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Section 1
INTRODUCTION

This manual is one in a set of NECAP manuals referenced below that
describes the computer program NECAP - NASA's Energy Cost Analysis Program.
The program is a versatile building design and energy analysis tool which
has embodied within it, state-of-the-art techniques for performing thermal
load calculations and energy use predictions. With the program, comparisons
of building designs and operational alternatives for new or existing buildings
can be made.

The major feature of the program is the "response factor" technique for
calculating the heat transfer through the building surfaces which accounts for
the building's mass. The program expands the response factor technique into
a "space response factor" to account for internal building temperature swings;
this is extremely important in determining true building loads and energy
consumption when internal temperatures are allowed to swing.

The algorithms for the thermal loads portion of NECAP comes from the
American Society of Heating, Refrigerating, and Air-Conditioning Engineers, Inc.,
(ASHRAE) manual, Procedure for Determining Heating and Cooling Loads for
Computerized Energy Calculation. The original NECAP was published in 1975 and was
supported by two manuals entitied NECAP - NASA's Energy -Cost Analysis Program,
NASA CR-2590 Part I User's Manual and NASA CR-2590 Part IT Engineering Manual.
Since that time, NASA has used NECAP for building heating and cooling design
loads and energy analysis. The program has been used as a reference for the
development of several other computerized programs.

This version of NECAP, called NECAP-4.1, contains the following
modifications and improvements:

o A NECAP input data processor (NIPP) module was developed which
greatly simplifies and reduces the user input task. The original fixed
format data field suitable for punching onto computer cards has been
eliminated in favor of a free format data field suitable for use with
computer terminals. '

0o Provide built in default values for most input data.

o The Response Factor module was made an integral part of the Thermal
Load Ana]ysis'and.System modules.

o The Variable Temperature module and System and Equipment Simulation
module were brought together into one module to allow dynamic simulation
and interaction ?feedback) between the space, its distribution system,
and the heating and cooling plant equipment. In the previous version
of NECAP, the hourly space temperatures and system heating/cooling
loads were calculated using given heating/cooling capacities. Because
of varying plant equipment capacity due to ambient conditions, scheduling,
distribution system control options, etc., "loads-not-met" resulted in the
old program. "Loads-not-met" were not accounted for in space temperature
drift above or below the allowed temperature range. :
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Modify the thermostat and ventilation schedule input.
Improve fan on/off code.

Addition of process loads.

Modify the weather tape system.

Use system component part load performance curves.
Default CFM, chiller size, and boiler size data.
Provide an executive summary for energy.

Print out a temperature frequency chart.

Add more flexibility to print out.

Change the glass shade coefficient.

Correct air infiltration coefficients, fan efficiencies, and floor
panel heating algorithms.

0O0O0OO0O0OOO0OOOOO

The new program is documented in the following manuals:

TM 83238, Users Manual - Describes examples and output forms.

TM 83239, Input Manual - Details the input requirements.

TM 83240, Engineering Manual - Provides the algorithms for the program.

TM 83241, Fast Input Manual and Example - Gives a fast method of input.

TM 83242, Engineering Flow Charts - Provides flow charts that supplements
the Engineering Manual.

CR- 165802, Operations Manual - Gives the specific operating instruction for
Langley Research Center's computer system
operation.

Program modifications were directed specifically at program improve-
ments and not at a complete rework of the program structure. We wish to
acknowledge the contributions made by the project's contractor, GARD, Inc. of
Niles, IL, for the various changes and documentation in the program performed
under contract NASW-3307. The program's maintenance contractor, Computer Science
Corporation, of Hampton, Virginia also assisted in program updates and documen-
tation.

The program is run on NASA, Langley Research Center's large computer
system. Users should be cautioned that program implementation can be time
consuming and costly. Although computer run costs are much lower than the
original response factor programs, they are still a magnitude greater that
the simple "bin method" type energy calculation. With this in mind, judgment
should be exercised to assure that needs are compatible with the investment.
Operational assistance in running the program cannot be provided by NASA.
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There are limited means to update the material. Comments on the
program are welcomed, although the Government accepts no obligation even
if the suggestions are used. Send comments to:

Ronald N. Jensen

Mail :Stop 443

NASA, Langley Research Center
Hampton, VA 23665

NECAP-4.1 is made up of the following program modules:
NECAP Input Processor (NIPP
Thermal Load Analysis (TLAP

Systems Energy Simulation (SESP)
Owning and Operating Cost (ESCON)
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BEGIN NIPP

CALL OVERLAY (1,0)
PROGRAM PRECAP
INPUT DATA

DECODER

1

CALL OVERLAY (2,0)

PROGRAM DATVER |
VERIFY INPUT DATA

y

CALL OVERLAY (3,0)
PROGRAM WEATHER
PROCESS WEATHER

DATA FROM TAPE

2-1
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NIPP
PRECAP

BEGIN
PRECAP

Page 1

s
PRINTING OF
COMMON BLOCK
DESIRED

YES

~

WRITE OUTPUT

IS
DEFAULT
LIST
DES;RED

YES

¢

WRITE
DEFAULT LIST

—

VARIABLE
INITIALIZATIONS
T0 ZERO

-

WRITE NUMBER
OF CARDS

SET CONTINUATION
FLAG TO ZERO

o———

READ NEwW
INPUT RECORD

IS
END OF
FILE
ENCOUNTERED,

?

PAGE 2



PRINTED AS
ENCOU7NTERED

NIPP
PRECAP

Page 2

v

WRITE NUMBER
OF CARDS AND
ECHO INPUT RECORD

DOES
THE CARD

CON T?INUE

MAKE VARIABLE
INITIALIZATIONS
TO ZERO

YES PRINTING
' DESIRED
?
WRITE VALUE
OF MULTIPLE NO
CARD FLAG

MAKE FURTHER
INITIALIZATIONS

1S
PRINTING
DES.I?RED

YES

WRITE CARD
STATISTICS

18
PRINTING
DESI7RED

YES

WRITE CARD

NO STATISTICS

&

CALL VARI

DECODE
| VARIABLE LIST

1S

PRINTING
OF COMMON
BLOCK DESIRED
?

