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FOREWORD

This research was conducted by the U.S. Army Construction Engi-

neering Research Laboratory (CERL) for the Air Force Civil Engineering

Center (AFSC), Tyndal l AFB , FL, under RDT&E Program 63723F, Project

2102, “Mission Support,” Task cn, “Aerospace Structures,” and Work

Unit 03, “Optimization of Energy Usage in Military Facilities ,” and

for the Directorate of Military Construction, Office of the Chief of

Engineers (OCE), Department of the Army, under RDT&E program 6.27.31A ,

Project 4A762731AT41 , “Design , Construction, and Operation and Main-

tenance Technology for Mili tary Faci l ities,” Task 06, “Energy Systems,”

Work Uni t 012, “Development of Total Energy Systems for Military Fa-

cilities ,” and Work Unit 021 , “Solar Energy for Heating and Cooling of

Buildings .” The applicable QCRs are 1.05.005 and 1.05.008. The Air

Force portion of this effort was accompl ished under the ausp ices of

the Air Force Civil Engineering Center (AFCEC). On 8 Apri l 1977, AFCEC

was organized into two organizations. AFCEC became part of the Air

Force Engineering and Services Agency (AFESA). The R and D Function

remains under Air Force Systems Comand as Det 1 (CEEDO) HQ ADTC.

Both units remain at Tyndall AFB , FL 32403.

Mr. F. Beason was the Air Force Technical Monitor , and Messrs H.

Maschke and S. Hiratsuka were the OCE Technical Monitors. Mr. D. C.

Hittle was the CERL Principal Investigator. Administrative support

provided by Dr. D. J. Leverenz, Chief of the CERL Energy 
Systems3
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Branch, and Mr. R. G. Donaghy, Chief of the CERL Energy and Powe r

Division, ~s acknowledged .

The BLAST program was authored by G. Walton , U. Herron , L. Lawrle,

— 
0. Hittle, J. Cameron, M. Knowles , IL Shih , A. Mech , W. Stoecker, K.

Morgan , A. Itzkowitz, and R. Blanton , al l of CERL, and by the Consultants

Computation Bureau , San Francisco, CA. The BLAST program is copyrighted

by CERL .

COL J. E. Hays i s Commander and Director of CERL , and Dr. L. R.

Shaffer is Technical Director.
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THE BUILDINGS LOADS ANALYSIS AND SYSTEM THERMODYNAMICS
(BLAST) PROGRAM--VOLUME II: PROGRAM REFERENCE MANUAL

1 INTRODUCTION

Back ground

The Buil ding Loads Anal ys is and System Thermodynamics (BLAST )
— • program is a comprehensive computer program for estimating (1) hourly

space heating and cool ing requi rements , (2) hourly performance of fan

systems, and (3) hourly performance of a conventional heating and

cool ing plant, total energy plant , and/or solar energy system. The

BLAST program, which was developed at the U.S. Army Construction En-

gineering Research Laboratory (CERL) , consists of four major subprograms :

the i nput processor, the building loads subprogram , the air distribution

system s imula tion subprogram, and the central energy plant simulation

program. BLAST is used with a separately running program which genera-

tes the year ly wea ther fl e used by BLAST . T he BLAST system of programs

is written In Control Data Corporation (CDC) FORTRAN Extended , Vers i on

4, and can be used on CDC 6000/7000 series computers without major

modifications.

‘
WI
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Purpose and Scope

This reference manual const i tutes the external documentat ion for

BLAST. It is not intended to be used alone. Readers are encouraged

to read Vol ume I of this repo’~t--~he BLAST user instruc t ions ’--before

p’oceeding, In order to gain the necessary background for the documen-

tation that follows . This reference manual describes the overall or-

ganizat ion, the major data structures , and the purpose of each of the

subroutines in the program. Users who want to know the details of

calculat ion procedures should study the program code which contains

extensive internal documentation . This manual can serve as a guide to

the program code.

General Descr ip t ion

The BLAST system consists of two separately running programs-—WIFE

(Weather Information File Encoder) and BLAST proper. WIFE generates

the yearly weather file used by BLAST. BLAST combines four main sub-

programs: PARSE, SIMBLD, SIMSYS , and SIMTEP.

PARSE accepts the high-level user input language and transforms or

generates the data which describe the building /zones , air handlers, or

‘D. C. Hittle, The Building Loads Analysis and System Thermodynamics
(BLAST) Program, Voiwne I: User Instructions, CERL Technical Report
E-119 and CEEDO-TR-77-35 (U.S. Army Construction Engineering Research
Laboratory [CERL], and Air Force Civil and Environmental Engineering
Deve lopment Office [CEEDO], 1977).

10



~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ “~~r r’!’~~~.W , ! r S.,_.- —-— ~~ ---—---,-. _ ... . -._. , -.  -•~~
.-_ .•—~

——— ---—— —• — -

central energy plants to be simulated . SIMBLD uses a linearized set

of heat balance equations to simulate the hourly thermodynamic activity

of each zone described , and then calculates the corresponding hourly

space load . SIMSYS takes the hourly space loads generated by SIMBLD

and simulates the hourly thermodynamic activi~y of eac
1’ air handling

system as it tries to meet the loads for a given set of zones , cal-

culating the corresponding coil and fan system energy demands. SIMTEP

takes the hourly energy demands generated by SIMSYS and simulates the

hourly thermodynamic activity of each central plant as it trip’- to meet

these demands, calculating the energy needed to do so.

S imulat ion is attempted for each system in the order the user

specifies in the input . However , the simulations also have some inter-

dependence . For example , simulating a centra l energy plant requires

coil energy demands as well as the user ’ s input plant description.

These demands may be generated during the same run (but previous to

the plant simulation) or attached from a previous run. Each subprogram

can be run separately, provided the appropriate l oad files are avail-

able. Thus , two or more central plant confi gurations can be run without

rerunning SIMBLD or SIMSYS.

Figure 1 illustrates the overall program and file structure for

BLAST . BLAST (the main program) calls PARSE to process the user

input and then PERDS (PERform Desired Simulations), which determines

which simulations to perform based on user input. The MSIMDF (Make

11
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SIMulation Description File) routine , If called , uses its subroutines to

perform initialization and one-time calculations in preparation for the

hourly calculation of space loads. The hourly simulations specified are

performed by the routines ca lled by SIMBLO, SIMSYS , and SIMTEP as de-

scribed above.

Organization of Manual

The next 11 chapters of this reference manI!~l describe the main

BLAST routines (Chapter 2), the BLAST input language processing routines

and the file they create (Chapters 3 and 4), the BLAST program library

(Chapter 5), the routines used and files created by MSIMW (Chapter 6

and 7), the building load calculation routines and files (Chapters 8

and 9), the air distribution simulation routines and files (Chapters

10 and 11), and the central plant simulation routines (Chapter 12).

Chapter 13 describes routines shared by SIMBLD , SIMSYS , and SIMTEP, and

Chapter 14 describes the WIFE program used to process weather data tapes .

13
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2 BLAST MAIN ROUTINES

As previously indicated , two simple , high—level routines serve as

main drivers for the BLAST program--BLAST and PERDS. BLAST is the

primary driver (also the MAIN program) for the BLAST system. It does

some trivial initialization and calls PARSE and PERDS. Once PARSE ,

wh ich conta ins the outermos t program loops , has processed the user in—
• put , PERDS is called . PERDS controls the remainder of program execu-

tion; it performs some checking and reporting of simulation types and ,

on the basis of the processed input , determines what (if any) simula-

tions are to be performed.

In addition to the above two major routines , several simple uti.lity

routines are used throughout the BLAST system. Table 1 briefly describes

these routines .

Several dump routines were also used in the development of the pro-

gram. They dump intermediate calculations wi th minimum format or de-

scriptive information . A full program listing is necessary to use

dump information . Dumps are initiated by logical flags which are not
— 

normally user—controlled . Table 2 lists the existing dump routines.

14 
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Table 1

BLAST Bas ic System Routi nes

Routine Description

ZERO Zeroes an array

ABORT Fatal error process i ng routine

ERROR Prints error messa ge (conta ined in common bl oc k

ERRMSG)

ERROR2 Fi lls error messa ge array with s imple messa ge and

calls ERROR

INSERT Inserts charac ters into array success i ve ly on

a character-by-character basis

DMPDATA Dumps success i ve l oca tions of core (arrays , common

blocks , etc.) in a variety of formats

TIMER Used by certain routines to create trace output

PAGE Pagi ng routine used by var ious routines

ZMSG Resets error message array

— BLKFL Blank fill of zero bytes i n words

RECOVRD Used for automatic recovery from system errors

• SETUP Performs initialization of basic system, reading

system sense switches

DMPSINF Dumps information about simulation input file

FINDNO Finds occurrence of element in passed array, returns

index

15 
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Table 1 (con t ’d)

ENTRNO Enters element into passed array at current location

MOVFTN Cop ies one array to another

CPYBLK Cop ies one array to another

Table 2

Dump Routines

Routine Description

DUMPBI Dumps building input file

DUMPHL Dumps hourly loads data

DUMPHW Dumps hourly weather data

DUMPITH Dumps ins ide temperature hi stor ies

DUMPOTH Dumps outside temperature histories

DUMPQB Dumps left-side matrix of heat balance

DUMPRS Dumps right-side matrix of heat balance

DUMPSS Dumps hea ting/cooling system status

DUMPST Dumps surface temperatures

DUMPTC Dumps time counter informat ion

DUMPZI Dumps zone input fi le

16
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3 BLAST INPUT LANGUAGE PROCESSOR

The BLAST Input language was defined using formal language tech-

niques . A Backus Naur Form (BNF ) of the LALR2 language was input to

LaLonde parser generator which created tables (Fortran arrays) used by

the BLAST parser to recognize the user input. The table-driven parser

technique allows relatively compact code, relatively easy changes to the

language, and some error correction .3

The major parts of the BLAST input language processor are: the

parser , the scanner , and the synthesizer. The parser controls the in-

teractive execution of the scanner (reading input) and the synthesizer

(translating accepted input).

The parser uses the table created by the parser generator and the

language types read by the scanner to detect errors or acceptable

statements. Detected errors are then passed to a “fix ” routine which

attempts certain corrections to try to find an acceptable statement

(inserting a semicolon , for example). Accepted statements must be

“synthesized ” into the correct data structures expected by the simula -

tion modules of the BLAST program.

~A. V. Aho and S. C. Johnson , “LR Parsing,” Computing Surveys , Vol 6,
No. 2 (June 1974), pp 99-124.
3Aho and Johnson ; and W. R. LaLonde, An Efficient L4LR Par se” Generator,
CSRG-2 (University of Toronto, Computer Systems Research Group , 1971).

I
17
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The scanner accepts the card Input and classifies the words and

special characters as to language type. The scanner maintains a name

table during each user run. This name table contains some predefined

types of names and a large vocabulary recognized by the language , and

adds user names and numbers defined during the run - the name for a

l ibrary item for example. The additional items are not maintained from

run to run.

• The synthesizer is the “bottom ” level of the language processor.

It translates i tems of the Input language into the correct conron blocks

for la ter simulations. For example , UNITS (IN = ENGLISH , OUT = ENGLISH)

sets flags to indicate what succeed ing input conversations are to be

done (BLAST maintains all numerics in SI units) and to indicate that

output reports are to be converted to English units .

The BLAST input language is a block—structured language wi th major

blocks : RUN CONTROL , LIBRARY manipulat ions , BUILDINGS , ZONES , FAN

SYSTEMS , and CENTRAL PLANT. The language is also keyword-oriented , in

that certain words have very special meaning (e.g., HEATING, COOLING).

Acceptance of the RUN CONTROL block sets the flags , etc. defined by

the user ’s RUN CONTROL statement, in whi ch the user can indi cate reports

to be output, types of s imulat ion to be allowed , etc .

Manipulations of the library (DEFINE , DELETE , REDEFINE , TEMPORARY )

cause the items to be updated into the new library file. For these

18
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changes to become physically permanent, the user must save this file.

Items are stored in the libra ry in the same data structure as they will

- bE etrleved and stored into common blocks.

-
- As each of the remaining blocks (BUILDINGS , ZONES , FAN SYSTEMS ,

CENTRAL PLANT) is accepted, the pert inent common blocks (system defaul ts

plus input data) are written to the simulation input file. Each of

these blocks (BUILDINGS, FAN SYSTEMS , CENTRAL PLANT) causes a simula—
• tion to be attempted.

I
Ta bles 3 through 6 describe the routines used in processing user

input. 

19 Hi
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Tabl e 3

Parser Routines

Routine Descri ption

PARSE Initializes language processing, calls initial

defaults for simulat ion input file, calls PARSER

PARSER Iterates between scanner and synthesizer routines

during acceptance of user input; on errors uses

PFIX to attempt correc tion; can internally abort

when stac ks overflow (ca l ls PMD)

PMD Post mortem dump rout i ne which prov ides a dump of

stack causing problem and aborts processing

PFIX Fixing routine ; may attempt look-ahead scanning to

try to correc t error

PARSERR Prints diagnost ic messa ges for PFIX

FOLLOW Tests if correction attempted by PFIX can be validly

followed by next token in the input stream

Table 4

Scann ing Routines

Routine Descri ption

SCAN Reads input , determines input token class , builds

name table

HASH Function returning a number between 1 and NHASH

depending on the data in the argument array

20
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Table 4 (cont’d)

Routine Description

TRANSI Does prel imi nary translation of input characters

• into certain special class types - e.g. letter,

digit , quote , equals , etc .

PCKSYM Packs an array of n characters in Al format into

Ln format

Table 5

Synthes i s Routines

Routine Descri ption

SYNTH Major synthesis routine ; most rules are numbered

here. As deemed necessary , other routines a l so number

certain parts of the input language

DECSTCK Decrements symbol stack size by input number of pulls;

checks for underfiow

INCSTC K Increments symbol stack si ze by input number of

pushes ; checks for overflow

INITUM Builds , retrieves from name tabl e

INUMB Takes character representation of an integer and

converts to integer

NUMB Takes character representation of a real and converts

to real

SYMTAB Maintains symbo l tabl e at user level

LABLK Labels ass i gnment block routine used in cos ts for

SYMTEP
SUPTYP Sets power supply types

21
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Table 5 (cont ’d)

Routine Descr i ption

RCHLR Processes RUN CONTROL bloc k

CNTUPT Builds and controls data structure for p lacement

into library

CTERR Processes control error

SETCTL After accepting control definition , sets status for

on/off of heating and cooling

DECKCON Sets deck control parameters

MDEFLO Processes materials definition into proper data

structure for library

LDEFLD Processes location definition into proper data

structure for library

FILLSCO Fi lls a schedule type array

SETSCH After accepting a schedule definition for the

libra ry, sets and reports defaults and errors

DDYLD Processes design days

CNS1ic~ Processes a “cons truction ” in a building, retrieves

necessary components from library, fills data

structures

WNGHLR Controls “wing ” surface descriptions , creating

right, left , or both wings as necessary

DELESUR Deletes all surfaces of a given type from a zone

S~ORNT Transforms coordinates into global coordinates.

Entry ISRORN sets the di rect ion cos ines

REOR Reorients a zone recovered on “same as ” statement

usin g the new origin and north axis

22
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Table 5 (cont’d)

Routine Descr ipti on

ZNSTMT Processes a zone statement into proper data structures

FSKEY Processes fan system keywords

FSNUM Processes fan system numbers

FSOPR Processes fan system opera tion per iod

FSRAMP Processes fan system ramp

FFLOPR Sets on/off dates for fan system

FSSCH Fil ls fan system schedule array

PARELT Processes list of parameters

SPECPAR Processes spec ial parameters

KEYVAL Returns keyword value

PACK3 Packs the di rectory of key names used to build

KEYVAL table

UPACK3 Unpacks directory of key name value

SCHED Fi lls a schedule array

Table 6

Unit Convers ion Routines

Routine Type of Unit Converted

AREAC Area

CAPACP Power capacity

DELTEM Temperature changes

ENERGC Energy

ENTHIC Enthal py

23
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Table 6 (cont’d)

Routine Descri ption

FLCAPC Mass flow per capacity

MASARC Mass per area

MASFLOC Mass flow

PRESSR Pressure

TEMPC Temperature

VELOC Veloc i ty

VOLUMEF Volume

24 
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14 BLAST SIMULATION INPUT FILE

The simulation input file is created by the acceptance of the input

simulation types. A record is created for each BUILDING , ZONE , FAN SYS-

TEM, and CENTRAL PLANT accepted . The file maintains the number of simu-

lations , an array of s imula tions to be attempted, an array of loc ati ons

for each simulation , and the number of zones , zone number arrays , and

• locations of the zones. for each bui lding. The actual rerords are sub-

indexed arrays of common blocks necessary to perform the desired simu-

lation.

The simulation input file structure depends on certain pointers

maintained in core. These pointers consist of the simulation type array

(SIMTYP) and simulation record location array (SFLOC). The simulation

type array is the type of simulations to be performed in the sequence

(SIMTYP(l ) is first simulation of type C(SIMTYP(l)). The maximum

number of simulations is currently 20. The simulation record location

array is cross referenced (by sequential simulation number) from the

SIMTYP array to the l ocation of the simulation record in the master

index of the simulation input file. In addition , for each zone within

a building,a location array (ZSFLØC) is maintained on the building

record. This location array can hold a maximum of 50 zones and points

to the master index element for the zone record . Each simulation and

zone record consists of the comon blocks necessary to perform the

simulation . Thus, in actuality, the master i ndex points to a record

25
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which is itsel f an i ndex , each element of wh ich points to the various
common bl ock records. Figure 2 shows the general file structure , and

Figures 3 through 6 give the subindex pointers for each simulation 
-

type. Table 7 indicates the general function of routines used in

creating and using the simulation input file.

26
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MASTER
SIMTYP ~o SFLOC 24 INDEX 25$

SUB INDEX
SIM TYPE 

~ 
REC L,CUF FOR SIMTYP~I I

_ _ _ _ _  

— -
~ 

_ _ _ _ _  _ _ _ _ _  ~~~ 7/7/1”

Fi gure 2. Simulation input file structure.

REC D ON LOC.

i - f ~~~~~~ r~~~~~~~~~~~~~~ mmon

2

3 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
THIS IS 

_______________

4 )4 ZNSMQS ZONE So
____________ • LOCATION _____________

Figure 3. Subindex pointers for buildings.

7////J _ _ _ _ _ _ _ _

I ZINOAT cOiT~1flOfl

2

CNTC~ M ~~“~°‘
BSHEAT common

}

ZN~~RGN common ]

~~~~~~~~~~ONE coml$snJ

Figure 4. Subindex pointers for zones.

------

~
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1 
__________ 

)[~YSI DT common]

2 
_________  ~~~~~~.9{~ YSCØN common] 

-

commoni

~~~~~~~~[~ EHEAT common

B

__________ 
CDCTRL common

8
_________  HDCTRL common

\. “~ FPRHTO common
10 1

11 N. ~~~ MXA IR D  common

12 
__________ ~~~~~~ANSCD common ]

13 
_________  

\
\~~~~[~ LBVOL commoni

14 
commoni

~~~~~~~~~~~~~~cCDATA commoni

• ~~~~~NTCL common]

Figure 5. Subindex pointers for air systems.
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1 -
~I EDATA comma

2 
___________ 

•
~~~

—
~
{ DISTB common i

TITLED commoni

5 HW DOM common

6 ECDATA common

LFCYCD common]

IJCOSTD common

PDATA common]

SDATA commoni

FIgure 6. Subindex pointers for total energy plants .

29
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Table 7

Simulation Input File Routi nes

Routine Description

F OPSINF Opens file

CLSINF Closes file

INITDF Initializes defaul ts and writes defaults at specific

locat ions for: BUILDINGS, ZONES , SYSTEMS , TOTAL

ENERGY PLANT

GTDFIN Gets a default input for specified type

WRSINF Writes a record on simulati on input file; type is passed

WRBLIN , GTBLIN Writes/gets a building input record of current input !

simulation

WRZNIN , GTZNIN Writes/gets a zone input record of current user zone

WRULZN , GTULZN Writes/gets user-suppl ied zone

WRSYIN , GTSYIN Writes/gets system record of current input/simulation

WRTEIN , GTTEIN Writes/gets total energy record of current input!

simulation

30
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5 THE BLAST LIBRARY AND LIBRARY UTILITY ROUTINES

The BLAST library utility package consists of 14 subroutines with

a total of 17 entry points wh ich allow the user to put , get, replace ,

and delete library elements, as well as produce a formatted printout

or octal dump of the libra ry contents. Table 8 lists the routines and

their functions. The library itself is a random access mass storage

file consisting of 998 possible library entries (records) wi th up to

320 words each, plus two header records whi ch are nonaccess i bl e to

the user .

The first of the two header records contains two pointers and a

counter; the first pointer contains the next available mass storage

key for permanent libra ry entries, the second pointer contains the next

available mass storage key for temporary entries , and the counter i s the

number of times which GETLIB (gets data from library ) was called in the

current run . The second header record contains pointers to each of 20

possible doubl e—l inked type lists , plus one for temporary entries , of

which 10 are currently being used.

The length of the remaining 998 user - definable entries depends

upon type of library entry. Figure 7 shows subdivision of these

entries.

31
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Table 8

Library Routines

Rout ine Descri ption

SETLIB Sets up initial parameters, makes work ing copy

of old library ; updates will be made to working

copy

GETLIB Gets library of type requested

BADINPT Determines if input is of invalid type

LOCATE Locates entry, next available , etc.

DELLIB Deletes entry

PUTLIB Defines entry (including temporary entries)

REPLIB Redefines entry

PRTLIB Prints library

DDPRT Prints design days in library

CONPRT Prints controls in library

GENPRT Prints schedules i n library

MATPRT Prints materials in library —

LOCPRT Prints locations in library

BLDPRT Prints walls , roofs , floors , doors , and wi ndows

in library

32
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ENTRY: [BACKWARD 

~ 

FORWARD N L TYPE NAME INFO

LENGTH: 
~
< 1 1 )(1)E1)~~~ 1 )

~
( 1 10 304

• (words)

where BACV14ARD LINK = mass storage key of the previous i tem in the

type list

FORWARD LINK = mass storage key of the next i tem in the

type list

N = length of the name in words (1 < N < 10)

L = length of the information in words (1 < L < 304)

TYPE = type class of the information (1 < TYPE < 20)

ACCESS COUNT = number of times GETLIB has been called for thi s

item in the current run

NAME = name identifying this entry

INFO = data assoc i ated with this entry

Figure 7. Subdivision of library entries .

The 8 subroutines and entry points which are important to the user

are briefly described below. The underlined parameters are input para-

meters , and the remaining are output. No input parameters are changed

by the routines.

SETLIB initi al izes the library and must be calle d in every run in

which the library is used , prior to any libra ry activi ty. SETLIB creates

a wor king copy of the library on LIBRBR by copying it from LIBRF i n a

* 33
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packed form (i.e., performs any condensing made necessary by deletions)

with all temporary entries cleared and the access count in each entry

set to few .

PUTLIB (T ,N,L, NAME, INFO, ~~LG) puts an entry in the library ; how-

ever , if PUTLIB is called for a permanent entry and an entry wi th the

same name and type class already exists , a severe error i s s igna led .

The parameters are :

T = type class (1 < I < 20)

N = number of words in the name (1 < N < 10)

L = number of words in INFO (1 < L < 304 )

NAME = name of the entry

INFO = information to be stored

TFLG = 0 for permanent entry and non-zero for a temporary entry.

GETLIB (1, N , L, NAME , INFO,ACNT) retrieves an entry from the

library by first searching the temporary list for an entry wi th the

corresponding name and type and then , if one is not found , the perma-

nent entry type list; if the desired entry is not found , a severe

error is signaled . T, N, L , NAME, and INFO are as defined previously,

and ACNT is the call to GETLIB when the entry was first accessed in

the run.

REPLIB (1, ~j,L, NAME, INFO) rep aces the L and INFO fields in

the permanent entry specified by T and NAME wi th L and INFO , respectively.

34
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• The access count is cleared . If the entry i s not found , PUTLIB i s

called for a permanent entry with the gi ven data , and a severe error

is signaled . The parameters are as previously defined .

DELLIB (1, N , NAME) deletes the permanent entry in the library with

type class T, and name NAME . If the entry is not found , a severe

error Is signaled .

PRTLIB outputs a formatted copy of the contents of the entire

li brary in Engl ish and/or SI units.

RSTLJB resets the GETLIB counter in the first header record and

each of the library entries to zero.

CLOSLIB must be called after all library activities are completed

and prior to the end of any run in which the library was accesse d .

The remaining routines are used with the above for information

searching and manipulation , and error checking.

- —--- - - 
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6 MSIMDF (MAKE SIMULATION DESCRIPTION FILE)

MSIMDF uses a number of routines to perform major calculations

required only once per simulation (e.g., calculation of wall

thermal response factor sha pe factors , glass coeff icients , etc.). All

such calcula tions relate to bui lding and zone load calcula tions only

(not a ir handling system or central p lant simula tions) . Figure 8

illustrates the tree structure of the routines under MSIMDF. The

follow ing pages present descr ipti ons of MSIMDF and its subroutines ( in

alphabetical order), except for the TAG rout ine, which i s descr ibed in

Chapter 8. Structured algorithm charts are presented where appropriate .

36

_ _ _ _ _ _ _ _ _ _  _ _  

U
• -_ 



-‘~—~~~~ — - - -‘—-‘ .--..-—-~-~ --—-—-——--,--- - , - --. -.—-- -.— ,_.-.-,_._JJTW ’ ~~~~~~~~~~~~~~~ 
- - - - — 

~~~~~~~~~~

MSIMDF—
CPSDEF —~L. OPMSF
OPSIN F

OPMSF
MBL DES —

— GTBLIN —
~L GTMSFR

— DUMPBI
— INITRF — 

-
— RESPNSE 

~ 1
~
— ZEROR E
I— SEARCH
I APPROX

I MATRIX
I - ILL INI
~—DER MATRIX
L RFC

— SEQREV
~~REP TRF
— INITGL

EXTCF
— REPTGL~~ WINDOW A

LTAG
— MzNDEs
—WRBLDE -.

~~L WRMSFR
— CLSDEF -,

L CLMSF

— CLSINF
CLMSF

Figure 8. Tree structure for MSIMDF subroutines .
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WINDO W
SPCTP.M .-

~~~

DIFFUS

PANE L FILM

ISHADE —
~

RSBF

DIFSHD —
~ 

~~ TSBF

I: RSBF
TSBF

BEAM —
~~

SELECT •—
~

I ‘— PANE —.-
~

- 

I - - 
L. FILM

I— G LA SSX
L. ISHADE

LSQFIT —
~I-.GAUsSY • 1

Figure 8 (cont ’ d) .
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MZNDES
G ZNIN ~~

DUMPZi ~~

INITDS
SUR IN 

~~~ - CROSSp

IN INVERT

SIJ R FIN
SETUPV 

~L CROSSp

~

— CTRAN
REPTZ~ ~~ INVERT
PLANZN I

• 
t 

LIMITS
LINE

REPTSV
SHADS — CHECK
REPTSC
BZSDAT
REPTHS
VIEWZS
REPTV F
SETBBH
WRZNDE ,

WRMSFR

Figure 8 (cont’d).
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MSIMDF

MSIMDF

a. GENERAL DESCRIPT ION

MSIMDF was designed to perform one-time data conversions from data j
generated from the input l anguage parser to data used by the simulation

routines. Since conversions are necessary only for building and zone

data , MSIMDF does not apply to a i r handli ng system or central p lant

simulations.

b. DATA DESCRIPTION

See l isting of routine for comon blocks and variable names and

descriptions.

c. TRACE BACK

Subroutine MSIMDF i s calle d by: BLAST

and ca l ls: CLSDEF

CLSINF

MBLDES

OP SD E F

OPSINF

40
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MSIMDF. . . RESPNSE. . . APPROX
OCT 76

• 
. APPROX

a. GENERAL DESCRIPTION

APPROX is a subroutine which calculates the upper right element of

the total construct matrix to find the roots needed to calculate a

• residue expansion of an integral . The rout ine, which was orig inated at

CERL, increments needed sines and cosines by using fundamental trigono-

-metric identities. The calculation of the total construct matrix is the

matr i x product of the layer matrices.

b. DATA DESCRIPTION

1. INPUT DATA

Source of
Data Name Descr ipti on

RF BETA(J) Array of l ayer angles for trigonometric calculations

RF3 CP(J) Array of present point cosines

RF3 CS(J) Array of incremental cosines

RF NL Number of layers

PT Approximate upper bound

RF R Layer res istance

RF RES Layer R-factors

RF3 SP(J) Array of present point sines

RF3 SS(J) Array of incremental sines

41
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2. OUTPUT DATA

Name Descri ption

BS Upper right element of the total construc t

matrix

c. TRACE BACK

Subroutine APPROX i s called by: SEARCH

and calls : No subroutines

42
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APPROX

1. Do for each layer

Is B ETA

3. Increment sine 4. Define layer
and cos ine matrix

5. Define layer
matr ix

— 

6. Perform tota l construc t matrix calcula tion

Note: a. The definitions of layer matrix elements depend on the val..ues
of BETA.

b. Sines and cosines are incremented by using formulas for
SIN(a+~) and COS(c~+~)
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MSIMDF. . . WINDOW . . BEAM

OCT 76

BEAM

a. GENERAL DESCRIPTION

Th i s subrout ine computes the transmit tance , reflec tance , and

absorptance of each pane for a combination of up to four panes of

glass for both polarizations of beam radiation at a given wavelength

incident from the outs ide of the glass. The computations are performed

for 16 va lues of the cos ine of the angle of i nc idence . The 16 values

are used for curve fitting the properties as functi ons of the cosine of

the angle of incidence . The effects of an interior shade may be in-

cl uded . This algorithm was developed at CERL .

b. DATA DESCRIPTION

See li sting of routine for common blocks and var iabl e names and

descriptions.

c. TRACE BACK

Subroutine BEAM is called by: SPCTRM

and calls: SELECT

GLASSX

ISHADE

44
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MSIMDF . . MZNDES .

OCT 76

BZSDAT

• a. GENERAL DESCRIPTION

BZSDAT transfers information from the input arrays into smaller

arrays for simplification of load calculations. Pointers are computed

for the conduction transfer functions and temperature and flux histories.

Surface properties , geometry, and environments are recorded.

b. DATA DESCRIPTION

See listing of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Subrout ine BZSDAT is called by: MZNDES

and calls : No subrouti nes

45
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F MSIMDF . . MZNDES . . CHECK

OCT 76

CHECK (NGRS , NSS , ZMIN , NABOVE )

a. GENERAL DESCRIPTION

CHECK eliminates surfaces as possibl e shadowers of other surfaces .

The three conditions for elimination are:

1. If the highest point of the shadowing surface is below the

lowest point of the receiving surface

2. If the shadowing surface faces straight up (as for a roof)

3. If the shadowing surface is entirely behind the plane of th~
rece iv ing surface.

The checks are not all -inclusive . There may still be some surfaces

which cannot shade the receiving surface.

b. DATA DESCRIPTION

See listing of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Subroutine CHECK is called by: SHADØ

and calls: No subroutines
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MSIMDF . . MZNDES . . CROSSP

OCT 76

C ROS S P

a. GENERAL DESCRIPTION

CROSSP uses a cross product to compute the area of nonrectangular

figures. It also checks that quadrilaterals are flat using an algorithm

described in the CRC Standard Mathematical Tablee. ~

b. DATA DESCRIPTION

See listing of routine for common blocks and variable names and

— descriptions.

c. TRACE BACK

Subroutine CROSSP is cal led by: SETUPY

and calls : No subroutines

1
CRC Standard Mathematical Tablee , 22nd edition (Chemical Rubber Company,
1972), p 379.
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MSIMDF . . MZNDES . . . CTRAN

OCT 76

CTRAN (XO , YO ,Z Ø ,  A) s

a. GENERAL DESCRIPTION

CTRAN develops a coordinate transformation such that the X-axis

goes through points 2 and 3 and the V-axis goes through point 1 of

a plane figure in three-dimensional space. This is the transforma-

tion described in ASHRAE ’s Procedure for Determining Heating and Cool-

ing Loada for  Con ’rputer ized Energy Calculationa. ~ and used in the NASA

Energy Cost Analysis Program (NECAP). The transformation is used in

computing shading.

b. DATA DESCRIPTION

See listing of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Subrout ine CTRAN i s ca ll ed by: SURFIN

and calls: No subrouti nes

Tprocedure for Determining Heating and Cooling Loade for Computerized
Energy Calcuiationa (American Society of Heatin g , Refrigerating , and
Air Conditioning Engineers [ASHRAE], 1975).
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MSIMDF. . . RESPNSE . DER

OCT 76

DER

a. GENERAL DESCRIPTION

DER i s a subroutine wh ich calculates the va l ues of the to tal cons truct

and total derivative matrices for a gi ven value of the Lap lace transform

parameter. Thi s routine i s also based on bas ic layer and layer der i va ti ve

element definiti ons found in NECAP , but all computationa l as pects are

new. The total construct matrix calculation is merely the matrix product

of the layer matrices. The total derivative matrix calculation follows

the product rule [d(u v) = (du) v = u dv] of calculus wi th the added

restriction that order must be preserved.

b. DATA DESCRIPTION

1. INPUT DATA

Source of
Data Name Descr ipti on

RF BETA(J) Array of l ayer angl es for trigonometr ic cal cul ations
RF NL Number of l ayers

RF R(J) Array of l ayer resistances

RF RES(J) Array of l ayer R-factors

SQ Square root of Laplace transform parameter

2. OUTPUT DATA

Name Descr ipt ion

AS Upper left element of the tota l construct matrix

BT Upper right element of the total derivative matrix

DS Lower right element of the total construct matrix 
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c. TRACE BACK

Subrout ine DER i s called by: RESPNSE

and calls: No subroutines
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D ER

1. Do for each layer

~~~~~~~~~~~~~~. Is BE~~~~Ø

3. Define layer ant- 4. Define layer matrix
layer derivative and set layer F
matrices derivative matrix

to zero

5. Is resistivity $

Yes No

6. Redefine layer and
layer derivative
matrices

7. Perform total derivative matrix cal culation

8. Perform total construct matrix cal culation

Note: The definitions of layer and layer derivative matrix elements
depend on the values of BETA and the R-factor of the layer.
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MSIMDF. . . WINDOW . .DIFFUS

OCT 76

DIFFUS

a. GENERAL DESCRIPTION

This subroutine computes the transmittance and absorptance of

eac h pane of a comb inat ion of up to four panes of g~ass for homogeneous

diffuse radiation of a given wavelength . Transmittances and absorptances

are computed for diffuse light incident from both inside and outside.

