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Introduction

This publication updates the DOE-2 Supplement from version 2.1D to version 2.1E. The
Supplement is a companion volume to the Reference Manual (2.14). Tt contains detailed
discussions and instructions for using the features and enhancements introduced into the
2.1B, 2.1C, 2.1D, and 2.1F versions of the program. It assumes a working knowledge of
the Reference Manual (2.14), and is not intended for stand-alone use by new users of the
program.

Appendix A to this volume is an updated listing of all the DOE-2 hourly report vari-
ables. This new listing replaces the three individual lists found in the Reference Manual
(2.14) under the HOURLY-REPORT command at the end of LOADS, SYSTEMS, and
PLANT.

Appendix C is an updated description of the DOE-2 verification and summary reports.
It replaces Chapter VII, Reports, in the Reference Manual (2.1A4).

In addition to the Reference Manual {2.1A) and this Supplement (2.1E), there are six
other DOE-2 manuals that provide information on how to use the program.*

DOE-2 Basics (2.1F) is an introduction to using DOE-2.

BDL Summary (2.1E) contains an integrated listing of all of the DOE-2 com-
mands and keyvwords together with their abbreviations,
defaults, minimums, and maximums.

Alphabetical List of  gives the page numbers in all the DOE-2 manuals where
Commands and Keywords commands and keywords are described. The list is
in DOE-2 (2.1F) Appendix ¥ of this manual; also, it is reprinted yearly,

with updates and corrections, in the summer issue of the
User News**,

Sample Run Book (2.1E) contains input and output examples for a variety of build-
ings.

Engineers Manual (2.1A) describes the equations and algorithms used in the DOE-2
calculations.

DOE-2 User News** contains articles on building performance modeling, new

program features, bug fixes, and documentation ordering
information; it also has a directory of DOE-2 related
software and services. Issued quarterly.

* DOE-2 program manuais are available from the National Technical Information Service (NTIS), 5285 Port Royal Road,
Springfield, VA 22161, Phone (703)487-4650 or Fax (703)321-8547 for prices.

**To be put on the DOE-2 User News mailing list, or for more information op obtaining DOE-2 and its documentation, piease
contact the Simulation Research Group, MS: 90-3147, Lawrence Berkeley Laboratory, Berkeley, CA 84720;
Ph: 510-486-5711, Fx: 510-486-4089 or -5172.
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MAKING DOE-2.1D INPUTS COMPATIBLE WITH DOE-2.1E

The 2.1E version is not totally upwardly compatible with 2.1D. This means that in most
cases you will get one or more error messages when you run a 2.1D input file with 2.1E.
Usually the message will indicate the nature of the incompatibility.

The required input modifications are described in this manual in the “Miscellaneous
Changes in 2.1E” sections or in the following BDL, LOADS, SYSTEMS, PLANT, and
ECONOMICS sections. The most common modifications you will need to make are:

1. Remove the BUILDING-RESQURCE command from your LOADS input. Building
resource  quantities in 2.1E are specified with the new keywords
INT-FUEL-BTU/HR, etc., in the PLANT-ASSIGNMENT command in SYSTEMS.
See “Building Resources in SYSTEMS”, p. 3.13ff.

2. Revise your utility rate input in ECONOMICS. The 2.1D ENERGY-COST,
CHARGE-ASSIGNMENT and COST-PARAMETERS commands have been
replaced in 2.1E with the UTILITY-RATE, BLOCK-CHARGE and RATCHET
commands. See “ECONOMICS”, p. 5.1ff. In making this transition it will help if
you compare the Economics inputs in the 2.1D and 2.1E sample runs.

3. In metric inputs only, the keywords VALUES, TEMP, or RADT are now required in
schedule commands depending on whether the schedule values are ratios, tempera- -
tures, or radiation guantities. See ‘‘Metric Option”’, p. 1.35fL.

4. In the SYSTEM command, the allowed values of the keywords HEAT-SOURCE,
ZONE-HEAT-SQURCE, PREHEAT-SOURCE, and BASEBOARD-SOURCE are
now the codewords HOT-WATER, ELECTRIC, FURNACE, GAS-HYDRONIC,
HEAT-PUMP, and GAS-HEAT-PUMP. The 2.1D codewords GAS-FURNACE
and OIL-FURNACE are no longer used. See ‘“‘Metering and Reporting of Energy
End Uses” on p. 3.4, “Electrical and Fuel Meters in SYSTEMS” on p. 3.8, and
“Specifying Meters in SYSTEMS”, p. 3.8.

The PLANT-PARAMETERS keywords BOILER-FUEL, DHW-HEATER-FUEL,
and FURNACE-FUEL have been replaced with the FUEL-METER keyword in
PLANT-EQUIPMENT. See “Energy Meters in PLANT”, p. 4.3.

wn

6. HOURLY-DATA-SAVE = YES in the LOADS-, SYSTEMS-, and
PLANT-REPORT commands (which produced binary files of hourly report output)
has been replaced with HOURLY-DATA-SAVE = BINARY. The files that were
written, CECDTn.BIN, CECPRO.FMT, and CECHRn.BIN, have been replaced
with HRPLDSn.BIN, HRPSYSnBIN, and HRPPLTnBIN. See “Saving Files of
Hourly Output for Post Processing’’, p.1.30.

- 13- 2.1D to 2.1E Compatibility



HEATING AND COOLING LOAD DIFFERENCES
BETWEEN DOE-2.1D AND DOE-2.1E

You will notice a significant difference in loads calculated by 2.1E vs. 2.1D. The heating
loads will be 10%-20% lower (depending on building type and climate) and the cooling
loads will be 10%-20% higher. The change in loads is due to the following improvements:

a.

A new correlation between outside air film conductance and wind speed gives air
film conductances that are two to three times lower than in previous versions of
DOE-2. This increases the inward-flowing fraction of solar radiation absorbed by
walls, roofs and windows and reduces conduction through windows. See “Improved
Outside Air Film Conductance Calculations, p.2.98.

A revision to the calculation of exterior infrared radiation loss to the sky decreases
heat loss from windows and walls relative to 2.1D wvalues. See “Improved Exterior
Infrared Radiation Loss Calculation, p.2.97.

The wind speed used to calculate outside air film conductance and wind-speed-
dependent infiltration is now the weather file wind speed with corrections for terrain
effects, weather station height above ground level, and SPACE height acbove ground
level. This correction generally gives wind speeds at the building site that are lower
than those at the weather station. This results in lower outside air film conductance
and lower infiltration rates, both of which tend to decrease heating loads and
increase cooling loads. In earlier versions this wind speed correction was applied
oniy to the Sherman-Grimsrud infiltration method. For more detalls, see “Terrain
and Height Modification to Wind Speed, p.2.88.

As evidence that the above improvements are giving accurate loads ealculations,
Figure A shows that DOE-2.1E predictions are In excellent agreement with measure-
ments of inside air temperature and imsolation for three unconditioned test cells.
These results are from a recent International Energy Agency study in which the
predictions of 25 simulation programs, including DOE-2, were compared with hourly
measurements.* The DOE-2.1E temperatures in Figure A are up to 2°C higher than
the corresponding DOE-2.1D values (not shown). This is due primarily to the
reduced outside air film conductance in 2.1E.

* "Empirical Validation in International Energy Agency Annex 21/Task 12: Final Report”, IEA Report No. IEA2IRN372/93,
UK. Building Research Establishment spd DeMontfort University (Leicester), August 1993. This was a “blind” validation, i.e.,

the participants did not know what the measured results were when the simulations were done, so it was impossibie to adjust a
program’s input to match the measurements. The DOE-2 numbers in Figure A are from the public release version of DOE-2.1E

{Version 001}). This validation study also considered comparisons with measurements on heated test cells. DOE-2.1E underpredict-

ed the heating energy for these cells because DOE-2 does not accurately model the electric radiators that were used {the radistors,

which are 60% radiative and 40% convective, were modeled as baseboards, which are 100% convective in DOE-2}.