IS
PRINTING
DES?IRED

YES

WRITE CARD
STATISTICS, ERRORS,
AND VALVES




PAGE 2

CALL LABEL

DECODE CARD
LABEL

IS
PRINTING
DESIRED
?

YES

NIPP
PRECAP

Page 3

-

WRITE CARD
STATISTICS

S
PRINTING

DESIRED
?

YES

<

WRITE POSITION

OF POINTER
IN RECORD

SET CONTINUATION
FLAG TO UNITY

PAGE |
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NIPP

1S
PRINTING DESIRED
?

o PRECAP
Page 4
sl 2 =3 4
PAGE | PAGE ¢ PAGE 2
WRITE CARD
STATISTICTS

CALL STORE

STORE DECODED
VARIABLES

IS
PRINTING DESIRED

y

WRITE CARD STATISTICS,
ERRORS , AND

VALVES

1517
MULTIPLE CARD

YES

¥

WRITE NUMBER
OF CARD§_

‘__q/”—_

CALL WCARD

SORT THE
DECODED CARDS

|

END
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N1PP

DATVER
BEGIN MAIN
DATVER

CALL OVERLAY (2,1)
PROGRAM DATAV

DATA VERIFICATION
OF INPUT FOR
TLAP PROGRAM

CALL OVERLAY(2,2)
PROGRAM SYSCHK

DATA VERIFICATION
OF INPUT FOR
SESP PROGRAM

PRINT
IF ouT
ERRORS ERRORS

END.
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NIPP
DATVER

DATAV
BEGIN

g

“INITIALIZE
VARIABLES
FOR DIMENSION
PUNCHER

!

SET-UP OUTPUT
REPORT HEADING

:

CALL BLANK

CHECK CARDS
Li-L5 THAT
REMAINDER OF
CARD IS BLANK

FOR R EM’A'INING CARDS

a
CALL GTACK
CHECK CARD
ARE
THERE YES
FATAL ERRORS
?
NO
l CALL MSSGB
WRITE SEVERE
CALL MSS6B ERROR MESSAGE
WRITE SEVERE
ERROR MESSAGE
HAVE
. NO ALL CARDS

BEEN READ
?

Yesd"s

ECHO INPUT DATA
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BEGIN READ

/ READ CARD

|

WRITE CARD

IS

DATA NO

WITHIN LIMIT
VALUES

HAVE
ALL CARDS
BEEN READ

?

PRINT ERROR
MESSAGE

INCREMENT
ERROR COUNTER

HAS
NUMBER
ERRORS BEEN
EXCEEDED

ABORT PROGRAM
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PROGRAM
WEATHER

READ ATLTITUDE
OF BUILDING AND
PRINTING FLAG

READ SUMMER
WEATHER DATA

‘

READ WINTER
WEATHER DATA

(
(

i |
("R simon
(

I

READ GROUND
TEMPERATURE

:

WRITE INPUT
DATA TO
UNFORMATTED

FILE

1S
PRINTING
DESIRE

?

YES

v

ECHO INPUT DATA

1]

1440 TAPE

TO BE USED
?

YES

-

CALL NO1440

PROCESS WEATHER
TAPE AND WRITE
CALL MSF DATA TO FILE -

PROCESS WEATHER
TAPE AND WRITE
DATA TO FILE

RETURN
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TLAP
MAIN

PROGRAM
TLAP

CALL INITIAL

READ IN AND
INITIALIZE DATA

CALL HLA

PERFORM HOURLY LOAD
CALCULATIONS

AND PRINT OUT
SPACES' LOAD REPORTS

END
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ENTER
APOL

1

CALCULATE
XY, COMPONENTS

CALCULATE
AREA

l

CALCULATE
TILT ANGLE

l

CALCULATE
THE PROJECTION

CALCULATE
AZIMUTH ANGLE

l

RETURN
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TLAP
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TLAP
CCM

ENTER
CCM

CIRRUS
CIRROSTRATUS CLOUDS OTHER

ICLTP >

ICLTP <}

YES YES
L 4
CALCULATE
CLOUD COVER
MODIFIER
RETURN
|  J L |
CALCULATE CALCULATE CALCULATE
CLOUD CQVER CLOUD COVER CLOUD COVER
MODIFIER MODIFIER MODIFIER
RETURN RETURN RETURN
\ Y
CALCULATE CALCULATE
CLOUD COVER CLOUD COVER
MODIFIER - MODIFIER
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ENTER
CENTER

'

DETERMINE
NUMBER OF BLANKS
AT RIGHT HAND

l

REALLOCATE IDEN
IN FIELD

l

WRITE IDEN
ON OUTPUT
DEVICE KAGIT

IF WANTED,
WRITE IDEN ON
OUTPUT DEVICE 2

RETURN
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ENTER
DAYHMO

!

IFACT=0
MONTH=|

TLAP
DAYMO

YES

ITaI-|
11=12 NDAYSs I DOY-

NUIMMDAY{I)- LEAP

NO
\

MONTH=II

NO

JEE———ci IFACT=LEAP

\J

IDAY=1 DOY-
RUMDAY (MONTH) - I FACT|

!

RETURN
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I - |,24

TLAP

DESDY
ENTER
DESDY
INITIALIZE
CORRECTION
FACTORS
CALCULATE
MONTH INDEX
CALCULATE
YEARLY TEMPERATURE
RANGE INDEX
CALCULATE
DAILY TEMPERATURE
RANGE iINDEX
1S
iT
NO MARCH YES
THROUGH ﬁ
NOVEMBER
? SET MONTH
7'y ' CORRECTION
FACTOR
CALCULATE ‘ ‘&
DRY-BULB
TEMPERATURE CALCULATE HUMIDITY
AT OEW POINT
1 _ TEMPERATURE
CALCULATE &
WET-BULB
TEMPERATURE
CALCULATE ENTHALPY
} ( T = 1,24 _ AT 3 PM
v ! )
CALCULATE CALCULATE
DRY' CORRECTION WET- BULB
FACTORS TEMPERATURE
CALCULATE SET DAY
DRY-BULB AND CORRECTION
WET-BULB TEMPERATURE FACTOR

!

