.0166 0.0164 0.0162 0.0163 0.0164 0.0162 0.0166 26%| 0.0162 0.0162 0.0162
E185 0.0162 0.0171 0.0164 0.0162 0.0181 0.0162 0.01863 0.0161 0.0171 6.4%| 0.0181 0.01861 0.0161
E190 0.0160 0.0161 0.0163 0.0159 0.0159 0.0159 0.0157 0.0157 0.0163 3.5%| 0.0158 0.0158 0.0158
E195 0.0156 0.0164 0.0158 0.0155 0.0154 0.0155 0.0153 0.0153 0.0164 7.0%| 0.0154 0.0154 0.0154
E200 0.0114 0.0115 0.0108 0.0111 0.0115 0.0113 0.0113 0.0108 0.0115 51%| 0.0111 0.0111 0.0111
[[Wax - Min)/ Mean Humidity Ratio Statistics, Al Results
CASIS CLM2000 DOE21E DOE21E  Energy+ TRN-id TRN-re {Max-Min) Analytical
EDF EDF  CIEMAT NREL GARD TUD TUD Min Max / Analytical TUD HTAL1 HTAL2
E100 0.000 0.022 0.000 0.000 0.001 0.000 0.000 0.0000 0.0217 0.000 0.000 0.000
E110 0.000 0.022 0.014 0.000 0.000 0.000 0.000 0.0000 0.0217 0.000 0.000 0.000
E120 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.0000 0.0005 0.000 0.000 0.000
E130 0.000 0.010 0.000 0.000 0.001 0.000 0.000 0.0000 0.0101 0.000 0.000 0.000
E140 0.000 0.012 0.014 0.000 0.001 0.000 0.000 0.0000 0.0142 0.000 0.000 0.000
E150 0.012 0.000 0.000 0.000 0.013 0.000 0.013 0.0000 0.0132 0.000 0.000 0.000
E160 0.020 0.000 0.010 0.010 0.013 0.000 0.011 0.0000 0.0198 0.000 0.000 0.000
E165 0.011 0.001 0.011 0.000 0.013 0.000 0.013 0.0000 0.0131 0.000 0.000 0.000
E170 0.000 0.000 0.010 0.000 0.011 0.000 0.024 0.0000 0.0238 0.000 0.000 0.001
E180 0.018 0.000 0.012 0.012 0.010 0.000 0.040 0.0000 0.0402 0.000 0.000 0.001
E185 0.012 0.006 0.018 0.012 0.011 0.000 0.025 0.0000 0.0246 0.000 0.000 0.001
E190 0.000 0.000 0.018 0.019 0.014 0.000 0.031 0.0000 0.0312 0.000 0.000 0.001
E195 0.000 0.006 0.019 0.019 0.014 0.000 0.024 0.0000 0.0241 0.000 0.000 0.001
E200 0.018 0.000 0.009 0.009 0.013 0.000 0.000 0.0000 0.0175 0.000 0.000 0.000

resulis5-3 .Ms q:bc233. br304; 10/ 15702
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: Mean COP
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delta COP

HVAC BESTEST: Mean COP Sensitivities
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Compressor Electricity Consumpt
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Total Indoor (Supply) Fan Electricity Consumption

HVAC BESTEST
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Outdoor (Condenser) Fan Electricity Consumpt
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Total Coil Load
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Sensible Coil Load
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HVAC BESTEST: Mean Indoor Drybulb Temperature
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HVAC BESTEST: Mean Indoor Humidity Ratio
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HVAC BESTEST: Total Zone Load
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HVAC BESTEST: Latent Zone Load
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HVAC BESTEST: Sensible Coil Load - Zone Load (Fan Heat)
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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 pro-
cessed according to the ANSI requirements for a stan-
dard and may contain material that has not been subject
to public review or a consensus process.)