Separate values are computed for parallel and perpendicular polarizations

The a lgorithm uses a S impson ’s rule integration over ang les of inc idence

from 0 to 90 degrees. The effects of an i nterior shading surface may

be included . This algorithm was developed at CERL .

b. DATA DESCRIPTION

See list ing of routine for common bl ocks and var iabl e names and

descriptions.

c. TRACE BACK

Subroutine DIFFUS i s ca l led by : SPCTRM

and calls : SELECT

GLASSX

ISHADE
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MSIMFD. . . WINDOW . . DIFSHI)
OCT 76

DIFSHD

a. GENERAL DESCRIPTION

This subroutine computes the reflectance of an interior shading device

for diffusely incident radiation. A Simpson ’s rule integration over

angles of incidence from 0 to 90 degrees ~is used . Functions TSBF and

RSBF are d~signed -to contain the angle , wavelength, and polar i za tion

properties of the shading surface. This algorithm was developed at CERL .

b. DATA DESCRIPTION

See l isting of routine for common- blocks and variabl e names and

descriptions.

c. TRACE BACK

Subroutine DIFSHD i s called by: SPCTRM

and calls: TSBF

RSBF

53
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MSIMDF. . . INITGL . . . EXTCF

OCT 76

EXTCF

a. GENERAL DESCRIPTION
*This function computes the KL product (extinction coefficient

thi ckness) of a s ingle pane of gl ass , given the index infraction and

normal transmittance. Both inputs must be for the wavel ength being

considered . The equation is the solution of a quadratic equation which

gives transmittance at normal incidence as a function of KL and the

index of refraction.

b. DATA DESCRIPTION

See listing of routine for common blocks and var iable names and
descr iptions.

c. TRACE BACK

Subroutine EXTCF is called by: INITGL

and calls: -No subroutines
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MSIMDF. . . WINDOW . . . FILM

OCT 76

FILM

a. GENERAL DESCRIPTION

This subroutine calculates the transmittance and reflectance of

a thi n metall ic f i lm on glass. Complex arithmetic is used according —

to the theory of the optics of metals. Born and Wolf6 provide an

excel lent discussion of the theory of optics .

b. DATA DESCRIPTION

See listing of routine for common blocks and var iable names and

descriptions.

c. TRACE BACK

Subrouti ne FILM i s called by: PANE

and calls: No subrout ines

6M. ~~~i e ~nd E. Wol f, Prin ciplee of Optice (Pergamon Press , 1959).
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• MSIMDF. . . WINDOW . . GAUSSY

OCT 76

GAUSSY

a. GENERAL DESCRIPTION

This is a standard Gaussian elimination routine for the solution of

simultaneous linear algebraic equations. It includes ful l pivoti ng

and testing.

b. DATA DESCRIPTION

See listing of routine for common blocks and variable names and

descriptions.

c. TRACE BAC K

Subroutine GAUSSY is called by: LSQFIT

and calls: No subroutines
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MSIMDF . , WI NDOW . . GLASSX

OCT 76

GLASSX

a. GENERAL DESCRIPTION

This subroutine computes the total transmittance and reflectance

of a system of up to four panes of glass and the total absorptance of

each pane. Computations are performed for both polarizations of light

at a given wavelength and angle of incidence and for light incident from

inside or outside the panes. The variables are given subscripts to

keep track of polarization , pane number , and side of incidence . The

input consists of information for each pane of glass which is computed

in PANE. The equations were derived at CERL from a standard radiation

balance tec hnique.

b. DATA DESCRIPTION

See listing of routine for common blocks and variable names and

descriptions .

c. TRACE BACK

[ Subroutine GLASSX i s calle d by: DIFFUS

BEAM

and calls: No subroutines
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MSIMDF . . . RESPNSE. . . ILLINI

OCT 76

ILLINI

a. GENERAL DESCRIPTION

ILLINI i s a subroutine wh ich uses a modi f ied, bounded secan t

method 7 to find the roots needed to calculate a residue expansion of an

• integral . This algorithm was developed at the University of Illinois.

b. DATA DESCRIPTION

1. INPUT DATA

Source of
Data Name Description

A Lower bound of root

B Upper bound of root

RF BETA(J ) Array of layer angles for tri gonometric calculations

F Function value at lower bound

G Function value at upper bound

RF NL Number of layers

RF R(J) Array of layer resistances

RF RES(J) Array of layer R-factors

2. OUTPUT DATA

Name Description

RT Root

c. TRACE BACK

Subroutine ILLINI i s cal led by: SEARCH

and calls: MATRIX

‘For an explanation of secant and modified secant methods , see
S. D. Conte and C. de Boor , Elementary Nwne~ica l Ana lyzie
(McGraw-H ill , 1972).
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ILL IN I

1. Do 2. Approximate root

3. Evaluate function at approximation

5. Set upper bound 6. Set lower bound
to approx and to approx and value
value at UB to at LB to value at
value at approx approx

~~~~~~~~~~~~~~~~~~~~~~~~/ ~~~~~~~/
‘

g. Set value 10. Set value

until root found or difference of UB and LB
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MSIMDF . . MZNDES . INITDS
OCT 76

INITDS

a. GENERAL DESCRIPTION

INITDS converts the user input for detached shadowing surfaces

into the form used by the shadow calculation portion of the l oads pro-

gram (SIMBLD). Only the input for rectangular surfaces has been imple-

mented .

b. DATA DESCRIPTION

See listing of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Subrouti ne INITDS is called by: MZNDES

and calls: SURFIN
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MSIMDF . MBLDES . INITGL
• OCT 76

INITGL

a. GENERAL DESCRIPTION

This subroutine converts the user-suppl ied data for wi ndows to a

set of coefficients used by SIMBLD for calculating heat gain through

glass. Material properties are transformed from the format of the

input file to the format used by the subroutines which make detailed

optical calculations. A section of the subroutine uses a previously

determined set of coefficients for standard window glass to implement

• the shading coefficient description of a wi ndow . Use of material

properties and the detailed optical calculations should provide more

accurate resul ts than shading coefficients . The method for determining

the physical properties of a metallic film has not yet been implemented .

b. DATA DESCRIPTION

See list ing of routine for common bl oc ks and var iab le names and

descriptions .

c. TRACE BACK

Subroutine INITGL i s called by: MBLDES

and calls: EXTCF

WINDOW
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MSIMDF . MBLDES . INITRF

OCT 76

INITRF

a. GENERAL DESCRIPTION

INITRF control s the calculation of response factors. Material

properties of all layers of each cons truct are read from the buildi ng
input fil e. They are converted from SI to English units because the
res ponse factor routines depend on the scale of the numbers used .

The response factors and conduction transfer functions (C.T.F.) are

recorded . The C.T.F. are recorded in an inverse order to match the

order of the temperature histories in the l oads calculations.

b. DATA DESCRIPTION

See li sting of routine for common blocks and var iable names and

descriptions.

c. TRACE BACK

Subroutine INITRF i s called by: MBLDES

and cal l s: RSPNSE

SEQREV
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MSIMDF . . MZNDES . INITZS
. 0CT 76

• INITZS

a. GENERAL DESCRIPTION

INITZS transforms the user input for the geometry of zone surfaces

to the form used by SIMBLD. It also resequences the zone heat transfer

surfaces so that those with variable inside convection coefficients

are last in the heat balance equations .

b. DATA DESCRIPTION

See listing of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Subroutine IN1TZS is called by: MZNDES

and calls: SURFIN
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MSIMDF . . MZNDES. . . INVERT

OCT 76

INVERT (A , B)

a. GENERAL DESCRIPTION —

INVERT will invert a 3 x 3 matrix by the cofactor method .

b. DATA DESCRIPTION

• See listing of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Subroutine INVERT is called by: SURFIN

and cal l s : No subroutines
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MSIMDF . . . WINDOW . . . ISHADE

OCT 76

I SHADE

a. GENERAL DESCRiPTiON

This subroutine revises the transmittance , refl ectance , and

absorptances of a system of panes of glass (wi thout an interior shade)

to account for an interior shading device . The shade is assumed to

be diffusely reflecting . All inter-refl ections between the shade and

the glass are cons idered . The equations were der i ved at CERL .

b. DATA DESCRIPTION

See listing of routine for common b locks and var iable names and

descriptions.

c. TRACE BACK

Subroutine 1SF-lADE is called by: BEAM

DIFFUS

and calls: RSBF 
-
s

TSBF
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MSIMDF . . MZNDES . . LIMITS

OCT 76

LIMITS

a. GENERAL DESCRIPTION

LIMITS determi nes a scale which wil l fit the zone on the page .

It checks for maximum and minimum north-south and east-west coordinates ,

determines which is the critical dimension , and , based on that dimens ion ,

finds a scale factor for the elements of the grid on which the drawi ng

is made .

b. DATA DESCRIPTION

See listing of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Subroutine LIMITS is cal led by: PLANZN

and calls : No subrout i nes
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MSIMDF . . MZNDES . . LINE •

OCT 76 - . 1:
LINE (Xl, Vi , X2 , Y2)

a. GENERAL DESCRIPTION

Given the x and y coordinates of the ends of a line segment, LINE

determines which elements of tne picture grid are on a straight line

between those points .

b. DATA DESCRIPTION

See listing of routi ne for common blocks and var iable names and

descriptions.

c. TRACE BAC K

Subroutine LINE is called by: PLANZN

— and calls: No subroutines
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MSIMDF . . . WINDOW . LSQFIT

OCT 76

LSQFIT

a. GENERAL DESCRIPTION

This subroutine does least squares fits to polynomial expressions

for transmittance and absorptance. Different polynomials (R) are used

depending on the angle of incidence (9)~
For O . 5 < c o s  9 < 1 . 0

R = Cl + C2*X + C3*X**2 + ... + C5*X**4

For 0.0 < cos 9<0.5

R = Cl*X + C2*X**2 + ... + C6*X**5

The latter express ion insures zero transmittance or absorptance at

90 degree incidence .

b. DATA DESCRIPTION

See li sting of routine for common bloc ks and var iabl e names and
descriptions.

c. TRACE BACK

Subroutine LSQFIT i s ca l led by: WINDOW

and ca l ls: GAUSSY
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MSIMDF . . . RESPNSE . . MATRIX

OCT 76

MATRIX

a. GENERAL DESCRIPTION

MATRIX is a subrouti ne which calculates the upper right element of

the total construct matrix to find the roots needed to calculate a

residue expansion of an integral . The NECAP layer definitions are used

in this calculation , which is basically the multiplication of the

layer matrices in a reduced form .

b. DATA DESCRIPTION

1. INPUT DATA

Source of
Data Name Description

RF BETA (J) Array of layer angles for trigonometric calculations

RF NL Number of layers

RF R(J) Array of layer res istances

RF RES(J) Array of layer R-factors

W App rox imate root

2. OUTPUT DATA F

Name Descr ipti on

BS Upper right element of the total construct matrix

c. 1RACE BACK

Subroutine MATRIX i s called by : ILLINI

SEARCH

and calls: No subroutines

69

- - - - —-~~~-• --- _ _ _



~~~~~~~~~~~~~~ ‘— —~-_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ._—,_-_, --- •— — ___
___

~~• —‘

MATRIX

1. Do for each layer

2. Is BETA $

Yes No

3. Define layer 4. Define layer
matrix matrix

5. Is resistivity
~

Yes No

6. Redefine layer
matrix

7. Perform tota l construct matrix
calcula tion

Note: The definitions of layer matrix elements depend on the values
of BETA and the R-factor of the layer.
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MSIMDF . MBLDES

OCT 76

MBLDES(CR SIM)

a. GENERAL DESCRIPTION

MBLDES creates the buildi ng description file which is a conversion

of data from the file created by the input language parser to a form

used by the simulation routines. It calculates response factors and

window coefficients for the constructs used in the building. It calls

MZNDES, which converts data for each zone.

b. DATA DESCRIPTION

See listing of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Subroutine MBLDES is called by: MSIMDF

and calls : GTBLIN

INITGL

INITRF

MZNDES

REPTGL

REPTRF

WRBLDE
DUMPBI
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MSIMDF . MBLDES . MZNDES

OCT 76

MXNDES (CRSMZN)

a. GENERAL DESCRIPTION

MZNDES creates the zone descr ip t ion fil e. Several elements of

zone data are conver ted , as described by the subroutines called .

b . DATA DESCRIPTION

See li sting of routine for common b locks and variab le names and

descriptions.

c. TRACE BACK

Subroutine MZNDES is called by: MBLDES

and cal l s: GTZN1N

DUMPZI
-

• 

INITDS

INITZS

REPTZS

PLANZN

RE PTS V

SHADØ

REPTSC

BZSDAT

REPTHS

VIEWZS

REPTVF

SETBBH

WRZNDE
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MSIMDF . . . WINDOW . . . PANE

OCT 76

PANE

a. GENERAL DESCRIPTION

Given phys ical properties of a pane of g lass , this subroutine

computes its transmi ttance, reflectance , and absorptance. Results apply

for the wavelength implied by the properties , both polar iza tions , and

with the light incident from either side of the glass at the given angle

of incidence . Polarizations , di rect ion of inc idence , and pane number are

recorded by array indices .

The technique involves computing the transmittance and reflectance

of both air-glass interfaces together with the extincti on coefficient

of the glass to determine its total properties . A special form of the

Fresnel equations is used to avoid trigonometric functions . Born and

Wol f provide an excellent reference.8

b. DATA DESCRIPTION

See listing of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Subroutine i s called by : SELECT

and calls : FILM

8 M. Born and E. Wolf , Princip l~e of Optice (Pergamcn Press , 1959).
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MSIMDF . . MZNDES . PLANZN

OCT 76

PLANZN

a. GENERAL DESCRIPTION

PLANZN generates a plan view of the heat transfer surfaces in

the zone. The line printer produces this view as a simple line drawi ng

— using asterisks. PLANZN calls LIMITS and LINE for most of the calcu-

lations in preparing the line drawing.

b. DATA DESCRIPTION

See l isting of routine for common bl ocks and variable names and

descriptions.

c. TRACE BACK

Subroutine PLANZN is called by: MZNDES

and calls: LIMITS

LINE

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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MSIMDF . MBLDES . REPTGL

OCT 76

REPTGL (OUTPUT , UNITS )

a. GENERAL DESCRIPTION

• REPTGL generates a report of the optical properties of wi ndow con-

structs. It reports the transmittance and i ndex of refraction of the

individual layers of the window , and then the theoretical transmi ttance

of the window and absorptance of each layer compared to the approximate

-: values which will be used in the loads calculations.

b. DATA DESCRIPTION

F See listing of routine for common blocks and variable names and

descriptions.

c. TRAC E BACK

Subroutine REPTGL is called by: MBLDES

and calls: TAG

75



?!“ ‘5- -‘——----
-;.—. ..--.—-- ..---..--.---— . ~~~v . ’rn w. 

~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ - •v.

MSIMflF . . MZNDES . REPTHS
OCT 76

REPTHS (OUTPUT , UNITS )

a . GENERAL DESCRIPTION

REPTHS V’eports various details about the heat transfer surfaces

which are part of the simultaneous heat balance. It is primarily

useful as a check of the operations that create the zone description

file.

b. DATA DESCRIPTION

See li sting of routi ne 1 for common blocks and variable names and

descriptions .

c. TRAC E BACK

Subrout ine REPTHS Is called by: MZNDES

and calls: No subroutines

-~
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MSIMDF . MBLDES . REPTRF

OCT 76

REPTRF (OUTPUT , UNITS )

a. GENERAL DESCRIPTION

REPTRF generates a report of the conductive propert ies of all

constructs. It reports the thickness, density, conductivity , and

spec if ic heat of each layer and then reports the response factor and

conduc tion transfer factors for the ~n’ ~“e construct. Certain sur-

face properties of the construct are also reported.

b. DATA DESCRIPTIOFIS

See list ing of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Subroutine REPTRF i s called by: MBLDES

and ca l ls: No subrout i nes

1
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MSIMDF . . MZNDES . REPTSC

OCT 76

REPTSC (OUTPUT , UNITS )

a. GENERAL DESCRIPTION

REPTSC reports which surfaces are possibl e shadowers of other surfaces .

b. DATA DESCRIPTION

See listing of routine fo r common blocks and variable names and

descri ptior~s.

c. TRACE BACK

Subroutine REPTSC is called by: MZNDES

and ca l ls: No subrouti nes

I
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MSIMDF . . MZNDES . REPTSV

OCT 76

REPTSV (OUTPUT , UNITS)

a. GENERAL DESCRIPTION

REPTSV prints the coordinates of the vertices of all surfaces

pertaining to the zone. It is useful as an error finder when the zone

drawing indicates the surfaces are not placed correctly.

b. DATA DESCRIPTION

See lis ting of routine for common blocks and variabl e names and

descriptions.

c. TRACE BACK

Subroutine REPTSV is called by: MZNDES

and calls: No subroutines
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MSIMDF . . MZNDES . REPTVF

OCT 76

REPTVF (OUTPUT , UNITS)

a. GENERAL DESCRIPTION

REPTVF reports the view factors calculated by VIEWZS .

b. DATA DESCRIPTION

See listing of routine for common blocks and variable names and

descriptions.

c. TRAC E BACK

Subroutine REPTVF i s ca l led by : MZNDES

S 
and calls: No subroutines
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MSIMDF . . MZNDES . REPTZS

OCT 76
- • 

REPTZS (OUTPUT , UNITS )

a. GENERAL DESCRIPTION

REPTZS is the primary report on zone surfaces. It lists all

surfaces pertaining to the zone , their type, azimuth , tilt , area ,

and construction .

b. DATA DESCRIPTION

See l isting of routine for common bl ocks and variable names and

descriptions.

c. TRACE BACK

Subroutine REPTZS i s called by: MZNDES

and calls: No subrouti nes
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MSIMDF . . INITRF . RESPNSE

OCT 76

RESPNSE

a. GENERAL DESCRIPTION

RESPNSE calcu lates the response factor and conduction transfer

function. Response factors are calculated as instantaneous heat fluxes

by solution of a Laplace—transformed ,. Fourier heat transfer equation .9

A residue expansion ’0 is used to perform the inverse transform. Con-

duction transfer functions are triv ial ly der ived from the res ponse

factors .

The bas ic response fac tor scheme and calcula tion (see subroutine

RFC) are performed as in NECAP , but a l l of the preliminary res id ue and

most of the root-finding work is new. This new work extends the possible

range of cases and decreases program run time . The addi tion of con-

duction transfer function calculations makes this routine , at minimum ,

the equivalent to NBSLD ’s s”brcutines RESFX , RESF , RESPTK , and related

- 

diminutive routines. The unique root predictor makes case extens ion and

speed super ior to NBSLD .

It should be noted that even though a general method i s used , in-

putting values in SI units creates magnitudes outside the range com- -

•

fortable for the computer techniques used . The calcula ti ons would requi re

~~~~~~~~ a description of the mathematical calculation of response factors,
see E. D. Mouen, Application of the Thermal ReeponBe Factor Method

The~lding Element8 with Air Cavitiea , PhD. Thesis (University of
‘Hr,~1~ , 1973).

~ -,r ~ n explanation of residue calculations in basic terms, see
J ~p1.gel , Theory and Problems of Comp lex Variablee ~ Schaum

‘ in. S rles (McGraw-Hill , 1964).
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many more roots and greater root accuracy. Therefore a conversion to

• English units and back to SI un its would be desirable in order to reduce

calculation time.

- • b. DATA DESCRIPTION

1. INPUT DATA

Source of
Data Name Description

RF BETA(J) Array of layer angles for trigonometric calcula tions

RF ML- Number of layers of construct

RF R(J) Array of layer resistances

RF RES(J) Array of layer R-factors

SINC Search increment

TINC Time increment

2. OUTPUT DATA

Source of
Data Name Descr jption

RF1 CR Common ratio

RF1 CTX(J) Array of X conduction transfer functions

RF1 CTV(J) Array of V conduction transfer functi ons

RF1 CYZ(J) Array of Z conducti on transfer functions

KND Thermal conductivity of the construct

RF1 NRF Number of response factors

RF1 RFX(J) Array of X response factors

RF1 REY(J) Array of V response factors

RF1 RFZ(J) Array of Z response factors

L 
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c. TRACE BACK

Subroutine RESPNSE is called by: INITRF

and calls: DER

RFC

SEARCH 
-•

- 
ZERORE

-F

84
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RESPNSE

1. Calc ulate zero residue elements

2. Find roots for residue calculations

sfound ? 7

4. Calcula te common ratio 5. Set residues and
common ratio to zero

6. Do for each root

7. Combine residue
elements

8. Perform response factor and conduction transfer
funct ion calculat ion

Qptlon: item 7 can be expressed in two parts:

7a) Calculate total derivative and

construct matr ices

7b) Combine residue elements

- 
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MSIHDF . . . RESPNSE . RFC

OCT 76

RFC

a. GENERAL DESCRIPTION

RFC performs final calculations of response factor and conduction

transfer function . It i s bas ica lly a modifica tion of one sec tion of the

NECAP response factor routine. This routine combines all of the pre-

viously calculated residues and residue elements into the actual response

factors. One Important concept used is that of the triangular pulse

function ,’’ which is divided into three components for the calcula ti on.

b. DATA DESCRIPTION

1. INPUT DATA

Source of
Data Name Description

RFO CND Therma l conductance of the construct

RFI CR Common ratio

RF2 KK(J ,K) Array of the combination of residue elements -

RF2 NRT Number of roots found

RF2 ROOT(J) Array of values which make the upper right element

of total construct matrix zero

TINC T ime i ncremen t

RFO ZRX Zero residue element related to X response factors

RFØ ZRY Zero residue element related to V response factors

RFO ZRZ Zero residue element rel ated to Z res ponse fac tors

‘~For an explana tion of the pulse function , see A. Tus tin, “A Method of -
Analyzing the Behaviour of Linear Systems in Terms of Time Series,” - 

-

Journa l of the Institution of Electrical Engineers, Vol 94, Part Il-A
(1947).
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2. OUTPUT DATA

Source of
Data Name Descr ipti on

RF1 CTX(J) Array of X conduction transfer functions

RF1 CTY(J) Array of V conduction transfer functions

RF1 CTZ(J) Array of Z conduction transfer functions

RF1 NRF Number of response factor sets

RF1 RFX(J) Array of X response factors

RF1 RFY(J) Array of V response factors

RF1 RFZ(J) Array of Z response factors

c. TRAC E BACK

Subroutine RFC is called by: RESPNSE

and cal ls :  No subroutines
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RFC

1. Do 2. Do 3. Calculate root-related residues

4. Add root-related residues to response factors

until root too large

5. Add zero-related residues to response factors

6. Which time period?

_

7. Complete resp, 8. Complete resp. 9. Complete resp.
factor set calc factor set calc . fac tor set ca lc .

10. Calculate conduction transfer functions

until response factor or conduction transfer function too
small or common ratio accuracy adequate or 100 response
factor sets calculated

Note: Due to the use of a three-component triangular pulse function , three
forms of the final calculation of a response factor exist.

J 
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MSIMDF . . . WINDOW . . . RSBF

OCT 76

RSBF

a. GENERAL DESCRIPTION

This function was written to compute the reflectance of an

interior shading device given the polarization , angle of incidence ,

and wavelength of the incident light . The function presently returns

the reflectance at normal inc idence specified by the user because of

lack of data on the relationship of reflectance to the specifi ed

properties .

b. DATA DESCRIPTION

See listing of routine for common blocks and variable names and

descriptions .

C. TRACE BACK

Function RSBF is called by: DIFSHD

ISHADE 
-

and calls: No subroutines

- 
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MSIMDF . . . RESPNSE . SEARCH 
S

OCT 76

SEARCH

a. GENERAL DESCRIPTION

SEARCH is a subroutine used to bind (or find ) roots for ILLINI.

It is designed to do an incremental search using APPROX and will more

accura tely chec k the bound before call ing ILLINI.

b. DATA DESCRIPTION

1. INPUT DATA

Source of S

Data Name Descr ipti on

RF BETA(J) Array of layer angles for trigonometric calculat ions
RE NL Number of layers

KND Thermal conductivity (for passing purposes )

RF R(J) Array of layer resistances

S RF RES(J) Array of l ayer R-factors

SINC Searc h i ncrement

2. OUTPUT DATA

Source of
Data Name Descr i ption

— 

RF2 NRT Number of roots found

RF2 ROOT(13) Array of values wñich make upper right element

of total construc t matri x zero

c. TRACE BACK

Subroutine SEARCH is called by: RESPNSE

and cal l s: APPROX

ILLINI

MATRIX

90
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SEARCH

1. Calculate incremental sines and cosines

2. Do 3. Calculate initial sines and cosines

4. Do 5. Approximate upper bound

6. Approximate function value at
upper bound approximation

until upper bound or root found

7. Calculate actual function value at
upper bound approximation

Upper bound or root
found?

:~~~:a:::te root 

Root

until interval searched or 100 roots found

91
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MSIMDF . . . WINDOW . . . SELECT

OCT 76

S ELECT

a. GENERAL DESCRIPTION

Th i s subroutine avo id s recalcula tion of opti cal properties of

identical panes of glass in mul tipane systems . It compares the phys ica l

properties of the pane to be calculated wi th previously computed panes ,

and , if the physical properties match , simply repeats the optical

properties.

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Subroutine SELECT is called by: BEAM

DIFFUS

and calls: PANE
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- MSIMDF . . INITRF . SEQREV
- OCT 76

- SEQREV (A ,N) -

- a. GENERAL DESCRIPTION

SEQREV reverses the sequence of N elements of array A. -

- b. DATA DESCRIPTION -

See l isting of routine for comon blocks and variable names and -

- 

descriptions.

- - c. TRACE BACK

Subroutine SEQREV is cal led by: INITRF -
-

add calls: No subroutines 

-— -- - -
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MSIMDF . . MZNDES . SETBBH

OCT 76

SETBBH

a. GENERAL DESCRIPTION

SETBBH checks the user input values for base board heating and

sets up the coefficients which compute the amount of baseboard heat

as a function of outside temperature.

b. DATA DESCRIPTION

See li sting of routine for common bloc ks and var iab le names and

descr iptions.

c. TRAC E BACK

Subroutine SETBBH i s cal led by: MZNDES

and calls: No subroutines
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MSIMDF . . MZNDES . . . SETUPV

OCT 76

SETUPV ( ISHAPE)

a. GENERAL DESCRIPTION

SETUPV computes the coordinates of the vertices of a surface .

It processes user input according to the shape number which describes

the surface .

b. DATA DESCRIPTION

See listing of routine for common blocks and variable names and

descriptions.

c. TRACE BAC K

Subroutine SETUPV is called by: S(JREIN

and cal ls: CROSSP

E 
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MSIMDF . . MZNDES . SHADØ
OCT 76

SHADO

• a. GENERAL DESCRIPTION

SHADO sets up two arrays (ISHD and JSHD) which direct the sequence

of the shadowing calculations. These arrays list combi nations of

shadow—receiving surfaces and shadow-casting surfaces. The purpose of

these arrays is to avoid checking every surface shadowing in the

SHADOW routine .

b. DATA DESCRIPTION

See li sting of routine for common bloc ks and var iable names and

descriptions.

c. TRACE BACK

Subroutine SHADØ is called by: MZNDES

and calls: CHECK
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MSIMDF . . . WINDOW . SPCTRM
OCT 76

SPCTRM

a. GENERA L DESCRIPTION

This subroutine allows intéçiration of the transmi ttance and

absorptance of the window with respect to wavelength. Normally

only one wavelength is used , but up to 20 wavelengths may be used

if physical properties of the w indow materials at those wavelengths are

available. The one wavelength approximation seems quite good for common

window glasses.

b. DATA DESCRIPTION

See lis ting of routine for common blocks and variable names and

descriptions

c. TRACE BACK

Subroutine SPCTRM is called by: WINDOW

and calls: BEAM

DIFFUS

DIFSHD
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MSIMDF . . MZNDES . . SURFIN
OCT 76

SURFIN (h YPE, ISHAPE , NAS, NS, NGRS)

a. GENERAL DESCRIPTION

SURFIN computes zone surface geometric information which is necessary

for shadowing calculations. Vertices , area, and di rection cosines are

computed for each surface.

b. DATA DESCRIPTION

See l isting of routi ne for common blocks and variabl e names and

descriptions.

c. TRACE BACK

Subroutine SURF1N is called by: INITDS

and calls: t.. .~~

INVERT

S ETU P V
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MSIMDF . . . WINDOW . . . TSBF
OCT 76

TSBF

a. GENERAL DESCRIPTION

This function was written to compute the transmi ttance of an interior

shading device given the polarization , angle of inc idence, and wave-

length of the incident light . The function presently returns the trans-

mittance at normal incidence specified by the user because of lack of

data on the relationship of transmittance to the specified properties.

b. DATA DESCRIPTION

See listing of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Function TSBF is called by: DIFSHD

ISHADE

and calls: No subroutines
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FISIMOF . . MZNDES . VIEWZS
OCT 76

VIEWZS

a. GENERAL DESCRIPTION

VIEWZS computes the view factors between surfaces in the zone.

The view factor from surface I to surface J is approximated by

(area of J)/(sum of areas visibl e to I). This approximation is most

accurate for a cubic zone. Most, but not all , of the surfaces

visibl e to I are el iminated In computing the sum.

b. DATA DESCRIPTION

See li sting of routine fo~’ comon blocks and variable names and

descriptions.

c. TRACE BACK

Subroutine VIEWZS is cal led by: MZNDES

and calls: No subroutines
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MSIMDF . . . WINDOW
OCT 76

WINDOW

a. GENERAL DESCRIPTION

This subroutine calls the routines which compute the coefficients

of the polynomial expressions for transmittance and absorptance of a

given wi ndow construction. it is in this routine that transmittance

and absorptance for perpendicular and parallel li ght are combined in

equal proportions for the assumption of unpol arized light . Va lues of

the calculated transmittance and absorptance are saved for comparison

in the glass report.

b. DATA DESCRIPTION

See l isting of routine for common bl ocks and variabl e names and

descriptions.

c. TRACE BACK

Subroutine WINDOW is called by: INITGL

calls to: SPCTRM

LSQFIT
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MSIMOF . . . RESPNSE . ZERORE

OCT 76

ZERORE

a. GENERAL DESCRIPTION

ZERORE is a subroutine which calculates the residues related to the

double pole occurring at zero. The basic calculation is like that of

DER, i.e., calculati on of the total construct and total derivative

matrices. The layer matrices are multiplied to create the total con-

struct matrix , and an order-preserving chain rule is used in calculati ng

the total derivative matrix. Elements of both of these matrices are

then combined to form the zero-related residues. The basic layer and

layer derivative matrix element definitions are again from NECAP .

b. DATA DESCRIPTION

1. INPUT DATA

Source of
Data Name Descr ipti on

RF BETA(J) Array of layer angles for trigonometric calculations

RF NL Number of layers

RF R(J) Array of layer resistances

RF RES(J) Array of layer R-factors

2. OUTPUT DATA

Source of
Data Name Description

RFO CND Thermal conductance of the construct

RFO ZRX Zero residue element related to X response factors

RFO ZRY Zerb residue element related to I response factors

RFO ZRZ Zero residue element related to Z response factors
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c. TRACE BACK

Subroutine ZERORE is cal led by: RESPNSE

and calls: No subroutines
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ZERORE

1. Do for each layer

Is R-factor ~

3. Define layer and 4. Define layer and
layer derivative layer derivative
matrices matrices

5. Calculation of total derivative matrix
elements

6. Calculation of total construct matrix
element

7. Calculation of zero-related residue
elements

Note: The definitions of the layer and layer derivative matrix
elements depend on the value of the R-factor of the layer.
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7 BLAST BUILDING DESCRIPTION FILE

The building description file is a transformation of the building

and zone records on the simulation input file. The record locations

remain the same as on the input file. Among the transformations done

are computation of response factors, computation of glass coefficients,

setup of shading geometry, setup of zone surfaces geometry, determination

of shading surface combinations , recording zone heat transfer data, and

determining zone view factors. Table 9 lists the routines used in

manipulating the building description file.

Table 9

Description File Routines

Routine Description

MSIMDF Ma kes simulation descr iption file

MZNDES Makes zone description record

MBLDES Makes bu i ldi ng descr iption record

OPSDEF Opens fi le

CLSDEF Closes fi le -

WRZNDE/GTZNDE Writes/gets zone description record

WRBLDE/GTBLDE Writes/gets building description record

The simulation input data must be transferred for the description

data; however, the record locations into the master index are the same

as for the simulation input file. Figure 9 shows the general description

f lie structure. Each building and zone descripti on record consists of

the necessary common blocks for the simulation (Figures 10 and 11).
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SIMTVP SFLOC MASTER INDEX
SUB INDEX

BLDNG FOR BUILDING DES.

BLDNG

FOR -EACH
BLDNG
ZSFLØC SUB INDEX

FOR ZONES
ZONES

FIgure 9. SImulation description file structure. •1.
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1 
_________  

)[ BLDNG common 1
2 ZNSMDS comma

REFTMP comm~~~

CØNDAT comn~~~~

6 ~~~~~~~~[ BLDCTF commo~]

SAVERF commo~]
8 

_________  GLAS common
i

GLASII common]

SITL~ C common

Figure 10. Building description record structure .
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I

1 >1 ZONE common
i

~~~~~~1~GENSCH common
i

CNTCOM common

BB HEAT common i

_________  

~~~~~~~~~INFILC common i

7 N~

’

~~~~~HTSNR common

\~ 1H1~ DAT common

common

common

12 
_________  ~~~

%
~~~ 1Z~1TAFH common

1 3 \
~~~~~!!NV~~~~~~~~~~~~~~~ mmo

1

• \ SHD7 common 1

VIEWS common

+
Figure 11 . Zone description record structure.
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8 SIMBLD (BUILDING LOAD CALCULATION)

The SIMBLD program subsystem computes the hourly zone (space) loads

for each user-described space. Figure 12 shows the overall tree structure

for the subsyste~- -~. The following pages present descriptions of SIMBLD and

its subroutines (in alphabetical order). It should be noted that the TAG

subroutine is also used by MSIMDF .

109



SIMBLD—
— CLB LDF —i

~—C LMSF ---.-- DUMPQB
1— WRMSFR

—DNBZN —
~

‘—FINDNO
— GTBLDE —
—ILFENV I—I

}— ENTRNO

~
— MOVFTN
1—WRMSFR —

INZEDP —
— CKPCZN
— GTZNDE
— ILA F

-~ — INFDAV
SIMZN —

— ISA F
— ISULHS

GAUSSW —
~~I ~

— DUMPOB

I LDUMPRS

L VARICC
— ITAF
— JDAYF
— LPYRF
— SSDIFF

L..TAG
— SSOOCF

SONOFF
—SUDDEN

.—SUEFND
— SUNCHK
— SUWTEN

GTWTHR

—OPBLDF —i

~— GTMSFR
~— OPMSF

.-.REPTZL -—.
— GTLFZB ——~

GTMSFR
ILFBWH

I PSVWTP
L. SATUPT

~—ILFZBL
— REPTHL

— SIMZN

FIgure 12. Tree structure for SIMBLD subroutines.
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r

SIMZN
CALUTH —,

DUMPST
-

~ ESFSTR
GAUSSW —,

j— DUMPQB
L_ DUMPRS

SUCRHS —i
I— BSBDLD

i.— COTMP
I OCONVC
I SRDVDP
I_Q INSRC
1— OSUN
I SUN5
LSRDVDP

-
~ 

- SULHS
VARICC

SURHS
INF ILT
QOCCUP

PEOPLS
UTHRMH

DUMPITH
DUMPOTH

ONTS —•,
CHACS
DUMPIIW •

DUMPSS
DUMPIC
GTLFZB —

~E-~GTMSFR
I.— ILFBW H
I PSvWTP
I SATUPT
L— ILFZBL

O1WTHR
S$OOCF —

~L.~~SONOFF
SUEFND
SUEFNT
SUNCHK

ECTS —~~

~
— DUMPHL

RECKPG
1— V !RLPZB -,

- - L~~WRMSFR

Figure 12 (cont’d).
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SUDDEN —
— IDSTF
—JDAYF
— PSVTWD-—,

I— PSYH flN

11 SATUPT
SATUTH

PSVHTW
PSYwTP —i

I
~~
. SATUPT

— PSVWTP
SATUPT

— SUN1
— SUN5
— THOR

FIgure 12 (cont’d).
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SSBEAM —
—SHADOW — _ -

— GENRE —
—CYRANI

I- Hi PANS
— OVRLAP -—-~

p... AREAF

E INCLOS
IPITCPT
ORDER

HTRANS

— SHDEXT—~
1— AREAF
i—CLIP
~— CTRANS
I HTRANS

I— HTRANS
- 

~~~

,NCLOS
INTCPT
ORDER

HTRANS
— SUBRE Ti— HTRANS

I—OVRLAP—--~I ~~~AREAF

I 1— INCLOS
I i.—. ~NTCPT -

I I—ORDER
I HTRANS
I~~ SHDADJ —

—AREAF
— HTRANS
— INCLOS
- INTcPr
—ORDER

HTRANS
— OVRLAP

AREAF
INCLOS
INT~PT
ORbER—~L.HTRANS

• —REVEAL---1

L...OVRLAP —1
• 1— ARIAF

~
•-• ~NCLOS
J-INT~PT
I- ORDfR—~

L~~~~~
—31144
— TAO

Figure 12 (cont’d).

113



I 

-V -.• •.. ——-- -——-• .

~~~~~~~

_--V-.-•-- —• -,-—- -

~

-_ _-

~ 

-•_—~~ -•— -•— -V ___ •___,_•~~_ --

SIMBLD

OCT 76

SIMBLD (CRSIM)

a. GENERAL DESCRIPTION

SIMBLD is a driver routine for the calculation of zone loads.

It includes file—handling routines and a nested loop which simulates

every zone requested for every environment requested .

b. DATA DESCRIPTION

See l i sting of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Subroutine SIMBLU is called by: PERDS

and calls: CLBLDF
V 

DNBZN

GTBLDE 
V

ILFENV

INZEDP

OPBLDF

REPTZL

SIMZN
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SIMBLD • . . SHADOW . . • AREAF

OCT 76

AR EA F

a. GENERAL DESC RIPTION

This function computes the area of a plane polygon given the coordinates

of its vertices. The algorithm is described in CRC Standard Mathematical

Tables. ’2 The vertices must be in sequence: clockwise sequence gives a

negative area while counterclockwise sequence gives a positive area.