'

CALCULATE

ENTHALPY

CALCULATE NEW
WET-BULB AND
DRY-BUL.8 TEMPERATURE
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TLAP
0ST

ENTER
0sT
MONTH
MONTH=1,2,3, MONTH:=4 MONTH= MONTH=10
14,12 L | 56,7,8,9
i gy i
STANDARD DAY LIGHT
TME PERIOD SAVING TIME
IDST =0 10ST= 1
< RETURN ) ( RETURN )
IS

IT LAST

NO NO SUNDAY
OF MONTH

OR LATER

?
STANDARD YES
T

IME PERIOD DAYLIGHT STANDARD

SAVING TIME PERIOD
TIME

Com D

'

( RETURN )
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TLAP
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FILM
ENTER FILM
EXTERIOR
SURFACE INDEX
1s
1521 15:=2 1S=5 15:6
) / |
CALCULATE CALCULATE CALCULATE CALCULATE CALCULATE CALCULATE
FILM FILM FILM FILM FILM FILM
COEFFICIENT COEFFICIENT COEFFICIENT COEFFICIENT COEFFICIENT COEFFICIENT
i
RETURN




TLAP
HD

D

CALCULATE
OUTSIDE
TEMPERATURE

CALCULATE
HEAT GAIN/LOSS
FOR DELAYED

HEAT TRANSFER
SURFACES

!
=D
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%
|

CALCULATE
WEIGHTED WINDOW
SOLAR LOAD

l

CALCULATE
WEIGHTED SPACE
SENSIBLE LOAD

l

CALCULATE
WEIGHTED SPACE
LIGHTING LOAD

l

SUM COMPONENTS
OF WEIGHTED
SENSIBLE LOAD

l

CALCULATE
TOTAL SPACE
SENSIBLE LOAD

l

CALCULATE
TOTAL PLENUM
SENSIBLE LOAD

'
(e )
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Oy
PAGE 14

PAGE 14

CALL -NOON

ENTER
HLA

INITIALIZE
GENERAL VARIABLES

)

START HOUR
DO LOOP

CIHOUR = JSTART, VEWD)
y

INITIALIZE
HOURLY VARIABLES

CALL SUN I
CALL DAYMO

CALL DST
© CALL HOLDAY

SET WEATHER
‘'VARIABLES USING
UMMER DESIGN DAY DATA

PAGE 2

3-11

YES

TLAP
HLA

PAGE |

bW

SET WEATHER
VARIABLES USING
INTER DESIGN DAY CATA

1

()

PAGE 2



——

caLL scuep |

YES
NO
YES
No
READ DATA
CELL WEATHER

F,:.

SET WEATHER
DATA USING WEATHER
TAPE DATA

!

[ CALL PSY 1

TLAP
PAGE 2

ABS (HANG)>
ABS (SUNRAS)

CALL CCM

J

l CALL un 2 ] '

YES
» CALL CTM I

NO!

Souee s
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TLAP
HLA
PAGE 3

]

START - SPACE ‘
DO LOOP N

IDAY:} QUF(1):0.0

QUF (X) = QUF(I)+
FUF (IXI) %
{TGROND-7)
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START DELAYED
SURFACE DO LOOP

JEl,JLIM

PAGE €

TLAP
HLA
PAGE 4

PAGE §

ABS (HANG)S

CALL SUN3
ABS (SUNRAS) - ]

"

NSP >
NDD(JJ)

NLOOKD=0
I DAY >}

{suaoo(1 Tive, si):00 ]

[ caLL searcw 1

PAGE 8
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TLAP
PAGE &

CALL SHADOW ]

YES

NO

[MONT = MONTHS (MWTN;J

SOLI:RTOT-RDIR #
SHADD (ITIME,JJ)

S

CALL ‘FILM
CALL HD

@

SURANG < 6.26832

SURANGs=
SURANG-6.2832

PAGE 6
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TLAP
HLA
PAGE 6

YES QDCEIL=QDCEILY
QSTORD (JJ) % AD(JJ)

wTD(JJ)<0.78525

START- QUICK
SURFACE - DO LOOP

Jzi,JLiM

ABS (HANG)g
ABS (SUNRAS)
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[ CALL SUN3 j

I DAYzl
ITIME < IRISEL
ITIME 2 ISET!

YES

ETA YES
>0

YES

NO

TLAP
HLA
PAGE 7

NLOOKQ:=0
IDAY >0

[ CALL SEARCH ]

£

I CALL -SHADOW l

YES @

PAGE 8

()

I MONT = MONTHS(MONT)L)F
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TLAP
HLA
PAGE 8

YES

IPICK (1)7, l SURANG <6.2832
SURANG:=
SURANG-6.2832
"’ <3
wrat <oreszs>TE gy Socen sacens

PAGE €
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TLAP
HLA
PAGE 9

START--WINDOW
DO t-:00P

PAGE Hl

ICALW(JJ) =1

ABS (HANG) <
ABS (SUNRAS)

E
YES J:-I CALL SUN3

IDAY=1
ITIME < IRISEL
ITIMEZISETL

PAGE 10

PAGE 10

PAGE 10
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TLAP
HLA
PAGE 10

NSP-NOW(JJ)
+NAW(JJ) >0

NLOOKW:O
IDAY: |

CALL SEARCM I

ml CALL SHADOW j

[MONT: MON?HS(MONTH)]

!