-14 - Heating/Cooling Load Differences
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ngure A:
Comparison of DOE-2.1E
predictions with IEA

Annex 21 measurements of
inside air temperature in
three unconditioned test
cells located in England:
(1) opaque test cell with no
windows, (2) test cell with
a south-facing single-glazed
window, and (3) test cell

with a south-facing
double-glazed window.
Also shown is the solar

radiation intensity (direct
plus diffuse) on the south
face of the test cells. The
cells, which are identical
except for the glazing, are
1.5m (width) x 2.4m
(depth) x 2.3m (height)
and all have insulated
wood-frame  construction,
unconditioned roof space
(attic), bare concrete floor
above an unconditioned
crawl space, Zero
infiltration, and shading by
adjacent structures. In the
two-day  period shown
(May 24-25) the outside
temperature wvaried from
4°C (39°F) to 15°C (59°F)
and the wind speed varied
from 1.5 m/s (3.4 mph) to
5 m/s (11.4 mph).
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MISCELLANEOUS PROGRAM CHANGES IN VERSIONS 2.1D and 2.1E

This section summanrizes ¢ number of minor changes that have been made 'n DOE-2 1n
verstons 2.1D and 2.1E. The major changes and additions are described in the remainder
of this Supplement.

Miscellaneous Changes to BDL in 2.1E

A change was made to the BDL macro processor so that when there are ##if statements
inside a ##def ... ##enddef block, the w#if statementis become part of the macro
definition. They are executed only when the macro is being expanded. In DOE-2.1D the
##1f statements were executed whenever they were encountered in the input.

Miscellaneous Changes to BDL in 2.1D
{1) The default for ABORT is now ERRORS instead of CAUTIONS.

(2) The default for DIAGNOSTIC is now WARNINGS instead of COMMENTS.

(3) DOE-2 now accepts ‘‘tabs” input using your editor. In past versions, the program
would give an error message whenever it encountered a tab.

(4) DOE-2 now accepts both lower and upper case letters in all commands, keywords,
values, and symbols. Previously, only upper case letters were permitted. However,
as before, code-words must still be only upper case. DOE-2 will also accept lower
and upper case letters in u-names but will treat the form in which they are entered
as unique. For example, a u-name entered as ‘‘“Zone-1"" would not be recognized if it
was later referenced as “ZONE-1".

$ Use of mixed upper and lower case letters $

Light-1 = schedule through dec 31 (all) (1,24)(.5) ..

Storeroom == SPACE-CONDITIONS $ v-names and commands can
$ be mixed upper and lower case

lighting-schedule = Light-1 $ u-names must agree
$ exactly. LIGHT-1 or
$ light-1, e.g., would not
$ be recognized here

inf-method = AIR-CHANGE  $ code-words must be
$ all upper case;
“air—change’ would not
$ be recognized
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Miscellaneous Changes to LOADS in 2.1E

(1)

The BUILDING-RESOURCE Command

This command has been removed from LOADS. Building resource gquantities,
including domestic hot water, are now specified with new keywords in the SYS-
TEMS PLANT-ASSIGNMENT command (see “Energy End Uses and Meters:

Building Resources in SYSTEMS” in the SYSTEMS section of this manual).

Updated Sample Runs

The Sample Run inputs in the Semple Run Book (2.1E) and on the release tape
have been updated to make them more oons1ste11t with current practice. Changes
include decrea.smg the lighting watts/ft , increasing the equipment (plug loads)
watts/ft , replacing single with double glazing, and increasing the outside air venti-
lation rate. In addition, some mispositioned surfaces have been corrected.

Number of LOADS Commands
The numbers of LOADS commands allowed have been increased as follows:

CONSTRUCTION : from 32 to 64 SCHEDULE : from 60 to 100
DAY-SCHEDULE : from 80 to 300 SPACE : from 64 to 128
EXTERIOR-WALL : from 128 to 300 | SPACE-CONDITIONS : from 32 to 50
INTERIOR-WALL : from 128 to 512 | WEEK-SCHEDULE : from 60 to 200
LAYERS : from 16 to 64 WINDOW : from 128 to 200

When PEOPLE-HEAT-GAIN is input in SPACE-CONDITIONS, the program ecal-
culates the split between sensible and latent components using a fixed air tempera-
ture of 75°F. Previously, this spht was calculated at the user-input LOADS calcula-
tion temperature.

The “Warm-Up Pertod”’

Two changes have been made to the way the ““warm-up period” is handled (during
the warm-up period, DOE-2 repeats the calculation of the first day of each run
period to determine starting values for the simulation). First, all weather variables
{outside drybulb, outside wetbulb, etec.) have been “smoothed” around midnight to
avolid a discontinuity at midnight. Second, the warm-up period has been increased
from 3 days to 7 days to give better starting values for high-mass buildings. These
changes were made for LOADS, SYSTEMS, and PLANT.

QUTSIDE-EMISS Keyword

A new keyword, QUTSIDE-EMISS, has been introduced in the CONSTRUCTION
command. OUTSIDE-EMISS allows yvou to change the outside surface IR emis-
sivity of EXTERIOR-WALLSs and ROOFs. The default is 0.9.

- 17 - Miscellaneous Changes



(7)

(9)

Daylighting Calculation

The daylighting calculation was changed so that, for all weather files, exterior
illuminance is obtained from irradiance using luminous efficacy. Previously, this
was done only for solar weather files (such as TMY and WYEC), i.e., those with
measured irradiance. For non-solar weather files {such as TRY), the irradiance and
illuminance quantities were calculated separately and, therefore, were not necessarily
consistent. Now, the exterior illuminance and irradiance quantities are consistent
for both solar and non-solar weather files. [It is still strongly recommended, how-
ever, that solar weather files be used for daylighting simulation because they give a
more accurate determination of daylight availability.]

Hourly Reports

The hourly reports in all program modules incorporate several new features. The
REPORT-BLOCK has a new VARIABLE-TYPE = END-USE for the end-uses
and meters (see “Energy End Uses and Meters”, p.3.4). In each
HOURLY-REPORT, the OPTION keyword allows individual reports to be directed
to the print file, or output to either a binary or formatted file for interpretation by
the user’s own programs. (See “‘Saving Files of Hourly Output for Post Processing”,
p.1.30). In addition, hourly report data from LOADS can be merged with data in
SYSTEMS or PLANT, and hourly report data from SYSTEMS can be merged with
data in PLANT. (See ‘‘Sharing Hourly Report Data Among Program Modules”,
p.1.33). ‘

Fiz to Dependence on LOADS Calculation Temperature

A problem in DOE-2.1D, in which zone temperatures and extraction rates in SYS-
TEMS were found to be sensitive to the choice of LOADS calculation temperature,
has been fixed in 2.1E. As a result, DOE-2.1E now gives a better calculation of
temperatures, especially in unconditioned spaces, like attiecs and plenums beneath
roof surfaces, that can undergo large temperature swings.

(10} Fiz to Heat Conduction Through Quick Interior Surfaces

A bug in DOE-2.1D in which some of the heat conducted through a gquick interior
surface was lost {i.e., did not appear in the adjacent space) has been fixed. This was
only a problem for spaces with Custom Weighting Factors. It was not a problem
for delayed interior walls or for spaces with precalculated (ASHRAE) weighting fac-
tors.
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(11) Holdays

The designated holidays are now as follows:

New Years Day

Martin Luther King's Birthday
Presidents Day
Memorial Day

Independence Day

Labor Day
Columbus Day

Veterans Day

Thanksgiving

Christmas

Official National Holidays of the United States

DEC 31 if a Friday

JAN 1 (unless on Saturday or Sunday)
JAN 2 if a Monday

Third Monday in JAN

Third Monday in FEB

Last Monday in MAY

JUL 3 if a Friday

JUL 4 (unless on Saturday or Sunday)
JUL 5 if a Monday

First Monday in SEP

Second Monday in OCT

NOV 10 if a Friday

NOV 11 (unless on Saturday or Sunday)
NOV 12 if a Monday

Fourth Thursday in NOV

DEC 24 if a Friday

DEC 25 (unless on Saturday or Sunday)
DEC 26 if a Monday

DOE-2 ean calculate holiday loads using different schedules than for normal week-
days. The above holidays will be in effect if HOLIDAY=YES (the default) in the
BUILDING-LOCATION command. If HOLIDAY=NO these days are treated as
normal weekdays. You can change the holidays to correspond to those in other
countries by using the new ALT-HOLIDAYS command. See the BDL Summary

(2.1E), p.8.
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Miscellaneous Changes to LOADS in 2.1D

(1)

@)

(3)

(4)

The number of RUN-PERIODS allowed has been increased from 12 to 15.