V 
b. DATA DESCRIPTION

See l isting of routine for variable names and descriptions .

c. TRACE BACK

Function AREA F is called by: OVRLAP

SHDADJ

SHDEXT

and calls: No subroutines

1Z CRC Standard Mathematical Tables, 22nd edition (Chemical Rubber
Company, 1972), p 369.
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SIMBLD . SIMZN • . . BSBDLD

OCT 76

BSBDLD 
V

a. GENERAL DESCRIPTION

BSBDLD simulates baseboard heatinq, as a heat inout into the zone

which is a function of outside temperature. It operates according to

the heating on and off dates. Capacity is temperature-dependent.

b. DATA DESCRIPTION

See l isting of routine for common bl ocks and variable names and

descriptions.

c. TRACE BACK

Subroutine BSBDLD is called by: SIJCRHS

and calls: No subroutines
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SIMBLO . SIMZN • CALUTH

OCT 76

CALUTH -

a. GENERAL DESCRIPTION

CALUTH calculates the zone loads by solving the simu l taneous

equations which represent a heat balance between all surfaces of the

zone . The subroutine is in three parts : (1) calculation of portions

of the heat balance equations which are constant for the timestep ,

(2) an Iterative loop which sets up the variable portions , solves the

equations, and checks the solved zone air temperature against the heating/

cooling control schedule , and (3) evaluation of the zone loads from the

solved temperatures.

b. DATA DESCRIPTION

See l isting of routine for comon blocks and variable names and

descriptions.

c. TRACE BACK

Subroutine CALUTH is called by: SIMZN

and calls : DUMPST

ESFSTR

GAUSSW

SUCRHS

SULHS

SURHS

UTHRMH V
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SIMBLD . SIMZN . . CHACS
OCT 76

- CHACS

a. GENERAL DESCRIPTION

By using a decision table to compare annual and daily schedules of

heati ng and coolin g, CHACS determines whether heating and/or cooling is

on or off. Temperature-dependent and temperature-independent coefficients

are computed for use in the air equation in the simultaneous heat balance.

b. DATA DESCRIPTION 
V

See l isting of routine for common blocks and variabl e names and

descriptions.

c. TRACE BACK

Subroutine CHACS is cal led by: DNTS

and calls: No subroutines
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SIMBLD . INZEDP . CKPCZN
OCT 76

CKPCZN

a. GENERAL DESCRIPTION

CKPCZN checks to see if an attic floor or crawl space ceilinq

temperature is to be calcula ted and recorded or use’i in the current

zone simulation . Logica l flags are set indicating the necessary actions ,

and critical surface numbers are recorded.

b. DATA DESCRIPTION

See lis ting of routine for common blocks and variabl e names and

descriptions.

c. TRACE BACK

Subroutine CKPCZN is called by: INZEDP

and calls: No subroutines ‘
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SIMBLD . . . SHADOW . . . CLIP
OCT 76

CLIP

a. GENERAL DESCRIPTION

CLIP removes (clips) that portion of a shadow-casting surface which

is below the plane of the shadow-receiving surface tc prevent the casting

of a false shadow. The method is the same as that used in NECAP and is

described in the NECAP Engineeri ng Manua l 13 and the Procedure for Determin-

ing Heating and Cooling Loads for Computerized Energy Calculations. ‘~~

b. DATA DESCRIPTION

See listing of routine for variable names and descriptions .

c. TRACE BACK

Subroutine CLIP i s cal led by: SHDEXT

and calls: No subroutines

‘~NECAF Eng ineering Manua l (Nationa l Aeronautics and Space Administration ,
1974).
“Procedure for Determining Beating and Cooling Loadc for Computerized

FMergy Calculations ( ASHRAE , 1975). —
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SIMBLD . SIMZN . . . COTMP
OCT 76

COTMP (firs)
a. GENERAL DESCRIPTION

COTMP computes the outside surface temperatures of surfaces i n the

zone heat balance. This outside temperature is used to determine the

conductive flux to the inside surface by means of conduction transfer

functions , as detailed in Procedure for  Determining Heating and Cooling

Loads for Computerized Energy Calculations.

Outside temperatures are computed accordi ng to the various possibl e

outside environments . The effects of wind speed on the convection co-

efficient and solar heating gains are considered for surfaces exposed to

ambient air. Underground surfaces are given the ground temperature .

Surfaces exposed to conditioned zones are given the inside surface

temperature.

b. DATA DESCRIPTION

See listing of routine for comon blocks and variable names and

descriptions.

c. TRACE BACK

Subroutine COTMP (fITS) is cal led by: SUCRHS V

and cal ls : OCONVC

SRDVDP
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SIMBLD . . . SHADOW . . . CTRANS
OCT 76

CTRANS

a. GENERAL DESCRIPTION

This sub;-outine transforms the coordinates of the vertices of a

surface from the general coordinate system to a system based on one of

the heat transfer surfaces. The transformation is the same as that used

in NECAP and is descri bed in the NECAP Engineering Manuai.and th~
Procedure for Determining Heating and Cooling Loads for Computerized

Energy Calcu lations.

b. DATA DESCRIPTION

See l isting of routine for variable names and~~~~ ription s .

c. TRACE BACK

Subroutine CTRANS is called by: GENRS

SHDEXT

and calls: HTRANS
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SIMBLD . DNBZN

OCT 76

DNB ZN

a. GENERAL DESCRIPTION
- DNBZN determines the next zone of the building to be simulated .

It computes the pointers which locate the output in the bui ld ing

loads file.

b. DATA DESCRIPTION

See listing of routine for comon blocks and variable names and

descriptions .

c. TRACE BACK

Subroutine DNBZN is called by: SIMBLD

and ca l l s :  FINDNO
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SIMBLD . SIMZN . DNTS
OCT 76

DNTS

a. GENERAL DESCRIPTION

V 
DNTS increments the time counters and performs several time—

dependent actions which must occur at the beginning of a time step.

The zone load mass store record is read (GTLFZB) at the beginning of

a day. The heating/cooling system status is cI~ecked (CHACS) every

hour. The environment parameters for the hour are al so set up every

hour (SUEFNT). Upon change of day the weather file is read (GTWTHR)

and changes in shadowing (SUNCHK) and heating/cool ing status (SSOOCF)

checked.

b. DATA DESCRIPTION

See list ing of routine for colTinon blocks and variable names and

descriptions.

c. TRACE BACK

Subroutine DNTS is called by: SIMZN

and calls: CHACS
I

DUMPHW

DUMPSS

DUMPTC

GTLFZB

GTWTHR

SSOOCF

SUEFND

SUEFNT

p SUNCHK
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SIMBLD . SIMZN . ECTS

OCT 76

ECTS

a. GENERAL DESCRIPTION

ECTS performs actions necessary at the end of a time step. It records

the calculated loads in the loads file. At the end of each day, it writes

a load file daily block. It also checks for reaching the end of the

zone simulation .

b. DATA DESCRIPTION

See listing of routine for common blocks and variabl e names and

descriptions.

c. TRACE BACK

Subroutine ECTS is called by: SIMZN

and calls: DIJMPHL

RECKPG

WRLFZB
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SIMBID . SIMZN . . ESFSTR

OCT 76

ESFSTR (EFSTMP )

a. GENERAL DESCRIPTION

ESFSTR determines what portion of the heating/cool ing control

schedule is in effect according to the zone air temperature.

b. DATA DESCRIPTION

See lis ting of routine for common blocks and variabl e names and

descriptions.

c. TRACE BACK

Subrout4ne ESFSTR is called by: CALUTH

and calls : No subroutines
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SIMBID . . . GAUSSW

OCT 76

GAUSSW

a. GENERAL DESCRIPTION

GAUSSW is a routine for solv ing simul taneous l inear al gebraic

equations where most of the terms in the coefficient matri x are

constant. It uses a lower—upper (L-U) decomposition based on a stan-

dard Gaussian elimination. All nonconstant terms are grouped in the

lower right corner of the coefficient matrix.

GAUSSW can be used to create the L-U decomposition by performing a

Gaussian elimination down to the variable elements. It can also finish

the elimination of the variabl e elements and perform the back substitu-

tion which solves the equations.

b. DATA DESCRIPTION

See listing of routi ne for common blocks and variable names and

descriptions .

c. TRACE BACK

Subroutine GAUSSW i s called by: CALUTH

ISULHS

and calls: DUMPBQ V

DUMPRS
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SIMBLD . . . SHADOW . GENRS

OCT 76

GENRS

a. GENERAL DESCRIPTION

GENRS computes the shadowing on a general receiving surface, i.e.,

on a base surface which may have subsurfaces. It uses the ISHD array

to tel l which surfaces to check as possible shadowers of the general

receiving surface.

GENRS first checks the angle of incidence of the sun ’s ray to see

whether the surface can be in the sun . It then checks whether there are

any possible shadowing surfaces. If the surface cannot be in the sun or

there are no possibl e shadowing surfaces, a simple default for sunl it

area occurs. Otherwise, GENRS computes the shadows cast by all possi ble

shadowing surfaces and determines how they overlap the base surface. The

sunlit area computed includes the sunlit area of any subsurfaces.

b. DATA DESCRIPTION

See listing of routine for variable names and descriptions .

c. TRACE BACK

Subroutine GENRS is called by: SHADOW

and calls : CTRANS

SHDEXT

OVRLAP

128



--V —V--V --V--V-V - --V ---V -
~ - ---V~~--V 

—- V .  - - - - - - -V - 

I

SIMBLD . . . GTWTHR

OCT 76

GTWTHR

a. GENERAL DESCRIPTION

GTWTHR reads V i e day ’s weather information from the weather file ,

which is a buffered file having checks for pari ty and end-of-file

— errors.

b. DATA DESCRIPTION

See l i s t i n g  of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Subroutine GTWTHR is calle d by: DNTS

SUWTEN

and calls: No subroutines
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SIMBLD . INZEDP . GTZNDE
OCT 76

GTZNDE (ZNDE)

a. GENERAL DESCRIPTION

GTZNDE calls the mass store routine which will read the correct

zone from the zone description file.

b. DATA DESCRIPTION

See listing of routine for common blocks and variable names and
-V

descriptions.

c. TRACE BACK

Subroutine GTZNDE is called by: INZEDP

and calls : GTMSFR

— t
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SIMBLD . . . SHADOW . . . HTRANS

OCT 76

HTRANS

a. GENERAL DESCRIPTION

HTRANS can be used to convert the cartesian coordinates of the

vertices of a figure to homogeneous coordinates and to compute the

homogeneous coordinates which describe the sides of the figure. It

can also be used to compute the sides, given the vertices .

Homogeneous coordinates are useful for certain geometric

calculations. A brief description is given i n the li sting of HTRANS.

Newma n and Sproull’5 al so discuss the topic.

b. DATA DESCRIPTION

See listing of routine for variable names and descriptions .

c. TRACE BACK

Subroutine HTRVANS is called by: CTRANS

ORDER

REVEAL

SHDADJ

SHDEXT

SUBRS

and calls : No subroutines

‘SW. M. Newman and R. F. Sproull , The Principles of Interactive Grap hics
(McGraw-Hill , 1973), Appendix II.
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SIMBID . INZEOP . ILAF

OCT 76

I LAF

a. GENERAL DESCRIPTION

ILAF computes the fraction of the l ighting radiant output which is

absorbed by each surface in the zone. The fraction absorbed is propor-

tional to the area of the surface and to its absorptance for radiation

from l ights.

b. DATA DESCRIPTION

See lis ting of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Subroutine ILAF is cal led by: INZEDP

and calls: No subroutines
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SIMBLD . . GTLFZB . ILFBWH

OCT 76

ILFBWH

a. GENERAL DESCRIPTION

ILFBWH records weather data in the load file daily header.

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Subroutine ILFBWH is called by: GTLFZB

and calls. PSYWTP

p
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SIMBLD . ILFENV

- OCT 76

ILFENV

a. GENERAL DESCRIPTION

ILFENV records header~~ formatiOn for the load file.

b. DATA DESCRIPTION

See l isting of routine for common blocks and variabl e names and

descriptions.

c. TRACE BACK

Subroutine ILFENV is call ed by: SIMBLD

and cal l s: ENIRNO

MOYFIN

WRMSFR
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SIMBLD . - GTLFZB . ILFZBL

OCT 76

ILFZBL

a. GENERAL DESCRIPTION

ILFZBL sets all data in the zone block on the load file to zero.

b. DATA DESCRIPTION

See l isti ng of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Subroutine ILFZBL is called by: GTLFZB

and calls: No subroutines
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SIMBLD . . . SHADOW. . . INCLOS

OCT 76

INCLOS

a. GENERAL DESCRIPTION

INCLOS determines which vertices of one figure are enclosed by

another figure. The algorithm requi res that the figures be convex and

the vertices ordered clockwise. The test for enclosure is that the

point lie to the right of all sides of the enclosing ftgure. Homo-

geneous coordinate techniques are used . A check is also made to prevent

duplicat ion of previously computed enclosed points.

b. DATA DESCRIPTION

See listi ng of routine for variabl e names and descriptions .

c. TRACE BACK

Subroutine INCLOS i s call ed by: OVRLAP

SHDADJ

SHD EXT

and calls: No subroutines

- 

~~ V

V
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SIMBLD . INZEDP . INFDAY

OCT 76

INF DAY (WTEN V )

a. GENERAL DESCRIPTION

INFDAY initializes the temperature and flux histories of the zone

surfaces by performi ng the zone load calculations several times for the

first day of the simulation. Fl ags are set which prevent writing of output

or advancing to the next day.

b. DATA DESCRIPTION

See l isting of routine for common blocks and var iable names and

descrip tions.

c. TRACE BACK

Subroutine INFDA Y is called by : INZEDP

and calls: SIMZN
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SIMBLD . SIMZN - . . INFILT

OCT 76

INFILT

-~ a. GENERAL DESCRIPTION

INFILT computes the infiltration mass flow by multipl ying the

V scheduled infi ltration by the Achenback and Cobl enz factor.

b. DATA DESCRIPTION

See listing of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Subroutine INFILT i s called by: SURHS

and calls: No subroutines
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SIM BLD . . . SHADOW . . . INTCPT

OCT 76

INTCPT

a. GENERAL DESCRIPTION

INTCPT computes all intercepts between the sides of two figures

using homogeneous coordinate techniques. The procedure first eliminates

cases where two sides (line segments) do not intersect and then computes

the points of intersection . The points of intersection are stored with

the enclosed points. Together they describe the vertices of the overlap

between two convex polygons.

b. DATA DESCRIPTION

See l isting of routine for variable names and descriptions.

c. TRACE BACK

Subroutine INTCPT is called by: OVRLAP

SHDADJ

SHD EXT

and calls: No subroutines
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SIMBLD . INZEDP

OCT 76

INZEDP

a. GENERAL DESCRIPTION

INZEDP performs initialization cal culations which are needed before the

hourly zone l oad calculations are made. The purpose of this routine is to

remove al l one—time calculations from the hourly loop. These one—time

cal cula tions are described by the subrouti nes called .

- b. DATA DESCRIPTION

V See l isting of routine for comon blocks and variabl e names and

descriptions.

c. TRACE BACK

Subrouti ne INZEDP is called by: SIMBLD

and calls: CKPCZN

GT ZNDE

- 
ILAF

INFDAY

I SAF

ISULHS

I TAF

JDAYF

LPYRF

SSDIFF

SSOOCF

SUDDEN

SUEFND

SUNCHK

SUWTEN

- - 
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SIMBLD . INZEDP . ISAF

OCT 76

I SAF

a. GENERAL DESCRIPTION

ISAF computes the fraction of the solar radiation transmitted into

the zone which is absorbed by each surface. The fraction absorbed is

assumed to be proportional to the area of the surface and to its

absorptance for solar radiation . This is a good approximation for

diffuse radiation , but not for beam radiation.

b. DATA DESCRIPTION

See lis ting of routine for common blocks and variable names and

descriptions .

c. TRACE BACK

Subroutine ISAF is called by: INZEDP

and calls: No subroutines
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SIMBLD . INZEDP . ISULHS

OCT 76

ISIJLHS

a. GENERAL DESCRIPTION

ISULHS sets up the constant portion of the left-hand side of the

heat balance matrix. The form of the matrix is described in the

Procedure for Determining Heating and Cooling Loads for Computeri zed

Energy Calculations. An L-U decompositi on is then performed (GAUSSW)

on the matrix and the results are saved for the hourly load calcula-

tions.

b. DATA DESCRIPTION

See listing of routi ne for common blocks and variable names and

descriptions .

c. TRACE BACK

Subroutine ISULHS is called by: JNZEDP

and cal l s: DIJMPQB

GAUSSW

VARICC
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SIMBLD . INZEDP . . ITAF

OCT 76

I TAF

a. GENERAL DESCRIPTION

ITAF computes the fract ion of therma l ra di ation from occu pants and

equi pment which is absorbed by each surface in the zone. The fraction

absorbed is proportional to the area of the surface and to its absorp-

tance for thermal radiation .

b. DATA DESCRIPTION

See lis ting of routine for common blocks and variabl e names and

descriptions. 
V

c. TRACE BACK

Subroutine ITAF is called by: INZEDP

and calls: ~No su brou ti nes

143
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SIMBLD . INZEDP . JDAYF

OCT 76

JDAV F (MO, IDAY , LPYR )

a. GENERAL DESCRIPTION

This function calculates the day of the year from the month, day of

the month , and the leap year indicator.

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Function JDAYF is called by: INZEDP
SUDDEN

and ca l ls :  No subr outines
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SIMBLD . INZEDP . LPYRF

OCT 76

LPYRF (YEAR)

a. GENERAL DESCRIPTION
I

LPYRF calculates the lea p year indi cator , which Is 1 if the year

is a leap year and 0 if it is not. 
V

b. DATA DESCRIPTION

See listing of routine for common bl ocks and variable names and

descriptions.

c. TRACE BACK

Function LPYRF is called by: INZEDP

and calls: No subrou tines

1~

145

-— ~~~~~~~~~~~~~~~~~~~~~~~ 
S 

-
~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- V - V  -- V-V~ - V-V~~~~~ ~~~~~~~~~~~ ~ •-V -
~~~~~ 

-: - - V- V-V V-V-V - - V- V- V-V-V~~~ -VV- -~~~~~~~ -V-V V~ -V-V -V-V - -,

V SIMBLD . SIMZN . . . OCONVC

— OCT 76

OCONVC (HTS )

a. GENERAL DESCRIPTION

OCONVC computes the outside convection coefficient of a surface

based on the wind speed, wind and wall directi ons , and wall rou ghness .

It uses the method presented in the Procedure for Determining Heating

and Cooling Loads for Computerized Energy Calculations.

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and

descriptions .

c. TRAC E BACK

- Subroutine OCONVC is cal led by: COTMP

and calls : No subrou tines
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SIMBLD . . . SHADOW . . . ORDER

OCT 76

ORDER 
V

a. GENERAL DESCRIPTION

ORDER sorts the vertices defining an overlap (vertices computed by

INCLOS and INTCPT) into clockwise sequence . The overlap is a convex

polygon. Its left-most vertex is found first , and then the slo pes from

that vertex to all others are computed . The slopes are sorted into

decreas ing or der; the accom panyi ng po ints are t hen in clockw i se sequence.
b . DATA DESCRIPTION

- 

See listing of routine for variable names and descriptions.

c. TRACE BACK

Subrou tine ORDER i s calle d by : OVRLAP

SHDADJ

SHDEXT

and calls: HIRANS
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- SIMBIF . . . SHADOW . . OVRLAP

OCT 76

OVRLAP

a. GENERAL DESCRIPTION -

OVRLAP determines the overlaps between the current figure and a

sequence of previous figures. The vertices which define an overlap

consist of all vertices of figure 1 enclosed by figure 2 plus all

vertices of figure 2 enclosed by figure 1 pl us all interce pts of

fi gure 1 and figure 2. These are then sorted into clockwise sequence.

The area of the overlap is computed using the following sign convention:

base surface - pos iti ve

shadow - negative

overlap of two shadows - positive

etc.

such that the sum of the areas equal s the sunlit area of the base surface.

b . DATA DESCRIPTION

See l i sting of rou tine for var iable names and descr ipti ons.

c. TRACE BACK

Subroutine OVRLAP is called from: GENRS
V REVEAL

SHDADJ

SUBRS

and calls : AREAF

INCLOS

INTCPT

ORDER
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- 
SIMBL O . SIMZN . . . PEOPLS

OCT 76

PEOPLS (T, Q)

a. GENERAL DESCRIPTION

PEOPLS computes the sensible heat gain from one person given his/her

activity level (Q) and the air temperature (T). The equation was de-

rived from a curve fit at 75°F and 80°F of data on total heat transfer

obtained from Table 29 of the ASHRP~E Handbook of Fundamentals.
16

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Function PEOPIS is called by: QOCCUP

and calls : No subroutines

T~J4sHRAE Handbook of Fundamentals (AS HRAE , 1972) Chapter 22, Table 29
See the “Total Heat Adjusted ” column .
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SIMBL O . SIMZN . QINSRC

OCT 76

QINSRC

a. GENERAL DESCRIPTION

QINSRC determines heat gains from lighting and equipment according

to their schedules and the type of day (weekday , weekend , or holiday).

The number of occupants is also computed .

b. DATA DESCRIPTION

See listing of routi ne for common bloc ks and variable names and

descriptions .

c. TRACE BACK

Subrou tine QINSRC is called by: SUCRHS

and ca l ls : No subrou ti nes
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SIMBLD . SIMZN . QOCCUP

OCT 76

QOCCUP (ZNTMP )

a. GENERAL DESCRIPTION

QOCCUP computes the sensible and latent heat gains from occupants

as functions of zone air temperature.

b. DATA DESCRIPTION

See l i st in g of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Subroutine QOCCUP is called by: SURHS

and calls: PEOPLS
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SIMBLD . SIMZN . .IQSUN

OCT 76

QSUN

a. GENERAL DESCRIPTION

QSUN computes solar heat gains and all heat transfer surfaces.

S 
It evaluates solar intensities and multiplies these by coefficients

computed in SSBEAM to compute the solar heat gain on each surface, and

the sunlight transmi tted and convected into the zone.

b . DATA DESCRIPTION

See l isting Of routine for common bl ocks and variabl e names and

descriptions.

c. TRACE BACK

Subro utine QSUN is cal led by: SUCRHS

and calls: SUN5
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fr
SIMBLD . SI MZN .. REC KPG

OCT 76

RECKPG

a. GENERAL DESCRIPTION

RECKPG is called every hour to record zone loads information . It

records certain weather information , sums the zone loads into the building

loads , and records the zone loads.

b. DATA DESCRIPTION

See l i sting of rou tine for common bloc ks and var i ab le name s and

descriptions.

c. TRACE BACK

Subroutine RECKPG is cal led by:ECTS

and calls: No subroutines
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SIMBLD . REP TZL . REPT HL

OCT 76

REPTHL (ZNR , OUTPUT , ENGLSH , HOURLY )
7 a. GENERAL DESCRIPTION

— REPTHL computes data for the zone load report (REPTZL ) and prints

data i-f hourly loads are requested. Positive and negative loads are

divided into heating and cool ing loads . Certain maximum and minimum

loads and temperatures are also computed.

b. DATA DESCRIPTION
See listing of routine for common blocks and variable names and

descriptions.

F c. TRACE BACK

Subroutine REPTHL is called by: REPTZL

and calls : -No subroutines
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SIMBLO - REPTZL

OCT 76

- 
REPTZL (NE , NZ)

a. GENERAL DESCRIPTION

REPTZL reports the loafs calculated by SIMZN for environment number

NE and zone number NZ. Hourly, daily, arid monthly reports are possible ,

but ~ourly reports are l imi ted to 10 days to prevent excessive output.

V 
b. DATA DESCRIPTION

See l isti ng of routine for common blocks and variable names and

descr ip t ions.

c. TRACE BACK

Subroutine REPTZL is called by: SIMBLD

and calls: REPTHL

GIL FZB
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SIMBLD - . . SHAMW . . . REVEAL

OCT 76

REVEAL

a. (iENERAL DESCRIPTION

This subroutine computes the shadowi ng effects of a reveal on

a subsurface (window or door). It projects the window up to the plane of

the wall and determines the overlap of the projected window surfaces

with all previously computed shadows on the window.

b. DATA DESCRIPTION

See listing of routine for variabl e names and descriptions .

c. TRACE BACK

Subroutine REVEAL is cal l ed by : SHDADJ

and c a l l s :  HTRANS

UVRLAP
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SIMBLD . . . SHADOW

OCT 76

SHADOW

a. GENERAL DESCRIPTION

SHADOW steps through two previously created arrays to determine which
V 

surfaces will be checked for shadowing . It also determines the cosine

of the ang le of incidence of the si ll ’s rays on all surfaces. It determines

the shadows on the base surface (GENRS) and then checks each subsurface

of the base surface (SUBRS) .

b. DATA DESCRIPTION
V See listing of routine for variabl e names and descriptions.

c. TRAC E BACK

Subroutine SHADOW is called by: SSBEAM

and calls: GENRS

SUB RS

I
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SIMBLD . . . SHADOW . . SHDADJ

OCT 76

SHDADJ

a. GENERAL DESCRIPTION

SHDAOJ computes the shadows from five types of shadowing surface-s

whicn can onl y shade su bsu~faces. Only one type (reveals) has been

implemented in the user language . It uses the same overlap techn ique as

SHDEXT and OVRLAP.

b. DATA DESCRIPTION

See listing of rout ine for variabl e names and descriptions.

c. TRACE BACK

Subroutine SHDADJ is cal led by: SUBRS

and calls: AREAF

HTRANS

INCLOS

INTCPT

ORDER 
V

OVRLAP

REVEAL

158 

--V- - -~~~~~
--—~~~~~~~~~~~~~~~~~~~~

_ V



— -- -,--V—.-- --——— ------V-V , 
~~~~~~~~~~~~~~~~~~~ -~~ ----.- _ - - -._ --~-~~~~~~~~~ 

— V  -fl--- -

SIMBLD. . . SHADOW . . SHDEXT

OCT 76 
-

S HO EXT

a. GENERAL DESCRIPTION

SHDEXT reduces the sha dow cas t into the plane of a general receiv ing

surface to only that portion which overlaps the surface. First the co-

ordinates of the shadowing surface are transformed (CTRANS ) to a sys-

tern relative to the receiving surface. The shadowing surface is then

cl ipped (CLIP) and projected onto the receiving plane . The cartesian

coordinates are transformed (HTRANS) to homogeneous coordinates . The

vertices of the overlap are computed (INCLOS and INTCPT) and put in

clockwise sequence (ORDER). Finally, the shaded area is computed (AREAF).

b. DATA DESCRIPTION

See lis ting of routine for variable names and descriptions .

V 
c. TRACE BACK

Subroutine SHDEXT is called by: GENRS

and calls: AREAF

CLIP

CTRANS

HTRANS

INCLOS V

INTCPT

ORDER
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SIMBLD . SIMZN

OCT 76

SIMLN

a. GENERAL DESCRIPTION

SIMZN is a simple driver program for the hourly calcul ation of zone

loads. It calls subroutines which advance the time counters and perform

appropriate be9inning-of-hour operations (DNTS), calculate the loads

for the hour (CALUTH), and perrornioperations and checks at the end

of the hour (ECTS). An end-of-simulation parameter is checked .

SIMZN is called to initialize the thermal histories and for the

actual load calcula tions.

b . DATA DESCRIPTION

See l isting of routine for common blocks and variabl e names and

descriptions .

c. TRACE BACK

Subroutine SIMZN i s cal led by : INFDAY

SIMBLD

and calls : CALUTH

ONT S

ECTS
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SIMBLD . . SSOOCF . SONOFF

OCT 76

SONOFF (DAYOFY , ONDAY , OFFDAY , ONOROF)

a. GENERAL DESCRIPTION

SONOFF determines whether the current day of the year is between

the day a system is turned on and the day it is turned off.

b. DATA DESCRIPTION

See l isting of routine for common blocks and variabl e names and

descriptions. -

c. TRACE BACK

Subroutine SONOFF is called by: SSOOCF

and calls: No subroutines
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SIMBLD . SIMZN . . . SRDVO P

OCT 76

SRDVDP (A , B, C, D, N)

a. GENERAL DESCRIPTION

SRDVDP evaluates the portion of a conductive heat -flux which is

due to the temperature history and the conduction transfer functions .

The Procedure for Determining Heating and Cooling Loads for  Computerized

Energy Calculations provides details. SRDVDP can be expressed mathe-

V matically as:
N N-i

SRDVDP = E A. • B. - Z C~ •
1=1 1 1 1=1

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Subrou tine SRDVDP i s ca ll ed by: COTMP

SUCRHS

and calls: No subrou tines
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SIMBLD . . SUNCHK - SSBEAM

OCT 76

SSBEAM

a. GENERAL DESCRIPTION

SSBEAM ca lculates the elements of COMMON /SHDSRF/ which apply to
V 

beam radiation for the given solar declination . These elements contain

enough information so that only the hourly beam and diffuse intensiti es

of solar radiati on are needed to compute solar radiation absorbed on

each surface.

b. DATA DESCRIPTION

See lis ting of rou tine for common b locks and var iabl e names and

descriptions.

c. TRACE BACK

Subrou tine SSBEAM i s called by: SUNCHK

and cal ls:  SHADOW

SUM

TAG
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SIMBLD - INZEDP . SSD I FF

OCT 76

SSD 1FF

a. GENERAL DESCRIPTION

SSDIFF computes factors for the inside and oUtside of

each heat transfer surface which , when mul tipl ied by the intensity of

dif fuse solar rad iation , give the amount of diffuse radiation on each

surface .

b. DATA DESCRIPTION

See l i stin g of rou ting for common blocks and var iabl e names and

descriptions.

c. TRACE BACK

Subroutine SSDIFF is called by: INZEDP 
V

and calls: TAG
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SIMBLD - - SSOOCF

OCT 76

SSOOCF

a. GENERAL DESCRIPTION

SSOOCF sets the flags indicating heating and cooling system status.

Status is based on the day of the year on which each system is turned on

or turned off.

b. DATA DESCRIPTION

See listing of routine for common blocks and variabl e names and

descriptions.

c. TRACE BACK

Subroutine SSOOCF is cal led by: DNTS

INZEDP

and calls: SONOFF
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SlMBLD . . - SHADOW . SVBRS

OCT 76

SUBRS

a. GENERAL DESCRIPTION

SUBRS determines the sunlit areas of all subsurfaces of a given

base surface. It also revises the sunlit area of the base surface by

subtracting the sunlit area of the subsurfaces. The routine first checks

the subsurface with all previously computed shadows (OVRLAP) and revises

the sunlit area of the base surface. It then checks shadowing from surfaces

designated as only subsurface shadowers (SHDADJ).

b. DATA DESCRIPTION

See l i s t ing  of routine for variable names and descriptions.

c. TRACE BACK

Subroutine SUBRS is called by: SHADOW

and ca l l s :  HTRANS

OVRLAP

SHDADJ
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SIMBLD - SIMZN . - SUCRHS

OCT 76

SUCRHS

a. GENERAL DESCRIPTION

V SUCRHS sets up the constant portion of the right-hand side of the

zone heat balance equa ti ons , which are described in the Procedure for

Determining Heating and Cooling Loads for Comp uterized Energy Calcula-

tions . Heat gains which are independent , or nearly i ndependent , of

the zone inside temperatures are computed . This includes solar gains

(QSUN), equipment and lighting (QINSRC), baseboard heat (BSBDLD), and

F con duc tion from the ou ts ide of surfaces (COTMP). Conduct ion i s handl ed

by means of conduction transfer functions which are also described in

Procedure for  Determining Heating and Cooling Loads for Computerized

Energy Calculations .

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Subrou tine SUCRHS Is ca l led by : CALUTH

and calls: BSBDLD

COTMP

QINSRC

QSUN

SRDVDP
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SIMBLD . INZEDP . SUDDEN

V OCT 76

SUDDEN (DDENV)

a. GENERAL DESCRIPTION
V 

SUDDEN converts user input describing a design day to a full set

of weather information for the day . The weather information is in the

same common block that is used for the weather file. SUDDEN and the

program for generating weather fi les use the same al gor ithms .

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and

descriptions .

c. TRACE BACK

Subrou tine SUDDEN i s cal led by: INZEDP

and ca l ls : IDSTF

JDAY F

PSYTWD

PSYWTP

SUNI

SUN5

THOR
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SIMBL O . - SUEFND

OCT 76

SUE FND

a. GENERAL DESCRIPTION

SUEFND Is called once per day to transfer daily data from COI’4r1ON

/WTHRFL / to other comon bloc ks. The day type for index ing sche dules

is computed .

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and

descr i ptions.

c. TRACE BACK

Subroutine SUEFND is called by: DNTS

INZE DP

and calls : No subroutines
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SIMBLD . SIMZN - . SUEFNT

OCT 76

SUEFNT

a. GENERAL DESCRIPTION

SUEFNT adjusts the temperature and flux history arrays by moving

each value for hour H to hour H + 1. It also transfers several elements

of weather information from 24-hour arrays to single-el ement variables.

b. DATA DESCRIPTION

See l isting of routine for common blocks and variabl e names and

descriptions.

c. TRACE BACK

Subroutine SUEFNT is calle d by: DNTS

and calls: No subroutfñes
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S IMBLD - SIMZN . - SULHS

OCT 76

SULHS

a. GENERAL DESCRIPTION

StJLHS sets up the variabl e portion of the left--hand side of

the heat balance equations. The variabl e elements are those with

variabl e internal convection coefficients and the equation for the air

heat balance . These elements have been moved to the bottom portion of the

heat balance matrix to effectively use the 1-U decomposition solution

technique.

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and

descriptions.

c. TRACE BACK 
-

Subroutine SULHS is cal l ed by: CALUTH

and calls: VARICC -
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SIMBLD . . SUDDEN . SUNI

OCT 76

SUN1 (DAVYR , AA, BB , CC, AVSC)

a. GENERA L DESCRIPTION

Subroutine SUN1 computer coefficients for determining solar posi-

tion and intensity for design day environments . This routine is

V almost identical to subroutine SUN in the WIFE program.

b. DATA DESCRIPTION

See l is t ing of routine for commo n blocks and variabl e names and

descriptions.

c. TRACE BACK

Subroutine SUN is called by: SUDDEN

and calls: No subroutines
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SIMBLD . - SSBEAM - SUN4

V 
OCT 76

SUN4 (HOUR) -

a. GENERAL DESCRIPTION 
-

SUN4 computes the direction cosines of the sun for the declination

and equation of time which are set in subroutine SUNCHK. The direc-

tion cosines are used to evaluate shadowing . The algorithm is the

same as that used in SUL.

b. DATA DESCRIPTION

See listing of routine for common blocks and vari able names and des-

criptions .

c. TRACE BACK -

Subrou t ine SUN4 is called by : SSBEAM

and ca l l s : No subroutine
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SIMBLD . SIMZN. - - SUN5

V 
OCT 76

SUN5(HOUR)

a. GENERAL DESCRIPTION

SUN5 evaluates the direction cosines of the sun for the declination

and equation of time of that day and the solar time (HOUR). For details ,

see Thermal Environmental Engineering by Thre lkheld’7 and the NECAP

Engineering Manual.

b. DATA DESCRIPTION

See listin g of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Subroutine SUN5 is -‘alled by: QSUN

SUDDEN

and ca l ls : No subrou tines V

~‘J. 1. Thre 1khe 1d~~~herma l Environmenta l Engineering (Prentice-Hall,
1970).
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SIMBLD . - SUNCHK

OCT 76

SUNCHK

a. GENERAL DESCRIPTION

SUNCHK determines if a new set of sunlit surface areas must be

calcula ted because of a change in solar declination . Fourteen time-

spans have been selected to minimize the maximum error in declination

= angle for shadowing calculations. The timespans center on the

declinations in the DEC array . The equation of time value is the mean

value for the timespan. J and JOLD determine when a new timespan has

been entered and another shadowing calculation must be made.

b. DATA DESCRIPTION

See l isting of routine for common ~1ocks and var iab l e names and

descr iptions.

c. TRACE BACK

V Subroutine SUNCHK is calle d by: DNTS

INZEDP

and cal l s: SSBEAM
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SIMBLD . SIMZN . . SURHS

OCT 76

SURI-IS

a. GENERAL DESCRIPTION

SURHS sets up portions of the right-hand side of the heat balance

equations which depend on the zone temperature. These include

heat gains from occupants, Infiltration , and the heating/cooling

system.

b. DATA DESCRIPTION

See listing of routine for common blocks and variable names and

descr iptions.

c. TRACE BACK

Subroutine SURHS is called by: CALUTH

and calls: INFILT

QOCCUP
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SIMBLD - INZEDP . SUWTEN

OCT 76

SUWTEN(WTENV)

a. GENERAL DESCRIPTION
I SUWTEN reads the weather file and posi tions the file at the

I record desired by the user. Error checks are included for no weather file

= or reading past the end of the file.

b . DATA DESCRIPTION

See l i sti ng of rou tine for commo n blocks and var iabl e names and
V 

descriptions.

c. TRACE BACK

V Subro utine SUWIEN i s calle d by: INZEDP

and calls: GTWTHR
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SIMBLD - . - TAG
= OCT 76

TAG

a. GENERAL DESCRIPTION

This subroutine computes the approximate transmittance and

absorptances of a particular window type as a function of the

cos ine of the ang le of inc idence. It uses the coeffic ient recor ded

by subroutine WINDOW. The polynomial expressions are evaluated by

Hom er ’s ru le.