I CALL TAR J
CALL- FILM
CALL SHG

SURANG=BA2
+WAW {(JJ)

SURANG:
SURANG -6.2832
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TLAP
HLA
PAGE 1)

COMPUTE 'NEW
SCHEDULE ALGORITHM

:

| CALL HL 1

CODINF(I)= 0.0

[ CAL INF 1

PAGE 12

| CALL REPRT3 ]

PAGE 12
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TLAP
HLA

PAGE 12

YES
KODE= 3

IHOUR <
JSTART t 96

WRITE ‘HOURLY
WEATHER TO
A"’ TAPE

J:

SUM HOURLY
BUILDING POWER

PAGE 13
3-22




TLAP
HELA
PAGE 13

IGNOR=l
IDAY:=|

NO

CALL QMAX

STORE HIGHEST
VALUE OF HOURLY
BUILDING POWER

o

PAGE |
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TLAP

HLA
PAGE 14
YES
KODE €2
NO
CALL REPRT6
END 'f)dt
CALL REPRTS YES

CALL REPRT6

NO

A KODE = 3

KODE = 2 l
l CALL REPRTI
CALL -DESDY
[ﬁ CALL DESDY
PAGE |
PAGE 1

PAGE |
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ENTER
HOLDAY

SET HOLIDAY
FLAG TO ZEROQ

s T

NEW YEAR'S YES
DAY

1S 1T,
GEORGE S
BIRTHDAY

YES

IS IT
MEMORIAL
DAY

IS 1T
FOURTH
OF JuLy
?

YES

TLAP
HOLDAY

‘Llﬂ

RESET JOL
TO UNITY

RETURN

3-25

IS T
COLUMBUS
DAY
?

YES

1S IT
VETERANS
DAY
?

YES

IS T
THANKSGIVING
DAY

?

IS T
CHRISTMAS
AY

RETURN




T hgl’

«
l \

CALCULATE
OUTSIDE
TEMPERATURE

1

CALCULATE
HEAT GAIN/LOSS

. FOR QUICK .
TRANSFER SURFACES

|
=D
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ENTER INF

\F
ORY BULB
LESS THAN
50°

COOLING COIL
MAY BE ON
SET SPACE

HUMIDITY RATIO
PROPORTIONAL TO
DEW POINT OF
AlIR LEAVING COIL

,YES

HEATING COIL
MAY BE ON
SET SPACE

HUMIDITY RATIO
TO OUTSIDE AIR
HUMIDITY RATIO

;

COMPUTE SENSIBLE
INFILTRATION
LOAD

COMPUTE LATENT
INFILTRATION
" LOAD

RETURN

3-27

TLAP
INF



ENTER INITIAL

READ BUILDING
IOENTIFICATION AND

LOCATION DATA

1S TYPE
OF RUN DESIGN
DAY AND/OR
REGULAR

YES

CALL DESDY TO
COMPUTE DESIGN
DAY WEATHER

READ IN
WEATHER DATA

v

READ IN HOURLY
PRINT CODE, NUMBER
OF SCHEDULES AND
PROCESSING FLAG

v

CALL REPRTITO
PRINT SUMMARY OF
BUILDING DATA

y

CALL REPRYI TO
ECHO DATA READ 1
IN SO FAR

v

CALL SCHDUL TO READ
IN PEOPLE, LIGHTING,
AND EQUIPMENT
OPERATING DATA

!

CALL DAYMO TO
DETERMINE DAY OF
MONTH AND MONTH

OF YEAR !

v

READ IN NUMBER OF

SHADING SURFACES AND|

CALL INPUT| TO READ
iN EACH SHADING:

SURFACE'S DATA

PAGE 2

3-28

TLAP
INITIAL
PAGE |



READ IN NUMSER OF TYPES OF
DEL AYED SURFACES,NUMBER
OF STANDARD SURFACES, AND
STANDARD SURFACE CODES

v

CALL STNDRD TO GENERATE
RESPONSE FACTOR DATA FOR
EACH STANDARD
DELAYED SURFACE

Y

CALL RESFAC TO CALCULATE
RESPONSE FACTOR DATA FOR
EACH NON-STANDARD
DELAYED SURFACE

Y

READ IN NUMBER OF DELAYED
SURFACES AND EACH DELAYED
SURFACE'S THERMAL
CHARACTERISTICS

Y

CALL INPUT2 TO READ IN
EACH DELAYED SURFACE'S
GEOMETRIC DATA

)

READ IN INDICES OF SHADING
SURFACES DELETED FROM
EACH DELAYED SURFACE

v

READ IN SHADOW PICTORIAL
DATA FOR EACH DELAYED
SURFACE REQUESTED

y

READ IN NUMBER OF QUICK
SURFACES AND EACH QUICK
SURFACE'S THERMAL
CHARACTERISTICS

Y

CALL INPUT2 TO READ IN
EACH QUICK SURFACE'S
GEOMETRIC DATA

y

READ IN INDICES OF SHADING
SURFACES DELETED FROM EACH
QUICK SURFACE

y

READ IN SHADOW PICTORIAL
DATA FOR EACH QUICK -

SURFACE REQUESTED

(®

PAGE 3
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INITIAL
PAGE 2



()

READ IN NUMBER OF WINDOWS|
AND EACH WINDOW'S THERMAL
CHARACTERISTICS

y

CALL INPUT2 TO READ
IN EACH WINDOW'S
GEOMETRIC DATA

y

READ IN INDICES OF
SHADING SURFACES DELETED
FROM EACH WINDOW

v

ICALL SETBAK TO CALCULATE

THREE SETBACK SHADINGS

: FOR EACH WINDOW
REQUESTING THEM

READ IN SHADOW PIiCTORIAL

DATA FOR EACH
WINDOW REQUESTED

¥

READ IN NUMBER OF
INTERNAL SURFACES AND
EACH INTERNAL' S DATA

Y

READ IN NUMBER OF -
INDERGROUND SURFACES AND
EACH UNDERGROUND'S DATA

v

READ IN MONTHLY
GROUND TEMPERATURES

Lazm IN NUMBER OF SPACES |

)