ANNEX B17

PRODUCTION OF QUASI-ANALYTICAL SOLUTION
RESULTS AND EXAMPLE SIMULATION RESULTS

B17.1 Introduction

The full discussion regarding production of quasi-analyt-
ical solution results and example simulation results is included
in HVAC BESTEST.A" Portions of that discussion have been
included here. The quasi-analytical solutions and programs
used to generate the example simulation results are described
in Table B17-1.

The first column of Table B17-1 (“Model”) indicates the
proper program name and version number or indicates a quasi-

analytical solution. The second column (“Authoring Organi-
zation™) indicates the national research facility or university
with expertise in building science that wrote the simulation
software or did the quasi-analytical 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 solu-
tions. The entries in the fourth column are the abbreviations
for the simulations and quasi-analytical solutions generally
used in Annex B16 and elsewhere in the informative annexes.
The majority of participating organizations that performed
simulations ran software that their organization either
authored or coauthored.

The availability of quasi-analytical solutions (see Section
B17.2) greatly helped to identify and correct errors in the
simulations such that errors are minimized in the final simu-
lation results. Also, to minimize the potential for user error in
the simulations, when feasible, more than one modeler devel-
oped input files for each program. This was done for DOE-
2.1E and where disagreement in the inputs or results was

TABLE B17-1
Participating Organizations and Computer Programs

Model Authoring Organization

Implemented By Abbreviation

Quasi-analytical solution

with ideal controller model |Switzerland (HTAL)

Hochschule Technik & Architektur Luzern,

Hochschule Technik & Architektur ||HTAL1
Luzern, Switzerland

Quasi-analytical solution
with realistic controller
model

Switzerland

Hochschule Technik & Architektur Luzern,

Hochschule Technik & Architektur ||HTAL2
Luzern, Switzerland

Quasi-analytical solution

Technische Universitat Dresden, Germany

Technische Universitat Dresden, |[TUD

with ideal controller model |(TUD) Germany

CA-SIS V1 Electricité de France, France (EDF) Electricité de France, France CA-SIS

CLIM2000 2.1.6 Electricité de France, France Electricité de France, France CLM2000

DOE-2.1E-088 LANL/LBNL/ESTSC,2P€ USA CIEMAT¢ Spain DOE21E/CIEMAT

DOE-2.1E-133 LANL/LBNL/JJH 2P€ USA NREL/JNA,f USA DOE21E/NREL

ENERGYPLUS 1.0.0.023 [LBNL/UIUC/CERL/OSU/GARD Analytics/ |GARD Analytics, USA Energy+
FSEC/DOE-OBT &9k

TRNSYS 14.2-TUD with  |University of Wisconsin, USA; Technische |Technische Universitat Dresden, ||[TRN-id

ideal controller model Universitét Dresden, Ger. Germany TRNSYS-ideal

TRNSYS 14.2-TUD with  [University of Wisconsin, USA; Technische |Technische Universitit Dresden, [|[TRN-re

real controller model Universitat Dresden, Ger. Germany TRNSYS-real

8_ANL: Los Alamos National Laboratory
PLBNL: Lawrence Berkeley National Laboratory

CESTSC: Energy Science and Technology Software Center (at Oak Ridge National Laboratory, USA)
dCIEMAT: Centro de Investigaciones Energeticas, Medioambientales y Tecnologicas

€JJH: James J. Hirsch & Associates

fNREL/INA: National Renewable Energy Laboratory/J. Neymark & Associates

9UIUC: University of Illinois Urbana/Champaign

NCERL: U.S. Army Corps of Engineers, Construction Engineering Research Laboratories

i0SU: Oklahoma State University
JFSEC: University of Central Florida, Florida Solar Energy Center

KDOE-OBT: U.S. Department of Energy, Office of Building Technology, State and Community Programs, Energy Efficiency and Renewable

Energy
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found, the modelers worked to resolve the differences. Addi-
tionally, one of the participants (TUD) developed quasi-
analytical solutions and ran separate controller models within
TRNSYS; this allowed for greater understanding 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.