-

- 

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and

descr i pti ons.

c. TRACE BACK

Subrou tine TAG is called by: REPTGL

SSBEAM

SSDIFF

and calls: No subroutines
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SIMBLD . SIMZN . - UTHRMH

OCT 76

liT HRMH

a. GENERAL DESCRIPTION

UTHRMH records the cu rrent hour ’s temperatures and conductive

fluxes for the surfaces of the zone.

b. DATA DESCRIPTION

See listing of routine for common blocks and variable names and

descriptions.

c. TRAC E BAC K

Subroutine UTHRMH is cal led by: CALUTH

and calls: EflJMPITH

DUMPOTH

- - 
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SIMBLD . - - VARICC

OCT 76

VARICC (HTS )

a . GENERAL DESCRIPTION

VAR I CC computes the inside surface convection coefficient as a function

of surface tilt and temperature relative to zone a i r. Vert ical sur faces

have a constant coefficient. Upward- or downward-facing surfaces have

variabl e coefficients depending on relative temperature. The coefficients

are taken from the NBSLD program.

b . DATA DESCRIPTION

See listing of rou tine for common b locks and var iable names and

descriptions.

c. TRACE BAC K 
V

Subroutine VAR ICC is called by: ISULHS

SULHS

abd calls: No subrou tines
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9 BLAST BUILDING LOADS FILE

Use

The building loads file (BLDLF) is used to pass zone heating!

cool ing load information between SIMBLD and SIMSYS. It also passes

weather i nforma ti on that i s use d by SIMSYS and SIMTEP . It a l lows up to

five environments (i.e., design days and weather data runs), which

cannot be changed after initial setup, and up to 100 zones , wh i ch can be

added or replaced from run to run.

Type and Structure

The building loads file is a mass store file--a special type of

file under the CDC SCOPE operating system.

The first record of the file is a header record containing a table
I

of zones and a table of the environments present in the file. The zone

table contains user-supplied logica l zone numbers and titl es. The

environment table contains the record number of the environment header

record which is read in before accessing (or created before generating )

daily load information.

The environment header record contains a description of the environ-

ment time period : starting date and number of days. After each environment

181
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-V header are N records(where N is the number of days). Each of these

records contains building summary and weather information and the sub—

index array wh ic h allows access to b loc ks of da i ly zone loa d da ta. Each

block of zone data contains 24 hours of 7 load data/hour/zone , and (cur-

rently) 10 zones; there is also a safety indicator to verify that informa-

tion for any zone in that block was output for that day.

V Common Blocks

The common blocks assoc i ated w i th the bu ildi ng loads fi le are :

/LFHEDR/ - the comon block buffer that holds the load file header

= /LFEHDR! - the common block buffer that holds the current environment

header

/LFBDWB/ - the common block buffer that holds the building daily

wea ther bl ock

/LFZDLB/ - the common block buffer that holds the zone daily load block

/LFSMDS/ - the common block that contains the current access state

of the l oads file (current environment , curren t zone

position , etc.)

/SIMBLF/ — the common block that contains file information such as the

master index array (LFMIA) recor ds len gt h , etc.

/MSFIOP/ - the common block that con ta ins genera l mass store f i le

parameters.

V Access

Accessing of the building loads file Is embedded in two layers of

subroutines with carefully designed calling sequences. The outermost

subro ut ines are :
182
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a. OPBLDF , which opens the load file and gets the header

record

b. CLBLDF , which writes the (potentially modified) header record

and closes the file

c. GTLFZB (env, lsp, dos), w hi ch gets the load f i le zone b loc k

for environment (env), load file zone position (lzp), and day of simu-

lation (dos )

d. WRLFZB (env, lzp, dos), which writes the load file zone block

for env , lzp , and dos. -V

The call ing sequences here are designed to be as simple as possi-

ble to minimize error in usage.

The innermost layer of subroutines consists of:

a. OPMSF (msfl, msfm ia, lmsfm , cmsfia), which opens the mass

store file, msfl (BLDFL), using msfmia (LFMIA) as its master index ar-

ray of l ength lmsfm (LLFMIA) and the current mass store file index

array indicator cmsfia (CBLFIA), wh ich it checks to see i f it i s null

(file closed) and sets to indicate the master index array.

b. CLMSF (msfl , msfm ia, lmsfm , cmsf ia) , wh ich closes the mass

store f ile, msfl (BLDFL) , switching to msfmia (LFMIA) which is the

master index array of length lmsfm ; if the current index array indica-

tor cmsfla Indicates that the file is currently on a subindex array ,

cmsfla Is set to null.

~~
— 
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c. GTMSFR (msf 1 , msfia , lmsfia , cms f Ia , inxtyp , bufwa , bufi n , recloc) ,

which gets record number recloc from the mass store file msfl using the

index array msfia of length lmsf Ia designated by inxtyp which is com-

pared to the current index array indicator cmsfia (and switched to, i-f

necessary); the record is read into a buffer of length bufln starting at

first word address bufwa ; if the actua l record length read in differs

V from bufl n, it flags an error.

d. WRMSFR (msfl , msfia , lmsf Ia , cmsf Ia , inxtyp, bufwa, bufln , rec loc ,

imf), which writes record number reeloc from the mass store file msf 1

using the index array msfia of length lmsfia designated by inxtyp which

is compared to the current index array indicator cms-fia (and switched

to, if necessary); the record is read from a buffer of length bufln

starting at first word address bufwa ; the index marker flag imf serves

no function except to allow for compatibility with planned extensions of

CDC SCOPE file editing routines.

Usa ge Scenar io

Before input processin g begins , the building load mass store file V .

is opened; if it was attached by the user, the header record describing

environments and already existing zones is read in. Otherwise, it

remains at the default values showing an empty file. During input V

processing of building descriptions , this table is checked/modified for

replacin g/adding zones. Before the file Is closed , this header record

Is wri tten back to it.
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Dur ing bui ld ing load calcula tions , the building load file is updated .

This means that at the beginning of the simulated day , the pro per zone

block must be read in (by GTLFZB) and at the end of the day the modified

block must be written out (by WRLFZB). The data for a single zone are

modified for each day of the current environment and the process re-

peated for each zone simulated . To read in a zone block , GTLFZB reads

in the building/weather block for that day (initializes if no record

currently exists), sw itches to the zone su bi ndex array con ta ined i n that

block , and uses that to read in the proper zone bl ock. To write out the

zone block , the block is written and then the building/weather block

with the updated subindex array is written out.

During a ir hand ler loa d calcula tions , the building load file is not

updated . However , for each s imula ti on day any num ber of zones are

accessed simultaneously. In this case, GTLFZB reads the bu il d i ng/wea ther

b lock for that day onl y once and reads a new zone loa d data b lock i n

only when a zone not in the resident block is requested .

Record Struc ture Descr ip t ions 
V

The bu i ldi ng load f i le header recor d - /LFHEDR/ - con ta ins :

a. Version number

b. Maximum number of zones in load file (currently 100)

c. Number of zones currently in load file

d. Maximum number of environments (currently five)

185

- V- V—- V -V-V-V~~~~- V - V - V -V . -V
~~~~~~~~ •V--V ~~~~~~~~ 

-V -V



-V -V -V-V-V-V-V -V P -V - v- V- V- V -V-V -V-V~- V-V- V - V - V V  -V~~~~~~ -V~~~-V-V -VV-VW-VW~ S-V-V -V V VI~W - V - V  ~~~~ 
-V-V-V - - ~~- V - V - V~-V-V-V~~~~

e. Number of environments currently in load file

f . Maximum number of records in load file (currently 376)

g. Number of records currently in load file

h. Table of environmen t base (header) record pointers

i. Table of user-supplied logical zone numbers (relating them to

position in l oad file)

j . Tabl e of zone titles

k. Number of words in zone title

1. Project title

m . Number of words in project title

The environment header - /LFEHDR/ - contains:
a. Environment number

b. Environment type

c. Number of days in environment 
V

d. Title of environment 
V

e. Number of environment title words

f. Starting year

g. Starting month

h. Starting day of month

I. Starting day of year V

The building summary/daily weather block —/LFBDWB/- contains:

a. Environment number

b. Weather station

c . Year
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d. Month

e. Day of month

f. Daylight savings time indicator

g. 24 hours of:

— 1. Outdoor dry bulb

2. Outdoor we t bulb

3. Outdoor barometric pressure

4. Outdoor hum idity rat io

5. Solar rad iati on - beam
- diffuse

- ground reflec ted

6. Solar d i rec tion cos ines - eas t

- nor th
- ver tical

7. Building loa d summa r ies (all zones)

h. Subindex , array for zone daily load blocks

I. 24 hours of:

1. Atti c sur face tempera tures

2. Crawl space surface temperatures

The zone da il y l oad block - /LFZDLB / - con ta i ns:

a. Zone ind icator (ind ica tes whi c h zones in block have been

written for that day)

b. Number of zone load data (currently s~ven)

c. 24 hours of load data for each zone in block , including :
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1. Sensible load

2. Latent load

V 3. Space air temperature

4. Return air loa d

5. Baseboard load

6. Electric load

7. Infi l tration mass flow

Figure 13 diagrams the basic structure of the building l oads

file. 
V
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]fl SIMSYS (AIR SYSTEM SIMULATION)

This charter describes the routines used In the SIMSYS program

subsystem to simulate air handling systems . SIMSYS is described

first , fol lowe d by descripti ons of its subroutines (in alphabetical

order). Figure 14 illustrates the tree structure for routines under

SIMSYS.
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SIMSYS
AHSIZE

cOi I.a UOUNO 
~~~~~ PSVDPW

P$YHTW

V 
~
_. psyw~p — SATUPT

~
_ RESIS — RESDRY

L THSZ 
PSYH TW

psvopw — SATUTP PSVWTP — SATUPT

PSYH1W SATUTH 

~~~ PSYHTW
PSYWTP — SATUPT 

- L p~y~~ -p — SATUPT
FNCLDS } PSYOPT 

PSVDPW —

ORAT L ~~~~~~~

PSYWTR — SATUPT

CLBLDF —i
j—_ CLMSF

L
GTLFVZB — GTM SFR

OPBIOc -
~~~

GTMSFR

L OPMSF

RDZLI 1.... EOPON

PI NONO

GTLFZB — GTMSFR

F— JDAYF

%.PVRF
L NYDY

RP INP1 —,
OTSYIN

L MAGIC

RPTOEN —%
RPTCLD - V - V

~~
— WRITAL

L WR ITRL
RPTEOY 

}— WRITAL

L WRITRL
RPTLNM —l

WR ITAL

L WR’TRL
RPTSYS

FIgure 14. Tree structure for SIMSYS subroutines .
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$IMAHS — - AHO~ F — ZNMRO — P$YWTR — SATUPT

—CVTRHS —

~~~~~~~~~~~~ ~~~—PSYHTW

I— psvwtu
FPSY%~

TP —SATIJPT

‘— REWRY

— CCTEMP
TDIRCL

TINVCL

— HUMID — PSYWTR — SATUPT

— IZNCAL — ZNMRO — PSYWIR — SATUPT

— MIXAIR
ETECY •

~~~~
— OMAT

~— P$YHTW
PREHT L_ TECCY2 — DMAT
TECCYI — OMAT

TE~CY2 — DMAT
— RHTCL

— SRAC

—FANCOIL — — FOURPIP — — ~CTEMP 
1.— TDIRCL

L_.. TINVCL
- — FNCI.HR 

—SATh~~

ORAl- HCTIMP -~~~

t T 0 ~ ICL

LT,I VCI.

— IZNCAL — ZNMRQ — PSYWIR SATUPT

- TWOP I PE -
~— T0IRCL
L11NVCL— PNCLHR —
~~~~~ 

—

1 P$YHTW

I~-PSYWTH
LORAT

—HCTEMP -,
~—T0IRCL

— FZNCAL Lflw,CL
ONTEPS—LPYRF

Figure 14 (cont ’d).
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— I ZNCAL ZNMRQ — PSYWTR — SATUPT

—MIXA IR —,
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L....RcOSM2

— UNVENT —
—IZNCAL — ZNMRQ P*YWT R — SA TUPT

—MIXAIR
ETECY •

~
•‘r— OMAT
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I TE~CV2 — OMAT

PREHT

TECCY1 — DMAT
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-SRAC
—VARV OL —

-C~OIL 
~~1_

PSYHTw

I-psvwm
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~
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Figure 14 (cont ’d).
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SIMSYS

FEB 77

SIMSYS

a. GENERAL DESCRIPTION

Subroutine SIMSYS is the main driving program for the air distribution

system simulation code. SIMSYS opens the building load file and the air

handler load file , executes an outer loop for the desired number of en-

vironments, and then closes the files. Within the outer loop, the user

input is obtained and processed , initial calculations are performed , an

inner loop is executed to perform the desired simula tion for the number

of days that exist for the environment on the building load file , and

reports for the simulation are generated .

b. DATA DESCRIPTION

See listing of routine for common bl ocks and variable names and

descriptions.

c. TRACE BACK

Subroutine SIMSYS is called by: PERDS

and calls: OPBLDF

RPINPT

AHSIZE

GTLFZB

RDZLI

SIMAHS

RPTGEN

CLBLDF
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SIMSYS . SIMAHS . AHOFF
FEB 77

AHOFF

a. GENERAL DESCRIPTION

AHOFF determines if the air handling system can be shut off for the

present simulation hour. If the user specifies (1) that the system must

be on , or (2) that the system may be off and there is a sensible load on

the system, the fan system will be turned on for the hour. The system will

be turned off ONLY IF the user has specified that the system may be off

and the sensible l oad for each zone on the system is zero. If the system

is determined to be off, AHOFF sets all coi l loads and all unmet loads

to zero and determines the effects of moisture add it ion for the hour on

each zone.

b. DATA DESCRIPTiON

See l isting of routine for common bl ocks and variable names and

descriptions.

— c. TRACE BACK

Subrouti ne AHOFF i s called by: SIMAHS

and calls: ZNMRQ
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SIMSYS . AHSIZE

FEB 77

AHSIZE

a. GENERAL DESCRIPTION

AHSIZE performs the initialization calculations required by the hourly

simula tion code. Based on user-suppl ied data , AHSIZE computes the supply,

return, and exhaust air mass flow for each zone and system. The system

fan power requirements and the desi gn temperature rise across each fan

are determined using procedures used in the CERL Thermal Loads Analysis

and System Simulation Program (presented in CERL Interim Report E-81).’8

Initial calcula tions are performed for the preheat, heating , and cool ing

coils if needed . The zone humidity ratios are initialized based on the

user-suppl ied humidifier information . AHSIZE also zeroes the hourly and

monthly load variables.

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Subrouti ne AHSIZE is cal led by: SIMSYS

and cal ls: COILl

FNCLDS

PSYWTR

‘SD. C. Hittle and B. Sl lwlnski , CERrI Thermal LOadB Ana1~Bie and SyBtema
Simulation Program, Volumes 1 and 2, InterIm Report E-81 (CERL, 1975).
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SIMSYS . AHSIZE . . BOUND
AUG 76

BOUND (TDBE,WE ,TDBL ,HL,TWE,TWL,VA I VW ,WFA ,QT,AOS ,ISN ,PB)

a. GENERA L DESCRIPTION

Subroutine BOUND computes the cooling coil operating conditions and

the coil heat transfer area . Variable ISN indicates under which condition

the coil is being operated : when ISN = 0, the coil is totally dry; when

ISN = 1 , the coil is partially wet and partially dry; when ISN = 2, the

coil is completely wet. BOUND also computes the air and water conditions

at this operating boundary. The equations used in this subroutine are

derived from the equations given in ASHRAE Handbook , 1975 Equipment •
19

b. DATA DESCRIPTION

See l i sting of routine for common blocks and variabl e names and

descriptions.

c. TRACE BACK

Subroutine BOUND i s calle d by: COIL1

and calls: PSYDPW

PSYHTW

PSYWT P

RESIS

THS2

~~ASHRAE Handbook, 1975 Equipment (ASHRAE, 1975).
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SIMSYS . SIMAHS . . CCOIL

AUG 76
• CCOIL

a. GENERAL DESCRIPTION

Subroutine CCOIL calculates the hourly cooling coil performance,

which includes the total heat transfer rate and leaving-air humidity ratio..

This subroutine requires the data of coil heat transfer area which was

• calculated in COIL1 and also the hourly air and water entering conditions ,

and the leaving-air dry-bulb temperature. The equations used in this

subroutine are derived from the equations given in ASHRAE Handbook, 197.5

Equipment.

b. DATA DESCRIPTION

See li sting of rout ine for comon b locks and var iable names and

descriptions.

c. TRACE BACK

Subroutine CCOIL is called by: CVTRHS

MZDDS

VAR VOL

and calls: PSYHTW

PSYWT H

PSYWTP

RESDRY
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SIMSYS . SIMAHS . . CCTEMP
FEB 77

CCTEMP

a. GENERAL DESCRIPTION

Subroutine CCTEMP determines the desi red cold deck , leaving -air dry-

bul b temperature based on the user-supplied control strategy. CCTEMP

can control the deck temperature by the following methods:

1. Fixed set point control

2. Inverse function of outside air (OA) temperature

3. Controlled by zone requiring the coldest air

4. Set to a particular zone t s supply air temperature

Regardless of the control strategy specified , the actua l deck temperature

computed by CCTEMP also includes the effect of the controller throttling

range on the final temperature. This effect is accounted for in accordance

with the procedure for throttling ranges given in the ASHRAE Pr oced~~es

for  Simulating the Performance of Component s and Systems for Energy

Ca lculations .20

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and

descriptions.

Z ‘Procedures fo r  Simulating the Perform ance of Components and Systems for
Energy Calculations (ASHRAE ,  1974).
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c. TRACE BACK

Subroutine CCTEMP is cal led by: CVTRHS

FOURPIP

MZDDS

TWOPIPE

VAR VOL

and calls : TDIRCL

TINVCL
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SIMSYS . AHSIZE . COIL1
AUG 76

COIL1

• a. GENERAL DESCRIPTION

Subroutine COIL1 calculates the equiva l ent heat transfer area of

the cool ing coi l from the set of gi ven enteri ng and leavi ng ai r and

water conditions. This coil heat transfer area needs to be calculated

only once in the annua l energy computation program . The calculated

heat transfer area is then input to CCOIL for calculating the hourly

coil performance. The equations used in this subroutine are derived

from A.SHRAE Handbook, 1975 Equipment.

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Subroutine COIL1 is called by: AHSIZE

and calls : BOUND

PSYDPW

PSYHTW

PSYWTP
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SIMSYS . SIMAHS . CVTRHS
FEB 77

CVTRHS

a. GENERAL DESCRIPTION

CVTRHS Is the driving program for the constant vol ume terminal

reheat and the subzone reheat simulation . CVTRHS consists of calls to

component and controller models in the order necessary for the simulation

of the above systems. The procedures used in the simulations are out-

l ined in the ASHRAE Procedures for Simulating the Performance of Com-

ponents and Systems for Energy Calculations.

b. DATA DESCRIPTION

See li sti ng of routi ne for common blocks and variable names and

descriptions .

c. TRACE BACK

Subroutine CVTRS i s called by: SIMAH S

and cal l s: RHTCL

HUMID

CCTEMP

CCOIL

MIXAIR

SRAC

IZNCAL

- 
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SIMSYS .S IMAHS . . . OMAT

FEB 77

DMAT

a. GENERAL DESCRIPTION

DMAT determines the desired mi xed-air temperature for the system .

The temperature can either be a fixed set point or be set to the

desired cold deck temperature .

b. DATA DESCRIPTION

See listing of routine for common bl ocks and variable names

and descriptions.

c. TRACE BACK

• Subrouti ne DMAT i s calle d by: ETECY

TECCY1

TECCY2

and cal ls : No subrouti nes
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SIMSYS. RDZLI . EQPON

FEB 77

EQPON (ONDAY, ONMON , OFFDAY , OFFMON , DAY , MONTH , FLAG)

• a. GENERAL DESCRIPTION

EQPON determlnes if a component is operating for the current month

and day based on the user-supplied schedule for that component.

b. DATA DESCRIPTIONS

See l isting of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Subrouti ne EQPON is cafled by: RDZLI

and calls : No subroutines
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SIMSYS . . . MIXAIR . ETECY
FEB 77

ETECY

a. GENERAL DESCRIPTION

Subroutine ETECY simula tes the enthal py economy cycle for outdoor

air introduction. ETECY first determi nes the desired mixed -air

ternperatw’e followed by ~he outdoor air and return air enthal pi es. If

the outdoor air enthalpy is less than the return air enthalpy , the tempera-

ture economy cycle is allowed to operate (see TECCY2). Otherwise, the

amount of outdoor air to be introduced is set to the user-specified

• minimum .

• b. DATA DESCRIPTION

See l i sti ng of routine for common blocks and vari able names and

descriptions.

c. TRACE BACK

Subroutine ETECY is called by: MIXAIR

and calls : TECCY2

~sv~rrw
DMAT
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SIMSYS . SIMAHS . FANCOIL

• FEB 77

FANCOIL

• a. GENERAL DESCRIPTION

Subroutine FANCOIL Is the driving program for the two-pipe fan coil

and four-pipe fan coil simulations . The routine calls component models

in the order necessary for the particular fan coil simulation . The basic

strategy for the fan coil simu l ation can be found in CERL Interim Report

E-81.

b. DATA DESCRIPTION

See l isting of routine for common bl ocks and variable names and descriptions .

c. TRACE BACK

Subroutine FANCOIL Is called by: SIMAHS

and calls: IZNCAL

TWOPIPE

FOURPIP
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SIMSYS . AHSIZE . FNCLDS
DEC 76

FNCLDS

a. GENERAL DESCRIPTION

Subroutine FNCLDS calculates the number of rows of fan coil. The

input data include both the entering and leaving air and water

cond itions. Based on one set of the Input data , a ratio of total to

sensibl e heat transfer rate is calcul ated and then compared to that

calcula ted by QRAT to determine the number of rows of coil. This

• subroutine needs to be calculated only once in the annual energy compu-

tation program if the fan coil system has been specified . The calculated

fan coil row number then i s passed to FNCLHR for calcula ting the hourl y

fan coil performance. The equations used In this subroutine are. based

on the energy balance on both the water and air sides.

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and descriptions .

c. TRACE BACK

Subroutine FNCLDS is called by: AHSIZE

and calls: QRAT

PSYDPT
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SIMSYS . SIMAHS . . . FNCLHR
DEC 76

FNCLHR

a. GENERAL DESCRIPTION

Subroutine FNCLHR calcula tes the fan coi l hourly heat transfer rate

and the hourly leaving—air humidity ratio. The input data include the

number of rows of the fan coil calculated in FNCLDS as wel l as the hourly

entering-air conditions and hourly sensible heat transfer rate. The

equations used in this subroutine are based on the air side of the

energy balance.

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and

• descriptions.

c. TRACE BACK

Subroutine FNCLHR i s called by: FOURPIP

TWOPIPE

and calls: PSYDPW

PSYHIW

PSYWTH

QRAT

208

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .- •-•~ •i- -—~~~—— _ —— .• • - — - • _ • _ • • _ . •



-‘ ~~~~~ —~ _ “
---. — 

. 

~~~~~~~~~~~~~~~ 
—-—

~~~~~
—- ———- ——-‘—-— — -

~
-
— • — —- -

~~~~ —-.~~
—---

~~
..-

~~ -- .  -

SIMSYS . . . VVIZNC . FNPTLD
FEB 77

FNPTLD (VVTYPE, FRAC)

a. GENERAL DESCRIPTION

Function FNPTLD calculates the part-load energy requirements of

• I fans for variabl e volume systems. The procedure used is outl i ned in

CERL Interim Report E-81.

• b. DATA DESCRIPTION

See l isting of routine for common blocks and variabl e names and

descriptions.

c. TRACE BACK

Functidñ FNPTLU is calle a by: VVIZI’4C

and calls: No subroutines
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• SIMSYS . SIMAHS . . FOURPIP
FEB 77

• FOURPIP

a. GENERAL DESCRIPTION

Subroutine FOURPIP simulates a four-~1pe fan coil uilt. FOURPIP

determines the hot and cold water temperature suppl ied to the coils

• for the current hour , decides whether heating or cooling Is required

i n the zone, and then calculates the coil loads and the unmet loads for

the uni t.

b. DATA DESCRIPTION

See listing of routlne,for common blocks and variable names and descriptions.

c. TRACE BACK

Subroutine FOURPIP Is called by: FANCOIL

and calls: FNCLHR

HCTEMP

CCTEMP
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SIMSYS . SIMAHS . FZNCAL
FEB 77

FZNCAL

a. GENERAL DESCRIPTION

Subroutine FZNCAL computes the final room humidity ratio for each

zone on the system for the current simulation hour. The routine assumes

that the Init ial humidity ratio for the hour is the fina l humidity ratio

computed for the previous hour for that zone. It then computes the new

final humidity ratio by adjusting the initial humidity ratio to account

for the moisture changes in that hour caused by the supply air , the

latent load in the zone, and the infiltration air.

b. DATA DESCRIPTION

See list ing of routi ne for common blocks and variable names and descriptions.

c. TRACE BACK

Subroutine FZNCAL Is called by: SIMAHS

and calls: No subroutines
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SIMSYS . SIMAHS . GNTEPS
FEB 77

• GNTEPS

• a. GENERAL DESCRIPTION

Subroutine GNTEPS generates the air handler load file. GNTEPS

stores on the file the information needed for a central plant simula-

tion , as well as that needed to add or replace systems and for report-

ing purposes.

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

S~4broutine GNTEPS 
is called by: SIMAHS

and calls: LPYRF
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SIMSYS. SIMAHS . HCDAF

FEB 77

HCDAF

a. GENERAL DESCRIPTION

HCDAF models the mixing boxes for the multizone and three-deck

mul tizone simulations. HCDAF computes the hot and cold deck mass

flows for each zone on the system and for the total system. HCDAF also

computes the unmet zone loads for the multizone system. The methods used

in this routine are outl ined in the ASHRAE Procedures for Simulating the

Performance of Components and Systems for Energy Calculations.

b. DATA DESCRIPTION

See l isting of routine for common blocks and variabl e names and

descriptions .

c. TRACE BACK

Subroutine HCDAF i s called by: MZDDS

and calls: No subroutines
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SIMSYS . SIMAHS ..HCOIL

FEB 77

• HCOIL

a. GENERAL DESCRIPTION

HCOlL models hot water and steam heating coils. HCOIL determines

the energy demanded by each coil by an energy balance on the air side

only. The model assumes that the coil essentially has infinite capacity .

HCOIL also calcul ates the load that the heating coil does not meet

because it is off.

b. DATA DESCRIPTION

See listing of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Subroutine HCOIL is cal led by: MZDDS

and calls: No subrouti nes
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SIMSYS . SIMAHS . . . HCTEMP

FEB 77

HCT EM P

a. GENERAL DESCRIPTION

Subroutine HCTEMP determines the desired hot deck , leaving -air dry -

bulb temperature based on the user-supplied control strategy . HCTEMP

can control the deck temperature by the following methods:

1. Fixed set point control

2. Inverse func ti on of OA temperature

3. Controlled by zone requiring the warmest air

4. Set to a particular zone ’s supply air temperature

Regardless of the control strategy, the actual deck temperature computed

by HCTEMP also includes the effect of the controller throttling range

on the final temperature. This effect is accounted for according to the

procedures for throttling ranges given in the ASHRAE Procedures for

Simulating the Performance of Components and Systems for Energy Calcula-

tions.

b. DATA DESCRIPTION

See l i sting of routine for common blocks and var iable names and

descriptions.

c. TRACE BACK

Subroutine HCTEMP is called by: FOURPIP

MZDDS

TWO PIPE

and calls : TDIRCL

TINVCL
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SIMSYS . SIMAHS . . HUMID
FEB 77

HUMID

a. GENERAL DESCRIPTION

HUMID models the humidifiers used in the simulated systems.

HUMID first determines if the humidifier can operate. If the humidi-

fier is on , HUMID calcula tes the amoun t of water and energy required to

keep the control l ed zone at the specffied relative humidity . CERL

Interim Report E-81 provides details.

b. DATA DESCRIPTION

See listing of routine for common blocks and variable names and

descriptions.

c. TRAC E BACK

Subroutine HUMID is called by: CVTRHS

MZDDS

VARVOL

and calls : PSYWTR
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SIMSY S . SIMAHS . . IZNCAL
FEB 77

IZNCAL

• a. GENERAL DESCRIPTION

IZNCAL does the initial zone calculations required by each hourly

simulation. It determines the return air mass flow rate, the return

air dry-bulb temperature , and the return air humidity ratio for each

zone. IZNCAL also determines the necessary supply air temperature to

meet the sensibl e load in each zone . The procedures used in this routine

are found in the ASHRAE Procedures for  Simulating the Perf ormance of

Components and Systems for Energy Calculations.

b. DATA DESCRIPTION

• See listing of routine for common blocks and variable names and

• descriptions.

c. TRACE BACK

Subroutine IZNCAL is called by: CVTRHS

FANCOIL

MZDDS

U NV ENT

and calls: ZNMRQ
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SIMSYS . RPINPT . MAGIC

FEB 77

MAGIC

a. GENERAL DESCRIPTION

Subroutine MAGIC check s and processes the user—supplied Input data.

It checks the magnitudes of several key input parameters and can

terminate the simulation if unrecoverable errors are found. MAGIC also

supplies al l the system-dependent defaul ts for parameters which the

user has not specified .

b. DATA DESCRIPTION

See listing of routine for common blocks and variable names and descriptions.

c. TRACE BACK

Subroutine MAGIC is called by: RPINPT

and calls: No subroutines
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SIMSYS . SIMAHS . . MIXAIR
• FEB 77

MI XA I R

a. GENERAL DESCRIPTION

MIXAIR simula tes the preheat coil and air mixing box . It will allow

the preheat coi l to be in the outside air duct or the mixed -air duct.

MIXAIR can control the amount of outside air i ntroduced by the system

F in the following five ways:

1. Fixed volume of outside air

2. Fixed percent outside air

3. Return air economy cycle

4. Temperature economy cycle’

• 5. Enthalpy economy cycle

MIXAIR can simulate both blow-through and draw—through air handlers . The

procedures used in this routine are described in the ASHRAE. Proce dures for

• Simulating the P erformanc e of Components and Systems for  Energy Calculations.

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and

descriptions .

c. TRACE BACK

Subroutine MIXAIR i s called by: CVIRHS

MZDDS

UN V ENT

VAR VOL

and ca l ls :  PREHT

ETECY

TECCY 1

• TECCY2
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SIMSYS . SIMAHS . MZDDS

FEB 77

MZDDS

a. GENERAL DESCRIPTION

MZDDS is the driving program for the dual duct , multizone , and three—

deck multizone simulat4ons. MZDDS consists of calls to component and control

models in the prescribed order for the multizone simulation . The procedures

followed in the simulation are outlined in the ‘ASHRAE Pr ocedures for Simula-

ting the Perfo rmance of Comp onents and Systems for  Energy Calculatians .

b. DATA DESCRIPTION

See l isting of routine for common bl ocks and variable names and

descriptions.

c. TRACE BACK

Subroutine MZDDS is called by: SIMAHS

and calls: HUMID

HCOIL

CCOIL

HCDAF

MIXAI R

HCTEMP

CCTEMP

SRAC

IZNCAL
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SIMSY . . . MIXA IR . PREHT

FEB 77

PREHT

a. GENERAL DESCRIPTION

Subroutine PREHT determines the energy required by the preheat coil

when l ocated in the outside air duct or the mixed air duct.

• b. DATA DESCRIPTION

See l isting of routine for common blocks and variab le names and

descriptions.

c. TRACE BACK

Subroutine PREHT is called by: MIXAIR

and calls: No subrouti nes
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SIMSYS . . . QRAT

DEC 76

QRAT (NR , VFRA , TDPTW , TDTW, VFRW )

a. GENERAL DESCRIPTION

Function QRAT calculates the ratio of fan coil total to sensible heat

transfer rate. The input data include both entering dewpoint and water

dry-bulb and water temperature differences as well as the number of rows

of the fan coil, and air and water vol ume flow rates. The equations used

in this subroutine are obtained by least square curve fi tting. The data

points for the curve fitting are taken from the Carrier Fan Coil Catalog.2’

b. DATA DESCRIPTION

See listing of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Function QRAT is called by: FNCLDS

FNCLHR

and calls: No subrouti nes

~‘Carri er Fan Coil Catalog (Carrier Corp) ,
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SIMSYS . SIMAHS . . RCDSM1

FEB 77

RCDSM1 (TOTISM, PEAKVL , HOURSM , HRDATA)

a. GENERAL DESCRIPTION

RCDSM1 sums an hourly load variable into a monthly load array, and

determines the peak hourly value for the month and the number of hours

the variable has a nonzero value for the month.

b. DATA DESCRIPTION

See l isting of routine for comon blocks and variable names and

descriptions.

c. TRACE BACK

Subroutine RCDSM1 is called by: RCXEEP

and calls: No subroutines
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SIMSYS . SIMAHS . . RCDSM2

FEB 77

RCDSM2 (QIOTAL, QPEAK , QHOURS, CEPEAK, CEHOUR , CAPCTY , HRVAL)

a. GENERAL DESCRIPTION

RCDSM2 sums an hourly load variable Into a monthly load array, and

• determines the peak hourly value for the month and the number of hours

the variable has a nonzero value for the month. RCDSM2 also determines

the total amount the load exceeded the design capacity for the month ,

the peak amount the design capacity was exceeded, and the number of hours

the capacity was exceeded.

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Subroutine RCDSM2 is called by: RCKEEP

and calls: No subroutines
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• SIMSYS . SIMAHS . RCKEEP

FEB 77

RCKEEP

a. GENERAL DESCRIPTION

Subroutine RCKEEP performs all the record keeping for the program.

• The routine first sorts the sy~tem loads accord i ng to energy source

required and then determines the total hourly demand for each energy type

on the central plant. RCKEEP also stores the system loads , the system

loads not met, and the energy requirements in the form of monthly and

annual summaries for future reporting .

b. DATA DESCRiPTION

See listing of routine for common blocks and variable names and descriptions .

c. TRACE BACK

Subroutine RCKEEP is called by: SIMAHS

and calls: RCDSM1

RCDSM2

225



- • - W ~~~~ -

SIMSYS . RDZL1

FEB 77

RDZL1

a. GENERAL DESCRIPTION

RDZLI obtains the hourly Information needed to simulate a system

for the current day and environment. First the hourly weather Informa-

tion is obtained from the building load file for the desired day. Then

the hourly load variables for each zone on the system are obtained for the

desired day from the building load file. Finally, RDZLI determines the

operation of the preheat, heating, and cool i ng coi ls usi ng information

obtained in the preceding steps and the user-supplied equipment schedules.

b. DATA DESCRIPTION

See listing of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Subroutine RDZLI is called by: SIMSYS

and calls: EQPON

NYDY

LPYRF

JDAYF

GTLFZB

FINDNO

ERROR

INSERT
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SIMSYS . . . RESDRY

AUG 76

RESDRY (VA, RAD , RMD)

a. GENERAL DESCRIPTION

Subroutine RESORY calcula tes the cooli ng coi l ai r sid e and metal

thermal resistances with a dry coil surface using the given air

velocity . The equations used in this subroutine are obtained by curve

fitting the figures given by ARI Standard4lO-72. 2 2

b. DATA DESCRIPTION

See l isting of routine for comon blocks and variable names and

t descriptions.

c. TRACE BACK

Subrouti ne RESDRY is calle d by: CCOIL

RESIS

and calls: No subroutines

~ ARI Standard 410-72 (Air Conditioning and Refrigeration Institute , 1972).
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SIMSYS . . BOUND . RESIS

AUG 76

RESIS (TWE, TWL, TDPE, VA , VW , PB)

a. GENERAL DESCRIPTION

Subroutines RESIS calculates the cooling coil thermal resistances.

The input data include the entering dewpoint temperature, entering

and leavin g water temperatures, velocities of air and water, and baro-

metric pressure. The equations used in this subroutine are obtained by

curve fitting the figures given by ARI Standard 410-72.

b. DATA DESCRIPTION

See l isti ng of routine for common blocks and variable names and

descriptions .

c. TRACE BACK

Subroutine RESIS i s cal led by: BOUND

and calls : RESDRY
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SIMSYS . SIMAHS . . RHTCL
FEB 77

RHTCL

a. GENERAL DESCRIPTION

Subroutine RHTCL model s zone reheat coil s. It determines the reheat

coi l load and the reheat load not met for each zone on the system. RHTCL

also determines the unmet recooling loads- for the zone, if any. The

procedures used can be found in the ASHRAE Procedures for Simulating

the Performance of Components and Systems for Energy Calculations.

b. DATA DESCRIPTION

See l isting of routi ne for common blocks and variable names and

descriptions.

c. TRACE BACK

Subroutine RHTCL is called by: CVTRHS

UN V ENT

VAR VOL

and cal ls: No subroutines
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SIMSYS . RPINPT

FEB 77

RPINPT

a. GENERAL DESCRIPTION

Subroutine RPINPT is a driver for obtaining the user-suppl ied

i nput data necessary to simulate a system. RPINPT calls a subroutine

which obtains the user—suppl ied data and then calls a routine which

processes the i nput into the form needed for the simulation . b. DATA

• DESCRIPTION

See l isting of routine for common bl ocks and variable names and

descriptions. c. TRACE BACK

Subroutine RPINPT i s called by: SIMSYS

and calls : GTSYIN

MAGIC

IL
230
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SIMSYS . RPTGEN . RPTCLD

FEB 77

RPTCLD

a. GENERA L DESCRIPTION

Subroutine RPTCLD generates the monthly equipment load report. This

routine first converts the data Into the desired output units and then

writes out the information .

b. DATA DESCRIPTION

See lis ting of routine for common blocks and variable names ana aescriptiuris.

c. TRACE BACK

Subroutine RPTCL[’ is c lled by: RPTGEN

and calls: WRITRL

WRITAL

231
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SIMSYS . RPTGEN . RPTEGY

FEB 77

RPTEGY

a. GENERAL DESCRIPTION

Subrouti ne RPTEGY generates the monthly energy report. The routi ne

first converts the data to the proper units and then wri tes out the

information.