READ IN SPACE DATA
FOR EACH SPACE -

v

CALL REPRT2 TQ PRINT
OUT EACH SPACE'S DATA

v

CALL DESDY TO CALCULATE
DESIGN HOURLY DRY AND
WET BULB TEMPERATURES

3-30

TLAP
INITIAL
PAGE 3



TLAP

INPUT!
ENTER
INPUTI
YES
5 -0
READ ,
GEOMETRIC { etV
DATA - 3
‘ READ
CONVERT COORDINATES
AZIMUTH ANGLE OF VERTICES

AND TILT
ANGLE TO
RADIANS RETURN

CALL RECAPZ2’

ECHO DATA

CALL RECTAN

CALCULATE
COORDINATES
OF VERTICES

CALL RECAP2

TO ECHO
DATA

RESET NUMBER
OF VERTICES

( RETURN )
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o

( READ
SURFACE FACTORS

v

CONVERT
FACTORS TO
INTEGER

LONG
.FORM

NO

/ READ
GEOMETRIC
DESCRIPTION

'

CONVERT
AZIMUTH ANGLE
AND TILT ANGLE

TO RADIANS

e

CALCULATE
SURFACE AREA

'E

CALL RECTAN

CALCULATE
COORDINATES
OF VERTICES

'l

CALL RECAP2

ECHO DATA

r

RESET
NUMBER OF
VERTICES

*i,

C RETURN )
3-32

TLAP
INPUT2

N~

RETURN

|

( READ
COORDINATES
OF VERTICES

v

CALL APOL

CALCULATE
AREA

'

COMPUTE
HEIGHT
AND WIDTH

v

CALL RECAP2

ECHO DATA

!




ENTER
LEEP

IS IT

LEEP YEAR - YES

1

LEEP @—|

y

TLAP
LEEP



TLAP
LOKIN

ENTER
C LOKIN )

SET SHADOW
PICTORIAL DISPLAY
PARAMETERS FOR
DELAYED ,QUICK,
AND WINDOW
SURFACES

(e )
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ENTER

MATCON

v

N\

T, MM

v

RETURN

1S

ELEMENT

NO

TLAP
MATCON

18
ELEMENT
ON
BORDER
?

IS
ELEMENT

ON
DIAGONAL
BORDER

SET ELEMENT
=

SET ELEMENT
EQUAL TO A BLANK
CHARACTER

v

3-35

ON
BORDER
? .
SET ELEMENT
=
SET ELEMENT
= TO ASTERISK
CHARACTER NO
<3
» y
v



ENTER
NDOW

[ meomasoo ]

I1:JR-2000

12:(11/4) +I1+ITAB
(MO) + JAY

LEEP 31

J2:=12-1

J2:12-1

I NDOWs MOD(12,7) ]

NDOW=T

RETURN
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TLAP
PPWVMS

ENTER
PPWVMS

CONVERT
TEMPERATURE
TO CENTIGRADE

IS
T NO :
<
273.16 ﬁ
YES Z:373.16/T
v
2:273.16/T
v
:
e PI, P2, P3,P4
PI,P2,P3,P4 &
CALCULATE

VAPOR PRESSURE

RETURN
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ENTER
PSY

YES

TLAP
PSY

CALL PPWVMS

CALCULATE

VAPOR PRESSURE

l

CALL PPWVMS

CALCULATE
VAPOR PRESSURE

CALCULATE
HUMIDITY RATIO

CALCULATE
ENTHALPY

CALCULATE
DENSITY

RETURN
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TLAP
QMAX

ENTER
OMAX

{S SPACE
SENSIBLE LOAD
20

SUMMATION
N

DICATOR Yes

ADD SPACE
SUMMATION COOLING LOAD
INDICATOR AND SPACE

20 VENTILATION
AIR LOAD
INTO BUILDING
COOLING LOAD
ADD SPACE l

HEATING LOAD ADD SPACE
AND SPACE COOLING LOAD

VENTILATION COMPONENTS
AIR LOAD INTO BUILDING

INTO BUILDING COOLING LOAD

HEATING LOAD COMPONENTS ;
ADD SPACE

HEATING LOAD

COMPONENTS 15 YES

INTO BUILDING PEAK-LOAD

HEATING LOAD ?

COMPONENTS

RETUBN

. UPDATE PEAK
LOAD DATA

RETURN

UPDATE PEAK
LOAD -DATA -

M
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ENTER
RECAPI

WRITE HEADING

WRITE
INPUT DATA
CARDS LI-LIO

( RETURN >

3-40

TLAP
RECAP|



ENTER
RECAP2

13
NUMBER
OF YES
VERTICES 1
)
NO CONVERT
| AZIMUTH AND
TILT ANGLES
TO DEGREES
WRITE
COLUMN LABEL
WRITE
GEOMETRIC
PROPERTIES
WRITE

RETURN

COORDINATES
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TLAP
RECTAN

ENTER
RECTAN

CALCULATE
COSINES AND SINES
OF AZIMUTH AND
TILT ANGLES

CALCULATE
COORDINATES OF
VERTICES

RETURN
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ENTER
REPRT!

WRITE UPPER
BORDER

YES

1

WRITE FIRST
LINE OF
REPORT
WRITE FIRST
LINE OF
REPORT

1

CALL CENTER

WRITE IDENI

-

CALL CENTER

WRITE IDEN2

T(

WRITE 1DENS,
IDENS4, IDENS

]
KODE YES
<

3
? :

WRITE IDENS,

NO IDENG, IDENS
ON o0TPUT

COMPUTER TAPE

WRITE IDENS,
IDEN4, IDENS

3-43

TLAP
REPRTI



(om )
;s

WRITE UPPER
BORDER

WRITE WEATHER
TAPE USED

WRITE BEGINNING
- DATE OF STUDY

WRITE LENGTH
OF STUDY

WRITE INITIAL
OUTSIDE WEATHER

WRITE LOWER
BORDER

Com )

3-44

TLAP
REPRT2



(&)

WRITE UPPER
BORDER

WRITE TITLE

WRITE THE
INFORMATION
WHICH THE

FIRST LINE
OF PRINTED

BLOCK GIVES

WRITE
INFORMATION
WHICH FOLLOWING
LINES OF EACH
PRINTED BLOCK
CONTAINS

WRITE LOWER
BORDER

=)
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TLAP
REPRT3



ENTER
REPRTS

l

WRITE TOP OF
REPORT SUMMARIZING
USER INPUT DATA

CALCULATE
MINIMUM DRY-BULB
TEMPERATURE FOR
SUMMER DESIGN DAY

REPRTS

MONTH @- 3, |>

I

-

CALCULATE MAXIMUM
DRY—-BULB
TEMPERATURE FOR
WINTER DESIGN DAY

!