Input decks used to generate the simulation results are provided
in the files accompanying this standard (available at http:/
www.ashrae.org/template/PDFDetail ?asset| D=34505); see the
README.DOC file. International Energy Agency participants that
ran simulations for CA-SIS and CLIM2000 did not supply input
decks with their results.

B17.2 Quasi-Analytical Solution Results

The quasi-analytical solution results given in Annex B16
were developed as part of International Energy Agency (IEA)
Solar Heating and Cooling Programme Task 22. The impor-
tance of having analytical or quasi-analytical solution results
is discussed in Annex B16 (Section B16.2). Two of the IEA
participating organizations independently developed quasi-
analytical solutions that were submitted to a third party for
review."12 A-13, A-14 comparing the results indicated some
disagreements, which were then resolved by allowing the
solvers to review the third-party reviewers’ comments and to
review and critique each others’ solution techniques. This
process resulted in both solvers making logical and non-arbi-
trary changes to their solutions such that their final results are
mostly well within a <1% range of disagreement. Remaining
differences in the quasi-analytical solutions are due in part to
the difficulty of completely describing boundary conditions.
In this case the boundary conditions are a compromise
between full reality and some simplification of the real phys-
ical system that is mathematically solvable. Therefore, the
quasi-analytical solutions have some element of interpretation
of the exact nature of the boundary conditions that causes
minor differences in the results. For example, in the modeling
of the controller, one group derived a quasi-analytical solution
for an “ideal” controller (that maintains zone temperature
exactly at the thermostat setpoint) while another group devel-
oped a numerical solution for a “realistic” controller (that
allows a small degree of zone temperature variation over very
short simulation time steps). As another example, for the
purpose of determining the “maximum EWB?” dry-coil condi-
tion, one group used linear interpolation or extrapolation in
conjunction with local intervals of given performance data,
while another group used a similar but more generalized solu-
tion technique and incorporated the extremes of performance
data. Each quasi-analytical solution yields slightly different
results, but all are correct in the context of this exercise. This
may be less than perfect from a mathematician’s viewpoint but
quite acceptable from an engineering perspective. A fully
detailed presentation of the quasi-analytical solutions, includ-
ing specific examples of remaining minor differences in the
solutions, are discussed in Part Il of HVAC BESTEST.A™

B17.3 Selection of Programs for Producing Example
Simulation Results

The criteria for selection of programs used for producing
example results required that

70

(@) 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 A that ran
from 1997 through 2001. The programs (to various extents)
were also subjected to other comparative, empirical validation
and/or analytical verification tests such as those referenced in
HVAC BESTEST, IEA BESTEST, and in International Building

Performance Simulation Association (IBPSA) proceed-
ings. 142122, A5

(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 pro-
cessed according to the ANSI requirements for a stan-
dard and may contain material that has not been subject
to public review or a consensus process.)

ANNEX B18

VALIDATION METHODOLOGIES AND OTHER
RESEARCH RELEVANT TO STANDARD 140

[Informative Note: Delete Annex B13 and replace with new
Annex B18 as follows.]

B18.1 Overall Validation Methodology
Anoverall validation methodology consists of three parts:
(@) Comparative Testing - in which a program is compared to
itself or to other programs
(b) Analytical Verification - in which the output from a pro-
gram, subroutine, algorithm, or software object is com-
pared to the result from a known analytical or quasi-
analytical solution for isolated heat transfer mechanisms
under very simple and highly constrained boundary con-
ditions
(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 of
these three techniques.A'l*r’* AS Defining two terms is useful in
interpreting Table 1. Here a “model” is the representation of
reality for a given physical behavior. For example, one way to
model heat transfer through a wall is by using a simplifying
assumption of one-dimensional conduction. An alternative
(more detailed) model for wall heat transfer could employ two-
dimensional conduction. The “solution process” is a term that
encompasses the mathematics and computer coding to solve a
given model (e.g., a finite difference approximation to solve a
differential equation) and the technique for integrating individ-
ual models and boundary conditions into an overall solution
methodology—such as an iterative energy balance through
layers of a single wall, over all the surfaces of a given zone, or
between a zone(s) and its related mechanical system(s). The
solution process for a model can be perfect, while the model