The start and stop dates that the program uses for daylight savings in the U.S. will
now be determined by the year of the RUN-PERIOD. For years prior to 1987, the
start date will be the last Sunday in April and the end date will be the last Sunday
in October. For 1987 and later, the start date will be the first Sunday in April and
the end date will remain the last Sunday in October.

Under SPACE-CONDITIONS we have added a new keyword, AREA/PERSON,
which eliminates calculating the NUMBER~OF-PEQPLE for each space.

The . deﬁnitions of LOADS hourly report wvariables #15 and %17 for
VARIABLE-TYPE=u-name of WINDOW have changed. The new definitions are

as follows:

Variable #15  Heat gain by solar raediation through window, is the sum of solar radi-
ation transmitted through the window plus solar radiation absorbed
in the window and conducted into the space.

Variable #17  Conduction heat gain through window, is UAAT conduction only — -
i.e. conduction due to the inside/outside temperature difference
across the window. Formerly, window heat gain due to solar radia-
tion absorbed in the window and conducted into the space as
included in this variable rather than in variable #15.

This change has not been made to the glass loads given in the Sum-
mary Reports (LS-B, LS-C, LS-E and LS-F); in these reports, as
before, ““‘Glass Conduction” includes solar absorbed in the glass and
conducted into the space, and ‘‘Glass Solar’’ is transmitied solar
only.

The inputs for internal heat gains allowed for UNCONDITIONED and PLENUM

spaces need to be clarified:

All SPACE-CONDITIONS keywords are allowed in both UNCONDITIONED
and PLENUM spaces.

See ‘‘Miscellaneous Changes to SYSTEMS in 2.1D” for SYSTEMS keywords that
are applicable to UNCONDITIONED and PLENUM zones.
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Miscellaneous Changes to SYSTEMS in 2.1E

(1} Rounding of Air Flows Removed
Rounding of air flows calculated by DOE-2 to the nearest 10 CFM has been
removed. This change is most noticeable on the SV-A verification report for outside
ventilation air when input using the keyword OA-CFM/PER, and also for the
reported calculated values of supply and return CFMs at the zone and system levels.

(2) Number of SYSTEMS Commands
The number of SYSTEMS commands allowed have been increased as follows:

DAY-RESET-SCH : from 60 to 300 { SYSTEM-FANS : from 20 to 50
DAY-SCHEDULE : from 80 to0 300 | SYSTEM-FLUID : from 20 to 50
RESET-SCHEDULE : from 40 to 100 | SYSTEM-TERMINAL : from 20 to 50
SCHEDULE : from 60 to 100 | WEEK-SCHEDULE  : from 60 to 200
SYSTEM : from 40 to 100 | ZONE : from 64 to 128
SYSTEM-AIR : from 20 to 50 ZONE-ATR : from 20 to 50
SYSTEM~-CONTROL  : from 20 to 50 ZONE-CONTROL : from 20 to 50
SYSTEM-EQUIPMENT : from 20 to 50 ZONE-FANS : from 20 to 50

(3) OUTSIDE-FAN-ELEC replaces OUTSIDE-FAN-KW
The OUTSIDE-FAN-KW keyword has been replaced with OUTSIDE-FAN-ELEC.
The new kevword has the same meaning: it provides the electrie consumption of the
condenser fan (or unit) when it is operational. The value is specified as watts of
electric consumption per BTU of cooling system output at ARI conditions (value
specified or calculated for COOLING-CAPACITY) where as the old keyword was
simply the kW of the fan.
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Miscellaneous Changes to SYSTEMS in 2.1D

{1) The keywords in SYSTEMS that apply to UNCONDITIONED and PLENUM zones
are as follows:

Keyword UNCONDITIONED PLENUM
BASEBOARD-CTRL NO YES
BASEBOARD-RATING NO YES
COOL-TEMP-SCH NO YES
DESIGN-COOL-T YES YES
DESIGN-HEAT-T YES YES
EXHAUST-CFM NO YES
HEAT-TEMP-SCH NO YES
MULTIPLIER YES YES
SIZING-OPTION YES YES
THROTTLING-RANGE NO YES
ZONE-FAN-CFM NO YES
Residential Ventilation Keywords YES YES

(2) Peak Integrated Cooling Load _
Report 8S-J now shows the peak tniegrated cooling load for a 24-hour period as well
as the day of the year that it occurs (which may not be the same day as the peak
one-hour cooling load). This 24-hour integrated value should be of help in sizing
- thermal energy storage systems. One word of caution, however: the user should still
look to see if there are hours of “loads not met”’, and if there are, increase the capa-
city of the system until they are minimized.

(3) Change in SIZING-OPTION Default
The default for SIZING-OPTION for ALL system types is now
NON-COINCIDENT. The reason for this change is the substantial reduction in
lighting levels and better window treatment that most designers use today. When
automatic sizing is done in DOE-2 SYSTEMS, the low peak sensible loads cause air
flows that are so low that DOE-2 reports many hours of “‘loads not met”. Most
inexperienced users cannot understand why DOE-2 gives these unexpected results,
and the problem is only exacerbated when using
SIZING-OPTION = COINCIDENT. If the number of hours with ‘‘loads not met”
is still too high with SIZING-OPTION = NON-COINCIDENT, the user should
increase air-side system capacity by setting SIZING-RATIO greater than 1.0.

(4) RETURN-AIR-PATH Defaults '
The default RETURN-AIR-PATH = DIRECT for system types SZRH, MZS,
TPIU, FPIU, HVSYS, and PZS remains as before. However, all systems that nor-
mally pick up heat gain from return air light fixtures now default to

RETURN-AIR-PATH = DUCT.
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Miscellaneous Changes to PLANT in 2.1E

(1)

Component-Based Ice-on-Coil Model Removed

The CBS/ICE component-based ice-on-coil thermal energy storage model has been
removed from the 2.1E PLANT program. It has been replaced by a new model that
simulates ice-on-coil and other types of cool storage systems. See ‘“Ice and Eutectic
Thermal Energy Storage”, p.4.15.

CBS/ICE is now available as a stand-alone program called ICICLE, which can be
obtained from the Center for Energy Studies, University of Texas at Austin, Bal-
cones Research Center, 10100 Burnet Road, Austin, TX 78758.

Miscellaneous Changes to PLANT in 2.1D

(1)

(2)

FEnergy Cost Calculation moved to ECONOMICS

The DOE-2.1C version of PLANT was substantially upgraded to include (1) the
allocation of loads to electrical generators and chillers for cogeneration, (2) simpler
functional forms for the input/output relationships of these gemerators, and (3)
variable-speed, optionally-sized pumps. The calculation of energy costs has been
shifted from PLANT to ECONOMICS so that income from the sale of electricity
produced by on-site generators is now possible. The PLANT routine now creates a
file of 8760 hours of energy use and ECONOMICS reads this file to calculate energy
costs that involve time-of-day and ratcheted demand charges. See, p.5.1,
“Expanded Treatment of Energy Costs”.

Control of Electrical Generators

The DOE-2.1C options for the control of electrical generators are an extension of the
work described in the documentation of DOE-2.1B. The keywords and techniques
for invoking the 2.1B options (i.e. ELEC-GEN-MODE and the use of negative
NUMBERs in a LOAD-ASSIGNMENT) have been eliminated.
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Miscellaneous Changes to ECONOMICS in 2.1E

The energy cost calculation (ECONOMICS) subprogram in 2.1E has been com-
pletely revised to handle a wider range of utility rate structures. The rate structure
input in 2.1E differs from earlier versions of the program, including 2.1D. There-
fore, you will have to redo your old inputs to make them compatible with 2.1E. See
the ECONOMICS section starting on p.5.1.