CALL DESDY

CALCULATE
DESIGN DRY-BULB
AND WET-BULB -
TEMPERATURES .
FOR DECEMBER

]

WRITE THESE
TWO TEMPERATURES

RETURN

CALL DESDY

CALCULATE HOURLY
DESIGN DRY-BULB
AND WET-—BULB
TEMPERATURES

l

WRITE THESE
TWO TEMPERATURES
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ENTER
REPRY6

)

CALCULATE TOTAL
FLOOR AREA

)

CALCULATE TOTAL
VOLUME

)

CALCULATE WEIGHTED
SPACE TEMPERATURE

¥

CALCULATE TOTAL
COOLING CFM

)

CALCULATE TOTAL
HEATING CFM

¥

WRITE
IDENTIFICATIONS

WRITE CONDITIONS
FOR SUMMER
PEAK LOAD

WRITE CONDITIONS
FOR WINTER

WRITE COMPONENTS
OF SUMMER AND
WINTER PEAK LOAD

WRITE SUBTOTALS
FOR SUMMER
SENSIBLE , SUMMER
LATENT AND WINTER
SENSIBLE LOADS

-

WRITE RETURN AIR
LOAD CREATED BY
LIGHT HEAT

-5

WRITE FAN
HEAT LOAD

3-47

WRITE
IDENTIFICATION

)

WRITE TIME
AND CONDITIONS
FOR SUMMER
PEAK LOAD

:

WRITE
CONDITIONS
FOR WINTER
PEAK LOAD

%

WRITE COMPONENTS
OF SUMMER
AND WINTER
PEAK LOAD

%

WRITE TOTAL
SUMMER SENSIBLE,
SUMMER LATENT

AND WINTER
SENSIBLE LOAD

(

WRITE TOTAL
SPACE COOLING

)

WRITE TOTAL
SPACE HEATING

:

WRITE SUPPLY
AIR CFM REQUIRED
TO MEET TOTAL
SPACE COOLING

.

TLAP
REPRT6
PAGE |



WRITE SUPPLY AIR
CFM REQUIRED TO
MEET TOTAL SPACE
SENSIBLE HEATING
LOAD

e

WRITE SUPPLY
CFM REQUIRED
PER SQUARE FOOT

OF FLOOR AREA

®

WRITE VENTILATION
AIR LOAD FOR SUMMER
PEAK COOLING HOUR

\_/r_‘"

WRITE VENTILATION
AIR LOAD FOR WINTER
PEAK HEATING HOUR

—1

WRITE TOTAL LOADS
FOR SUMMER SENSIBLE,
SUMMER LATENT AND

WINTER SENSIBLE LOADS

WRITE TOTAL
COOLING LOAD

T

WRITE TOTAL
HEATING LOAD

'l

WRITE SUPPLY AIR CFM
AND CFM PER SQUARE
FOOT REQUIRED TO
MEET HEATING AND
COOLING LOADS,
VARIABLE VOLUME

WRITE SUPPLY AIRCFM
ANDCFM PER SQUARE
FOOT REQUIRED FOR

CONSTANT VOLUME

ISYSTEM,TO MEET HEATING

AND COOLING LOADS

3-48

TLAP
REPRTE
PAGE 2



ENTER
RESFAC

CALL ZcRO

CALL FALSE
(DCALL MATRIX

{@cALL DER

CALL SILOPE

,,,,, e e e s et ot e

CALCULATE RESPONSE FACTORS
AND COMMON RATIO

3-49

RESFAC
(TLAP AND SESP)



ENTER
RMRSS

SET TYPE OF
CONSTRUCTION
ON BASIS
OF WEIGHT
OF FLOOR

SET VALUE OF
WEIGHTING FACTORS
FOR HANDLING
SOLAR HEAT GAIN
THROUGH GLASS

SET VALUE OF
WEIGHTING FACTORS
FOR HANDLING
WALL AND SURFACE
HEAT GAIN

SET VALUE OF
WEIGHTING FACTORS
REQUIRED FOR
HANDLING SPACE
HEAT GAIN
FROM LIGHTS

SET WEIGHTING
FACTORS FOR
REMAINDER OF
LIGHT HEAT
WHICH S ASSUME
ADDED TO PLENUM
SPACE ABOVE

RETURN

3-50

TLAP
RMRSS



TLAP
SCHDUL

ENTER
SCHDUL

Te INUMT >

-

( READ CODED

SCHEDULE MATRIX

y

v

FILL IN MATRIX
FOR STANDARD AND
NON- STANDARD
SCHEDULE

v

ECHO SCHEDULES

y

RETURN
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ENTER
SCHED

IS 1T
A
HOLIDAY
?

- SET TYPE OF
DAY TO DAY
OF WEEK

SET TYPE OF
DAY INDICATOR
TO0 8

IS IT
CHRISTMAS
PERIOD

?

s IT
DAYLIGHT
SAVING TIME

IS IT
FIRST HOUR
OF DAY
?

TLAP
SCHED

YES,

;

TYPE OF
DAY= 9

SET CORRECTED
TIME TO
HOUR OF DAY

SET CORRECTED
TIME TO 24

N
1

RETURN
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TLAP
SEARCH

ENTER
SEARCH

Jas—1,N

RETURN

IS

PICTORIAL "\
OUTPUT DESIRED
FOR SPACE NO.