BSR/ASHRAE Addendum a to ANSI/ASHRAE STANDARD 140-2001
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TABLE B18-1
Advantages and Disadvantages of Various Validation Techniques

Technique Advantages Disadvantages
Empirical « Approximate truth standard within  Experimental uncertainties:
Test of model and solution experimental accuracy - Instrument calibration, spatial/ temporal
process * Any level of complexity discretization
- Imperfect knowledge/specification of
the experimental object (building)
being simulated
* Detailed measurements of high quality are
expensive and time consuming
* Only a limited number of test conditions
are practical
Analytical « No input uncertainty * No test of model validity
Test of solution process  Exact mathematical truth standard « Limited to highly constrained cases for
for the given model which analytical solutions can be derived
« Inexpensive
Comparative « No input uncertainty « No truth standard
Relative test of model and * Any level of complexity
solution process » Many diagnostic comparisons possible
« Inexpensive and quick

remains faulty or inappropriate for a given physical situation or
purpose; for example, using a one-dimensional conduction
model where two-dimensional conduction dominates.

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

(c) Analytical Verification - Building Envelope

(d) Analytical Verification - Mechanical Equipment
(e) Empirical Validation - Building Envelope

(f) Empirical Validation - Mechanical Equipment.

B18.2 Other Relevant Research
There are a number of other simulation test suites in vari-

ous 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 FabricA-16

(b) “Home Energy Rating System Building Energy Simula-
tion Test (HERS BESTEST)"%3

(c) ASHRAE RP-865, “Development of Accuracy Tests for
Mechanical System Simulation”"!”

(d) “Building Energy Simulation Test and Diagnostic
Method for Heating, Ventilating, and Air-Conditioning
Equipment Models (HVAC BESTEST), Fuel-Fired Fur-
nace Test Suite”"18

(e) “International Energy Agency Building Energy Simula-
tion Test and Diagnostic Method for Heating, Ventilating,
and Air-Conditioning Equipment Models (HVAC BEST-
EST), Volume 2: Cases E300-E545”

(f) “RADTEST Radiant Heating and Cooling Test
Cases™A1?

(g) “Proposed IEA BESTEST Ground-Coupled Cases”

(h) ETNA BESTEST Empirical Validation Test Specification

BSR/ASHRAE Addendum a to ANSI/ASHRAE STANDARD 140-2001

(i) “Daylighting — HVAC Interaction Tests for the Empirical
Validation of Building Energy Analysis Tools™A-20

(J) “Economizer Control Tests for the Empirical Validation
of Building Energy Analysis Tools”

(k) 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 Task 34
and IEA Energy Conservation in Buildings and Commu-
nity Systems Annex 43 (IEA SHC 34/ECBCS 43).42!

(Note: Since itemse, g, h, and j are works in progress, no refer-
ences can yet be cited for them.)

B18.2.1 ASHRAE RP-1052""16 These tests are analyti-
cal 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"!7 These tests are analytical
verification tests that focus on the ability to model thermal
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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.

B18.2.4 HVAC BESTEST Fuel-Fired Furnace Test
Suite®® is an analytical verification test that also has some
comparative test components, developed by the CANMET
Energy Technology Centre of Natural Resources Canada in
conjunction with the International Energy Agency (IEA)
Solar Heating and Cooling (SHC) Programme Task 22. This
test focuses on the ability to model residential fuel-fired fur-
nace mechanical equipment and could directly append the
unitary mechanical equipment cases of Section 5.3. Cases
allow the comparison of quasi-analytical solutions to program
results for the purpose of testing the ability of programs to
model steady-state efficiency, fuel consumption, variation of
furnace performance with part-load ratio, air-distribution fan
operation, and combustion-air fan operation.