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and descri ptions.

c. TRACE BACK

Subroutine RPTEGY i s called by: RPTGEN

and calls: WRITRI

WRITA L
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SIMSYS . RPTGEN

FEB 77 
—

.

RPTGEN

a. GENERA L DESCRIPTION

RPTGEN is the driving program for report generation. For each sys-

tem simulated for the current environment , RPTGEN sets up the conversion

factor arrays for converting results from basic SI units to the user—

specified units desired for the reports, and then calls report writers

to generate the user-desired reports.

b. DATA DESCRIPTION

See li sting of routine for common bl ocks and variable names and

descriptions.

c. TRACE BACK

Subroutine RPTGEN is calle d by: SIMSYS

• and calls: RPTLNM

RPTCLD

RPTEGY

RPTSYS

SETPOS
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SIMSYS - RPTGEN . RPTLNM

FEB 77

RPTLNM

a. GENERAL DESCRIPTION

Subroutine RPTLNM generates the reDort of monthly loads not met.

This routine first converts the data into the proper units and then writes

out the information .

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Subroutine RPTLNM is cal led by: RPTGEN

and calls: WRITRL

WRITAL
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SIMSYS . RPTGEN . RPTSYS

FEB 77

RPTSYS

a. GENERAL DESCRIPTION

Subroutine RPTSYS generates the system-description report. The

routine converts the data Into the proper output units and then writes

out the information.

b. DATA DESCRIPTION

See listing of routine for common blocks and variable names and descriptions .

c. TRACE BACK
• Subroutine RPTSYS is called by: RPTGEN

and calls: No subroutines
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= SIMSYS . RPTGEN . SETPOS

FEB 77

SETPOS

a. GENERAL DESCRIPTION

Subroutine SETPOS determi nes the print positions of the months in the

= monthly reports.

• b. DATA DESCRIPTION

See listi ng of routine for common blocks and variable names and descriptions .

c. TRACE BACK

Subrouti ne SETPOS is called by: RPTGEN

and calls: No subroutines
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SIMSYS . SIMAHS

FEB 77

SIMAHS

a. GENERAL DESCRIPTION

SIMAHS is the driver program for performing the dai ly system

simul ation and generating the da ily air handler file record for the

system. The simu l ation is performed by executing hourly calculations

inside a 24—hour loop. Wi thin the loop , SIMAHS determines .whether the system

is on for the hour , simulates the desired system for that hour if necessary,

determines fina l conditi ons for each zone on the system, and does

record keeping on the simulation results .

b. DATA DESCRIPTION

See listing of routine~for common blocks and variable names and descriptions.

c. TRACE BACK

Subroutine SIMAHS is called by: SIMSYS

and calls : GNTEPS

RCKEEP

FZNCAL

FANCOIL

tiN VENT

VARVOL

CVTRHS

MZDDS

AHOFF
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SIMSYS . SIMAHS .ISRAC

FEB 77

• SRAC

a. GENERAL DESCRIPTION

• Subroutine SRAC determines the return air dry-bulb temperature and

humidity ratio for the system based on the individual return air tempera-

ture, humidity ratio , and mass flow rate from each zone . The methods

used are described in the ASURAE Procedures for Simulating the Performance

of Components and Systems for Energy Calculations.

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Subroutine SRAC is called by: CVTRHS

MZDDS

UNVENT

VAR VOL

and calls: No subroutines
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SIMSYS . SIMAHS . . . TDIRCL

FEB 77

TDIRCL (CT, DATHI, DATLO , CTHI, CTLO)

a. GENERAL DESCRIPTION

Function TDIRCL simula tes the operation of a direct acti ng

temperature controller based on the user-supplied data for DATHI , DATLO,

CTHI , CTLO, and the current value of the controlling variabl e (CT).

• The controller operation is as follows :

1. If the controlling variabl e (CT) is greater than CTHI , the

control led variable (TDIRCL) Is set to DATHI.

2. If CT is less than CTLO, TDIRCL is set to DATLO.

3. If CT is between CTHI and CTLO, proportional control is

executed to determine TDIRCL.

c. DATA DESCRIPTION

See l i sting of routine for common blocks and variable names and

descri ptions.

c. TRACE BACK

Function TDIRCL is called by: HCTEMP

CCTEMP

and cal ls: No subroutines
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SIMSYS . . . MIXAIR . TECCYI

FEB 77

- • 

- 

TECCY1

a. GENERAL DESCRIPTION

• TECCY1 simulates the return air economy cycle. If the outside air

temperature is less than the desired mixed-air temperature , TECCY 1

• introduces the amount of outside air which will bring the mi xed air

as close as possibl e to the desired temperature or the minimum amount

of outside air as specified by the user, whichever is larger. If the

outside air temperature is greater than the desired mixed-air

temperature, the user-specified minimum amount of outside air is

introduced .

b. DATA DESCRIPTION

See listing of routine for common blocks and variable names and

descriptions .

c. TRACE BACK

Subroutine TECCY 1 is cal led by: MIX AIR

and calls: DMAT

•

1
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SIMSYS . . . MIXAIR . TECCY2

FEB 77

TECCY2

a. GENERAL DESCRIPTION

TECCY2 simulates the temperature economy cycle for ventilation air.

= Based on the outside air temperature and the return air temperature,

TECCY2 introduces the amount of outside air necessary to bring the

mixed air as close as possible to the desired temperature or the minim um

amount , whichever is larger .

b. DATA DESCRIPTION

See listing of routi ne for common blocks and variable names and

descriptions .

c. TRAC E BACK

Subrouti ne TECCY2 is called by: MIXAIR

ETECY

and calls: DMAT

_ _  .:.~~~~~~_ _ _ _
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SIMSYS . . . BOUND . THS2

AUG 76

THS2 (CH , HL, TWE , TS2 , HS2, PB)

a. GENERAL DESCRIPTION

Subroutine THS2 calculates the coil surface temperature and enthalpy.

• The input data include the coil characteri stic, entering-water temperature,

• leaving air enthalpy, and barometric pressure. The Iterative method used

in this sub.’outine Is to substi tute the figure (Figure 9) shown in ARI

Standard 410-72.

b. DATA DESCRIPTION

See listing of routine for common blocks and variable names and descriptions .

c. TRACE BACK

Subroutine 11152 Is called by: BOUND

and calls: PSYHTW

PSYWTP

SATUTH

I
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SIMSYS. SIMAHS . . . TINVCL
FEB 77

TINVCL (CT, DATHI , DATLO, CIHI , CTLO)

a. GENERAL DESCRIPTION

Function TINVCL simulates the operation of an inverse acting tempera-

ture control l er based on the user-supplied data for DATHI , DATLO, CTHI,

CTLO, and the current value of the controlling variable (CT). The con-

troller operation is as follows :

1. If the controlling variabl e (CT) is greater than CTHI , the

controlled variabl e (TINVCL) is set to DATLO.

2. If CT is less than CTLO, TINVCL is set to DATHI.

3. If CT i s between CTHI and CTLO, proportional control is

executed to determine TDIRCL.

b. DATA DESCRIPTION

See l i sting of routine for common bl ocks and variable names and

descriptions .

c. TRACE BACK

Function TINVCL Is called by: HCTEMP

CCTEMP

and calls : No subroutines
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SIMSYS . SIMANS . . TWOPIPE
FEB 77

TWOPIPE

a. GENERAL DESCRIPTION

• Subrouti ne TWOPIPE determines the hourly load on a two-pipe fan coil

unit. TWOPIPE first determines if hot or cold water Is supplied to the

coi l and then calculates the coil heating or cooling load m d  the unmet

heating or cooling load for that unit.

b. DATA DESCRiPTiON

See lis ting of routine for common blocks and variable names and descriptions .

c. TRACE BAC K

Subroutine TWOPIPE is called by: FANCOIL

and calls: FNCLHR

HCTEMP

CCTEMP

ERROR2

r
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SIMSYS . SIMAHS . UNVENT
FEB 77

UN VE NT

a. GENERAL DESCRIPTION

Subroutine UNVENT is the driving program for the unit ventilation

and unit heater simulations . The routine consists of calls to

• component models and control strategies in the order necessary for the

simulation. The procedures used ‘in this simulation closely parallel those

given In CERL Interim Report E-81.

b. DATA DESCRIPTION

See listing of routine , for common bl ocks and variable names and descripti ons.

c. TRACE BAC K

Subroutine UNVENT is called by: SIMAHS

and calls : RHTCL

MIXAIR

S RAC

• IZNCAL
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SIMSYS . SIMAHS - VARVOL

FEB 77

VAR VOL

a. GENERAL DESCRIPTION

• Subroutine VARVOL is the driving program for the variable volume

simulation. VARVOL consists of calls to component and controller models

in the order prescribed for the variable volume simulation . The pro-

cedures followed in this subroutine are outlined in the ASHRAE Procedures

for Simulating the Performance of Components and Systems for Energy

Calculations.

b. DATA DESCRIPTION

See listing of routine for common b~ocks and variabl e names and

desci9ptiOns .

c. TRACE BACK

Subroutine VARVOL i s cal led by: SIMAHS

and calls: RHTCL

HUMID

CCOIL

MIXAIR

SRAC

VVIZNC

CCTEMP
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SIMSYS . SIMAHS ..VVIZNC

FEB 77

VVIZNC

a. GENERAL DESCRIPTION

Subroutine VVIZNC performs the i r~itial hourly calculations required

for each zone on a vari able volume system. VVIZNC first determines the

supply air mass flow rate required in each zone and the return air mass

flow rate from each zone. The zone ’s desired supply air temperature,

return air temperature, and return air humidity ratio are also calculateth

Finally, VVIZNC determines the system ai r mass flow rates

and the part—load performance of the variabl e volume fans.

b. DATA DESCRIPTION

See listing of routine for common blocks and variable names and descriptions.

c. TRACE BACK

Subroutine VVIZNC i s called by: VARVOL

and calls : FNPTLD

ZNMRQ

L 247



—w-~ 
—-

~~~~
--

~~~~~~ ~~~
—_

r • —=-

~

—-

~ ~~~~~~~~ ~~~

•.. ... . • • - •

~~~~

SIMSYS . RPTGEN - . WRITAL
FEB 77

WRITAL

a. GENERAL DESCRIPTION

WRITAL writes the alpha information contained in the monthly column

headings for the monthly reports.

b. DATA DESCRIPTION

See listing of routine for common blocks and variable names and

descriptions .

c. TRACE MCK

Subroutine WRITAL is called by: RPTCLD

RPTEGY

RPTLNM

and calls: No subroutines
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SIMSYS . RPTGEN. . WRITRL
FEB 77

WRITRL (VAR , VARNM , VARUNT )

a. GENERAL DESCRIPTION

WRITRL writes out the rows of information i n the monthly reports

in the diagonalized format.

b. DATA DESCRIPTION

See listing of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Subroutine WRITRL i s cal led by: RPTCLD

RPTEGY

RPTLNM

and calls : No subroutines
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• SIMSYS . . . ZNMRQ
FEB 77

ZNMRQ

a. GENERAL DESCRIPTION

Subroutine ZNMRQ determines the zone return air humidity ratio based

on the previous hour ’s zone humidity ratio and the current hour ’s zone

• latent load .

b. DATA DESCRIPTION

• See listing of routi ne for c ommon blocks and variable names and

descriptions.

c. TRACE BACK

Subrout The ZNMRQ is cal led by: AHOFF

IZNCAL

VVIZNC

and calls: PSYWTR
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fl BLAST AIR HANDLER LOAD FILE

The air handler load file (AHLDFL) is used to pass system heating!

cooling load information and weather information between SIMSYS and

SIMTEP. AHLDFL allows up to five environments (i.e., design days and!

or weather runs ), which cannot be changed after initial setup , and up to

60 systems per environment, which can be added or replaced from run to

run.

The air handler load file is a random access mass store file.
• Figure 15 shows details of the file ’s internal structure .
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12 SIMTEP (CENTRAL PLANT SIMULATION )

This chapter describes the routines used to simulate central plant

systems and components. SIMTEP i s described first, followed by the

subroutines (in alphabetical ordev~. Structured algurithm charts are

presented where appropriate. Figure 16 shows the overall flow of the

SIMTEP subsystem.
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SIMT EP —
— ABSREF

— BOILER

— COMREF

- DBUNDLE
1— RSPRNT

‘—DFLTASG •

F—ENTROP — SATIJR

— DIESEL ESATUR

— EFFIC — SATUR 
LSTURDS 

~~
1__SATuR

• — ENSTOR ~—SUPT

—GASTUR

— I4EAT R EC

— LDIST

— LPYR F

. OPCOOL — DIESEL

— GASTUR

— LOIST

— OPOBUN DBUNDLE

— OPELEC

— SOLUSE

— OPELEC —STMTUR

— OUTRP 
~— RTPRNT — R1PR NT

R4PRNT }.—COSTEN
LSTATPR -

~~ 
bCOSTEQ — CYC

RTPRNT
— PSYTW O 1—PSYHTW RTPRNT

— SOLAR I—. ~svwi~ — SATUPT
—STA TIS I

- STATSM 
LSATUTH P$VHTW

P$YWTP — SATUPT
— STMTUR

-$TMUSE

— TOWER —RPACT

Figure 16. Tree structure of SIMTEP subrouti nes .
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SIMTEP

OCT 76

SIMTEP

a. GENERAL DESCRIPTION

SIMTEP is a subprogram for the simulation of the energy plant.

The first set of data relating to energy load is read from TAPE 20.

The rest of the data are supplied by the input processor. These data

consist of the equipment size parameters , the equipment load ratios,

the cost reference parameters , the life-cycle cost parameters , and

special variables .

The program performs a series of equipment simu l ations and generates

output -related parameters . The equipment includes :

Equi pment Index Eq~4pment

1 Gas Turbine

2 Diesel Engine

4 Steam Boi ler

5 One-stage Absorption Chiller

6 Two-stage Absorption Chiller

Without Economizer

7 Two-stage Absorption Chiller

W ith Economizer ‘r
(I
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Equipment Index Equi pment

9 Hermetic Compression Chil ler

10 Open Centrifuga l Chiller

• 11 Reciprocating Chille r

1 3 Double-bundle Chille r

— 14 Traditional Cooling Tower

15 Ceramic Cool ing Tower

16 Solar Panel

17 Steam Turbine

18 Hot Water Tank

19 Cold Water Tank

The output results consist of cost reference for equipment, cost

of utility and energy , central plan t uti l ization summary, and equipment

use statistics.

b. DATA DESCRIPTION

1. INPUT DATA

Source of
Data Name Description

TAPE 20 ENGYLD(I ,J ,K) Energy load; K is the i ndex for day , J is the

index for hour;

= EHEAT, the required heating (kW),

when I = 1

= ECOOL , the required cooling (kW),

w h e n l = 2

= EELEC , the electric energy input (kW),

when I = 3
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Source of
Data Name Descri ption

= TAIR , the dry-bulb temperature of air

(°C), when I = 4

= HR, the humidity ratio, when I = 5

= EHWDOM , the amount of energy required

to heat domestic hot water (kW),

when 1 6

= ESTUSE, the steam energy load of

steam user (kW), when I = 7

= RWTR , the ratio of return water to

steam flow , when I = 8

DATE IMON Index denoting month

DATE IDA? Index denoting day

DATE IHR Index denoting hour

EDATA NEQSIZE(I) Number of different sizes of equip-

ment type I

EDATA ROPT(I) Optimum part load ratio of equ i pment

type l

EDATA RMIN (I) Min imum part load ratio of equipment

type l -

-

EDATA RMAX(I) Max imum part load ratio of equipment

type I

EDATA PEL(I) Electrical input to nominal capacity

ratio.
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Source of
Data Name Descripti on

EDATA CNOM(J ,I) Nomi nal size of equipment type I , size

index J (kW)

EDATA KINS(J ,I) Number of equipment installed with

type I, size J

EDATA KAV(IJ ,I) Number available for equipment type

I, size J

• EDATA IENAME(J ,I) Eoui pment name ( 3011 FORMAT )

EDATA NEDATA Range of equipment with size I as

specified

ECDATA EQCOSD(K,J ,I) Cost parameters for equipment of

generic type I, size category J; variabl e

represents:

Size (kW), when K ~~

‘ 1

Unit cost ($),  when K = 2

Installed cost factor,when K = 3

Consumable ($/hr), when K = 4

Mai ntenance (hrs/yr), when K = 5

Equipment life (hrs), when K = 6

Hours to minor overhaul (hrs), when

K 7

Minor overhaul cost ($) ,  when K = 8

Hours to major overhaul (hrs), when

K = 9

Major overhaul cost ($),  when K = 10

258



•_  •. ~~~~~~~~~~~~ “fl’’~’~~~~~’~~~ ’ r’r ’.,_~~, , ,,., ~~ ,,.~~ ‘w.r, !.~~~~~_ ., .,. ,.. —~~ I ”  - ‘~~~‘

Source of
Data Name Descripti on

ECDATA EQCOSR(K,I) Cost reference parameters for equipment

of generic type I , wi th index K identical

to those in EQCOSD

LFCYCD ALFCYC(I) Life-cycle parameters :

Interes t rate for I 1

Labor inflation rate for I = 2

Material inflation rate for I = 3

Energy Inflation rate for I = 4

Project life (yr) for I = 5

Labor cost ($/hr) for I = 6

Site cost factor for I = 7

SDATA(1 ,l) HSTEAM Steam enthalpy (kwh/kg)

SDATA(1 ,2) TSATUR Saturation temperature (°C)

SDATA(1 ,3) RFLASH Boiler flash water/steam feed

SDATA(1 ,4) PELCL El ectric inpu t to circulation pump/

cooling load

SDATA(1 ,5) PELHT El ectric input to circulation pump!

heating load

SDATA(1 ,6) PELTWR El ectric input to cooling tower/tower

cool ing l oad

SDATA(l ,7) TOWOPR Tower operation type

SDATA(1 ,9) TWMAKE riakeup water temperature (°C)

SDATA(1 ,1O) ICOOL Chilled water temperature (°C)

SDATA(l ,1 l) DTCOOL Chilled water temperature rise (°C)

SD4T4(1,12) TTOWR Entering tower water temperature (°C)
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Source of
• Data Name Description

- • SDATA(1 ,13) TCW Leaving condenser water temperature (°C)

SDATA(l ,14) TMINH Minimum tank temperature for heating (°C)

SDATA(1 ,1 5) TMINC Mi nimum tank temperature for cool i ng (°C)

SDATA(l ,l6) CPTYPE Plant type 1 = utility only

2 = mixed plant

SDATA(l ,l7) TLEAVE Boiler stack leaving temperature (°C)

SDATA(l ,18) SR2A Full load steam rate (kg/sec )

(two—stage absorption chiller)

SDATA(l ,19) SR1A Full load steam rate (kg/sec)

(one-stage absorption chiller)

SDATA(l ,20) RAVRHDB Available recoverable heat ratio

SDATA(l ,22) RMXKWD Maximum exhaust flow/kW input (diesel )

SDATA(l ,24) RMXKWG Maximum exhaust flow/kW input (gas)

SDATA(1 ,25) RMCA Tower water/absorption chi ller capacity

SDATA( l, 26) RWCC Tower water/compression chiller capacity

SDATA(l, 27) RWCDB Tower water /double-bundle chiller capacity

SDATA(l ,28) SRATB A ir, fuel stoichiometric ratio

SDATA (1 ,29) HFUELB Heat content of fuel (kW/kg)

SDATA(1 ,30) RHFLASH Recovered heat/flash steam energy

SDATA (l ,31) PSTEAM Steam pressure (Pa)

SDATA(l ,32) PSTMTUR Entering steam pressure (Pa)

SDATA(l ,33) TSTMTUR Entering steam temperature (°C)

SDATA(l ,34) PEXSTUR Nomi nal exhaust steam pressure (Pa)

SDATA(l ,35) RPMNOM Nomina l speed (rad/sec)

SDATA(1 ,36) RWSTUR Condensate/entering steam
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Source of
Data Name Descrip~ion

SDATA(l ,37) TOTUEF Total efficiency of utility electric

generation

-• SDATA(1 ,38) TILT Collector tilt from horizontal (degree)

SDATA(1 ,39) AZMUTH Collector azimuthal angle (degree )

SDATA(l ,42) FLH2O Mass flow rate/unit area through

collector (kg/sec-rn2)

SDATA (l ,43) HXEFF Heat exchanger effectiveness

PDATA(l ,l)* CAVL1A Available capacity (one-stage absorption

chiller)

PDATA (l ,2) CAVL2A Available capacity (two-stage

absorption chiller)

PDATA(l ,3) REN1 A Energy input-output (I/O) coefficients

(one—stage absorption chiller)

PDATA(1 ,4) REN2A Energy I/O coefficients (two-stage

3bsorption chiller )

PDATA (1 ,5) REN2AE Energy I/O coefficients (two-stage

absorpti on chiller with economizer)

PDATA(1 ,6) TCON1A Condensate temperature coefficient

(one-stage absorption chiller)

PDATA (1 ,7) RPWR1 C Energy I/O coefficient (hermetic

compression chiller)

PDATA (1 ,8) RPWR2C Energy I/O coefficients (open centrifugal

compression ch i ller)

*ppDATA(1 ,I); (2,N); and (3,N) are the three coefficients of the quadratic
polynomial function whose name appears in PDATA(4,N).
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Source of
Data Name Description

PDATA(1 ,9) RPWR3C Energy I/O coefficients (reciprocating

- • compression chi ller)

PDATA(l ,lO) RCAVDB Ava ilabl e capacity ratio (double-bundle

chiller)

PDATA(l ,ll) RPWRDB Energy I/O coefficients (double-bundle

chi ller)

PDATA(1 ,12) ADJTDB Condensate cool ing water temperature

• adjustment factor (double-bundle chiller)

PDATA(1 ,13) ADJEDB Energy ratio adjustment factor (double-

bundle chiller)

PDATA (l ,l4) REID Power out/fuel Inpu t coefficients (diesel )

PDATA(l ,l5) RJACK Jack heat/fuel input coefficients (diesel)

PDATA(l ,16) RLUBD Lube heat/fuel input coefficients (diesel )

PDATA(1 ,17) REXO Exhaust heat/fuel input coefficients

(diesel)

PDATA(l ,18) TEXD Exhaust temperature coefficients (diesel )

PDATA(l ,19) FUEL1 G Fuel I/O coefficients 1-3 (gas turbine)

PDATA(l ,20) FUEL2G Fuel I/O coefficients 4-6 (gas turbine)

PDATA(1 ,22) FEXG Exhaust flow coefficients (gas turbine)

PDATA(1 ,23) TEX1G Exhaust temperature coefficients 1-3

(gas turbine)

PDATA(l ,24) TEX2G Exhaust temperature coefficients 4-6

(gas turbine)

PDATA(l ,25) FLUBG Lube oil coefficients (ga s turbine)
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Source of
Data Name Description

- - -- 

PDATA(1 ,26) RF1 Rating factor temperature coefficients

1-3 (cooling tower)

PDATA(l ,27) RF2 Rating factor temperature coefficients

4—6 (cooling tower)

PDATA(1 ,28) RF3 Rating factor temperature coefficients

7-9 (cooling tower)

PDATA(1 ,29) RF4 Rating factor temperature coefficients

10-12 (cooling tower)

PDATA(1 ,30) RF5 Rating factor temperature coefficients

13-15 (cooling tower)

PDATA(1 ,31) RF6 Rating factor temperature coefficients

16-18 (cooling tower)

PDATA(l ,32) RFUELB Energy I/O coefficients (steam boiler)

• PDATA(1 ,33) SR1DTA Steam rate coefficients (one-stage

absorption chiller)

PDATA(l,34) SR2DTA Steam rate coefficients (two-stage

absorption chiller)

PDATA(1 ,35) TCON2A Condensate temperature coefficient

(two-stage absorption chiller)

PDATA(1 ,36) RFSTUR Steam flow coefficients (steam turbine)

PDATA(l ,37) UACD Stack U_factor* area coefficients (diesel )

PDATA(1 ,38) UACG Stack U_factor* area coefficients (gas

turbine

PDATA(l ,39) RFR Rating factor range coefficients (cooling

tower)

PDATA(2,2l) FRUL Slope of collector performance curve
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Source of
Data Name Descrip tion

Other data Other data are described in the related

subrouti nes.

2. COMMON BLOCKS

DATE , EDATA , EFFICD , EPARS , HOURTOT, MONTOT, SDATA , STM, STMTUR,

TOWERD, WEATHR , PDATA, AFCYCD , ECDATA

3. OUTPUT DATA

• Name Description

PRNTA1(IMON ,I) Monthly output information ; IMON represents

month , IMON = 13 represents total sum in

a year ; variable represents:

Total heat energy (kwh) for I = 1

Total electric energy (kwh) for I = 2

Cool ing electric energy (kwh) for I = 3

Recovered energy (kwh) for I = 4

Wasted recoverabl e energy (kwh) for I = 5

Heat energy input for cooling (kwh)

for 1 =  6

Electric energy input for cooling (kwh)

for 1 = 7

Energy i nput for heating (kwh) for I = 8

Energy input for electricity (kwh)

f o r l = 9

Total fuel i nput (kwh) for I = 10

Total energy input (kwh) for I = 11

Average plant efficiency for I = 12
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Name Description

IENAME(2—4,I) Equipment name of type I (3OH FORMAT )

— AVGOPR Average operation ratio

OPCAPY(I) Operating capacity totaled over the

year of equipment type I (GWh)

AMAXLD(I) Maximum load of equipment type I (kwh)

MAXTIM(l ,I) Month of maximum part l oad for equip-

ment type I

MAXTIM(2,I) Day of maximum part load for equipment

type I

MAXTIM (3,I) Hour of maximum part load for equipment

• type l

CNOM(J ,I) Nominal size of equipment type I,

size index J (kW)

IOPRHR(J ,I) Number of operation hours of equipment

-

• 

type I, size index J

KIN(J ,I) Number of equipment of type I , size

Index J that are instal l ed

KAv(J ,I) Number of equipment of type I, size

index J that are available

EQCHT (1,I) Total first cost of equipment type I ($)

EQCHT(2,I) Total annual cost of equipment type I ($)

EQCHT(3,I) Total cyclical cost of equipment type I ($)

EQCHT(5 ,I) Total cost of equipment type I ($)

EQCOST(l ,J,I) Total first cost of equipment type I,

size index J ($)

265
I.. L .~ . - - -- - - -  - ‘ ,~~~~:~~ ~~2 ZZ~~~~~~-~-~~~~~ -~~~~

- • -‘-
~~

-
~~~~~~~~~~~~~~~~~~~~

‘
~~



_____ • _f l~~~~ _ • -w— - ‘- ‘.—-- ‘-~~~~-‘-‘---- --- -‘• ..-—•  — ‘.- ~~~~ — ---- • • .— -- -~~~~~~~~ •---- ~~--~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ — —•- 
~~
—-

Description

EQCOST (2 ,J , I) Total annual cost of equipment type 1,

size index J ($)

EQCOST (3 ,I) Total cycl ica l cost of equipment type I,

size index J ($)

EQCOST(5,I) Total cost of equipment type I, size

index J ($)

TOTECS Equipment total cost ($)

IUNAM(IU ) Utility, energy name (6H FORMAT)

ENCOST(IU) Cost of utility type IU ($)

ENUSE (13 ,IU) Yearly energy used for utility type

Iii (MW)

ENPEAK(l3,IU) Yearly energy peak for utility type

IU (kwh)

tJDATA(3,IU) Cost escalation factor for life cycle

for utility type IU

TOTUCS Total uti lity , energy cost ($)

TOTCOST Total life-cycle cost ($)

IY Life cycle in years (yr)

c. TRACE BACK

SIMTEP is called by: PERDS

and calls: ABSREF
BOILER

COMREF

DBUNDLE

DFLTASG

DIESEL
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EFFIC

ENSTOR

GASTUR

HEATREC

LDIST

LPYRF

• • - OPCOOL

OP EL EC

OUTRP

F SOLAR

STATIS

STATSM

STMTUR

STMIJSE

TOWER

PS VT WD
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SIMTEP

Initialize variables

Read input data

Initialize stored energy (ENSTOR)

Perform monthly simulations

Print requested report (OUTRP)

Repeat until END or STOP card is read
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Monthly Simula tions

Read data from energy load file

Initialize monthly sum variables

Perform hourly simul ations

Calcula te monthly results (STATSM)

269

- - ~~~~~~~~~~~ _-_~~~~ -— - — -~ -~~ :L - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



F— 
~~~~~~~~~~~~

--‘-—‘--- ---c.----—-’ 
- -- -. -

~~~~~~ ____—11-__

Hourly Simulations

Define hour load variables

Calculate available solar heat and temperature (SOLAR)

Calcula te the cooling and heating loads satisfied by the stored
energy (ENSTOR)

Distribute cooling loads among chiller types (OPCOOL)

Distribute cooling loads among double -bundle chiller units (LDIST)

— 

Simula te double-bundle chiller units (DBUNDLE)

Distribute loads among absorption chiller units (101ST)

Simulate absorption chiller units (ABSREF )

Distribute loads among compression chiller units (LOIST)

Simula te compression chill er un its (COMREF)

Calculate total cooling tower load and total electrica l energy input
required for cool ing

Simulate cooling tower and calculate total electrical energy output
(TOWER) —

Distribute electrical energy loads among prime generator types (LDIST)

Simula te gas turbi ne uni ts (GASTUR)

Store energy from waste heat (ENSTOR)

Calculate total heat energy output including energy stored

Distribute loads among boi ler un its (LDIST)

Simula te boiler un its (BOILER)

Calculate total efficier:ies and heat consumption (EFFIC)

Calcula te monthly sums and maximums (STAllS)
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• SIMTEP . ABSREF

[ OCT 76

ABSREF (ECOOL, FSTEAM, ESTEAM, EELEC , ETOWER, TCOND)

a. GENERAL DESCRIPTION

ABSREF is a subroutine which simulates operation of an absorption

chiller . Three types of absorption chillers are included--the one-stage

absorption chiller , the two-stage absorption chiller without economizer ,

and the two-stage absorption chiller with economizer.

Parameters relating to output variables are evaluated as follows:

Ratio of (available capacity) / (nominal capacity ) = f(c ,x)

where f = a quadratic polynomial in x , and c is a set of polynomial

coefficients

x = entering water temperature - leaving water temperature (°C)

= TTOWR - TCOOL

c = CAVL1A , for one-stage absorption

= CAVL2A, for two-stage absorption

Part-load steam rate = A f(c,x)

where A = full-load steam rate ( kg/kW)

‘F = as defined above

x = chilled water temperature rise (°C)

= DTCOOL 
-

c = SR1DTA for one-stage absorption

= SR2DTA for two-stage absorption

Ratio of (energy input) (design energy input) = f(c ,x)

where f = as defined above

x = part- load ratio

= (cooling load)/ (available capacity )
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c = REN1A for one-stage absorption

= REN2A for two—stage absorption wi thout economi zer

= REN2AE for two-stage absorption with economizer

Ratio of (condensate water temperature)/(saturation temperature)

= f(c,x)

where f = 
- - ‘ as defined above

x = part-load ratio

= (cooling load)/ (available capacity)

c = TCON1A for one-stage absorption

= TCON2A for two-stage absorption

b. DATA DESCRIPTION

1. INPUT DATA

• Source of
Data Name Description

SIMTEP ECOOL Total cooling energy (kW)

(PIOAD(IABSOR))

EPARS IABSOR Types of absorption chi llers :

5 for one-stage absorption

6 for two-stage absorption wi thout

economi zer

7 for two-stage absorption wi th

economi zer

SDATA(l ,l) HSTEAM Steam enthalpy (kJ/kg)

SDATA(l ,2) TSATUR Steam saturation temperature (°C)

SDATA(1,1O) TCOOL Chilled water temperature (°C)

SDATA(l,ll) DTCOOL Chilled water temperature rise (°C)
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Source of
Data Name Descript ion

SDATA(1 ,l2) TTOWR Entering tower water temperature (°C)

SDATA(l ,19) SR1A Full— l oad steam rate for one-stage

absorption chiller (kg/kW)

• SDATA(1 ,18) SR2A Full—l oad steam rate for two-stage

absorption chiller (kg/kW)

POATA (1 ,1) CAVL1A Quadratic polynomial coefficients for

one-stage absorption as described in

previous section

PDATA(1 ,3) REN1A Quadratic polynomial coefficients for

one-stage absorption as descri bed in

previous section

PDATA(’1 ,6) TCONJA Quadratic polynomial coefficients for

one-stage absorption as described in

-
• prev ious section

• PDATA(1 ,33) SRi DTA Quadratic polynomial coefficients for

one-stage absorption as described in

previous section

PDATA(l ,2) CAVL2A Quadratic polynomial coefficients for

two-stage absorption as described in

previous section

PDATA(1 ,4) REN2A Quadratic polynom ial coeffici ents for

two-stage absorption as described in

previous section

POATA(l ,5) REN2AE Quadratic polynomial coefficients for

two-stage absorption as described in

previous section
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• Source of
~~~~~ Data Name Descr ipti on

PDATA(1 ,35) TCON2A Quadratic polynomial coefficients for

two-stage absorption as described in

previous section

PDATA ( l ,34) SR2DTA Quadratic polynomial coefficients for

two-stage absorption as described in

previous section

EDATA RMIN(IABSOR) Minimum part load ratio for absorption

chi ller type IABSOR

EDATA PEL(IABSOR) El ectrica l input to nominal capacity

ratio for absorp tion chi ller type IABSOR

2. COMMON BLOCKS

EDATA, EPARS, PDATA, SDATA

3. OUTPUT DATA

Name Descr ipt ion

FSTEAM Steam flow rate (kg/hr)

ESTEAM Steam energy inpu t (kw)

EELEC Elec trical energy input (kw)
ETOWR Tower cool ing l oad (kw )

TCOND Condensate water temperature (°C)

c. TRACE BAC K

Subrouti ne ABSREF i s called by : SIMTEP

and calls: No subrouti nes
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ABS REF

Set initial conditions

~e\ 
Cooling load =

No
Calculate the difference between the temperature of water leaving the

R 
condenser and the temperature of water leaving the chiller

Yes 
one-stage absorption 

No
N Calculate available capacity Calculate ava i lable capac ity in

in one-stage absorption two-stage absorpt ion

Set chiller load = cool ing load
Set chi ller des ign load = full ava i lable cool ing capac ity
Set electrical input = Electrical power to pump

Set des ign load ratio = des ign load/nominal capac ity

Calculate desigi Calculate design load full steam rate

______________ 

~~~~~~~~~~~~~ al capacity= l4O~~ on~
Calculate conomizer used design load ratio = 0.5
(input energy) 

~ Yes Yes No
input energy) ;alculate Calculate Calculate Calculate

(input energy) (input energy) (input energy) (input energy~‘(full load /(full load /(full load /(full load
~nput energy) input er.ergy) input energy) input energy)
,/o economy w/ economy w/economy w/o economy

Calculate con- Calculate condensate steam temperature in two-
densate steam stage absorption
temperature
one-stage
absor ption 

____________________________________________________________

Calculate part load steam rate
Calcula te steam flow rate
Calcula te steam energy input
Calculate tower coo ling load

— 
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SIMTEP . BOILER

OCT 76

BOILER (EBLNET , EFUELB)

a. GENERAL DESCRIPTION

This subroutine simulates the operation of- a steam boiler .

Boiler fuel type is implied by special parameters:

HFUELB = Heat content of fuel

SRATB = Air to fuel stoichiometr i c ratio

Boi ler stac k temperature, TLEAVE , is also a special parameter.

Ratio of (fuel energy input)/ (combustion energy) = (Full’ load

boiler fuel rate )/ f (c ,x)

where f = a quadratic polynomial in x, and c is a set of polynomial

coefficients

x = part-load ratio

= (net energy output)/(operating capacity)

c = RFUELB

b. DATA DESCRIPTION

1. INPUT DATA

Source of
Data Name Description

SIMTEP EBLNET Boiler net energy output (kW)

(PLOAD(4))

WEATHR TAIR Ambient air temperature (°C)

WEATHR HR Humidity ratio

SDATA(1 ,17) TLEAVE Boiler leaving stack temperature (°C)

SDATA(l ,28) SRATB A ir to fuel stoichiometric rat io
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I Source of
• 

J 
Data Name Descr ipti on

I SDATA(1 ,29) HFUELB Heat content of fuel (kw/kg)

PDATA( 1 ,32) RFUELB Quadratic polynomial coefficients for

part-load ratio as described in previous

1 sec tion

EPARS OPCAP(4) Operating capacity for boiler

J EDATA RMIN(4) Minim um part.-load ratio for boiler

2. COMMON BLOC KS

EDATA , EPARS , PDATA , SDATA , WEATHR

3. OUTPUT DATA

Name Descr ipti on

EFUELB Boiler fuel energy input (kw)

c. TRACE BACK

Subroutine BOILER is called by: SIMTEP

and calls : No subrouti nes
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BOILER

Init ial ize output var iables

- R Calculate the full— load boiler fuel rate
E 

____________________________________________________________

T
U Calcula te: (net energy output)/
R (operating capacity )
N

Calcula te bo i ler fuel input

278
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SIMTEP . COMREF

OCT 76

COMREF ( ECOOL , EELEC , ETOWER)

a. GENERAL DESCRIPTION

COMREF i s a subroutine to simulate operation of a chi ller. Three

types of compression chillers are inc l uded--the hermetic centrifugal

ch i ller , the open centri fuga l chiller , and the reciprocating chiller.