AT HOUR
AND MONTH
?

YES

NO
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ENTER
SETBAK

CALCULATE X,Y, AND Z COORDINATE
OF IST VERTICE OF SHADING NO.1

CALCULATE X COORDINATES FOR:
2ND,3RD ,AND 4TH VERTICES OF
SHADING NO.I, VERTICES |
THROUGH 4 OF SHADING NO.2,
AND VERTICES | THROUGH 4 OF
SHADING NO.3

CALCULATE Y COORDINATES FOR.
2ND,3RD, AND 4TH VERTICES OF
SHADING NO.1, VERTICES |
THROUGH 4 OF SHADING NO.2,
AND VERTICES| THROUGH 4 OF
SHADING NO.3

CALCULATE Z COORDINATES FOR:
2ND,3RD, AND 4TH VERTICES OF
SHADING NOG.I,VERTICES |
THROUGH 4 OF SHADING NO. 2,
AND VERTICES | THROUGH 4 OF
SHADING NO. 3

END
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TLAP
SETBAK



ENTER
SHADOW

MAKE COORDINATE
TRANSFORMATIONS

!

CALCULATE
ROTATION MATRIX

'

TRANSFORM RP |
VERTICES INTOX'Y'Z
SYSTEM

'

TEST FOR ENCLOSURE
BY RPELEMENTS IN
RP PLANE -

v

DELETE POLYGONS NOT

RELEVANT TO RP PLANE

AND THOSE SP PLANES
PECULIAR TOIT

!

TRANSFORM SP VERTICES)
INTO X'Y'2 COORDINATES

!

CLIP SP POLYGONS

'

TRANSFORM X,Y,Z,
COMPONENTS OF SOLAR
DIRECTION VECTOR INTO

X'Y'Z' COORDINATES

'

PROJECT SPVERTICES
INTO RP PLANE

'

TEST FOR ENCLOSURE
BY SPELEMENTS IN RP]

'

FOR TRANSMISSIVE SP"

PROBABILISTIC SHADINﬂ
S|

RETURN
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TLAP
SHADOW



ENTER
SHG

CALCULATE [INWARD

FLOWING FRACTION

OF THE RADIATION
ABSORBED BY

THE INNER AND
OUTER PANE

CALCULATE DIRECT
SOLAR LOAD

CALCULATE DIFFUSE
SOLAR LOAD

]

CALCULATE
TRANSMITTED
SOLAR LOAD

CALCULATE
ABSORBED
SOLAR LOAD

CALCULATE
SOLAR HEAT GAIN
THROUGH GLASS

CALCULATE
HEAT CONDUCTION
THROUGH GLASS

RETURN
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TLAP
SHG



TLAP
STNDRD

ENTER
STNDRD

ESTABLISH SPACE
FOR WHICH RESPONSE
FACTOR DATA IS
BEING GENERATED

IS
STNDRD SURFACE
H = |

SUM NUMBER OF
RESPONSE -FACTOR
TERMS UP TO SURFACE
NUMBER MINUS ONE

INCREMENT LOC
FOR EACH RESPONSE
" FACTOR TERMS

CALCULATE X-Y-,
AND X— RESPONSE
FACTOR TERMS

'

RETURN
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TLAP
SUNI

Ql D

CALCULATE TANGENT
OF DECLINATION ANGLE

CALCULATE EQUATION
OF TIME

1

CALCULATE APPARENT
SOLAR CONSTANT

l

CALCULATE ATMOSPHERIC
EXTINCTION COEFFICIENT

CALCULATE SKY
DIFFUSE FACTOR

l

CALCULATE SUN
RISE ANGLE

|
=
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ENTER
SUN2

D

CALCULATE

DIRECTION COSINE
OF SUN IN X, Y
AND Z DIRECTION

IS

DIRECTION

COSINE OF SUN
UPWARD

< o'.'om

YES

CALCULATE
INTENSITY AND
BRIGHTNESS

.

y

TLAP
SUN2

RAYCOS(3) =~ O,
INTENSITY == 0
BRIGHTNESS = 0

o
.0
.0

-
o=




TLAP
SUN3

(e )

CALCULATE
BRIGHTNESS
OF GROUND

CALCULATE
DIRECTION COSINES
OF NORMAL TO
SURFACE SUBJECT
TO PRELIMINARY
CHECKS

l

CALCULATE
COSINE OF
INCIDENT
RADIATION
ON SURFACE

l

CALCULATE

INTENSITY OF
DIRECT NORMAL
SOLAR RADIATION

CALCULATE
INTENSITY OF
DIFFUSE RADIATION

CALCULATE
TOTAL RADIATION
INCIDENT
UPON SURFACE

l
(o)

3-60




TLAP
TAR

ENTER

CALCULATE
TRANSMISSION
FACTORS FOR DIRECT
SOL AR AND DIFFUSE
RADIATION

l

CALCULATE
ABSORPTION FACTORS
FOR DIRECT AND
DIFFUSE RADIATION

|
C==D
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ENTER
WBF

Is
BAROMETRIC
PRESSURE
=2392

YES

ITERATE WBF
UNTIL YI OR Y2
<o

v

CALCULATE WBF

<3

¥

RETURN

h |

LET Y =a- {LOG{H)

IS
ENTHALPY
< 11758
?

TLAP
WBF

l

CALCULATE
WET-BULB
TEMPERATURE

CALCULATE
WET-BULSB
TEMPERATURE
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Section 4

SYSTEMS ENERGY SIMULATION PROGRAM






.SESP
MAIN

=)

CALL SESIN

READ IN AND
INITIALIZE
DATA

CALL SMEXEC

EXECUTE
SIMULATION

CALL SCLOSE

PRINT OUT
FINAL REPORT

(=D

4-1



ENTER
ABSOR

Determine Capacity
Adjustment Factor
For Non-Standard
Conditions

2

Determine Capacity
Adjustment Factor
For Chilled MWater
At Other Than 10 °F

1

Calculate Total Ca-
pacity Adjustment
Factor

Calculate Full
Load Steam
Rate

!