Miscellaneous Changes to REPORTS in 2.1E

(1} Report Revisions
The following revisions to existing reports have been made (see Appendix C):

LV-H
SS-J

88-D

PV-A

PS-B

P5-C

PS-D

now reports window frame area and U-value.

now reports numerous designer’s check figures. The changes are described
in ““Additions to Systems Report SS-J"°, p.3.139.

The results of DESIGN-DAY sizing in SYSTEMS is now summarized in
report 8S-J, System Peak Heating and Cooling Days (DESIGN-DAY).
See ‘‘Additions to Systems Report SS5-J, p.3.138.

now reports the integrated daily cooling load that results from either a
weather tape run or a DESIGN-DAY run.

now reports both COOL-STORE-RATE and COOL-SUPPLY-RATE
when the program calculates these numbers in the thermal energy storage
automatic sizing routines.

now reports energy use by meter {up to five different electricity meters
and five different fuel meters).

now reports the calculated energy use of the cooling tower fan and of the
condenser water pump. When an air cooled condenser is simulated only
the fan energy is reported. PS-C now reports electrical consumption in
kWh rather than Btu.

now reports electrical consumption in kWh rather than Btu.

New Reports
The following new reports are generated (see Appendix C):

Ss5-p

S5-Q

SUPL

“Load, Energy, and Part-Load Heating and Cooling” for PSZ, PVAVS,
RESYS and PTAC systems.

““Heat Pump Cooling and Heating Summary” for PSZ, PVAVS, RESYS
and PTAC systems.

“System Supplemental Evaporative or Desiccant Cooling”
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3)

PS-E “Monthly Energy End Use Summary”’
PS-F “Energy Resource Peak Breakdown by End Use”
BEPU “Building Energy Performance Summary (Utility Units)”

Revised ECONOMICS Reports

ECONGMICS reports ES-D, ES-E and ES-F have been replaced with the following
new reports (see Appendix C):

ES-D: “Energy Cost Summary”’ summarizes the vearly energy consumption and
cost for each UTILITY-RATE.

ES-E: “Summary of Utility-Rate <u-name>>"’ sumimnarizes the key costs by month
for each utility rate.

ES-F: “Block Charges and Ratchet Summary for <u-name>" summarizes, for
each UTILITY-RATE, the monthly costs associated with each BLOCK-CHARGE,
and the monthly RATCHET values.

Suppressing ZONE Reports in SYSTEMS

It is possible in 2.1E to suppress ZONE reports if desired. The input is done in
SYSTEMS at each individual ZONE input using the keyword REPORT=YES
(which is the defauit) or NO which'suppresses all reports for that ZONE.
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References to past versions of DOE-2,
e.g. DOE-2.1D, apply to that version
and all later versions, unless
otherwise stated. Where such specific
references are made, it is to indicate
to the user the program version in

which a new feature first appeared.
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INPUT FUNCTIONS IN LOADS AND SYSTEMS

Introduction
The Input Function feature (also called “functional values’ feature) allows you to modify DOE-2
LOADS or SYSTEMS calculations without recompiling the program. '

This feature is entirely optional; because it requires familiarity with the internal cal-
culations in DOE-2, it should not be attempted by the beginning user.

There are three types of applications of Input Functions:

1) Calculation of variables that influence the program results, thus allowing you to
modify or replace the algorithms used by the program without recompiling the pro-
gram.

2) Calculation of variables for reporting or debugging purposes.
3) Reading in data files for use in the simulation.

Input Functions are input as small, FORTRAN-like routines that are included in your regular
building description. You specify the values to be calculated and where in the hourly simulation
they are to be used.

To use Input Functions, you must have access to the LOADS and SYSTEMS simulation vari-
ables, their definitions, and the locations of the final calculation of their values. To assist you in
using Input Functions, we give flowcharts in Appendix B that show the calculational sequence
and looping structure of LOADS and SYSTEMS. Note that not all of the LOADS and SYS-
TEMS subroutines are accessible. For the exact location of function access points, consult the
Compiler Listing, described below, and look for CALLs to subroutine FINTL in LOADS and
subroutine FINTS in SYSTEMS. To determine the location and method of calculation of acces-
sible variables, the flowcharts should be used in conjunction with

1) the LOADS and SYSTEMS Global Variables Listings, which list and define the DOE-2
internal variables that are accessible to functions,

2)  the Cross-Reference Listing of LOADS and SYSTEMS Global Variables, which shows
where in each subroutine a variable is used or set,

3) the Compiler Listing of Subroutines That Contain Function Access Points, to deter-
mine the location and method of calculation of accessible variables, and

4)  the Subroutine Call Tree, which shows the Subroutines called by each routine.

These four listings are available as print files on the program tape; they reside on File 28,
LDSDOC.SRC, and File 29, SYSDOC.SRC. Print out these files if you plan to use Input Fune-
tions. These tools are essential to the use of the feature; ff you do not fully understand the calcula-
tion sequence in DOE-2, it is very easy to enter functions that change the DOE-2 results in unex-
pected ways. See also the LOADS and SYSTEMS sections of the Engineers Manual (2.14) for
detailed algorithm descriptions.

Functions are referenced within the hourly loop of the program and, therefore, will be calculated
each hour of the input run period.
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Commands and Keywords for Input Functions
The commands and keywords associated with functional values are described below. The input
sequence (for a function that modifies a window calculation in LOADS) looks like:

INPUT LOADS ..

W-1 = WINDGW

FUNCTION=(*NONE* *FNW-1*) .. Invoke function calculation

Jor this window

FUNCTION NAME=FNW-1 .

ASSIGN . _
assign variable names

.

CALCULATE ..
FORTRAN-like routine
END-FUNCTION ..

COMPUTE LOADS ..

Before reading the following descriptions it will be helpful to briefly review the LOADS and
SYSTEMS input function examples at the end of this section. Additional examples can be
found in the Sample Run Book {2.1E} in the Medical Building and Daylighting sample runs.

FUNCTION

FUNCTION tells LOADS or SYSTEMS that the data to follow specify the characteristics of a
function. Allowable number of FUNCTIONS is 100. Note: FUNCTIONSs must be specified after
the END command and before the COMPUTE LOADS or COMPUTE SYSTEMS command.

NAME specifies a unique user-assigned name for the function (up to 16
alphanumeric characters).

FUNCTION is also used as a keyword in LOADS for the BUILDING-LOCATION, SPACE,
EXTERIOR-WALL, DOOR, WINDOW, and UNDERGROUND-WALL commands, and in SYS-
TEMS for the ZONE, SYSTEM and PLANT-ASSIGNMENT commands:
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BUILDING-LOCATION, SPACE, EXTERIOR-WALL, DOOR, WINDOW,
UNDERGROUND-WALL, ZONE, SYSTEM, PLANT-ASSIGNMENT

FUNCTION takes two arguments: *u-namel* and *u-name2*. Assigning
u-namel means that the calculation of the function with
NAME = u-namel will be done before the execution of the
subroutine associated with the function {see LOADS, Example
3, p.1.16). Assigning u-name2 means that the calculation of
the function with NAME = u-name2 will be done after the
subroutine’s execution (see LOADS, Example 1, p.1.14). If
both u-names are assigned, the function with u-namel will be
calculated before, and the function with u-name2 will be calcu-
lated after the subroutine’s execution (see LOADS, Example 6,
p.1.21). If only one argument is specified, the other must be
entered as *NONE*, The FUNCTION keyword can be used at
most once in each command.

Examples:

FUNCTION = (*SPXX* *NONE*),
FUNCTION = (*NONE* *FNEW2%*),
FUNCTION = (*FNEW1* *FNEW2*).

There are four optional keywords for special-use functions in LOADS:

BUILDING-LOCATION

DAYL-FUNCTION is the special function executed in LOADS subroutine DEXTIL.
This subroutine determines the hourly exterior horizontal
illuminance for the daylighting simulation.

SPACE

DAYL-ILLUM-FN is the special function executed in LOADS subroutine DINTIL.
This subroutine determines the hourly daylight illuminance
and glare index at each reference point in a space {see LOADS
Example 4, p.1.17).