B18.2.5 HVAC BESTEST Cases E300-E545 is a com-
parative test being developed by the National Renewable
Energy Laboratory in conjunction with the International
Energy Agency Solar Heating and Cooling Programme Task
22. This test suite extends the unitary space cooling equip-
ment tests of Section 5.3. The cases are more realistic (includ-
ing more dynamic loading and weather conditions) and
cannot be solved analytically or quasi-analytically. Cases
include variation of PLR, ODB, and EDB for both dry-coil
and wet-coil conditions. Also tested in the dynamic context is
the ability of programs to model equipment performance with
outside air mixing, infiltration loading, thermostat set-up,
undersized equipment, and economizers with various temper-
ature and enthalpy controls.

B18.2.6 RADTEST*! is a comparative test developed
by Hochschule fur Technik + Architektur Luzern in conjunc-
tion with the IEA SHC 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.).

B18.2.7 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 Programme. 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 coeffi-
cients, slab-on-grade geometries with and without insulation,
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basement geometries with and without insulation, interaction
of the building with the deep ground conditions including heat
sinks such as water tables, and walkout basement construc-
tion. Additional in-depth cases are being developed to deter-
mine 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 sim-
ulations to independent detailed models. There is also an ana-
Iytical verification test case for checking the independent
detailed models and for checking that such models are prop-
erly 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 val-
ues to test the effect of surface temperature uniformity).

B18.2.8 ETNA BESTEST 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. Parametric vari-
ations 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. Para-
metric variations in an artificial climate configuration include
tests for the ability to model outside air ventilation/infiltra-
tion, 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 (com-
monly assumed by simulations). Data were gathered in the
artificial climate configuration to empirically characterize
steady-state overall building heat loss coefficient; steady-state
thermal conductance of individual walls, floor, ceiling, and
windows; and internal thermal capacitance. Measurements
were also made with the objectives of estimating interior con-
vective surface coefficients and empirically characterizing
incidence-angle-dependent window optical transmittance.

B18.2.9 Daylighting — HVAC Interaction Tests for the
Empirical Validation of Building Energy Analysis Tools™
20 were developed by lowa State University and lowa Energy
Resource Station in conjunction with IEA SHC Task 22.
Cases allow the comparison of empirical data to program
results, allowing for validation of models within the uncer-
tainty of the experiments. The tests focus on the ability to
model daylighting/HVAC interaction. Identical rooms con-
nected to separate mechanical systems are used with the dif-
ference that one room has dimmable ballasts; interior
illuminance, solar irradiance, and heating loads were mea-
sured in both rooms.

B18.2.10 Economizer Control Tests for the Empirical
Validation of Building Energy Analysis Tools are being
developed by lowa State University and lowa Energy
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Resource Station in conjunction with IEA SHC Task 22.
Cases allow the comparison of empirical data to program
results, allowing for validation of models within the uncer-
tainty of the experiments. The test cases focus on the ability
to model economizer control and outdoor air in VAV Systems.
Parametric variations of economizer control tests include out-
side air versus return air temperature comparison, with para-
metric variations for 0% and 20% minimum outside air, and
outside air versus return air enthalpy comparison with 0%
minimum outside air.

B18.3 Recommended Additional Research. The addi-

tional tests listed in B18.2 do not cover the following areas:

(a) Comparative Tests — Mechanical Equipment (Additional
tests beyond those in HVAC BESTEST unitary cooling
and heating equipment cases)

(b) Analytical Verification — Mechanical Equipment (Addi-
tional tests beyond those in RP-865 and HVAC BEST-
EST unitary cooling and heating equipment cases)

(c) Empirical Validation - Mechanical Equipment (Addi-
tional tests beyond those in IEA SHC Task 22 described
above).

More work to develop such Methods of Test is recom-
mended.

Informative Note: Renumber Section B14, References, as
Section B19 and divide it into two parts, Section B19.1, which
contains the references in the current standard, and Section
B19.2, which adds the new references for Addendum a.

(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 pro-
cessed according to the ANSI requirements for a stan-
dard and may contain material that has not been subject
to public review or a consensus process.)
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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.
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