Frac tion of chi ller elec trical energy input
= (energy input)/(design energy input)

= f(c ,x)

where f a quadratic polynomial in x, and c i s a set of polynomial

coeff ic ients

x = part-load ratio

= (required cooling)/(nominal cool i ng capacity

c RPWR1C., for hermetic centrifugal ch i ller
= RPWR2C , for open centr i fuga l chiller
= RPWR3C , for reciprocating chiller

• b. DATA DESCRIPTION

1. INPUT DATA

Source of
Data Name Description

• SIMTEP ECOOL Required cool i ng for compression chiller

(PLOAD(ICOMPR)) type ICOMPR

EPARS ICOMPR Compress ion chi ller type :

9, for hermetic centrifugal chiller

10, for open centrifugal chiller

11, for rec ip roca ti ng centr i fuga l ch i ller
279
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Source of
Data Name Description

PDATA(l ,7) RPWR1C Quadratic polynomial coefficients

for hermetic centri fugal chi ller as

described in previous section

PDATA(1 ,8) RPWR2C Quadratic polynomial coefficients for

open centrifugal chi ller as descr ibed

in previous section

PDATA(1 ,9) RPWR3C Quadratic polynomial coefficients for

reciprocating chiller as described in

previous section

EDATA RMIN(IC~4PR) Minimum part-load ratio of compression

chiller type ICOMPR

EDATA RMAX(ICOMPR) Maximum part—load ratio of compression

chiller type ICOMPR

2. COMMON BLOCKS

EDATA , EPARS , PDATA

3. OUTPUT DATA

Name Description

EELEC Electrical energy input (kW)

ETOWER Tower cool ing load (kW)
c. TRACE BACK

Subroutine COMREF Is called by: SIMTEP

and cal ls: No subroutines
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COMREF

Set nominal cooling capacity

• Calculate nominal power input

Initialize output variables

~~~~ quired coollng~~~O

Set chiller cooling load to required level

R
E ICTY PE = Compression chiller type
I
U Compression chiller type

Calcu l ate Calcula te Calcu l ate
fraction of fraction of fract ion of
power input power input power Input
for hermetic for open for recipro-
compression centrifugal cating corn-
chiller compression pression

chi ller chi ller

Calculate electrica l power Input

Calculate tower cooling load
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SIMTEP . . . CO STEN

OCT 77

COST EN

a. GENERAL DESCRIPTION

This subroutine calculates energy usage costs for up to 10

di fferent energy sources.

b . DATA DESCRIPTION

1. INPUT DATA

Source of Data Name Descr ipti on

STAID ENUSE (l 3,IU) Yearly energy used for utility
Index IU

STATD ENPEAK (13,IU) Yearly energy peak for utility
index IU

STAID (JDATA (1 , IU) Energy per source unit for
utility Index IU (kw )

STAID UDATA (2, IU) Uniform costs per so’irce unit
for utility Index IU ($)

STAID UDATA (3, IU) Cost esca la tion fac tor for
life cycle of utility index IU

STAID UDATA (4, lU) Minimum peak load charge for
utility Index IU

STAID I’DATA (5, IU) Minimum peak l oad for utility
Index IU (unit)

STAID UDATA (6, Ui) Peak ‘load unit cost for utility
index IU (t/unit).
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Source of
Data Name Description

UCOSTD UBLK Two parameters specifying
each block of a graduated
change

UCOSTD NUTLTY Number of di fferent energy
sources

tJCOSTD NBULK Number of different blocks
of an incremental charge

2. COMMON BLOCKS

STAT D, UCOSTD

3. OUTPUT DATA

Name Descr iption

ENCOST Total escalated yearly charge for each
source ($)

c. TRACE BACK

Subroutine COSTEN is called by: R4PRNT

and calls: No subrouti nes
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COST EN

Do through different energy sources, (IU=l , NUTLTY)
NB = Number of charge blocks

Initialize intermediate cost variabl es
Do through 12 months of the years
Units of consumption energy consumption/energy per unit

__ _ _

CSTM = uniform Do through charge blocks, (IB=l, NB)

cost* units of Charge block size = block multiplier (UBLK(l))
energy consumption

Uniform cost > 0
No Yes 

______

Block size = block multiplier
Continue the highest peak of energy

Yes 
Block >EMO N 

units

OUT = TRUE CSTM = CSTM + block size charge per
un it in block
Decrease energy consumption

units chargeable by these
units accounted for in
charge block, EMON = EMON - BLOK

— 

Index of charge block = last charge bl ock
specified

CSTM = CSTM + remaining energy consumption
*

____________________ 

units charge /unit

CSTM = CSTM + (charge/peak load unit )*(maximum of either the average of
the month ’s highest peak and the year~ s highest peak or the base peak load)
CST = CST + (Maximum of either the maximum monthly charge or the total
monthly energy usage cost)
Total escalated yearly charge = escalation factor*

total yearly charge

284



_~~~~~~~~~~~~~~ _‘~~~~~~~~~~ •~~_~~‘_ w - — — —. - -  -- - - ‘~ ‘---~
- -~ 

=- - - -

SIMTEP . . . COSTEQ
OCT 76

COSTEQ

a. GENERAL DESCRIPTION

COSTEQ is a subroutine to calculate the equipment costs.

b. DATA DESCRIPTION

1. INPUT DATA

Source of
Data Name Description

LFCYCD ALFCYC (1) Interest rate (%)

• LFCYCD ALFCYC (2) Labor inflation rate (%)

LFCYCD ALFCYC (3) Material i nflation rate (%)

LFCYCD ALFCYC (4) Energy inflation rate (%)

LFCYCD ALFCYC (5) Project life (yrs)

LFYCYD ALFCYC (6) Labor cost ($/hr)

• LFCYCD ALFCYC (7) Site cost factor

ECDATA EQCOSR (1 ,1) Reference data equipment
Size (kW)

ECDATA EQCOSR (2 ,1) Reference data equipment
unit cost ($)

ECDATA EQCOSR (3,1) Reference data equipment
installed cost factor

ECDATA EQCOSR (4,1) Reference data equipment
consumables ($/hr)

ECDATA EQCOSR (5,1) Reference data equipment
mai ntenance

ECDATA EQCOSR (6,1) Reference data equipment
life (hrs/yr)
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Source of
Data Name Description

ECDATA EQCOSR (7,1) Reference data equipment
hours to minor overhaul (hrs)

ECDATA EQCOSR (8,1) Reference data equipment m inor
overhaul cost ($)

ECDATA EQCOSR (9,1) Reference data equipment
hours to major overhaul (hrs)

ECDATA EQCOSR (10,!) Reference data equipmen t
major overhaul cost ($)

ECDATA EQCOSD (1-1 0, j.I) Similar to EQCOSR (1-10) ,
except that data is for given
equipment I and size J

EDATA KINS Number of units installed

EDATA KAV Number of un its ava ila ble

EDATA NEDATA Number of different equi pment
sizes

EDATA NEQSIZE Number of different sizes of
each equi pment type

2. COMMON BLOC KS

ECDATA , EDATA , LFCYCD , STAID

3. OUTPUT DATA

Name Description

EQCHT (1, I) Total first cost of equipment index I ($)

EQCHT (2, I) Total annual cost of equipment index I ($)

EQCHT (3, 1) Total cyclical cost of equ i pment index
I ($)

EQCHT (4,1) Unused

EQCHT (5,1) Total cost of equipment index I ($)

c. TRACE BAC K

Subroutine COSTEQ Is called by: R4PRNT

and calls: CYC
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COST EQ

If site cost factor < 1 , set site cost factor =

Set Al = Interest rate/lOO
R = Material inflation rate/lOO[ E = Project life (in years)

Calculate first cost factor, using interest rate and project life

— 
FCF = E*Al*A [(Al+l )E/(Al+l )E~~]

• Calculate inflation multipl ier on annual costs, using labor i nflation
rate, site factor, and project life

ACM = E* (1 + (E_l)* ALFCYC (2)/200)* ALFCYC (7),.
Do through equipment types (1 1 , NEDATA)

In i ti al ize output variables

NS = number of equipment sizes for each equ i pment type

Do through different equipment sizes (J=l ,NS)
- Equipment first cost = number of units installed

T *~~iform cOst* installed cost factor* first cost
factor

N Annual cost = ACM* (consumables cost* operating hrs/
yr + number of units installed* maintenance hrs fyr*
labor cost/hr)
Total operating hours during proje ct life = (operating
hrs/yr)* (project life (yrs)/number of units installed )
Total cyclical cost = cyclical cost coefficient
*number of units installed* uniform cost

~~~~~~~~~~~ cost factor
Tota l cy c l i c a l  cost = present cyclica l cost + cyclica l
cost coefficient* number of units installed* cost of
minor overhaul
Repeat the calculation of cyclical cost with major overhaul
Total cost = first cost + annual cost + cyclical cost
Calculate total horizontally first , annual , cyclical , and
total costs
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SIMTEP . . . CYC

OCT 76

CYC (HO, CN , R, RH)

a. GENERAL DESCRIPTION

CYC is a function subroutine to calculate the cyclical cost

coefficient.

b. DATA DESCRIPTION

1. INPUT DATA

Source of
Data Name Description

COSTEQ HO Hours to overhaul or replace-

ment (hrs)

COSTEQ CN Project l ife (yrs)

COSTEQ R Material inflation

rate (fraction)

COSTEQ RH Equipment operation hours

during project life

2. COMMON BLOCKS

None

3. OUTPUT DATA

Name Description

cvc Cycl ic cost coefficient

c. TRACE BACK

Function CYC is called by: COSTEQ

and calls: No subroutines
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~~~~~~~~~~~~~~
F = Rounded-off value of (equipment operation hours)/

(hours to overhaul or replacement)

Life period = (project life)/ (equipment operation hours)/

(hours to overhaul or replacement)

CYC=O Calcula te cyclical cost coefficient CYC
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SIMIEP . DBIJNDLE

OCT 76

DBIJNDLE (ECOOL , EHEAT, EELEC , ETOWER, ERCVCD, EWASTCD, RCAV)

a. GENERAL DESCRIPTION

DBUNDLE simulates the operation of a double-bundle compression

chi ller.

Several parameters relating tc output variables are evaluated as

follows :

Z = (leaving condenser water temperature - A(l))/

A(2) - (chilled water temperature - A(3))
where A = set of constants

= ADJIDS

Available cooling capacity ratio , RCAV

= (available cool i ng capacity)/(nomina i capacity)

= f(c,x)

where f = a quadratic polynomial in x, and c is a set of polynomial

coefficien ts

x = Z, as defined above

c RCAVDB

Energy ratio adjustment factor, G

= (full —load input energy)/nominal full-l oad input energy)

= f(c,x)

where f = as defined above

x = available cooling capacity ratio, RCAV,as defined above

c = ADJEDB

Energy I/O ratio , RPOWER
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= (input energy)/(full-load Input energy)

f(c,x)

where f = as defined above

x = fraction of nominal capacity, RLOAD

(required cool ing)/(nomlna l cooling capacity)

c= RPW R DB

Ava ilable recoverable heat

= (cooling load + electric energy input) RAVRHDB

where RAVRHDB avai labl e recoverable heat ratio

b. DATA DESCRIPTION

1. INPUT DATA

Source of
Data Name Description

SIMTEP ECOOL Required cool ing for double-bundle

(PLOAD(1 3)) chi ll er (kW)

SIMTEP EHEAT Required heat energy (kW)

(ABS(ENGYLDC 1 ,IHR ,IDAY))

EPARS CNCD Nominal cooling capacity for double-

(OPCAP(13)) bundle chiller (kW )

EDATA PEL(13) Electrical i nput to nominal capacity

ratio for double-bundle chiller

EDATA RMIN(13) Minimum part—load ratio for double-

bundle chiller
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Source of
Data Name Description

SDATA(l ,1O) TCOOL Leaving chilled water temperature (°C)

SDATA(1 ,13) TCW Leaving condenser water temperature (°C)

SDATA(1 ,20) RAVRHDB Available recoverable heat ratio

PDATA(l ,lO) RCAVDB Quadratic polynomial coefficients for

availabl e cooling capacity ratio as

described in previous section

POATA (1,I1) RPWRDB Quadratic polynomial coefficients for

energy I/O ratio as described in previous

section

PDATA(l ,12) ADJTDB Constants for the evaluation of variable

Z as descri bed in previous secti’~n

PDATA(l ,13) ADJEOB Quadratic polynomial coefficients for

energy ratio adjustment factor as

described in previous section

2. COMMON BLOCKS

EDATA , EPARS , PDATA , SDATA

3. OUTPUT DATA

Name Descripti on

EELEC El ectrical energy inpu t (kW)

ETOWER Tower cool ing load (kW)~

ERCVCD Recovered heat (kW)

EWASTCP Wasted recoverable heat from double-

bundle ch iller (kW) —

RCAV Ava ilable cooling capacity ratio =

(available cooling capacity)/(nominal

capacity)
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c. TRACE BACK

Subroutine OBUNDLE is cal led by: SIMTEP

and calls: No subroutines

I
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DBUNDLE

— 
Ini tialize output variables

Initi al ize intermediate varia bles

Calcula te condenser water temperature
— 

adjustment factor

Calculate availab l e cooling capac ity ratio
= (available cooling capacity)/(nominal

cooling capac ity)

Set fraction of nominal capacity
= (required cooling)/ (nominal cooling
capacity)

Calculate energy ratio adjustment factor
= (full load input energy)! (nominal full—

l oad input energy)

Calcula te energy input output ratio
= (input energy)/(full—load input energy)

Calcula te electrical energy input to chiller

Calcula te availabl e recoverabl e heat energy

Set recovered heat = availabl e recoverabl e heat

Calculate tower cooling load

Required heating > 0

Recovered i Recovered heat = recovered heat
heat energy energy from double-bundle
from double- Waste recoverable heat = ava i la ble
bundle is recoverable heat energy - recovered
used heat energy from double-bundle
elsewhere 

____ ____________________________
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SIMTEP . . DFLTASG

OCT 76

DFLTASG

a. GENERAL DESCRIPTION

This subrouti ne assigns default values and posts processes i nput

data .

b. DATA DESCRIPTION

1. INPUT DATA

Source of
Data Name Descripti on

EDATA NEQSIZE(I) Same as described in SIMTEP

EDATA KAV(J ,I) Same as described in SIMTEP

EDATA CNOM(J ,I) Same as described in SIMTEP

EDATA ROPT(I) Same as described in SIMTEP

ECDATA EQCOSR(K,I) Same as described In SIMIEP

ECDATA EQCOSD(K,J ,I) Same as described in SIMTEP

SDATA(l ,l) HSTEAM Same as descri bed in SIMTEP

SDATA(l ,2) TSATUR Same as described in SIMTEP

SDATA(l ,17) TLEAVE Same as described in SIMTEP

SDATA(l ,31) PSTEAM Same as described in SIMTEP

SDATA(l ,33) TSTMTUR Same as described in SIMTEP

SDATA(l ,38) TILT Same as described i n SIMTEP

SDATA(l ,39) AZMUTH Same as descri bed in SIMTEP

SDATA (l,42) FLH2O Same as described i n SIMTEP

SDATA(l ,43) HXEFF Same as described in SIMIEP

PDATA(2,21) FRUL Same as descri bed in SIMTEP
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2. COMMON BLOCKS

ECOATA , EDATA , POATA , EPARS , REPOPT, SDATA , STMTUR, TITLED,

TOWERD , SOLARD

3. OUTPUT DATA

Name Description

RMIN(I) Same as described in SIMTEP

RMAX(I) �ame as described in SIMTEP

ROPT(I) Same as descri bed in SIMTEP

PEL(I) Same as described in SIMTEP

NEDATA Same as described in SIMTEP

IENAME(J ,I) Same as described in StMTEP

TOTCAP(I) Total nominal capacity of equipment

type I (kW)

~IABSOR Same as described in TOWER

ICOMPR Same as described In TOWER

ITOWR Same as described in TOWER

KT Same as described in TOWER

PNTK Same as described in TOWER

CNTU Same as described in TOWER

CNT Same as described in TOWER

CNTUH Same as described in TOWER

CNTH Same as described in TOWER

TLEAVE Same as described in SItITEP

PSTEAM Same as described in SIMTEP~

TSATUR Same as described In SIMIEP

_ _ _ _ _ _ _ _ _ _ _ _  - 
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Name Descripti on

HSTEAM Same as descri bed i n SIMTEP

TSTMTUR Same as described i n SIMTEP

HSTMTUR Same as descri bed i n STMTUR

SSTMTUR Same as descri bed in STMTUR

EQCOSD(K,J ,I) Same as described in COSTEQ

c. TRACE BACK

Subroutine DFLTASG is cal led by: SIFITEP

an d cal ls : R3PRNT

ENTHAL

ENTROP

SATUR

STURDS
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DFLTASG

Assign default values for reference cost to actua l cost conversion
parameters

Define variabl e names

Assign values for minimum part load ratio, RMIN(I), max imum part
load ratio, RMAX(I), optimum part load ratio , ROPT(I), and electrical
inpu t to nominal capacity ratio , PEL(I).

Default SOLAR data

Calculate absorption chiller index , IABSOR

Cal cul ate compression chiller index , ICOMPR

Calcu late cool ing tower index , ITOWR

Fill total capacity array, TOTCAP

Set up variables for cooling tower

Assign default values for TLEAVE , PSTEAM, TSATUR , HSTEAM , and TSTMTUR

Calculate specific entha l py HSTMTUR , and spec i f ic entropy SSTMTUR
for superheated hig h pressure steam

Fill equ i pment cost array EQCOSD from reference cost array EQCOSR
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SIMTEP . DiESEL

OCT 76

DIESEL (EELECD, EIJACKD, ELUBED , EEXD , EFUELD)

a. GENERA L DESCRIPTION

This subrouti ne simulates the super—charged diesel engine-

generator set.

Several parameters relating to output variables are evaluated as

follows :

Rati o of (electrical energy output)/fuel energy input) f(c,x)

where f = a quadratic polynomial in x, and c is a set of po’1ynomial

coefficients

x = part-load ratio

= (electrical output required)/(nominal electrical output

capacity)

c = RELD

Ratio of (available jacket heat)/(fuel energy input) = f(c,x)

where f = as defi ned above

x = part-load ratio , as above

c = RJACD

Ratio of (available l ube-oi l heat)/(fuel energy input) = f(c,x)

where f = as defined above

x = part—load ratio , as above 
—

c = RLUBD
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Ratio of (heat energy of exhausted gases)/(fuel energy input) = f(c,x)

where f = as defined above

x = part-load ratio, as above

c = REXD

Exhausted gas temperature (°C) = f(c,x)

where f = as defined above

x part-load ratio, as above

c = TEXD

Exhaust gas flow (kg/sec) (exhaust heat energy)/((specif ic heat

coefficient at constant pressure)*(enthalpy of gas at exhaust

temperature)) (stack U_factor)* area

= UACD(l)*(nominal capacity)**UACD(2)

where UACD = a set of constants

Ava ilable recoverable exhaust heat = (exhaust flow)*(specific

heat coefficient at constant pressure)* (enthalpy of gas at exhaust

temperature - enthalpy of gas at exhaust stack temperature)

b. DATA DESCRIPTION

1. INPUT DATA

Source of
Data Name Description

SIMTEP (PLOAD(2)) EELECD Electrical energy output for

diesel engine (kW)
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Source of
Data Name Description

EPARS (OPCAP(2)) PND Nominal electrical power output (kW) 
- -

SDATA(1 ,2) TSATUR Steam saturation temperature (°C)

SDATA(l ,22) RMXKWD (Maximum exhaust fl ow)/(kW output)

PDATA(1 ,l4) RELD Quadratic polynomial coefficients related

to electrical energy output

PDATA(l ,l5) RJACD Quadratic polynomial coefficients

related to jacket heat

PDATA(l ,l6) RLUBD Quadratic polynomial coefficients

related to lube heat

PDATA(1 ,l7) REXD Quadratic polynomial coefficients

related to exhaust heat energy

PDATA(l ,l8) TEXD Quadratic polynom ial coefficients

related to exhaust gas temperature

PDATA(l ,37) UACD (Stack U_factor)* area coefficient

for d iesel engine

EDATA RMIN(2) Minimum part load ratio for diesel engine

2. COMMON BLOCKS

EDATA , EPARS , PDATA , SDATA

3. OUTPUT DATA

Name Description

EFUELD Fuel energy input (kW)

EJACKD Ava ilabl e jacket heat (kW)

ELUBED Ava ilabl e lube-oil heat (kW)

EEXD Ava ilable exhaust heat (kt’t)
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c. TRACE BACK

Subroutine DIESEL is called by: SIMTEP
OPCOOL

and calls: No Subroutines

‘
4,
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DIESEL

Ini tialize output variables .

~~~~~~~~le~~r ica i energy ou tpu t~~~O

Calculate : (electrical output required)/(nominal
electrical output capac ity)

Calcula te: (electrical energy output)/(fuel eneray
input)

Calcula te: (availabl e jacket heat)f(fuel energy
input)

R
E
T Calcula te: (available lube —oil h~’at)/(fuel energy
U input)
R
N

Calculate : (heat energy of exhausted gases)! (fuel
energy input)

Calcula te exhaust gas temperature

Calcula te exhaust gas flow

Calcula te stack U_factor* area term

Calcula te exhaust stack temperature

______ 

Calcula te availabl e exhaust heat 
_________________
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SIMTEP . EFFIC

OCT 76

EFFIC

a. GENERAL DESCRIPTION

Subroutine EFFIC calcula tes efficiency factors for several types

of energy production. It also calculates total fuel energy input to the

system.

Calculations are straightforward applications of definitions :

1/FE = plant electric energy generation efficiency

FE = (fuel input to the prime movers)/(plant electric energy genera-

tion plus recovered heat) -

l/FH = heat energy generation efficiency

FM = (plant fuel input - plant electric generation* FE)/(total heat

generation - steam energy used for electric generation)

1/FUE = total electronic energy generation efficiency

FUE = (plant electric generation *FE + utility electricity/TOTUEF)/

(total electrical energy generation)

where TOTUEF = total efficiency of utility electric generation

b. DATA DESCRIPTION

1 . INPUT DATA

Source of Data Name Descripti on 
—

SOATA (1 , 36) RWSTUR Ratio of exhaust steam
to entering steam flow

SDATA (1 , 37) TOTUEF Total efficiency of uti l ity
electric generation
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Source of Data Name Description

EPARS PLOAD(4) Part load of boil er at
current hour (kW)

EFFICD EPLANT El ectri c energy generated
in the plant (kW)

EFFICD PG Rati o of gas turbi ne
load to total electrical
load

EFFICD PD Rati o of di esel engi ne
load to total electrical
loa d

EFFICD PS Ratio of steam turbine l oad
to total electrical load

EFFICD PE Inverse of plant electrical
energy generation

EFFICD FM rnverse of plant heat
energy generation efficiency

EFFICD FUE Inverse of total electric
energy generation efficiency

EFFICD ESTMAB Steam energy input to
absorption chiller (kW)

EFF I CD EELECCO Tota l el ectr ica l energy
input to cooling stage
(kW)

EFFICD EHEAT Heat energy (building
load (kW)

EFFICD EWASTE Waste heat energy from
diesel engines and gas
turbines (kW)

EFFICD ERCVCD Heat energy recovered
from double-bundle
chiller (kW)

Flow of steam entering to
STMTUR FSThTUR steam turbine (kg/hr)

Enthalpy of superheated
STMTUR HSTMTUR high-pressure steam

(kJ/kg)
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Source of Data Name Description

STMTUR TEXSTM Temperature of exhaust
steam from steam turbine
(°C)

HOURTOT EUT Total utility electricity
(kW)

HOURTOT EFUELB Total boiler fuel energy
- (kW)

HOURTOT EFUELE Total fuel input for
electric energ
generation (kW

HOURTOT EFUEL Total fuel input (kW)

HOURTOT EBOILER - Boiler net heat output
(kW)

2. COMMON BLOCKS

EFFICD , EPARS , SDATA , STMTUR , HOURTOT

3. OUTPUT DATA -—

Name Descripti on

ENTOT Total energy consumed by the plant and the
utility company (Btu/hr)

EFIHC Total fuel input for heat energy consumed
by cooling stage (kW)

EFIEC Total fuel input for electric energy
consumed by cool ing stage (kW)

EFUELTH Total fuel input for heat energy
generation (kW)

rfl.~n II Total fuel Input for ~J~~trk4S grf~h~~’4f
generation (k W)

c. TRACE BACK

Subroutine EFFIC is called by: SIMTEP

and calls: SATUR 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



Calculate total fuel input per hour = total fuel input to boiler per hour
+ total fuel input for electrical generation

Calculate total plant electrical generation per hour

Calculate total electricity supplied by utility per hour

Initialize boiler efficiency

Total fuel input to boile r > 0
NO YES

CONTINUE Calculate boiler efficiency = ratio)!

Calculate waste heat of steam turbine

Set heat recovered from steam turbine = waste heat of steam turbine

Calculate total heat recovered in plant

Initiali ze i nverse of plant electrical energy generation efficiency FE = 0

Total plant el ectrical generation > 0

NO YES

CONTINUE Recalcula te inverse of plant electrical energy generation

Initial ize inverse of total electrical energy generation efficiency FUE = 0

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

CONTINUE Recalculate inverse of total electrical energy generation
coefficient

Initial ize inverse of plant heat energy generation coefficient FH = 0

Heat energy load > 0
NO YES

CONTINUE Recalcula te inverse of plan t heat energy generati on coeffici ent

Calculate total fuel input for heat energy consumed by cooling stage _ -

Calculate total fuel input for electrical energy consumed by cooling stage

Calculate total fuel input for heat energy generation

Calculate total fuel input for electrical energy generation (plant and
utilit y)

Calculate total energy consumed by plant and utility

-- 
~
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SIMTEP . ENSTOR

OCT 76

ENSTOR (OPMODE, EHEAT, ECOOLD, EHEATR , ECOOLR)

a. GENERAL DESCRIPTION

This is a subroutine to calculate heating and cool i ng energy storage.

Heat energy is stored in the hot water tank , while cooling energy is stored

in the chilled water tank. It is assumed that the heat transfer rate is

sufficiently high to permit any amount of energy up to the storage tank

capacity to be stored in an hour.

At the beginning of each hourly simulation , ENSTOR is cal led with

OPMODE < 0. It tries to satisfy or lower the heating and cooling load.

The remaining loads are satisfied by the plant.

At the end of the hour, ENSTOR is called with OPMODE > 0. It first

tries to store all waste heat as heat energy. If the capacity of the hot

water tank is exceeded, then the remainder of the waste heat is used to

generate chilled water. The absorption chiller capacity assigned for

this purpose is assumed to be the useful operating capacity . Initiali-

zation of the subroutine occurs when it is called using OPMODE.

b. DATA DESCRIPTION

1 . INPUT DATA

Source of Data Name Descripti on

SIMTEP ECOOLD Cool i ng load (kW)

SIMTEP EHEAT Heati ng load (kW)
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Source of
Date Name Descr iption

SIMTEP OPMODE Variabl e representing the operational mode;

It is less than 0, when energy from storage

is used ; equal to 0 for Initialization ;

and greater than 0 when energy is stored.

EPARS IABSOR Absorption chiller type, same as in

ABSREF

EPARS TOTCAP(18) Total heat storage capacity (kwh)

EPARS TOTCAP(19) Total cooling storage capacity (kwh)

EPARS TOTCAP(IABSOR) Total cooling capacity of absorption

chiller type IABSOR

LDIST IOPR(l8) Number of heat storage tank in opera tion

LDIST IOPR(19) Number of cooling storage tank in

operation

HOURTOT ESTORBL Stora bl e hea t energy

HOURTOT EWASTED Tota l was ted recoverabl e heat at end

of hour

HOURTOT ESTRED Total energy stored

2. COMMON BLOCKS

EPARS, HOURTOT , LDISTD

3. OUTPUT DATA

Name Descri pti on

EHSTOR Stored heat energy a t ~-.id of hour (kW)

ECSTOR Stored cooling energy at end of hour (kW)

EHEATR Remaining heating load (kW)

ECOOLR Remaining cooling load (kW)
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c. TRACE BACK

- 

Subroutine ENSTOR Is called by: SIMTEP

- and calls: No Subroutines

310



-

ENSTOR

~~~~~~MO~E ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Initialization of remaining Loads

Initialize (Energy
energy NO for storage) 

~~~~~~~ YES (enerav sthred~storage Set stored cooling Set heat energy stored = stora ble heat
used = cool ing load energy

_______________________ Calculate stored heat at end of hour
Calcula te remaining Calculate remaining wasted heat
coo li ng load Set ratio of heat energy = (heat energy

in/cooling energy out) for absorption
______________________ chiller
Store cooling at end Initialize cooling to be stored at 0
of hour Total cool ing stora ge capac it

Yes 
of chiller 0 = 0 

No

_______________________ 
e5 
~~~~~~~~~~~~~~~~~~~~~~~~~

et coo li ng to be stored =
Repeat procedures for (remai ning heat to be
heating storage Continue stored)/SA

Calculate stored cooling at
the end of hour

Initialization of Calcula te total energy stored
equipment operation Remaining heat-~ng l oad = total energy
index stored

Calculate total heat recovered
at end of hour
Calcu late total was ted recoverab l e heat
at end of hour
Calcula te total heat at end of hour

If stored heating used If heat stored>l , IOPR(1 ,18) = 1
>1. If cooling stored>1 , IOPR(l ,l9) = 1

IOPR(l ,l8) 1 Ca lcula te present demand on heat
If stored cool i ng used storage tank

19’ — Calcu l ate present part load on heatI ~ — 

storage tank
Calcula te present demand on cooling
storage tank
Calcula te present part load on cool ing
storage tank
Ass ign number of different s izes of
storage tank in operation
Calculate operating capacity
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SIMTEP . . . ENTHAL

OCT 76

ENTHAL (PSTEAM , TSTEAM)

a. GENERAL DESCRIPTION

ENTHAL is a function subprogram to calculate enthalpy of pure steam.

Enthalpy is calculated as a quadratic polynomial of steam temperature ,

in which the polynomial coefficients are related to the absolute steam

pressure. This function applies for steam temperatures up to 556°C and

steam pressure up to 6.9 x 106 Pa. The function is explained in CERL

Interim Report E-81 .2 3

b . DATA DESCRIPTION

1. INPUT DATA

Source of
Data Name Description

DFLTASG PSTEAM Steam pressure (Pa)

DFLTASG TSTEAM Steam pressure (°C)

2. COMMON BLOC KS

None

3. OUTPUT DATA

Name Descr ipti on

ENTHAL Enthalpy of pure steam (kJ/kg )

c. TRACE BAC K

Function ENTHAL i s called by: DFLTASG

and calls: No subroutines

0. C. Hittle a~~~B. Sliwinski , CERL Therina Z Load8 Ana lyaie and
Syetem8 Simulation Program, Volumes 1 and 2 , Interim Report E-8I
(CERL , 1975).
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ENTUAL

Calcu late absolute steam pressure : 
—

PSTMAB = PSTEAM + 1.013 x lOs , (Pa )

Determine quadra tic coeff ic ients A , B,
and C us ing absolu te steam pressure
PSTMAB

Calcula te enthal py using steam
temperature :
ENTHAL A + B*TSTEAM + C*TSTEAM**2, (kJ/kg)
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SIMTEP . . . ENTROP
• OCT 76

ENTROP (PSTEAM, TSTEAM )

a. GENERAL DESCRIPTION

ENTROP is a function subprogram to calculate entropy of steam.

Entropy is calculated in terms of a function which involves saturation

temperature and steam temperature , while the coefficients in the function

are related to absolute steam pressure. CERL Interim Report E-8l de-

scribes the calculation.

b. DATA DESCRIPTION

1. INPUT DATA

Source of
Data 

— 
Name Description

DFLTASG PSTEAM Steam pressure (Pa)

DFLTASG TSTEAM Steam temperature (°C)

2. COMMON BLOCKS

None

3. OUTPUT DATA

Name Descr ipti on

ENTROP Entropy of steam (kW /kg)

c. TRACE BACK

Function ENTROP i s ca l led by: DFLTASG

and cal l s: SATUR
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ENTROP

Calculate steam saturation temperature
(by SATUR)

Determine func tion coeff ic ients A , B,
and C , us ing steam temperature PSTEAM
(Pa )

Calcula te entropy as a func tion of steam
saturation temperature

315 
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SIMTEP . GASTUR

OCT 76

GASTUR (EELEC , EFUEL, ELUBE, EEX , TEX )

a. GENERAL DESCRIPTION

This is a subroutine that simulates operation of the gas turbine-

generator set.

Several parameters relating to output variables are evaluated as

follows :

Ratio of (gas turbi ne fuel energy input)/(electrical energy output) =

f(c,x1 ) f(B,X2)

where f = quadratic polynomials In x 1 and x2; c and B are sets of

polynomial coefficients for the two polynomials , respectively

x1 
= part-load ratio

= (elec trical dernand)/( nominal electrical output capacity )

c = FUEL1G

T = ambient air temperature (°C)

B = FUEL2G

Ratio of (exhaus t gas flow )/(nominal elec trica l power output)

= f(c ,x)

where f = as defined above

x = ambient air temperature (°C)

c=FEXG

Exhaust gas temperature (°C) = f(D,x3)f(E ,x4)

where f = quadratic polynomials in x3 and x4; 0 and E are sets of

polynomial coefficients for the two polynomials, respectively
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x3 
= part-load ratio

D = TEX1G

= ambient air temperature (°C)

E = TEX2G

(Stack U_factor)* area
= UACG(l) *nominal capacity (Btu/hr))**UACG(2)

where UACG = a set of cons tants

Maximum value of (exhaust gas flow (lb/hr))/(power output (kW))=

RMXKWG

where RMXKW G = a spec ial parameter

The temperature of exhaust gases leaving the heat exchanger ,

i.e., stack temperature , Is calculated using the thermodynamic relation .

Default val ues of coefficients corres ponse to SOLAR gas turbine-

generator set.