DAYL-LTCTRL-FN is the special function executed in LOADS subroutine
DLTSYS. This subroutine determines the electric lighting
reduction in response to daylight illuminance at each reference
point in a space (see the Daylighting Example in the Sample
Run Book (2. 1E)).

WINDOW

WINDOW-SPEC-FN is the special function used in LOADS subroutines CALWIN,

DCOF, DINTIL, and DREFLT. This function is used to alter
variables involved in the daylighting calculation.
WINDOW-SPEC-FN takes only one u-name, surrounded by
asterisks, but without parentheses.

For example: WINDOW-SPEC-FN = *WINFN-1*
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The following command allows functions to be executed in user-specified subroutines in the SYS-
TEMS program:

SUBR-FUNCTIONS
tells SYSTEMS in. which subroutines a function caleulation is to be performed.

The SUBR-FUNCTIONS command has the following keywords:
BERNOU-1 DOUBLE-1 HVUNIT-1Z SUM-3Z
CFMINF-0 EBAL-0 HVUNIT-2 SUM-4Z
CFMINF-1 EBAL-1 HVUNIT-3 SUM-5
CONCHN ECONO-1 INDUC-0 SZCl-o
DAYCLS-1 ECONO-2 INDUC-1Z SZCI-1Z
DAYCLS-2 ECONO-3 INDUC-2 SZCI-2
DAYCLS-3 ECONO—4 OPSTRT TDVPIU-0
DAYCLS—+4 FANPWR PANEL-0Z TDVPIU-1
DAYCLS-5 FCOIL-0 PANEL-1 TEMDEV-0
DAYCLS-6 FCOIL-1Z PIU-0 TEMDEV-1
DDSF-0 FCOIL-2Z PIU-1 TEMDEV-2
DDSF-1 FCOIL-3 PTAC-0 TEMDEV-3
DESFO-0 FTDEV PTAC-1Z TSOLVE-Q
DESFO-1 FNSYSI-1 PTAC-2 TSOLVE-1
DESIGN FNSYS1-2Z RESYS-0 UNITH-0
DESIND-0 FNSYS1-3Z RESYS-1Z UNITH-1Z
DESIND-1 FNSYS1-47 RESYS-27 UNITH-2Z
DESPIU-Q FNSYS1-5 RESYS-3Z UNITH-3
DESPIU-1 FURNAC RESYS—4Z UNITV-0
DKTEMP-0 HE RESYS-5 UNITV-1Z
DKTEMP-1 HOURIN SDSF-0 UNITV--2
DKTEMP-2 HPUNIT SDSF-1 VARVOL-0
DKTEMP-3 HTPUMP-0Z SSBASB VARVOL-1Z
DOETRM-0 HTPUMP-1Z SSFCOR VARVOL-2
DOETRM-1 HTPUMP-2 SUM-1 VARVOL-3
DOUBLE-Q HVUNIT-0 SUM-2Z
These keywords are named after SYSTEMS subroutines. They take only one u-name
(that of a function) surrounded by asterisks, but without parentheses.
Example: RESYS-1Z = *RESFN-1*
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Exa

mple:

INPUT SYSTEMS ..

.

i{—F UNCTIONS FCOIL-0

SUB —  *FNo*
FCOIL-1Z = *FNI*
FCOIL-3 =  *FN3* .

END ..

FUNCTION NAME = FNO

END-FUNCTION ..

FUNCTION NAME = FNI

END-FUNCTION ..

FUNCTION NAME = FN3

END-FUNCTION ..
COMPUTE SYSTEMS ..

ASSIGN

Variables used within the function are declared through the use of the ASSIGN command.
These assignments are made through the definition of (a) local variable names {1- to 7-character
names chosen by the user) or (b} table variable names.

(a)
(1)

(2)

BDL

A local variable name may be one of the following:

a simulation variable from the Global Variables Listing, which contains variables used in
the DOE-2 LOADS and SYSTEMS programs. For example, in ASSIGN WS=WNDSPD,
WS is the local variable name chosen by the user and WNDSPD is the simulation variable,
selected from the Global Variables Listing, corresponding to windspeed. Note that your
Jocal variable name can be the same as the global variable name; e.g.,

ASSIGN WNDSPD=WNDSPD is allowed

The simulation variables have English units even in runs with metric input. The units are
shown in the Global Variables Listing. Your function can be done in metric units but, in
your function, you will have to (1) convert any simulation variables you use from English to
metric, and (2) convert function results from metric back to English. For an example of
this, see LOADS Example 3, p.1.16.

a numeric value. For example, ASSIGN WS=12.0. Exponential notation can be used for
small numbers; example: ASSIGN SIGMA=0.1714E-8.
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{3) a previously defined PARAMETER name that is set equal to a numeric constant. Example:
PARAMETER SPEED==120 ..

ASSIGN WS = SPEED ..

{(4) a macro expansion that results in a numeric constant. Example:
##setl Altitude 567

BUILDING-LOCATION Altitude=Altitude] |

ASSIGN ALT=Altitude[] ..

(5) the quantity “SCHEDULE-NAME (u-name of a previously defined schedule)”. In this case,
for the date and hour in question, the schedule value will be used within the function. This
overwrites the value in the original SCHEDULE for that hour for the rest of the run. For
example,

PEOP1 = SCHEDULE (.....)

-

SOUTH = SPACE PEOPLE-SCHEDULE = PEOP1
FUNCTION = (*SPXX*,*NONE*)

END ..

FUNCTION NAME = SPXX ..
ASSIGN Y = SCHEDULE-NAME(PEOP1} ..

.

(6) the quantity SCHEDULE (global variable name), where “‘global variable name” is the
pointer name (found in the Global Variables Listing) that corresponds to a previously
defined SCHEDULE. The schedule value for the hour in question will be used {without
overwriting the original value). Changing the example above, the input would be:

ASSIGN Y == SCHEDULE(KZPPL) ..
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(7) a previously-defined PARAMETER name that is set equal to the u-name of a schedule. The
schedule value for the hour in question will be used. For example,

PARAMETER VTMULT = TVIS-SCH-1 ..

TVIS-SCH-1

SCHEDULE  THRU DEC 31 (ALL)(1,24)(.35)

WINDOW VIS-TRANS-SCH = TVIS-SCH-1
FUNCTION = (*WINXX* *NONE*)

END ..

FUNCTION NAME = WINXX ..
ASSIGN Y = SCHEDULE-NAME(VTMULT)

(b) A table variable name takes values associated with the piecewise linear interpolation of
curves defined through the keyword TABLE (see the following example).

TABLE This keyword specifies x-y pairs of data points which define a
curve that is to be piecewise linearly interpelated to enable the
calculation of y-values, given x-values in the function. The x-
values should be in increasing order. There is no limit on the
number of pairs which define the curve. Also, each TABLE
keyword should have its own ASSIGN command. Mixing of
TABLE and the other ASSIGN forms is not permitted. The
x-y arguments can be defined through the use of the DOE-2
PARAMETER technique if desired.

In the CALCULATE section of a FUNCTION, the utility routine PWL returns the y-value of
the piecewise linear curve given the x-value and the table variable name, as shown in the follow-
1ng example. Here, the table variable name is “TAB1”.

FUNCTION NAME = FN-1
ASSIGN X1 = simulation variable from Global Variables Listing

ASSIGN TAB1 — TABLE (0.,10) (.2,20) (.4,30)
(.6,36) (.8,38) (1.0,40) ..

CALCULATE ..
Y1 — PWL(TAB1,X1)

END
END-FUNCTTON

BRIV (PSS SUR U JE T SR PO DU APOT UR Y S| SO
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In this function, the value of Y1 is determined from the value of X1 by linear interpolation
between the points (0.,10), (.2,20), etc., defined by TABLE. For example, if X1 = 0.1, then Y1
= 15. (If X1 is outside the range of x-values in TABLE, PWL linearly extrapolates to get the
corresponding Y1 value.} See LOADS Example 4, p.1.17, for another example of using TABLE.

CALCULATE

The CALCULATE command informs LOADS or SYSTEMS that the following statements,
which are written in a psendo-FORTRAN language, are to be used to define the function. The
valid FORTRAN declarative and executable statements and operations are given in Table 1.1.

Also presented is a subprogram called PWL that performs the piecewise linear interpolation dis-
cussed above under the TABLE keyword.

All statements following the CALCULATE command must begin in or after column 7, except for
statement numbers which begin in column 1. Column 6 is used to designate the continuation of
a statement, as in standard FORTRAN. The executable statement END terminates the CAL-
CULATE section and must be present. {Note that this is nof the same as the “END ..” com-
mand that terminates LOADS, SYSTEMS, PLANT and ECONOMICS input.)

Variables used in the FUNCTION are all classified as real; other types do not exist. Integers
may be used, but they will be treated as real.

END-FUNCTION

This command informs the LOADS or SYSTEMS program that the function definition is com-
plete.

Hourly Report Variables

From the Compiler Listing you can determine whether a function that changes the value of an
hourly report variable makes this change before or after DOE-2 places the variable in the hourly
report array for printing each hour. Only if your function changes the hourly report variable
before it is put in the printing array will your change be reflected in the hourly report. See Appen-
dix A, “Hourly Report Variable Listing”, for the FORTRAN name of the hourly report vari-
ables.

Note that by using PRINT or WRITE statements you can print out the values of variables
‘directly from your function, thus bypassing the hourly reports. See LOADS Example 1, p.1.14.
It is always a good idea to print out key variables in this way to be sure that your function is
performing the way you expect.

Tabs
Tabs should not be used in DOE-2 functions, otherwise an error message will result.
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Valid FORTRAN Statements and Operations

Arithmetic Operators + = /%, = (, )
Logical Operators OR, AND, NOT, EQ NE, GT, GE, LT, LE
FEzecutable Statements CONTINUE GO TO RETURN
END iF REWIND
ENDFILE PRINT sTop®
READW WRITE®

(1) unformatted or formatted
{2) For debugging only; program stops execution without printing reports
(3) unformatted or formatted

Declarative Statements FORMAT SUBROUTINE

Standard Functions ABS (x) AMIN ( x1, x2 ) EXP (x}
ALOG (x) AMOD (x1,x2) INT (x)
ALOG10 ( x) ATAN (x) SIN ( x)
AMAX { x1, x2) COS {x) SQRT ( x)

Library Functions

ACCESS ( ixaa ) : ACCESS( ixaa ) returns the value of AA(ixaa) from
the program’s blank common array.

GET( v, 1) : GET returns the value of v(i), where v is assigned to
a global variable that is dimensioned.

GETAA ( naa ) : IX = GETAA( NAA ) gets a block of memory

( of NAA words ) in the program’s main blank
common array { the AA, or IA array ) for exclusive
use by functions, and IX is set to the value pointing
to the beginning of the block. Any value can be
stored inside this block by using

XX = STORE( XX, EX+cec )

or

XX = ISTORE( XX, IX+cce )
and may be retrieved by using

XX = ACCESS( IX+ccc )

or

XX = IACCESS( X+cee )
where 0 < cece < N-1.
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GETI( v, i)

H ( dbt, humrat, press )

IACCESS ( ixia )

ISTORE ( val, ixia )

PUT(x, v, i)

PUTI x, v, 1}

PWL { table, x )
RAND (0}
RHFUNC

( dbt, humrat, press )

STORE ( val, ixaa )

V ( dbt, humrat )

WBFS
( dbt, humrat, press )

WFUNC
{ dbt, RelHum, press )

e

"

"

L)

Like GET(), however the global variable is an integer.

returns specific enthalpy (Btu/1b) of air as a function
of drybulb temperature (F), humidity ratio
(Ib-water/lb-air), pressure (in-Hg).

like ACCESS but returns IA(ixia).

X = ISTORE( X, IXIA } will convert the value of X
into integer and then store it at IA{ixia} in the
program’s blank common array.

X =PUT( X, V, I} will store the value of X into V(I),
where V is assigned to a global variable that is dimensioned.

PUTI is like PUTY), however the global variable is an integer.
Piecewise linear interpolation function.
RAND({ 0 ) returns a random number in the range [0,1].

returns relative humidity (%) as a function of drybulb
temperature (F), humidity ratio (Ib-water/Ib-air), and
pressure (in-Hg)

X = STORE( X, IXJA ) will store the value of X at
AA(ixaa) in the program’s blank common array.

returns specific volume of air (Ib/cuft) as a function
of drybulb temperature (F), humidity and humidity
ratio (lb-water/lb-air).

returns wetbulb temperature (F) as a function of
drybulb temperature (F), humidity ratio {Ib-water/Ib-air),
and pressure (in-Hg).

returns humidity ratio (Ib-water/lb-air) as a
function of drybulb temperature (F), relative humidity (%),
and pressure (in-Hg).

Note : the following library function is available only in SYSTEMS functions.

CVAL(MC,x,5)

.
.

evaluates the curve stored in the curve block pointed to by MC;
x and y are the independent variables of the curve.
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Reading From and Writing To Files
FORTRAN /O statements can be used inside functions to read values from files, or to write
files for special reports and debugging. Both binary I/O and formatted I/O are supported.

The following FORTRAN 1/O statements can be used:

PRINT <«<format number>>, varl, var2, ...
This writes to the QOUTPUT file.

WRITE( <unit number>, <format number> } vari, var2, ...
Writes to FORTRAN unit sumber, using formatted [/0.

WRITE( <unit number> ) varl, var2, ...
Same as previous but uses unformatted 1/0.

READ{ <unit number>, <format number> ) varl, var2, ...
Reads from FORTRAN unit number, using formatted 1/0.

READ( <unit number> ) varl, var2, ..
Same as previous but uses unformatted I/0.

REWIND <Cunit number>
Rewinds FORTRAN unit number.

ENDFILE <unit number>
Terminates write to FORTRAN unit number.

<unit number> is the integer FORTRAN unit number within the range acceptable by the
operating system and/or compiler. However, 1 through 40 are reserved by DOE-2 and, there-
fore, should NOT be used by user functions.

< format number>> cotrespoends to the statement number of the FORMAT statement that is
inside the function. Note that the FORMAT statement must not contain Ixx edit descnptors
(e.g., 110) since all variables inside functions are REAL.

Because the DOE-2 functions do not support the OPEN statement, the filename corresponding
to the unit number is assigned by the operating system and/or compiler. For example,
“READ(50) X,Y” will read from the file named “fort.50” in UNIX systems, or “FOR050.DAT”
in VAX-VMS systems. (Check your system or compiler manual to determine the naming
convention.) Correspondingly, “WRITE(60) U, V” will write to “fort.60” in UNIX or
“FORO60.DAT” in VAX-VMS. As a result, you will have to change the command file that runs
DOE-2 so that (1) it copies your input file to a file named “fort.50°’ in the directory in which
DOE-2 is running {assuming a UNIX system), and (2) it saves the output file by copying
“fort.60” to a file named by you.

For an example of using Input Functions to read files, see LOADS Example 7: Reading Meas-
ured Schedule Values from Files, p.1.23.
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LOADS Input Function Examples

LOADS Example 1: Print Solar Radiation and Surface Temperature.

This {function prints out the incident solar radiation and outside surface temperature of an exte-
rior wall '

EW1 = EXTERIOR-WALL

. Applicable
. Exterior Wall

FUNCTION = (*NONE*, *FNEW1 *)

END
FUNCTION NAME = FNEWI ..

ASSIGN
QI SOLI

TO

Il

CALCULATE -

(Note: Begin the FUNCTION statements in column 7 or later)
PRINT 100, Qi ,TO

100  FORMAT(1H ,2F12.3)
END (required)

END-FUNCTION

COMPUTE LOADS

T U S S . Y S
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LOADS Example 2: Hypothetical Ventilation System

This function models a hypothetical ventilation system in which the infiltration airflow through
a window is adjusted each hour to cancel the solar and conduction heat gain through the win-
dow.

WINDOV-1 = WINDOW
. Applicable
© Window

FUNCTION = (*NONE*,*FNWIN1*) ..