Ratio of (lube-oil heat)/(nominal electrical energy output) = f(c,x)

where I = as def ined above

x = part-load ratio

= (electrical demand)/(nominal electrical output capacity) - i
c=ELV B G

k 317 
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b. DATA DESCRIPTION

1. iNPUT DATA

Source of Data Name Descr ipti on
SIMTEP(PLUAU (1)~) EELEC Electrical energy output capacity (kW)

WEATHR TAIR Ambient air temperature (°C)

EPARS(OPCAP(1)) PNG Nominal electrical power output (kWY

EDATA RMIN (l) Minimum part load ratio for gas turbine—

generator set

SDATA TSATIJR Steam saturation temperature (°C)

SDATA RMXKWG Special parameter as described in

prev ious sec tion

PDATA(1 ,19) FUEL1G A set of quadratic polynomial coefficients

as described in prev i ous section

PDATA (1 ,20) FUEL2G A set of quadratic polynomial coefficients

as described in previous section

PDATA(l ,22) FEXG A set of quadratic polynomial coefficients

as descr ibed in prev ious sec tion

PDATA(l ,23) TEX1G A set of quadratic polynomial coefficients

as described in previous section

PDATA( 1 ,24) TEX2G A set of quadra ti c polynomial coeffic ients

as descr ibed in prev ious sec tion
POATA(1 ,25) ELUBG A set of quadratic polynomial coefficients

as descr ibed in prev ious sec tion
PDATA(1 ,28) UACG A set of quadratic polynomial coefficients

as descri bed in previous section
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2. COMMON BLOCKS

EDATA , EPARS , PDATA , SDATA , WEATHR

3. OUTPUT DATA

Name Description

EFUEL Fuel energy input (kW )

ELUBE Lube-oil heat energy (kW)

EEX Ava ilabl e exhaus t heat (kW)

TEX Ex haus t gas tempera ture (°C)

c. TRACE BACK

Subroutine GASTUR is called by: SIMTEP

OPCOOL

and calls: No subroutines
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GASTUR

Initialize output variables

1ectricai energy output~~ 0

Calcula te nominal elec trica l output ( kW )
R —

E Ca l cu late frac tion of nominal capac ity
I = (electrical energy output)/(nomirial
U el ectrical energy output)
R
N Set amb ient a ir temperature

Calculate gas turbine fuel input

Calcula te ex haus t gas fl ow

Calculate exhaust gas temperatw-e

• Calculate stack U_factor* area term

Calculate the exhaust stack temperature

Calculate the availabl e exhaust heat

Calcula te availabl e lube-oil heat
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SIMTEP . HEATREC

OCT 76

HEATREC (EHWDOM)

a. GEt~ RAL DESCRIPTION

Thi s subroutine s imulates heat energy recover ies at var ious leve l s

and calcula tes total boiler output. Four levels of recoverable waste heat

energy are considered . Energy which is not used at any level is added to

the next lower level ; energy that cannot be used at the lowest l evel is

wasted.

b. DATA DESCRIPTION

1. INPUT DATA

Source of Data Name Descr ipt ion

CCBSTEPS EHWDOM Energy requ i red to heat domestic hot

ABS(ENGYLD(6,IHR ,IDAY)) water (kW)

EPARS IABSOR Absorption chi ller type , same as in
ABSREF

EPARS OPCAP(17) Steam turbine operating capacity (kW)

SDAIA(l ,l) HSTEAM Steam enthalpy (kJ/kg)

SDATA(l ,3) RFLASH Ratio of boiler flash water to steam losses

SDATA(1 ,2) TSATUR Steam saturation temperature (°C)

SDATA(l ,9) TWMAKE Temperature of makeUp water (°C)

SDATA(1 ,30) RHFLASH Ratio of recoverable heat to steam

flash heat

SDATA(l ,34) PEXSTUR Nominal exhaust steam pressure (Pa)
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Source of
• Data Name Description

SDATA(1 ,35) RPMNOM Nominal speed of gas turbine (rad/sec)

SDATA(l ,36) RWSTUR Ratio of exhaust steam to steam turbine

entering steam flow

EFFICD EHEAT Heat energy (building) load (kW)

EFFICD EWASTE Waste heat energy ~from diesel engines

and gas turbines (kW)

EFFICD ERCVCD Heat energy recovered from double-

bundle chiller (kW)

EFFICD ESTMAB Steam energy input to absorpti on chi l l er

(kW)

EFFICD EJACKD Jacket heat energy from diesel engines

and gas turbines (kW)

EFFICD ELUBE Lube-oil heat from diesel engines and

gas turbines (kW)

SOLARD ESOLC Solar heat energy used for cooling (kw)
SOLARD ESOLH Solar heat energy used for heating (kW)

STM ESINS Total steam energy consumed by steam users

except absorption chillers (kW)

Sm EWTRM Energy of water mixture from steam users

(kW)

SIM FWTRM Flow of return water mixture (kW)

STMTUR HEXSTM Enthalpy of exhaust steam from steam

turbine (kJ/kg )
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Source of
Data Name Descripti on

STMTUR TEXSTM Temperature of exhaust steam from

steam turbine (°C)

2. COMMON BLOCKS

EFFICD , EPARS , SDATA , SOLARD, SIN, STMTUR , HOURTOT —

3. OUTPUT DATA

Name Description —

ERECOVR Total recovered heat energy (kW)
ESTORBL Total storable heat (kW) -

EBOILER Boiler net output (.kW)

c. TRACE BACK

Subroutine HEATREC is called by: SIMTEP

and calls : No subroutines
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HEATREC

Calc ulate total steam loss

Calcula te flow of boi ler flush water

Calculate water heat makeup flow

Assign values for heat requirement variables

Initialize intermediate variables

Assign values for recoverable heat variables

\

turbin Pera n~~caPacitY <~~~~~~~~~~~~~~~~~~~~~~~~~

Calculate exhausting steam enthalpy ES(1) if exhaust steam
temperature > 82.2°C

Calculate rejected low temperature heat if exhaust steam
temperature > 82.2°C

Initialize input variables

~~~~~~~~~~~~~ecoverable heat, ES~~~~

Recovered heat previous Subtract availabl e recovered
recovered heat + ED(I) heat from heat required and add

result to next heat requirement
Rejected heat = previous
rejected heat + ES( I)— ED(I) ED(I) = ES(I)

Set recovered heat = previous
Calculate wasted recover- recovered heat + ED(I)
able heat

Repeat until (I + 1) > 4

Calculate wasted recoverabl e heat

Calc ulate total storable heat

Calculate boi ler net output
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SIMIEP . . LOIST

OCT 76

LD 1ST (I EQTYPE , TLOAD , PLOADE)

a. GENERAL DESCRIPTION

LDIST is a default subroutine to distribute l oad to similar

equipment units. It is called only if assignment tables are not pro-

vided by the user . It is assumed that:

1. Units have identical efficiency functions (in terms of part—l oad

ratio).

2. Efficiency functions can be approximated by quadratic functions .

3. The rule should be simpl e and practical enough to be implemented

without a computerized control .

This is a combination algorithm involving an i terative procedure.

Hov~ver, the number of i terations is at most the number of units. Al l oca-

tion is done in such a way that the part-load ratio of the operating

units is close to the optimum part-load ratio.

b. DATA DESCRIPTION

1. INPUT DATA

Source of Data NAME Descripti on

OPCOOL TLOAD Total load (kW)

OPCOOL IEQTYPE Index denoting the type of equipment

EDATA RMAX(J) Max imum part load ratio of equ ipment type J

EDATA NEQSIZE(J) Number of sizes of type J

EDATA CNOM (I,J) Nom inal capac ity of type J and size I

EDATA KAV(I,J) Num ber of ava i la ble un its of type J and

size I
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Source of
Data Name Description

EPARS TOTCAP(J) Total nominal capacity of equipment type J

DISTB NDISTB(K) Number of load ranges for load d istribution

by table

DISTB DISTB(I,J) Load range for equipment type J , load

range index I

DISTB IDISTB (I,K ,J) Number of units in use of size index I ,

load range index K, and equipment type J

2. COMMON BLOCKS

DISTB, EDATA , EPARS , LDISTD

3. OUTPUT DATA

Name Description

NOPR(J) Number of sizes of equipment operating

at current time step for equipment type J

IOPR(J) Number of units operating at current time

step for equ ipment type J with size I

PLOADE Load of the equipment ~kW).

KOP(I) Number of units of size I i n operation

c. TRACE BACK

Subroutine LOIST is called by: OPCOOL

SIMTEP -

and calls : Ho subrouti nes
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101ST

Equipment type = IEQTYPE
Optimum part-load ratio = ROPT (IEQTYPE)
Number of equipm9nt size NEQSIZE(IEQTYPE)

\ Total capacity = 0 for IEQTYf~~ gj~jg~entYES \ _ -__—----—-— NO

I ~~~~~~~ Total load < 0 NO

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Operatinç capacity = TOTCAP UEQTYPE) Equipment selection by table
DO I throu gh ~00 different equipment 

look up , 12=NDISTB(IEQTYPE)
s izes

Number of I s i ze uni ts operat ing,
KOP(I)=Nur.~er of I size units avail— Do I through 12 load ranges
a b le , KA V ( IEQTYPE) Total loa d < loa d range

• of type IEQTYPE
1 1 = 1  YES size l NO

• RNEW = total load/total capacity OUT — TRUE = 12operating —

DNEW = absolute value of (optimum
part loa d ra ti o - RNE W)

— 
Set ROLD = RNEW Number of equipment size NEQ

DOLD = DNEW = N E Q S I Z E ( I E Q T Y P E )
No. of II size operating < o 

NO 
Set operating capacity 0

eset operating capacity = operating
capacity-Nominal capacity of type DO J through NEQ equipment
IEQTYPE with size II sizes
I Operating Capacity < total load~ Number of units operating

YES 
~~~~~~~~~~~~

— —~~~~~ To of size J , type I EQTYPE
Decrease number of units IDISTB(J.I,IEQTYPE)
Recalculate RNEW and ONEW Recalculate operating

II DNEW < DO capacity = operating capa-
=11+1 NO YES city + (number of units

Increase number of units - operating of size ~operating by one *(n~~jnal capacity of size J
______ OUT = TRUE type IEQTYPE)
Repeat until II + 1 > number of equipment,

NE Q or OUT = TRUE
Set operating capacity = 0
~~ J through NEQ equipment sizes for

• type IEQTYPE _____________________________
Recalculate capacity operating = capacity UPCAP(IEQTYPE) operating
operating + (No. of units operating of capacity of equipment type
size J for type IEQTYPE IEQTYPE

Load of equipment type IEQTYPE • Set equipment load OPCAP
+ ROLD* capac ity operating (IEOTYPE )
Number of sizes operating of the IEQTYPE
= NEQ

DO I through NEQ e9uipment sizes for tvoe IEOTYRE
• Number of units operating at current time step for equipment typeI E Q TYPE, size I IOP(I, IEQTYPE)

number 0f I size units operating,KOP(I)
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SIMTEP OPCOOL

OCT 77

OPCOOL (EELECT, EHEATT, ECOOLT, PA, PC, PCp)

a. GENERAL DESCRIPTION

This is a subroutine to distribute cooling load to different chiller

types near -optimally. Some approximations are done to avoid an inter-

active cal culation . I/O relationships of chillers are approximated

by linear functions. However, quantities relating prime movers are

computed through simulation of prime movers using primary electrial

and heating load.

The methodology is as follows: If the waste heat is more than

the heating load , the remainder of the waste heat can be used by

absorption chillers . If heating load is more than available waste heat,

the remaining heat load can be satisfied by generati ng electricity 1for

compression chillers and using the incremental portion of waste heat.

The remainder of cool i ng load is distributed between absorption and

compression chillers in such a way that the steam generated for absorption

chillers is generated by the waste heat released while generating the

el ectric energy for compress ion ch illers.

b. DATA DESCRIPTION

1. INPUT DATA

Source of Data Name Description

SIMTEP EELECT Total el ectrical energy
load (kw )

SIMTEP • 

EHEATT Total heating load ( kW )
SIMTEP ECOOLT Total cooling load (kW)

EPARS IABSOR Absorption chiller type,
same as In ABSREF
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EPARS ICOMPR Compress ion ch i ller type,
same as In CONREF

EPARS TOTCAP Total capac ity of absorption
(IABSOR) chiller type IABSOR (kW)

EPARS TOTCAP Total capac ity of compress ion
(ICOMPR) ch iller type ICOMPR (kW)

EPARS TOTCAP ( 1) Total nominal ca pac ity of
gas—turbine engine (kW)

EPARS TOTCAP(2) Total nominal capacity of
diesel engine (kW)

EPARS TOTCAP Total nominal capacity of
(IABSOR ) absorption chiller type

IABSOR (kW)

SDATA (1 ,16) CYPTYPE Plant Type = 1 for utility only
= 2 for mixed plant

SDATA (1 ,34) PEXSTUR Nominal exhaust steam
pressure (Pa)

SDATA (1, 35) RPMNOM Nomlnal speed of steam
Turbine (Rad/sec)

STMTUR - FSThTIJR Flow of steam entering steam

• 
turbine (kg/sec)

STMTUR HSTMTUR Specific enthalpy of
superheated hi gh-pressure
steam (kJ/kg)

STMTUR TEXSTM Temperature of exhaust
• • steam (°C)

2. COMMON BLOCKS

EPARS , SDATA , STMTUR

3. OUTPUT DATA

Name Descri ption

PA Ratio of absorption ch i ller load to
total cooling load

PC Rat io of compress i on chi ller load to
total cooling load

4 PCD Ratio of double-bundle chiller load
to total cooling load

- - 
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c. TRACE BACK

Subroutine OPCOOL is called by: -~IMTEP

and ca lls: DIESEL

GASTUR

LDIST

OPDBUN

OPELEC

SOLUSE

STMTUR

~ii
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• OPCOOL

Initialize variables

Calculate the average specific electric energy consumption of compress ion
chillers , (sc)

Calculate the average specific heat energy consumption of absorption
chillers , (SA )

Calculate the average specific energy consumption of boilers , (SB)

Simulate electric generation stage
Calculate total fuel input for electric generation
Calculate total waste heat from electric generation

Calculate (waste heat)/(power output) ratio, (CEX )
aP ulate (fuel input)/(power output) ratio for generators , (SG)

First try to satisfy heating load by waste heat
If waste neat > heating l oad , the remainder of the waste heat will be used
to give “free cooling ”

If heating load > availablewaste heat, the remaining heating l oad will be
satisfied by generating electricity for “cheap cooling ” and applying
this incremental portion of waste heat to the remaining heating load
up to a l imit

~ree cooling = Remainder of waste heat/ SA
heap cooling = Remainder of heating load/(SC*CEX)

rry to satisfy cooling load by “free cooling ” and then by “cheap cooling ,”
(within l imit of component)

~he remainder of the cooling load is distri buted between absorption and
compression chiller in such a way that:
The system required for the absorption chiller is generated by the waste
released while generating the electric input to the compression chiller
to supply their share of the rema ining cool ing load (uncons tra ined
optimization )

Impose capacity constraints , adjust the ratio (constrained optimization )

~djust l oad distribution if there is solar cooling available (call SOLUSE)

~just load distribution is there are double—bundle chillers and heat l oad
Calculate PA = (absorption chiller load)/(total cooling load)
PC = (compress ion ch i ller load) /(tota l cooling load )
PCD = (double-bundle chiller load)/(total cooling load)
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SIMTEP . . OPDBUN

OCT 76

OPOBUN (ECOOL , EHEAT , PC, PCD)

a. GENERAL DESCRIPTION

This subroutine calculates the ratio of double-bundle r chiller load

to total cooling load . Given cooling and heating load , availabl e double-

bundle capacity is calculated by simulating the double-bundle chiller.

Load is distributed to double—bundl e and compression chillers in such a

way that all of the recoverable heat is used when possible.

b. DATA DESCRIPTION

1. INPUT DATA

Source of Data Name Descri pti on

OPCOOL ECOOL Total cooling load (kW)

OPCOOL EHEAT Building heating load (kW)

OPCOOL PC Ratio of compression chiller (Including

double-bundle) load to total cooling load

EPARS ICOMPR Compression chiller type, same as

in COMREF

EPARS TOTCAP(ICOMPR) Total capacity of compression chiller

of type ICOMPR (k~
EPARS TOTCAP (13) Double-bundle chiller (kW)

EDATA CMOM(l ,13) Nominal size of double-bundle chiller
of size 1 (k~~)

2. COMMON BLOCKS :

EDATA , EPARS
I
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3. OUTPUT DATA

Name Description

• PC Ratio of compression chiller (excluding

• double-bundle) load to tota l cooling load

PCD Ratio of double-bundle chiller load

to total cooling load

c. TRACE BACK

Subroutine OPOBUN is called by: OPCOOL

and ca l ls : DBUNDLE
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OPDBUM

Initialize variables

If heating load is less than one of the smallest double-bundle unit
capacity , set available cooling capacity to the nominal capacity;
otherwise simulate double-bundle chiller to calculate available
cool ing capacity of double-bundle ch i ller

\ IF PC = (compression chlller)/(total cooling load) < O~~......... ._—_-—
YES\

ç:

Allocate Allocate double-bundle chillers so that the rejected
regular heat satisfies all heating load subject to the
compression available double-bundle capacity constraint
chillers ,
then allo- If double-bundle cooling load is less than 45 per-
cate cent of total double-bundl e capacity (empirical
double- relation), try to allocate all double-bundle capacity ,
bundle if necessary , to avoid inefficiently low part-load
chillers to ratios
the
remainder If total allocated double-bundle capacity and regular
of the compression chiller total capacity is less than the
compression compression refrigeration load , redistribute the
refrigeration load such that double-bundle chillers are fully
load (if any utilized
double-
bundle -

•

chiller
available)
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srr4rEP . . OPELEC
OCT 76

OPELEC (EELECT , EHEATT, ECOOLT , PG, PD, PS)

a. GENERAL DESCRIPTION

OPELEC distributes electrical load to three types of prime mover-

generator sets--gas turbine , diesel engine , and steam turbine . It is

assumed that diesel engines and gas turbines will not normally coexist

in the same plant , and if they do coexist , they will share the load

porportional to total capacities .

The load of steam turbine is determined with respect to waste heat

requi rement. An empirical relation for steam turbines is used in the

subroutine. Average specific energy consumption factors are used for

absorption chillers .

b. DATA DESCRIPTION

1. INPUT DATA

Soui~~ .~pf Data Name Description

opcooi EELECT Total electrical loads
( kW)

OPCOOL EHEAT Total heating load
( kW)

OPCOOL ECOOLT Total coo li ng load
(kW)

EPARS IABSOR Absor pt ion ch i ller type,
same as in ABSREF

EPARS TOTCAP Total nominal capacity
(IABSOR) of absorption chiller type

IABSOR ( kW) -

TOTCAP (1) G Total nominal capacity
(EPARS) of gas turbine (kW)

TOTCAP (2) D Total nominal capacity
(EPARS) of diesel engine (kW)
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Source of
Data Name Description

~OTCAP (17) S Total nominal ca pac i ty of

steam turbine (kW)

EDATA CNOM~l,l 7 )  Nominal size of steam turbine

wi th size 1 (kW)

EDATA ROPT(l7) Optimum part-load ratio of

steam turbine

EDATA RMX (1) Maximum part-load ratio of

gas turbine

EDATA RMA X (2) Maximum part-load ratio of

diesel engine

EDATA RMAX (17) Maximum part-load ratio of

steam turbine

2. COMMON BLOCKS

EDATA , EPARS

3. OUTPUT DATA

Name Description

PG Ratio of gas turbine load to total

electrical load

PD Ratio of diesel engine load to total

• electrical load

PS Ratio of steam turbine load to total

electrical load

c. TRACE BACK

Subroutine OPELEC is called by: SIMTE P

OPCOOL

and calls: No subroutines
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OPELEC

Initialize variables

Set average spec ifi c energy consumption factor for ch i llers

Calculate the ratio of waste heat needed to total electrical load (CWASTE) 
—

Impose an empirical constraint on steam turbine load (in terms of CWASTE)
Determine steam turbine load

Distribut remaining electrical generation load to diesel engines and gas
turbines proportional to their total capacities

~

- 

337 ~~~~~~

—--—-•-—•— -• 

~~~~

.

~~~~

• • • • • • • -

~~

- --- - —



“~~~~ -, -  ,__••_••• __ — — - • - -—-- - -.
~
--, - - _ •  • •, ,_ •~~~~~~~~~

,• . •~~~~~
__

~~~ • ~~~~~~~~~~~~~~ 
- —•- • - • ••— —•--~~~~~~~~~~ -~~••-

SIMTEP . OUTRP

OCT 76

OUTRP (UNIT)

a. GENERAL DESCRIPTION

This subroutine pri nts requested results.

b. DATA DESCRIPTION

1. INPUT DATA

Source of
Data Name Description

REPOPT IREPOP (1, 1R) Report option of index

IR (2H . . . . FORMAT)

REPOPT IREPOP (2, IR) Report option range

control of index IR

(3H . . . .FORMAT )

REPOPT NREPOP Range of IR

= METRIC (6H . . FORMAT)

for SI units

SIMTEP UNiT = ENGLISH (7H . . FORMAT)

for English units

2. COMMON BLOCKS

REPOPT

3. OUTPUT DATA

Output data are shown in the subroutines that are called .

c. TRACE BACK:

Subroutine REPORT i s called by : SIMTEP

and calls: R1PRNT

R4PRNT

STATPR
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OUTRP

Do I through NREPOP ranges

If report option of index I equals 2H/M, print monthly values
(R1PRNT ) —

If ‘eport option of index I equals 2H/S, print equipment
use statistics (STATPR)

If report option of index I equal s 2H/C, print life-cycle
report (R4PRNT)
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SIMTEP . PSYTWD

OCT 76

PSYTWD (TAIR, HR)

a. GENERAL DESCRIPTION

This is a function subprogram to calculate wet-bulb temperature

using a cubic polynomial fitting:

• Twet bulb 
= C1 + C2Y + C3Y + C4Y (°c)

where C = polynomial coeffic ients

Y = logarithm of moist air enthalpy

b. DATA DESCRIPTION

1. INPUT DATA •

Source of Data Name Descri ption

CCBTEPS TAIR Dry-bulb air temperature (°C)

CCBTEPS HR Humidity ratio

2. COMMON BLOCKS

None

3. OUTPUT DATA

Name Description

WETBULB Wet-bulb temperature (°C)

c. TRACE BACK

Function PSYTWD i s ca l led by: SIMTEP

and calls : PSYHTW

PSYWTP

SATUTH
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PSYTWD

~~~~~~

f
aiI

~

emPera ture

~~

O0C

_Wet-bulb Calculate moist air enthalpy (kJ /kg)
tempera-
ture = Set independent variable V = Log (H)

tur~~(°C) ~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~

Cal culate wet—bulb Calculate wet—bulb
temperature us ing temperature us ing
cubic equation #2 cubic equation #1
m Y  m Y
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SIMTEP . . RFACT

OCT 76

RFACT (R , A , 1)

a. GENERAL DESCRIPTION

This is a function subprogram to calculate rating factors for co~Iing

towers. The rating factor is calculated as follows :

Rating Factor RFACT = RF*f(c ,x)

where f = a quadratic polynomial in x

x = range = (entering-water temperature)-(leaving-water temper-

• - • - ature )

c a set of polynomial coefficients = RFR

RF= a constant factor which is calculated based on six different

app roaches

For the first five approaches , the factor RF = A (f(C,x) + Bf(D ,x)

where f = a quadratic polynomial in x V

x wet- bulb temperature (°C)

C = a set of polynomial coefficients

= RF1 for first approach

= RF2 for second approach

= RF3 for third approach

= RF4 for fourth approach
= RF5 for fifth approach

A = a constant corresponding to each of the approaches

o = a set of polynomial coefficients

= RF2 for first approach

= RF3 for second approach
= RF4 for third approach
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= RF5 for fourth approach

= RF6 for fifth approach

B = another cons tant corres pondi ng to each of the ap proaches

In the last approach , RF = f (c ,x)

where f and z are as defined above

c = polynomial coefficients = RF6

b. DATA DESCRIPTION

1. INPUT DATA

Source of
Data Nan~ Description

TOWER R R = Range = entering-water temperature

leav ing-water temperature (°C)

TOWER A A = Approach = leaving-water temperature

wet-bulb temperature (°C)

TOWER T Wet-bulb temperature (°C)

PDATA ( l ,26) RF1 Quadratic polynomial coefficients as

described in previous section

PDATA (1 ,27) RF2 Quadratic polynomial coefficients as

descr ibed in prev ious sec tion
PDATA(1 ,28) RF3 Quadratic polynomial coefficients as

described in previous section
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Source of
-Data Name Descript ion

PDATA (l ,29) RF4 Quadratic polynomial coefficients as

described In previous section

PDATA(1 ,30) RF5 Quadratic polynomial coefficients as

described in previous section

PDATA(l ,3l) RF6 Quadratic polynomial coefficients as

described in previous section

PDATA (l ,39) RFR Quadratic polynomial coefficients as

• described in prev ious sec tion

2. COMMON BLOCKS

PDATA

3. OUTPUT DATA

Name Descr ipt ion

RFACT Rating factor for the cooling tower

c. TRACE BACK

Function RFACT is calle d by : TOWER

and calls: No subroutines
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RFACT

Calculate AP = Approach of wet-bulb air temperature
to water temperature leaving tower

Set lower and upper limits on approach

Determine quadratic coefficients RF based on wet-
bulb temperature

Calculate rating factor REACT
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SIMTEP . . . RTPRNT

OCT 76

RTPRNT

a. GENERAL DESCRIPTION

This is a subroutine to print report titles.

b. DATA DESCRIPTION

1. INPUT DATA

Source of
Data Name Description

CDPR IPRT Logical unit number

for print output

TITLED NTIT Number of title index IT

2. COMMON BLOCKS

CDPR, TITLED

3. OUTPUT DATA

Name Descriptipn

ITIT (1-8, IT) Title data of index IT (8OH. . . FORMAT )

c. TRACE BACK

Subroutine RTPRNT is called by: R1PRNT

R4PRNT

STATPR

and calls: No subrout ines
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RTPRNT

\

Put titlL~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

R Do through N IT  output titles

E

T

U Print output titles

R

N
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SIMTEP . . R 1PRNT

OCT 76

R1PRNT(UN IT)

a. GENERAL DESCRIPTION

This is a subroutine to print monthly values .

-

• b . DATA DESCRIPTION

1. INPUT DATA

Source of
Data Name Descr ipti on

CDPR IPRT Logi cal uni t number for pr int

output

REPORT UNIT METRIC (6H . . . FORMAT)

for SI units

ENGLISH (7H . . FORMAT)

for ENGLISH units 
V

2. COMMON BLOCKS

CDPR, P~NTAl

3. OUTPUT DATA

Name Description 
- 

V

PRNTA1 (Ir4ON,I) Monthly output information ; same as

descr ibed in SIMTEP

c. TRACE BACK

Subroutine R1 PRNT is cal led by: OUTRP

and calls: RTPRNT
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R1PRNT

Initialize intermediate variables

Print output title

Units not in SI units

No Yes

headings into SI units Continue

Print headings for monthly output variables

Do through 12 energy-related variables

if units in Eng lish units 
V

No Yes

~~~~~~~~~~~~~~~~ es Cont inue

Print monthly information for the variable

Do through 12 monthly

Sum up monthly information for the variable

Take plant average efficiency over 12 months

Print monthly information for each variable

Print report titles ( RTPRNT)
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SIMTEP. . R3PRNT

OCT 76

• R3PRNT(UNIT)

a. GENERAL DESCRIPTION

This is a subroutine to print all internal parameters.

b. DATA DESCRIPTION

1. INPUT DATA

Source of
Data Name Descr ipti on

EDATA (ES) Data: Data for equipment size ; same as descr ibed

in SIMTEP

IENAME(2O4,I)

CMOM(J ,I)

KINS(J ,I)

KAV (J ,I)

DEATA (ER) Data : Data for part-load ratios ; sante as

described in SIMTEP
V 

RMIN(I)

RMZX(I )

ROPT(I)

SDATA (S) Data: Data for special parameters; same as

descr ibed In SIMTEP

SDAIA(J ,I)

PDATA (EP) Data : Data for equipment performance coefficients

POATA(J ,I)
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Source of Data Name Descriptions

ECDATA (CR) Data: Cost reference data for equipment; same

EQCOSR(J ,I) as described in SIPITEP

UCOSTO (CU ) Da ta: Cost of utility, energy

NBULK(IU) Number of block multipliers used for utility

type IU

UBLK(1 ,K,IU) Bloc k multiplier for Kth block , utility

type IU

UBLD(2,K,IU) Cost per unit for Kth block , utility

type Iii

IUNAME(IU) Utility , energy name (6H FORMAT)

UDATA(1 ,IU) Energy/unit for utility type IU (kW )

UDATA (2,IU) Uniform cost/unit for utility type Iii ( $)

UDATA (3,IU) Cost escalation factor for life cycle

for utility type IU

UDATA(4 ,IU) Minimum peak load charge for utility

type IU ( $)

UDATA (5,IU) Minimum peak load for utility type IU (unit)

UDATA (6,IU) Peak load unit cost for utility type IU

($/un it)

LFCYCD (L) Data: Life-cycle data ; same as described in SIMTEP

ALFCYC( I)

(CE) Data: Data for cost of equipment;~same as 
V

descr i bed in SIMTEP
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Source of
Data Name Description

EDATA IENAM E (J ,I)
ECDATA EQCOSD(K ,J ,I)

TILTED (T) Data: Report title ; same as described in RTPRNT

NT IT

ITIT(I ,IT)

(EA ) Data : Equipment assi gnment da ta

EDATA IENAME(J ,I) ~ame as described in STMTFP

EDATA NEQSIZ(I) Same as described in SIMTEP

DISTB NDISTB Same as descr ibed in LDIST

DISTB DISTB(J ,I) Same as described in LDIST

DISTB IDISTB(J ,K,I) Same as described in LDIST

CDPR II’RT Logical unit number for print output

KEYLST KEYLST(J ,I) Data card type name (30H.. .FORMAT)

2. COMMON BLOCKS :

CDPR , DISIB, ECOATA , EDATA , KEYLST , LDISTB , LFCYCD , PDA TA , REPOPT I

SDATA , TILTED , IJCOSTD.

3. OUTPUT DATA

Output data are the same as inpu t data (printed out).

c. TRACE BACK:

Subroutine R3PRNT is called by: DFLTASG

and calls: No subroutines
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R3PRINT

Use English units

No Yes

Set units in headings in Set units 

~ 

in

Check data card type code - 
________________________________________

No 
— 

Use Engltsh units es

Continue :;
~~:: ::~~:m~

1t size data into

Print equipment size ,(ES) data

Print equipment operation ratios , (ER) data

Use English units

No Yes

Continue Conve;t speciai parameters

Print special parameter data , (S) data

Print equipment performance , (EP) data

Print equipment cost reference, (CR) data

Print cost of utility , energy, (CU) data

Print life cycle, (L) data

Print cost of equipment , (CE) data

Print report title , (1) data

Print equipment assignment table , (EA) data V
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SIMTEP . . R4PRNT

OCT 76

R4PRNT (UNIT)

a. GENERAL DESCRIPTION

This is a subroutine to print the life-cycle report.

b . DATA DESCRIPTION
V 1. INPUT DATA

Source of
Data Name Description

CDPR IPRT Logical unit number for print output

EDATA NEDATA Range of equipment of size I as specified

EDATA NEQSIZE (I) Number of different s i zes of equipment 
V.

type I

REPORT UNIT METRIC (6H. . FORMAT), for SI units

ENGLISH (7H . . FORMAT), for English units

NUTLTY Number of di fferent ut iliti es

2. COMMON BLOCKS

CDPR , ECDAT A , EDATA, LFCYCD , STATO , UCOSTD

3. OUTPUT DATA

Name Descri pt ion

IENAME (J ,I) Same as descr ibed in SIMTEP

KINS (J ,I) Same as described in SIMTEP

CNOM (J ,I) Same as descr ibed in SIMTEP
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• Name Description.

AMAXLD (I) Same as described In SIMTFP

• MAXTIM (J, I) Same as described in SIMTEP

EQCHT (J,I) Same as descr ibed in SIMTEP
EQCOST (K, j, I) Same as described in SIMTEP

TOTECS Same as described in SIMTEP

IUNAME (lu) Same as des cribed in SIMTEP
ENCOST (IU) Same as described in SIMTEP
ENUSE (13, IU) Same as descr ibed in SIMTEP
ENPEAK (13, IU) Same as descr ibed in SIMTEP
UDATA (3, IU) Same as described in SIMTEP

TOTUCS Same as descr ibed i n SIMTEP
TOTCOST Same as descr i bed in SIMTEP
c. TRACE BACK :

Subrouti ne R4PRNT is called by: OUTRP

and calls: -COSTEN V

COST EQ
RTPRNT
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R4PRNT

Ca lculate energy usage costs ( COSTEN)
Calcula te equipment costs (COSTEQ)
Print output title

If units in English units
No Yes

Set output headings in headings in

Do through whole equipment range NEDATA

C Print equipment name and total cost of equipment
0 If units in English units
N

T No Yes V

I 
~~~~~~~~~~~~~~~~~ Continue

U Print equipment nomina l capacity-
E Print number of equipment installed for each size and its first

cos t, annua l cos t, cycl ica l cost , and total cost

Print equipment total cost

Do through all utility units

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

C Print utility name, energy cost, yearly energy used , yearly peak
O energy, and cost escalation factor for life cycle
N
T
I
N Suming up utility costs
U
E

Print utility energy total cost
Print project life and life-cycle cost
Print report titles (RTPRNT)
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SIMTEP . . SOLUSE
_ V OCT 76

SOLUSE (EHEAT , ECOOL , PA , PC)

a. GENERAL DESCRIPTION

SOLUSE calculates heat energy used for heating and cooling and

adjusts cooling load distr ibution . It first tries to satisfy heating

load , and then checks whether the remaining solar heat can be utilized

in a one—stage absorption chiller to satisfy cooling load.

b . DATA DESCRIPTION

1 . INPUT DATA

Source of
Data Name Description

OPCOOL EHEAT Heati ng load ( kw )

OPCOOL ECOOL Coo li ng load ( kW )

SOLARD ESOLAR Available solar heat energy (kW)

SOLARD TSOLAR Solar heat storage tank
temperature (°C)

EPARS IABSOR Type index of absorption chiller , same
as in ABSREF

EPARS TOTCAP(l6) Total capacity of solar energy (kW)

EPARS TOTCAP(5) Total capacity of absorption
chiller type 5

SDATA ( 1 ,14) TMINH Minimum tank temperature
required for heating (°C)

SDATA (1 ,15 ) TM INC Mi nimum tank temperature
requi red for cool ing (°C)

2. COMMON BLOCKS

EPARS, SDATA , SOLARD
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3. OUTPUT DATA

Name Description

PA Ratio of absorption chilling to total
cooling load wi th solar energy

PC Ratio.:of compression chilling to total
cool ing load with solar energy

PAO Ratio of absorption chill ing to total
cool ing load without solar energy

PCO Ratio of compression chilling to total
cool ing load without solar energy

— 

c. TRACE BACK

Subroutine SOLUSE Is called by: OPCOOL

and calls: No subrout ines

if
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Initia l’uze output variables

ESOLAR = Absolute value of the ava i lable solar heat

Y~~ 

No solar equipment installed 

No

Yes 

No absorp tion cool ing equ ipment

Set solar heat used for heating to present heating load
subject to an upper bound

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ so l ar

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Set free-of-load absorption cooling capacity to:
the total absorption cooling capacity - the absorption
cooling capacity to satisfy its assigned share of the
present cool ing loa d w ithout solar heat

Set SA = average ratio of heat energy in to cooling
energy out for absorption chiller = 1.5

Heat energy input required = free-of-load
absorption cooling capacity*SA

Set solar heat used for cool ing = heat input requi red
for absorption cool ing

Set cool ing energy prov ided by solar
solar heat used for cool ing/SA

Set the absorption fraction of total cooling load wi th
solar to: the absorption fraction of total cooling
load without solar + cooling energy provided by solar/
present cool ing load , (PAO+SOLCOOL/ECOOL)

The compression fraction of total cooling load with
solar = PAO-fPCO-the absorption fraction of total cool-

________________________ 
ing load with solar
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SIMTEP . STATIS

OCT 76

STAT IS

a. GENERAL DESCRIPTION

This subrouti ne calculates monthly statistics for energy-related

input and output variab les .

b. DATA DESCRIPTION

1. INPUT DATA

Source of
Data Name Descripti on

/HOURTOT/ EUT Total utility electrical power (kW)

/HOtJRTOT/ ENTOT Total power required by plant and

utility (kW)
V 

/HOURTOT/ EFUELB Total boiler fuel consumption rate (kW)

/HOURTOT/ EFUELD Total di esel fuel consumption rate (kW )

/HOURTOT/ EFUELG Total gas turbi ne fuel consumpti on (kW)

/HOURTOT/ EHEATT Total heat power (kW )

/HOURTOT/ ECOOL Total cool ing load (kW)

/HOURTOT/ ERECOVR Rate of total recovered heat energy (kW)

/HOURTOT/ EWASTED Total wasted energy (kW)

/HOURTOT/ EFIHC Total rate of fuel input for heat energy

consumed by cool i ng stage (kW )

/HOURTOT/ EFIEC Tota l rate of fuel input for electrical 
V

energy consumed by cool ing stage ( kW )

/HOIJRTOT/ EFUELIH Total rate of fuel i nput for heat

energy generat ion (kW)
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Source of
Data Name Descr i pti on

/HOURTOT/ EFUELIE Total rate of fuel input for electricity

generation by the plant and utility (kW)

/HOURTOT/ EFUEL Total rate of fuel energy input, in-
cluding to utility (kW)

/LDISTD/ NOPR(I) Number of different sizes of equipment

operating at current time step

/EPARS/ PLOAD(I) Part load rf equipment I for current

hour (kw)

/STATD/ PLOADY(I) Part l oad totaled over the year for

equipment I (kwh)

/EPARS/ OPCAP(I) Operating capacity of equipment I (kW)

/STATD/ OPCAPY(I) Operating capacity totaled over the

year for equipment i (kwh)

/LDISTD/ IOPR(J ,I) Number of opera ting hours of

equipment 1 , s i ze J (hr)
— /STATD/ IOPRHR(J ,I) Number of operating hours of equipment I ,

size J (hr )

/DATE/ IMON Month index

/DATE/ IDAY Day index

/DATE/ IlIR Hour index

2. COMMON BLOCKS

DATE , EDATA , EPARS , HOURTOT , LDISTD , MONTOT, STATD
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3. OUTPUT DATA

Name Description

EUTS Monthly total of energy-related var iables

ENTOTS as described in Input Data . Also see

EFUELBS descr ipti ons in STATSM

E FUELDS

EFUELGS

EHEATTS
V 

EELECTS

ECOOLS

— 
ERECOVS

EWASTES

EFIHCS

EFIECS

EFUELHS

EFUELES

EFUELS

ENPEAK(IMON ,I) Monthly energy peak for utility i ndex I (kwh)

AMAXLD(I) Maximum load of equipment i (kwh)

MAXT IM( l ,I) Month index for the time when equipment I reaches

its maximum part load

MAXTIM (2,1) Day index for the time when equipment I reaches its

max imum part load

MAXTIM(3,I) Hour i ndex for the time when equipment I reaches its

max imum part load
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c. TRACE BACK

Subroutine STATLS iS called by: SIMTEP

and calls: No subrouti nes
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SIMTEP . . STATPR