END o
FUNCTION NAME = FNWIN1 ..
ASSIGN
TO = DBTR $outside drybulb temperature (R)
TS = TZONER $zone temperature (R)
PR = PATM $atmospheric pressure
QS = QSOLG $solar gain through window
QC = QCON $heat conduction through window
Cl = CFMW .- $window infiltration, CFM
CALCULATE

C Add solar gain and conductance through window
X=05 +QC

C 1If solar plus conduction gain is less than or equal to zero,
C or outside warmer than Inside, don’t alter infiltration

IF (X .LE. 0.0) GO TO $0
IF (TO .GE. TS) GO TO 80

C Calculate infiltration CFM

DEN = PR/( .754*TZONER)

CI = X/(14.4*DEN*(TO-TS))
80 CONTINUE

END

END-FUNCTION .
COMPUTE LOADS .

e e Y P
Note that CI has been assigned to CFMW, which is the interpal DOE-2 program variable that

represents the infiltration CFM through a window. Through this assignment, the value of CI
calculated by the function becomes the new value for CFMW.
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LOADS Example 3: Outside Film Heat Transfer Coefficient
This function redefines the outside film heat transfer coefficient using the “Kimura Algorithms”
(Kimura, Scientific Besis of Air Conditioning, 1977, p.85f)

EW-2 = EXTERIOR-WALL
Applicable
Exterior Wall

FUNCTION = (*FNEW2*  *NONE*) .-

END
FUNCTION NAME = FNEW2 ..
ASSIGN
WS = WNDSPD § wind speed
WD =WNDDRR % wind direction
WA = XSAZM § surface azimuth
FU=FIIMU § air §Slm conductance
CALCULATE -

RWD = WA + 3.1415 - WD

IF(RWD .GT. 3.1415) RWD = 6.283 - RWD
C Convert global windspeed from knots to M/S

VV = .553*WS

C Get windspeed at wall surface

IF(RWD .LT. 1.5708 .AND. VV .GT. 2.) VC
IF(RWD .LT. 1.5708 .AND. VWV .LE. 2.) VC
IF(RWD .GE. 1.5708) VC = .3 + .05*VV

.25*VV

A
o

C Convert back to knots
VC = 1.808*VC

C Combined convective plus radiative air film conductance

C for roughness = 3 (see Engineers Manual (2.1A), p.I11.59)
FU=1.90 + .38*V(C
END

END-FUNCTION
COMPUTE LOADS
k. LT T eI (et AR SRS Y . SO
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LOADS Example 4: Using Measured Daylight Factors

This function calculates daylight levels in a space using coefficients obtained by the user from
physical scale model measurements of the ratio of interior o exterior illuminance. In the func-
tion, the coefficients are multiplied by the hourly total exterior illuminance from sun and sky to
give the interior daylight illuminance. The measured coeflicients for solar altitudes of 0, 10, 30,
50, and 70 degrees are entered using TABLE.

Note 1. This function assumes there are no movable shading devices on the windows which
would alter the interior illuminance depending on whether the shades were open or
closed.

Note 2. This function does not re-calculate glare, so that the glare levels reported by the pro-
gram should be ignored.

Note 3. This function is illustrative only; the coefficients in an actual case could also depend
on other factors, such as solar azimuth, cloud cover, etc.

SPACE1 = SPACE
. Applicable

. Space

DAYLIGHTING = YES

other daylighting-related keywords
DAYL-ILLUM-FN = {*NONE* , *MODEL-DATA-FN* ) .-

-

END ..

FUNCTION NAME = MODEL-DATA-FN
ASSIGN
RDNCC = RDNCC $ DIRECT NORMAL SOLAR RADIATION, $
$ BTUH/SF $
BSCC = BSCC $ SKY DIFFUSE SOLAR RADIATION $
$ ON HORIZONTAL, BTUH/SF §
RAYCOS3 — RAYCOS3 $ SINE OF SOLAR ALTITUDE §
PHSUND = PHSUND $ SOLAR ALTITUDE IN DEGREES $
ILLUM — DAYLIGHT- ILLUM1 $ DAYLIGHT ILLUMINANCE AT REF PT 1 §
$ FOOTCANDLES (REF PT 2 NOT USED) $
ASSIGN

TAB1 == TABLE (0,0)(10,.005)(30,.007)(50,.0085) (70,.01)(90,.01) .
CALCULATE
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QaaQ

Exterior horizontal illuminance from direct sun in footcandles
(=Lumens/SF). Assumes that the luminous efficacy of direct
solar radiation = 100 Lumens /Watt = 29 .3 Lumens/Btuh)

IDIRH = RDNCC * RAYCOS3 * 29.3

" Exterior horizontal illuminance from sky.

(Assumes that the luminous efficacy of difiluse solar
radiation = 125 Lumens/Watt = 36.6 Lumens/Btuh.)
IDIFH = BSCC * 36.6

Total exterior illuminance
ITOTH = IDIRH + IDIFH

Interior daylight illuminance for current solar altitude
ILLUM = PWL (TAB1,PHSUND} * ITOTH
END

END-FUNCTION .
COMPUTE LOADS .

BDL

I T RIS S S I P Y P
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LOADS Example 5: Looping Logic
This function demonstrates looping logic.

SPACE1 = SPACE
Applicable
Space

FUNCTION = (*NONE*,*SP-FN-TEST-1*) ..

END .-

FUNCTION NAME = SP-FN-TEST-1 ..
ASSIGN
DAY = IDAY MZ — Mz
HR = IR MZEXT = MZEXT
IMK = IMX NEXTS = NEXTS
IMVT = IMWI QZTOT = QZTOT
MON = IMO S — SCHEDULE ( SCHED-1)
MVT = MVI WIAREA = WIAREA
MX = = MX XSQCOMP — XSQCOMP
MXWIN = MXWIN YR = IYR
ZAREA = ZFLRAR
CALCULATE ..
PRINT 1
1 FORMAT(21H TEST OF SP-FN-TEST-1)
PRINT 2, YR,MON,DAY,HR,S
2 FORMAT(1X,4F10.1,F8.2)
PRINT 3, ZAREA,QZTOT
3 FORMAT( 10X, 6HZAREA= F6 .1, 5X, 6HQZTOT=, F§.1)

C Initialize EXTERIOR-WALL pointer and counter.
MEMZEXT :
NX=0

C Loop through EXTERIOR-WALLS.
100 NX=NX+1

C Increment EXTERIOR-WALL count and exit
C EXTERIOR-WALL loop if finished
IF(NX .GT'. NEXTS)GO TO §00
PRINT 4, NX,XSQCOwMP
4 FORMAT ( 30X, 3HNX=, F3.0, SHXSQCOMP=,F10.1)
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C Initialize window pointer and counter.

MVI=MEXWIN
N0

C Increment window counter and exit window loop 1f finished
200 NWENW-1
IF(NW .GT. NWIN) GO TO 400
PRINT 5, NW, WIAREA
3 FORMAT (40X, 3HNW=F3.0,3X, 7THWIAREA=,F10.1)

C Increment window pointer to get next window
MVI=VWT +LMVI
GO TO 200

400 CONTINUE

C Increment EXTERIOR-WALL pointer to get next EXTERIOR-WALL.
M=MXHIMX
GO TO 100

900 CONT INUE

C Stop simulation at hour 9.
IF(HR .EQ. §) STOP
END

END-FUNCT ION .
COMPUTE LOADS

L eUuupey. JUp R S SO Y . E s
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LOADS Example 6: Variable Shading Coefficient

This function is used to vary the shading coefficient of a window depending on the value,
RTOT, of the total (dxrect plus diffuse) solar radiation incident on the window. If RTOT < 10
Btuh/ft the window is “clear” (shading coefficient = 0.8). As RTOT increases f’rom 10 to 100
Btuh /ft the window darkens reaching a shading coefficient of 0.2 at 100 Btuh/ft

For RTOT > 100 Btuh /ft the shading coefficient remains at 0.2.

WINDOW-1 = WINDOW
Applicable
Window

FUNCTION = (*WSCSGC* , *PRINIQ*) ..

END
FUNCTION NAME = WSCSGC
ASSIGN
RTOT = RTOT
SHACO = GSHACO
CALCULATE

C Calculate shading coefficient
SHACO = -0.00867*RTOT + 0.8667
IF (RTOT.LE.10.) SHACO=0.8
IF {RTOT.GE.100.) SHACO=0.2

END
END-FUNCTION

FUNCTION NAME = PRINTQ

ASSIGN
HR = ISCHR
IPRDFL = IPRDFL
SHACO = GSHACO
RTOT = RTOT

CALCULATE -

PRINTQ is used at the end of the subroutine’s execution;

its purpose in this example is to verify values generated

by WSCSGC. Don’t print any values until building start-up

is complete. IPRDFL is a counter used for building start-up.

When the building has cycled through three days, IPRDFL goes

to 0 (zero). Print values between the hours of 6 and 21 only.
IF(IPRDFL.GT.0. )RETURN
IF((HR.LT.6.).OR.(HR.GT.21.))RETURN

aacoaaoaan
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C Standard FORTRAN print statement
PRINT 20,HR,RTOT,SHACO
20 FORMAT(1X, 3HHR=,F3.0, 3X, 5HRTOT=,F8 .2, 3X, 8HSHACO=,F8 .3 /)
END

END-FUNCTION

COMPUTE LOADS "
e L e e . BT r T . S L LT
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LOADS Example 7: Reading Measured Schedule Values from a File

In applications where you want to reconcile the measured performance of a building with the
DOE-2 simulation, it may be desirable to input measured profiles (such as for lighting) rather
than try to replicate these profiles using the SCHEDULE command capabilities in DOE-2. This
might be the case, for example, if the actual lighting profile is so variable that it cannot accu-
rately be represented by a series of different DAY-SCHEDULESs and and WEEK-SCHEDULESs.

The following example shows how to use input functions to read in 8760 hours of measured
space lighting power and equipment power values into the LOADS simulation. The input func-
tion puts these values into the lighting schedule and equipment schedule, respectively, for the
space. :

To do this, we define “‘place-holder” schedules whose hourly values will be altered by the input
function. We then refer to these schedules in the SPACE command.

Values are read at the beginning of every hour of the simulation using a building-level “before”
function.

Example

$ Use Input Functions to Read Lighting and Equipment Profiles
from a File §

INPUT LOADS ..
BUTLDING-LOCATION

FUNCTION = ( *READER*, *NONE*) ..
$ the schedule values

LIGHT-SC-1 = SCHEDULE THRU DEC 31 (ALL) (1,24)(0) ..
EQUIP-SC-1 = SCHEDULE THRU DEC 31 (ALL) (1,24)(0) ..

SP-1 = SPACE
LIGHTING-KW = 1.0 LIGHTING-SCHEDULE = LIGHT-SC-1
EQUIPMENT-KW — 1.0 EQUIP-SCHEDULE —  EQUIP-SC-1 ..
$ In above, LIGHTING-KW and EQUIPMENT-KW are set to 1.0 since
$ the schedule values that are read in will contain the actual
$ KW's. Alternatively, LIGHTING-KW and EQUIPMENT-KW could be

$ actual peak KW values, and the schedule values could be fractions

END ..
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The following function reads measured lighting and equipment
power values every hour from FORTRAN unit 50. This unit gets
assigned a default filename by the operating system (e.g.,
fort.50 in SunOS, FOR050.DAT in VAX/VMS). Thus, for example,
if you are running VAX/VMS, your command file that runs DOE-2
BDL and simulation should copy the data file (that you want
the function to read) to FOR0O50.DAT The file that is read
contains 8760 lines of measured data. Each line contains
lighting power (kW) in columns 1-10 and equipment power (kW)
in columns 11-20.

o A% 4R R R R SR B R R

I

FUNCTION NAME READER ..

ASSIGN LS SCHEDULE-NAME( LIGHT-SC-1 )

ES = SCHEDULE-NAME( EQUIP-SC-1 )

IHR = IHR $ hour number

IDAY = IDAY $ day number

IMON = IMON ..
CALCULATE ..
C--- We need to rewind the data file at the end of the warm-up
C--- period so that when the DOE-2 simulation begins we are at
C--- the beginning of the data file. We know we are at the end
C--- of the warm-up since at this time IHR and IMON will have
C--- been reset to 1.

IF( IHR + IDAY + IMON .EQ. 3 ) REWIND 50
READ( 50, 1 ) LS, ES

1 FORMAT{ 2F10.1 )
END

END-FUNCTION ..

COMPUTE LOADS ..
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SYSTEMS Input Function Examples

SYSTEMS Example 1: Cold-Deck Supply Air Temperature Reset

In this example the return 2ir temperature is used to reset the cold-deck supply air temperature
to the reheat coils in a Reheat Fan System. Here, TRLAST is the last-hour value of the return
air temperature, TR, which is stored by the function “SFN1".

INPUT SYSTEMS ..

SUBR-FUNCTIONS DKTEMP-3—*DKTEMPF* .. & modifying subroutine DKTEMP at
$ function access point DKTEMP-3
FS-5YS= SYSTEM SYSTEM-TYPE=RHFS

FUNCTION=( *NONE*, *SFN1*) .. § systems-after-function SFN1
$ is used to save the value
$ of TR to be used next hour
$ by the function DKTEMPF

END ..

FUNCTION NAME=DKTEMPF ..

60 70 80 TR {(deg F)

$

$ This function resets the cold-deck temperature according to the
$ return air temperature. The reset characteristic obeys the

$ following piecewise linear (PWL) relationship between TC and TR:
&

$ TC -

§ t

$ 70 +----- |

$ | |

$ 60 + I

$ | I

$ 50 + l----

$ I

$ it e

$

$

ASSIGN [HR=IHR IDAY=IDAY IMO=IMD INILZE=INILZE ..
ASSIGN TR=TR $ return air temp §
TC=TC $ cold-deck temp $
ASSIGN TRLAST = F-SYS-VARI .. § where last-hour TR value is stored §
ASSIGN TCTR=TABLE {0,70) (70,70) (80,50) (100,50) .. $for the PWL function $
$ of TC vs TR §
CALCULATE ..
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c--if TRLAST not available,

do nothing

IF { TRLAST .EQ. 0. ) RETURN

c--compute cold-deck temperature

TC = PWL
c

c--the following four

( TCTR, TRLAST )

lines ¢an be un-commented to get debug print

¢ iF { INILZE .LT. 4 ) RETURN { if initialization ecycle, don’t print }
¢ IF ( {IDAY NE. 7) .OR. (IMO .NE. 7) ) RETURN { print only one day =JUL 7 }
c PRINT 1, IMO, IDAY, IHR, TC, TR
¢ 1 FOBMAT(’ DKTEMPF -- IMO,IDAY,IHER=’,31{3.0," TC=',1i7.2,’ TR=',{7.2)

END

END-FUNCTION ..

FUNCTICN NAMF=SFNI1 ..
$ This function stores the value of the return air temperature (TR)
it next hour.

8 so that the function

ASSIGN TR=TR

ASSIGN TRLAST = F-SYS-VARI

CALCULATE ..
c--store return
TRLAST=TR
END
END-FUNCTION ..

COMPUTE SYSTEMS .

STOP ..

'DKTEMPF '

can use

$ return air temp $

atr temperature

w 3 where the

last-hour TR value is stored $§

S PRI RDAE SIS S U U S S
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SYSTEMS Example 2: Drybulb Economizer
A drybulb economizer is modeled that sets the outside air fraction to minimum if the outs1de alr
temperature exceeds the return air temperature.

INPUT SYSTEMS ..

SUBR-FUNCTIONS ECONO-Z=*econoFNa* .. § to modifiy subroutine ECONC at
$ function access point ECONO-2
END ..

FUNCTION NAME=econoFNa .
ASSIGN IHR={HR IDAY=IDAY IMO=IMO INILZE=INILZE

PO = PO $ outside-air fraction §

TR = TR $ return-air temperature $
POMXY = POMXXX $ min outside-air-fraction §
TAPPXY = TAPPXX $ requested mixed-air temp $
DBS = DBT $ outside drybulb temperature $§
ECONOLT