OCT 76 
V

STATPR (UNIT)

a. GENERAL DESCRIPTION

This is a subroutine to print equipment use statistics.

b. DATA DESCRIPTION

1. INPUT DATA

Source of
Data Name Descr ipti on

CDPR IPRT Logical unit number for print output

EDATA NEQSIZE(I) Same as descr i bed in SIMTEP

STATD PLOADY (I) Part load totaled over the year of

equipment type I
V 

2. COMMON BLOCKS

CDPR , EDATA , STATD

3. OUTPUT DATA

Name Descr ipti on

AVGOPR Same as descr ibed in SIMTEP

OPCAPY (I) Same as described in SIMTEP

IENAME (J ,I) Same as described in SIMTEP

AMAXLD (I) Same as descr ibed in SIMTEP

MAXTIM (J ,I) Same as described in SIMTEP

IOPRHR (J ,I) Same as descri bed in SIMTEP

CNOM (J,I) Same as descr ibed in SIMTEP

I
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c. TRACE BACK

Subroutine STATPR is called by: OUTRP

- and calls : RTPRNT

I.
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STAT P R

If uni ts in SI units

No Ye

Set output headings in Set output headings in

Print title for equ ipment use statistics

Do through whole equipment range NEDATA

in u~ I

Continue Convert maximum part load into
English units

• Convert operating capacity into
V ____________________________ 

English units

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

N C Average operating ratio = (total yearly part load/ (total
1 0 yearly operating capacity
I N
N T
U I
E N  V

U
E

Print equipment name

Print equipment operation ratio

Print max imum load

Print monthly max imum part load

Print nominal operating capacity

Print number of operat ing hours

V 
Print report tit les (RTPRNT) 
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SIMTEP . STATSM
STATSM

a. GENERAL DESCRIPTION

This subroutine stores energy-related monthly results .

b. DATA DESCRIPTION

1. INPUT DATA 
-

Source of Data Name Descr ipti on

/MONTOT/ ENTOTS Monthly rate of total power requi red

by the plant and utility (kwh)

/MONTOT/ EHEATTS Monthly total heat energy (kWh)

/MONTOT/ EELECTS Monthly total elec trical energy V

demanded including that used by

the pl ant (kwh)

/MONTOT/ ECOOLS Monthly cooling load (kWh)

/MONTOT/ ERECOVS Monthly total recovered heat

energy (kwh)

/MONTOT/ EWASTES Monthly total wasted heat (kWh)
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Source of Data Name _Descrlption

/MONTOT/ EFIHCS Monthly fuel energy input for

heat energy consumed by coo li ng

stage (kwh)

/MONTOT/ EFIECS Monthly fuel energy i nput for

elec trical energy consumed by

cool ing stage (kwh)

/MONTOT/ EFUELHS Monthly total input for heat

energy generation (kwh)

/MONTOT/ EFUELES Monthly total input for electrical

energy generation (kwh)

/MONTOT/ EFUELS Monthly fuel energy input including

to utility (kwh)

2. COMMON BLOCKS -

DATE , HOURTOT , MONTOT , PRNTA I, STAID
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3. OUTPUT DATA

Name Descr iption

PRNTA1(1,IMON) Total heat energy (kwh)

PRNTA1(2,IMON ) Total electrical energy (kwh)

PRNTA 1 (3,IMON) Cool ing electrical energy (kwh)

PRNTA1 (4,IMON) Recovered energy (kwh)

PRNTA1(5,IMON) Wasted recovered energy (kWh)

PRNTA1 (6,IMON ) Heat energy input for cooling (kwh)

PRNTA 1 (7 ,IMON) Electrical energy input for cooling (kwh)

PRNTA 1 (8,IMON) Energy input for heating ( kwh)

PRNTA1(9,IMON) Energy input for electricity (kwh)

PRNTA1 (l O,IMOH) Total fuel energy input (kWh)

PRNTA1 (ll ,IMOPl) Total energy input (kwh)

PRNIA1(l 2,IMON ) Average plant eff ic iency

ENUSE (IMON ,I) Monthly energy used for utility index I (kwh)

ENPEAK(13,I) Monthly energy peak for utility index I (kwh)

c. TRACE BACK

Sub routi ne STATSM i s cal led by: SIMTEP

and cal l s: No subroutines
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SIMTEP . STMTUR

OCT 76 —

STMTUR (EELEC , PEXSTM , RPM)

a. GENERAL DESCRIPTION

Subrouti ne STMTUR calcu l ates the hourly steam rate consumed by steam

turbines under the given hourly load conditions . The equations used in

thi s subroutine are taken from SSTUR of SYSSIM in the CERL Thermal Loads

Analysis and Systems Simulation Program (see CERL Interim Report E-81).

b. DATA DESCRIPTION

See l isting of routine for conirnon blocks and variable names and descrip-

tions.

c. TRACE BACK

Su broutine STMTUR i s called by : SIMIEP

OPCOOL

and calls : No subroutines
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SIMTEP . STMUSE

OCT 76

STMUSE (ESTUSE, RWTR)

a. GENERA L DESCRIPTION

Thi s is a subroutine to calcula te total steam consumpti on of steam

users (including steam turbine excluding space heating and absorption

c hil ler). Eac h steam user i s g i ven by:

1. Ratio of return water to steam flow input

2. Return water temperature

The energy consumed by the steam user equals the energy of the portion

of the steam which is not returned plus energy loss of the portion which

is returned to the boiler.

b. DATA DESCRIPTION

1. INPUT DATA

Source of Data Name Descr ipti on

CCBTEPS ESTUSE Total steam energy load of steam
users (kW)

— CCBTEPS RWTR Ratio of return water to steam
flow

STMTUR FSTMT’JR Flow of steam entering to steam
turbine (kg/sec)

STMTUR HSTMTUR Enthalphy of superheated high-
pressure steam (kJ/kg )

STMTUR TEXSTM Temperature of exhaust steam (°C)

SDATA (1 ,1) HSTEAM Steam enthalpy (kJ/kg)

SDATA ( 1 ,36) RWSTUR Rat io of exhaust steam to steam
turbi ne entering flow

EPARS TOTCAP (4) Total capacity of boiler (kW)
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EPARS OPCAP(17) Opera ting capac ity of
steam turbi ne (kW)

2. COMMON BLOCKS

EPARS , SDATA , STM, STMTUR

3. OUTPUT DATA

V Name Descripti on

ESTMS Total team energy (kW)

FSTMS Total steam flow (kg/hr)

EWTRM Energy of return water mixture (kW)

FWTRM Flow of return water mixture (kg/hr)

c. TRACE BACK

Subroutine STMUSE i s called by: SIMTEP

and calls: No subroutines
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STMUSE

Initialize output variables

\ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
\~~~eam~~~~~ne operating capacity~~ o

Steam flow = steam flow to turbi ne
Steam energy = (steam flow to turbine)

*~enthalpy of superheated steam)

Return condensate flow = (exhaust
steam to enter ing steam flow
ratio)* (entering steam flow)
Return condensate energy
= ( return condensate flow)
*(enthalpy of condensate at exhaust steam temperature)

Flow to steam users = (total steam load)
/(steam enthalpy - enthalpy of return condensate)

Energy of steam to users (fl ow to steam

- 

users)*(steam enthalpy)

Return condensate flow = (return wa ter to
steam flow ratio)*(steam flow)

Return condensate energy (return condensate
flow)* (enthalpy of water @ 100°C)

To tal steam energy = energy of turbi ne steam
+ energy of steam to users

Repeat addition for total steam flow , total
return condensa te energy, and total return
condensate flow
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SIMTEP.. .STURDS

OCT 76

STU RDS

a. GENERAL DESCRIPTION

Subroutine STURDS calcula tes the steam rate of di ffe rent s izes of

single-stage condensing steam turbines under full-load conditions .

The number of turbine sizes which can be considered has an upper limi t

of six. The algorithms used for developing this subroutine are similar

— to those used in SSTUR of SYSSIM which were deri ved from the performance

curves presented in Carrier Corporation Bulletin H-3lE24 for Type YR

single-stage turbines , which range in size from 596 kW to 5220 kW and range

in speeds from 1750 to 6000 rpm. The full-load steam rate needs to be

calcula ted only once and is passed to STMTUR for calculating hourly steam

rate.

b. DATA DESCRIPTION

See l isting of routine for comon blocks and variable names and descrip-

tions .

c. TRACE BACK

Subroutine STURDS i s calle d by: DFLTASG

and calls: SUPT

SATUR

24Bullet in H-3lE (Elliott Division , Carrier Corp.).
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SIMTEP . . .SUPT

OCT 76

SUPT (T, TSR)

a. GENERAL DESCRIPTION

Function SUPT calculates the steam turbine superheat correction

factor given the theVoretical steam rate and superheat degrees . The

equations used in this function are obtained by least square curve fitting

of the performance curves presented in Carrier Corporation Bulletin H—3lE.

b . DATA DESCRIPTION

See l isting of routine for common blocks and variable names and descrip-

t ions .

c. T RACE BACK

Function SUPT is called by: STURDS

and calls : No subrout ines
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SIMTEP . TOWER

OCT 76

TOWER (ETOWER, EWASTED, TENT, EELEC , TCOLD, PLOADT)

a. GENERAL DESCRIPTION

This subroutine simulates the cooling tower. Two types of towers--

conventional and ceramic--are included . The towers can be operated ‘rd~r

variable water rate, variable range, or fixed water rate, fixed range

conditions.

Spec ial parameters whi ch are used in this subroutine are as follows :

RWCA = (tower water flow rate (kgPS))/ (absorption chiller capacity

(kW) )

RWCC = (tower water flow rate (kgPS))/(compression chiller capacity

(kW ))

RWCDB = (tower water flow rate (kgPS))/(double-bundle chiller capacity

(kw))

PELTWR = (electrical energy input)/(tower nomi nal cooling capacity)

PELTWR is used for approximating consumption only if TOWER

is not speci fic in input .

The tower leaving-water temperature and the number of cells in

operation are calculated by an iterative process using a 1.11°C increment.

At each iteration , the tower rating factor is recalculated by calling

RFACT .
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b. DATA DESCRIPTION

1. INPUT DATA

Source of Data Name Description

SIMTEP HSTEAM Steam enthalpy (kJ/kg)

SIMTEP ETOWER Tower load (kW)

SIMTEP EWASTED Wasted recoverable heat (added to

tower load) (kw)

SIMTEP TENT Entering water temperature (°C)

TOWERD KT Number of cells

TOWERD PNTK Fan motor power for one cell (kW)

TOWERD CNT Cooling capacity at 90-80-70 point (kW)

TOWERD CNTU Cooling capacity of one tower cell,

in TU = CNT*5000

TOWERD CNTH Cooling capacity of one cell at half

speed (kW)

TOWERD CNTUH Cool ing capacity of one cell at

half speed, in TU CNTH*5000

EPARS IABSOR Absorp tion ch i ller type, same as

in ABSREF

EPARS ICOMP R Compress ion chi ller type, same as

in COMREF

EPARS ITOWR Cool ing tower type:

1 4 f o r  conventional cooling tower V

15 for ceramic cooling tower
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Source of
Data Name Description

EPARS OPCAP(IABSOR Operating capacity of absorption

chiller (kw)’

EPARS OPCAP(ICOMPR) Operating capacity of compression

chiller (kW~

EPARS OPCAP(l3) Operating capacity of double-bundle

chiller (kW)

EPARS OPCAP(ITOWR) Operating capacity of cooling tower (kW)

WEATHR NET Wet—bulb temperature (°C)

LDISTD NOPR(ITOWR) Number of tower units in operation

LDISTD IOPR(l ,ITOWR) Number of tower cells in operation

SDATA(l ,7) TOWOPR Type of tower Operation ’.

1 for var iabl e water rate , var iable
V temperature range

2 for fixed water rate, varia ble

tempera ture rate

SDATA(1 ,l2) TTOWER Lower bound for temperature Of leav ing

water (°C)
V SDATA(l ,25) RWCA Tower water flow rate/absorption c hi ller

capacity

SDATA(1 ,26) RWCC Tower water flow rate/compression chiller

capacity

SDATA(l ,27) RWCDB Tower water flow rate/double-bundle

ch i ller capac ity

SDATA(l ,6) PELNR El ectrical input to tower/tower coolinq load
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V 2. COMMON BLOCKS -

EDATA , EPARS , LDISTD , SDATA , TOWERD , WEATHR
V 3. OUTPUT DATA
- Name Descr ipti on

EELEC Required electric energy (kWr)

TCOLD Leaving water temperature (°C)

PL~~DT Amount of load tower is handling (kW) 
-V

NCELL Number of tower cells in operation

c. TRACE BACK

- Subro,~tine TOWER i s called by : SIMTEP
and calls: RFACT

- 
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TOWER

Initialize output variables

\ Tower Load = 0
R Set leaving water temperature = wet-bulb temperature + 1.1 1 (°C)
\Total capacity of cool ing tower = 0 _ _ _ __ _

E Ye 
_ __ __ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ No

T Set electrical input = 0

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
U Calcula te flow rate and temper- Calculate temperature drop and
R ature drop through cool ing flow rate through cool ing tower

tower at fixed wa ter rate at var iable water rate
N Calcula te wet-bulb air temperature

(leaving water temp wet-bulb temp)<2.78°C
es No
— 

Calcula te rating factor (from RFACT)
Calculate rated area of tower
Set number of tower cells operating = 1

Initialize intermediate variable
If cooling capacity of one cell operating at half speed
CNTUH>0, recalculate the electrical input

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Calcula te elec trical input

Y j t ~~~~~~~~ ~~~~lin~~~ p _—~~~~~~~~~~~~~~~~~~~~

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Go OUT
OPCAP = Decrease the capac ity requi red by the ca pac ity

TRUE provided by NCELL no. of cells
Increase cel l unit by one; repeat unti l OUT = TRUE

ncrease wa ter temperature by 1.11°C
Repeat until temperature drop through cool ing tower < 0
<ORCAP> calcula te operating capacity
Set cooling load in water = operating capacit~Jet required electrical energy = input electrical energy
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Recalculate required electrical If temperature drop through cool i ng

— 

mergy at fixed water rate 
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13 SHARED ROUTINES

I The followi ng routines are engineering routines used variously in

SIMBLD, SIMSYS , and SIMTEP . —

381 ~~~~~~~~~~~~~~~~~~~~~
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PSYDPT

OCT 76

PSYOPT (1DB, TWB , PB)

a. GENERAL DESCRIPTION

Function PSYDPT calculates the dewpoint temperature from the given

dry-bulb temperature , wet-bulb temperature , and barometric pressure .

This function calls PSYWTP to calculate humidity ratio and PSYDPW to

calculate dewpoint temperature .

b. DATA DESCRIPTION

See listing of routine for common b loc ks and var iable names and

descriptions .

c. TRACE BACK

Function PSYOPT is called by: FNCLDS

and calls: PSYDPW (W, PB)

PSYWTP (TDB , TWB , PB)
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PSYDPW

OCT 76
PSYDPW (W, PB)

a. GENERAL DESCRIPTION

Function PSYDPW calcula tes the dewpoint temperature from the gi ven

humidity ratio and barometric pressure . The equation for calculating

dewpoint saturation pressure is deri ved from the equation given in

ASHRAE Handbook of Funda nentals .25 Function SATUTP is calle d for ca lculati ng

the dewpoint temperature. 
V

b. DATA DESCRIPTION

See listing of routine for common blocks and variable names and descrip-

tions .

c. TRACE BACK

Function PSYDPW i s called by : BOUND

COIL1

FNCLHR

PSYDPT 
V

PSYRT W

and cal ls: SATUTP (P)

25
~9HRAE Handbook of Fundajnenta7s (ASHRA E, 1972).
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PSYHTW

OCT 76

PSYHTW (TDB, w)
a. GENERAL DESCRIPTION

Function PSYIITW calculates enthalpy from the giver dry-bulb tem-

perature and humidity ratio. The equation used in this function for

calculating the enthalpy is derived from that given in ASRRAE Handbook

of Fundamentals.

b. DATA DESCRIPTION

See listing of routine for coninon blocks and variable names and

descriptions.

c. TRACE BACK

Function PSYHTW is called by: BOUND

CCO IL

COIL1

ETECY

FNCLHR

PSYTWD

SATUTH

THS2

and calls: No subroutines
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PSYRHT

OCT 76

PSYRHT (TDB, TOP)

a. GENERAL DESCRIPTION

Function PSYRHT calculates relative humidity from the given dry-

bulb temperature and dewpoint temperature. It calls SATUPT to cal-

culate dewpoint saturation pressure and dry-bulb saturation pressure.

The relative humidity then is computed as the ratio of those two pres-

sures using the equation given in the ASHRAE Handbook of FundamentaiB.

b. DATA DESCRIPTION

See l isting of routine for comon blocks and variable names and

descriptions.

c. TRACE BACK

Function PSYRHT is called by: PSYRTW

and calls: SATUPT (T)
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PSYRTW

OCT 76

PSVRTW (TDB, W, PB)

a. GENERAL DESCRIPTION

Function PSYRTW calculates the relative humidity from the given

dry-bulb temperature, humi dity ratio, and barometric pressure. It calls

PSYDPW to calculate dewpoint temperature and PSYRHT to calculate

relative humi dity.

b. DATA DESCRIPTION

See l isting of routine for co~tinon blocks and variable names and

descriptions .

c. TRACE BACK

Function PSYRTW is not called by any routines in BLAST, but is

available should the user require it.

It calls: PSYDPW (W, PB)

PSYRHT (1DB, TOP)
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PSYTWD

OCT 76

PSYTWD (1DB, W , PB)

a. GENERAL DESCRIPTION

Function PSYTWD calculates wet-bulb temperature from the given

dry-bulb temperature, humidity ratio , and barometric pressure. An

iterative method is used in this function to calculate the wet-bulb

temperature. The iterations are limited to 30. If the desired result

has not been obtained after 30 iterations , the wet-bulb temperature is

set equal to the saturation enthalpy temperature.

b. DATA DESCRIPTION

See l isting of routine for comon blocks and variabl e names and

descriptions.

c. TRACE BACK

Function PSYTWD is called by: SIMTEP
SUDDEN

and calls: PSYHTW (1DB, W)

PSYWTP (TDB, NB, PB)

SATUTH (H, PB)
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PSYVIW

OCT 76

PSYVTW (1DB, W, PB)

a. GENERAL DESCRIPTION

Function PSYVTW calculates specific volume from the given dry-bulb

temperature, humidity ratio, and barometric ratio. The equation for

calculat ing the specific volume in this function is derived from the

equation given in the ASHRAE Handbook of Fundconentala.

b. DATA DESCRIPTION

See l isting of routine for common blocks and variabl e names and

descriptions.

c. TRACE BACK

Function PSYVTW is not called by any routines in BLAST, but is

available should the user require it. It calls no subroutines .
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PSYWDP

OCT 76

PSYWDP (TDP, PB)

a. GENERAL DESCRIPTION

Function PSYWDP calculates humid ity ratio from the given dewpoint

temperature and barometric pressure. This function calls SATUPT to

calculate dewpoint saturation pressure and then uses an equation derived

from the ASHP~4E Handbook of Furidamentale to calculate the humidity ratio.

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Function PSYWDP is not called by any routines in BLAST, but is avail-

able should the user require it. It calls : SATUPT (1).
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PSYWTH

OCT 76

PSYWTH (TDB, H)

a. GENERAL DESCRIPTION

Function PSYWTH calculates humidity ratio from the given dry-bulb

temperature and enthalpy . The equation used in this function for cal-

culating the humidity ratio is derived from the equation given in the

ASHIiAE Handbook of Fundainentale.

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Function PSYWTH is called by: CCOIL

FNCLHR

and calls: No subroutines
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PSYWTP

OCT 76

PSYwTP (1DB , TWB, PB)

a. GENERAL DESCRIPTION

Function PSYWTP calculates humidity ratio from the given dry-bulb

temperature, wet-bulb temperature, and barometric pressure. In this

function , the wet-bulb saturation pressure is first calculated by

SATUPT. The humid ity ratio is then calculated using the equations de-

rived from the ASHRAE Handbook of Funda mentals.

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Function PSYWTP is called by: BOUND

ILFBWH

SUDDEN

CCOIL

COILI

PSYDPT

PSYTWD

SATUTH

THS2

and calls: SATUPT (TWB)
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PSYWT R

OCT 76

PSYWTR (TDB, RH, PB)

a. GENERAL DESCRIPTION

Function PSYWTR calculates humidity ratio from the given dry-bulb

temperature, relative humidity , and barometric pressure. This function

calls SATUPT to calculate dry-bulb saturation pressure. The equations

used for calculating the humidity ratio are derived from the ASHRAE

Handbook of Fundamentals.

b. DATA DESCRIPTION

See l isting of routine for common blocks and variabl e names and de-

script~-

c.

on PSYWTR is called by: AHSIZE

HUMID

ZNMRQ

and calls: SATUPT(T)
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SATUPT

OCT 76

SATUPT (1)

a. GENERAL DESCRIPTION

Function SATUPT calculates saturation pressure at a gi ven temperature.

The equations used in this function are obtained by least square curve

fitting. The data for curve fitting are derived from ASME Steam Tables26

and ASHR4E~ Handbook of Fundamentals. The temperature range for this

• function is from”50° to 100°C. Outside of this range the pressure is

still computed by this function , but the accuracy wi ll no longer be

within the 1 percent limit.

b. DATA DESCRIPTION

See l i sting of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Function SATUPT is called by: PSYRHT

PSYWDP

PSYWTP

PSYWTR

and calls: No subroutines

~~~~~ Steam Tables (American Society of Mechanical Engineers, 1967).
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SATUR

OCT 76

• SATUR (PSTEAM )

a. GENERAL DESCRIPTION

• SATUR calculates the saturation temperature as a function of steam

pressure.

b. DATA DESCRIPTION

See l isting for common blocks and variable names and descriptions.

c. TRACE BACK

Function SATUR is called by: DFLTASG

EFFIC

ENTROP

STURDS

and calls : No subroutines
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• SATUTH

OCT 76

SATUTH (H, PB)

a. GENERAL DESCRIPTION

Function SATUTH calcula tes saturation temperature from the gi ven

enthalpy and barometric pressure. If the difference between the given

pressure and 101 330 N/rn2 is within 1 percent , the temperature is cal-
• culated by a set of equations which are obtained by least square curve

fitting with a temperature range from -40° to 90°C. Otherwise , the

temperature is computed by an iterative method . The maximum i terations

are 30. If the desired result has not been obtained after 30 iterations ,

the temperature is set equal to the temperature calcula ted by the above

curve-fl tted equations .

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Function SATUTH is cal led by: PSVTWD

THS2

and cal ls : PSYHTW (TOB, W)

PSYWTP (1DB, TWB, PB)
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SATUTP

OCT 76

• SATUIP (P)

• a. GENERAL DESCRIPTION

Function SATUTP calculates saturation temperature at a given pres-

sure. The equations in this function are obtained by least square

curve fitting. The data used for curve fitting are computed by SATUPT.

The pressure range for those equations is from 3.93 to 1.0133 x lO~ N/rn
2.

If the given pressure is out of this range, temperature is still calcu-

lated by this function , but the accuracy is no longer within 1 percent.

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and de-

scriptions.

c. TRACE BACK

Function SATUTP is called by: PSYDPW

and calls: No subroutines
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• 14 WEATHER INFORMATION FILE ENCODER

• This chapter describes the Weather Information File Encoder (WIFE)

- program and its subroutines . Figure 17 shows the WIFE tree structure.
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WIFE —
— DDT —

— COMP —~
IDSTF

~~~ IHOLF
SKY• ~ L.THOR

— FEAR —
~
I— FIXA

FIXB
FIXI

— LPYR
• — MODAY

— NYDY

— SODA
JDAYF
NFLD

—WEDA —‘I— IFLD
IRAIN — IFLD
ISNOW — IFLD
JDAYF

L-_ WDR — IFLD
— INCA —l

JDAVF

LPRY

1— NYDY
— MAST

— POST •—i

~~~~

IFLD
NFLD

— WRIT — — COMP —
~ IDSTF

~~~ IHOLF
SKY
SOLAR 

LTHOR
SUN

— LOCA

— LPY R j
— MODAY

— NYDY

Figure 17. Tree structure of WIFE subroutines .
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WIFE

FEB 77

WIFE

a. GENERAL DESCRIPTION

WIFE is a program which creates and encodes weather data based on

data taken from the 1440 weather and 280 solar radiation tapes avail-

able from the National Weather Records Center.

Inpu t to WIFE consists of the 1440 weather tape labeled TAPE1 , the

280 solar radiation tape labeled TAPE3 (when available), and three

input cards. The first of these cards is an 80-character alphanumeri c

• run identifier or description , which is the user ’s choice. The second

• card contains the station latitude , long itude, time zone, weather station

number, solar radiation station number (0 indicates no solar tape),

start year, start month, start day, number of days, and report type

indicator; the entries are separated by blanks . The thi rd input card

contains the monthly Celsius ground temperatures for the location

from January to December separated by blanks .

Output to WIFE consists of a clean weather file labeled TAPE2, a

l ist of missing weather days, and the choice of two output reports. If

the report type ind i cator is 1 , a dai ly report is designated which

prints all the data on the tape, one day per page. Any other value will

result in printing of a summary report containing one line per day;

each l ine wi ll contain high , low , and mean temperatures, heating and

cool ing degree days, and total radiation. One month is printed per page.

Included are monthly and total tape summaries .
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b. DATA DESCRIPTION

See list ing of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Program WIFE calls: DDT

INCA

• MAST

• POST

WRIT
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WIFE . . COMP
FEB 77

COMP

a. GENERAL DESCRIPTION

Subroutine COMP computes the remainder of the data elements needed

for a record from existing data. These data consist of the day of the

week, dayl ight savings and hol iday ind icators, beam and diffuse solar

radiation values , sky temperature, and ground temperature.

b. DATA DESCRIPTION

See lis ting of routine for comon bl ocks and variable names and

descriptions .

c. TRACE BACK

Subroutine COMP is called by: DDT

WRIT

and calls: IDSTF

IHOLF

• SKY

SOLAR

SUN
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WIFE . DDT

FEB 77

DOT

a. GENERAL DESCRIPTION

Subroutine DDT decodes data and derives replacement data for bad

data from the weather and solar tapes. The data are translated into

SI un its, structured into final record form, and written to a random

access (mass storage) file for later use.

b. DATA DESCRIPTION

• See l isting of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Subroutine DDT is called by: WIFE

and calls: COMP

FEAR

LPYR

MODAY

NY DY

SODA

WEDA

4~2
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WIFE . . FEAR
FEB 77

FEAR

a. GENERAL DESCRIPTION

Subroutine FEAR finds those data elements whose values are not within

a reasonable range. Those elements are then replaced with data based on
• surrounding values . Eight consecutive bad values result in the classifi-

cation of a bad day; the day will be replaced later in program WIFE.

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Subroutine FEAR is called by: DOT

and calls: FIXA

FIXB

FIX’
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WIFE . . FIXA
• FEB 77

F I XA

a. GENERA L DESCRIPTION

Subroutine FIXA replaces missi ng data after good data have been

found based on a trigonometric curve fit of previous good data points .

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and
• descriptions.

c. TRACE BACK

Subroutine FIXA is called by: FEAR

and calls: No subroutines
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WIFE . . F I X B

FEB 77

Fl XB

a. GENERA L DESCRIPTION

Subroutine FIXB replaces data missing at the beginning of a record by

using a trigonometric curve fit based on good data found later In the

record.

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and

descriptions.

c. TRACE BACK -

Subroutine FIXB is called by: FEAR

and calls : No subroutines
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W I F E  . . F I X I

FEB 77

FIX!

a. GENERAL DESCRIPTION

Subroutine FIX! replaces data missing between existing data

elements by using a trigonometric curve fit based on existing points .

b. DATA DESCRIPTION

• See listing of routine for common blocks and variable names and

descriptions .

c. TRACE BACK

Subroutine FIX! is called by: FEAR

and calls : No subroutines
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I WIFE . . IDSTF

FEB 77

• IDSTF

a. GENERAL DESCRIPTION

Function IDSTF checks to see if the present day is between the
• last Sunday in April and the last Sunday in October. If so, daylight

savings time is in effect and the function returns 1. If not, 0 is

returned.

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and

descriptions .

c. TRACE BACK

Function IDSTF is called by: COMP

and calls: No subroutines

407

L • _________



- — ,—-- - —
~~

--•,---•—-

~ 
— --•.--- -----•• •- ~~~~~~~~~~~~~~~~~~~~~

WIFE . . IFLD
FEB 77

IFLD

• a. GENERAL DESCRIPTION

Function IFLD converts fields from the 1440 weather tape presently

in character format into integer format.

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Function IFLD is called by: IRAIN

ISNOW

POST

WDR

WEDA

and calls: No subroutines
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WIFE . . IHOLF
FEB 77

IHOLF

a. GENERAL DESCRIPTION

Function IHOLF checks to see if the present day is a holiday . If

it is , a 1 is returned ; if not, 0 is returned .

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Function IHOLF is called by: COMP

and calls: No subroutines
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WIFE . . INCA
FEB 77

• INCA

a. GENERAL DESCRIPTION

Subroutine INCA reads the necessary input card data and converts

this data into a usable form for the main routine, WIFE .
• b. DATA DESCRiPTION

See l isting of routine for common blocks and variable names and

descriptions .

c. TRACE BACK

Subroutine INCA is called by: WIFE

and calls: JDAYF

LPYR

NYDY
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WIFE . . IRAIN
FEB 77

j IRAIN

a. GENERAL DESCRIPTION

Function IRAIN checks the 1440 weather data for rain information. If

• rain is present, 1 is returned. If not, 0 is returned.

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and

descriptions.

c. TRACE BASK

Function IRAIN is called by: WEDA

and calls: IFLD

i
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WIFE . . ISNOW
• FEB 77

ISNOW

a. GENERAL DESCRIPTION

Function ISNOW checks the 1440 weather tape for the presence of

a medium of heavy snowfall. If after a snowfall temperatures remain

at or below freezing, the snow indicator is left on. The return of a 1

indicates snow is present. The return of a 0 indicates it is not.

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Function ISNOW is called by: WEDA

and calls: IFLD
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• WIFE . . JDAYF

FEB 77

JDAYF

a. GENERAL DESCRIPTION

Function JOAYF calculates the day of the year (Julian date) given

the month, the day of the month, and the leap year indicator.

b. DATA DESCRIPTION

See listing of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Function JDAYF is called by: INCA

SODA

WEDA

and calls: No subroutines
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WIFE . . LOCA
FEB 77

LOCA

a. GENERAL DESCRIPTION

Function LOCA locates the record number of the best replacement for

a bad (missing) day’s data. The replacement must be within 15 days of

the missing day. A table of dry-bulb temperatures is used for comparison

purposes. If more than one “best” replacement day is found, the day closest
• to the missing one is chosen . If two days are equivalently close, the

one previous to the missing record is used .

b. DATA DESCRIPTION

See listing of routine for common blocks and variable names and

descriptions .

c. TRACE BACK

Function LOCA is called by: WRIT

and calls: No subroutines
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I WIFE . . LPYR
• • FEB 77

LPYR
• 

a. GENERAL DESCRIPTION

- Function LPYR calculates the leap year indicator. If the year is

a leap year, 1 is returned; if not, 0 is returned. Al though the
I 

function is set up for the general case, the weather tapes store only

the last two digits of the year. This coupled with the fact that the

other two checks are not necessary or cancel each other through the

year 2100 has prompted use of only the check for years divisible by

four for future versions of this code.

• b. DATA DESCRIPTION

See lis ting of routine for common blocks and variable names and

descriptions .

c. TRACE BACK

Function LPYR is called by: DOT

INCA

WRIT

and calls: No subroutines
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WIFE . MAST

FEB 77

MAST

a. GENERAL DESCRIPTION

Subroutine MAST initializes the program’s mass storage (random access)

file, the file Index , and the daily record status flag array.

b. DATA DESCRIPTION

• See listing of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Subrouti ne MAST is called by: WIFE

and calls: No subroutines
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WIFE . . MODAY
FEB 77

MODAY

a. GENERAL DESCRIPTION

Subroutine MODAY calculates the month and day, given a Jul ian date

(day of the year) and the appropriate leap year indicator.

b. DATA DESCRIPTION

See lis ting of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Subroutine MODAY is called by: DDT

WRIT

and calls: No subroutines

417 
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WIFE . . NFLD
FEB 77

NFLD

a. GENERAL DESCRIPTION

Function NFLD converts fields of data read from the 280 solar

radiation tape into integer format.

b. DATA DESCRIPTION

See l isting of routine for coninon blocks and variable names and

descriptions.

c. TRACE BACK -

Function NFLD is called by: POST

SODA

and calls: No subroutines
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WIFE . . NYDY

FEB 77

NYDY

a. GENERAL DESCRIPTION

Function NYDY calculates the day of the week of New Year’s Day

(1 = Sunday). Some of the checks and calculations can be omitted (as

in LPYR), but the function has been left in general form.

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and

descri ptions.

c. TRACE BACK

Function NYDY is cal led by: DOT

INCA

WRIT

and calls: No subroutines
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WIFE . POST

FEB 77

POST

a. GENERAL DESCRIPTION

Subroutine POST positions the tapes for data reading after It

checks the years and station numbers against those desired . Flags are

set to describe the status of each tape.

b. DATA DESCRIPTION

See lis ting of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Subroutine POST is called by: WIFE

and calls: IFLD

NFLD

420
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WIFE . . SKY

FEB 77

SKY

a. GENERAL DESCRIPTION

Subroutine SKY calculates sky temperatures from a relationship

between dry-bulb and dewpoint temperatures.27 -

b. DATA DESCRIPTION

See lis ting of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Subroutine SKY is called by: COMP

and calls : No subroutines

27For a detailed explanation of the relationship used in SKY , see
Raymond W. Bliss , Jr., “Atmospheric Radiation Near the Surface of the
Ground : A Suninary for Engineers ,” Solar Energy ( 1 9 6 1 ) .
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WIFE . . SODA
• FEB 77

SODA

a. GENERAL DESCRIPTION

Subroutine SODA reads and decodes the total horizontal radiation

data from the 280 solar radiation tape.

b. DATA DESCRIPTION

See l isting of routine for comon blocks and variable names and

descriptions.

c. TRACE BACK

Subroutine SODA is called by: DDT

and cal ls: JDAYF

NFLD
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WIFE . . SOLAR

FEB 77

SOLAR

• a. GENERAL DESCRIPTION

Subroutine SOLAR calculates the horizontal diffuse and normal beam

radiation amounts. The total horizontal radiation read from the 280

• solar radiation tape (when available) and ASHRAE data from the ASHRAE

Handbook of Fund amentals28 are used to separate horizontal and vertical

components. If no solar data are available , simulated data are derived

from cloud cover information from the 1440 weather tape.

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Subrouti ne SOLAR i s called by: COMP

and calls: THOR

28 ASHRAE Handbook of Fundamentals (ASHRAE, 1972).

423

—I



- -•-•,- -— •-,.•----•-- . -- - -

• • - • •-~~~~~~~~~~~~~~~~~~ •~~~~~ •- •~~

k

WIFE . . SUN
• FEB 77

SUN

a. GENERAL DESCRIPTION

Subroutine SUN computes coefficients for determining solar position

and intensity. The expressions are based on least-square fits of

data from Threlkheld29 and the ASIIRAE Handbook of Fundcjnentals. 30

r b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Subroutine SUN is cal led by: COMP

and calls: No subroutines

29J .L. Threlkheld, Ther ~nal Environmental Engineering (Prentice-Hall ,
1970), p 316.

30ASHRAE Handbook of Fundamentals (ASHRA E, 1972), p 387.
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WIFE . . THOR
FEB 77

THOR

a. GENERAL DESCRIPTION

Function THOR uses ASHRAE and cloud cover data from the 1440 weather

tape to create a total horizontal radiation amount for replacement of

bad or missing solar data.

b. DATA DESCRIPTION

See listing of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Function THOR is called by: SOLAR

and calls: No subroutines
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W I F E . . W D R

FEB 77

WDR

a. GENERAL DESCRIPTION

Function WDR converts the two-digit wind direction field into a

• degree measurement .

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and

descriptions .

c. TRACE BACK

Function WDR is called by: WEDA

and calls : IFLD
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WIFE . . WEDA

• FEB 77

WEDA

a. GENERAL DESCRIPTION

Subroutine WEDA reads and decodes the weather data accessed from the

1440 weather tape and converts it to SI units.

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and

• descriptions .

c. TRACE BACK

Subroutine WEDA is cal led by: DDT

and calls: IFLD

IRA! N

ISNOW

J DAYF

WOR
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WIFE . WRIT

FEB 77

• WRIT

a. GENERAL DESCRIPTION

Subroutine WRIT writes the final weather tape and desired report.

It replaces missing days with the most equivalent day (in terms of

dry-bul b temperature) of good data found within 15 days of the missing

day.

b. DATA DESCRIPTION

See l isting of routine for common blocks and variable names and

descriptions.

c. TRACE BACK

Subroutine WRIT is called by: WIFE

and calls: COMP

LOCA

LPYR

MODAY

NYDY
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