Calculate Total
Full Load Steam
Consumption

A

Calculate Part
Load Factor

!

Calculate Total Par-
tial Load Steam Con-
sumption For Given

Load

4-2

SESP
ABSOR



ENTER
AHU

SESP

AHU

me | me 2
’ AHU type 1} AHU type 2 }
Calculate Calculate
Required Required
Leaving Cofl Leaving Coil
Alr Temperature Air Temperature
Check
B Mixed AirTemd THA < TLC Hixed AirTempN\_TMA > TLC
A TLCTMA) vs Leaving Le TMA) vs Leaving
Coil Temp. Coil Temp,
(T.C) {TLc)
TMA=TLC TMA=TLC
Y Y Y
Calculate No Load CALL ccort Calculate No Load CALL CColL
Keating Load Condition Calculate Cooling Heating Load Condition
And Humidity Cot) Load And Hu- And Humidity CALL MXAIR
Ratio midity Ratio. Ratio
Calculate
Cooling Load
And Humidity
Ratio
\ Y \ ) 1
V
CALL DENSY
Calculate Densi-
ty Of Air Leav-
ing Fan,
Is
NO
There a
Cooling Coi) H“”‘:;;éer
Load ?

CALL HUM

Calculate Supply
Air Humidity Ratio
And Steam Humidifier
Water Requirement

4-3

RETURN



SESP
ALOG

ENTER ALPG

CALCULATE
LOGARITHM OF
GIVEN NUMBER
TO BASE 10.

RETURN

4-4



YES

SESP
BRAD

ENTER

1s
Ambient temp.
Greater Than Ambient
High Limit ?

Baseboard Heat=0

RETURN

Is

Baseboard NO

{

Calculate entering
Air Temperature.

i

Call TRSET

Heating to be
Simulated

7

Baseboard Heat=0

- Calculate Hot

Water Temperature

Calculate
Baseboard Heat

} RETURN

Adjust Base
Sensible Thermal
Load

RETURN

4-5



DT ¢ O.

Calculate Leaving
Wet Bulb
Temperature

1

Calculate Dry Bulb
Temperature
Difference

' Temperature

No Cooling
Coil Load .

RETURN

DT > 0.

SESP
CCRIL

Difference
(oT)
?

4-6

Calculate Sensible
Heat Extracted

Y

CALL PSYY

Calculate Latent
Heat Extracted
And Total Heat

Extracted

RETURN




ENTER
CENT

Calculate Leaving

Condenser Water

Temperature At Full
1.0ad

Calculate Full
Load Power
Per Ton

1

Calculate Error Cor-
rection To Adjust
Full Load Power Per
Ton To Correspond To
Catalog Data

1

Calculate Corrected
Full Load Power Per
Ton

1

Calculate Full Load
Power Consumption

1

Calculate Partial
Load Factor

!

Calculate Part Load

Power Consumption
For Given Load

4-7

SESP
CENT



SESP
CHLADY

ENTER
CHLADY

DETERMINE CHILLER
SIMULATION CODE

CHECK CHILLER
FOR BUILT-IN
PERFORMANCE

DETERMINE
CAPACITY FACTOR
WHICH ADJUSTS FOR
OPERATION AT
CONDITIONS OTHER
THAN STANDARD

DETERMINE
ADJUSTED ‘CAPACITY

1S
USER-

DEFINED

CHILLER

YES

;

CALL CHLUSR

DETERMINE
CHILLER CAPACITY

RETURN l




ENTER
CHLUSR

)

l

J = |5

N
v

:

CALL IUNI

DETERMINE
PEAK CAPACITY

'

CALL TUNI

DETERMINE
PEAK POWER

l

CALCULATE ACTUAL
CHILLER CAPACITY

'

CALL IUNI

DETERMINE CHILLER
PERCENT PEAK
POWER AT FRACTION
OF FULL LOAD

;

CALCULATE ACTUAL
CHILLER POWER

RETURN

4-9

;

OBTAIN PROPER

USER- DEFINED
INPUT DATA

l

SESP
CHLUSR




ENTER
CLGTWR

CALCULATE
PERCENTAGE
BUILDING LOAD
COMPARED TO
CHILLER SIZE

YES

SESP
CLGTWR
PAGE |

CALCULATE
IDEAL LEAVING
TEMPERATURE

-

CALL XUNI

DETERMINE TECON
AT TWB AND CTFFL
CONDITIONS

v

I

SET COOLING
TOWER 1DEAL
TEMPERATURE

!

RESET LEAVING
TEMPERATURE
TO MINIMUM
TEMPERATURE

ALLOWED

|

CALCULATE LEAVING
CONDENSER WATER
TEMPERATURE

!

SHUT OFF TOWER
IF PERCENTAGE

OF BUILDING LOAD
<5%

YES

IDEAL
TEMPERATURE >
MIN. ‘;reup _

4-10

]

SET TOWER POWER
TO PEAK POWER




CALL IUNI
DETERMINE
FRACTION OF
CALCULATE FULL LOAD
PERCENTAGE POWER AT
POWER TECON AND CTFFL
CONDITIONS

YES

ﬂ

!

[éer POWER TozeggJ

CALCULATE
COOLING TOWER
POWER ’

RETURN RETURN

4-11

SESP
CLGTWR
PAGE 2



INITIALIZATION
OF VARIABLES

(_REaD PRINT Kevs |

é EAD PROGRAM ﬂ‘l’LE]

READ JOB CONTROL
PARAMETERS

[ ]

READ NUMBER OF
PRINTOUTS DESIRED

ézno PRINT PERIODS]
READ NUMBER OF
ERMOSTAT SCHEDULE

(READ THERMOSTAY

SCHEDULES

]

READ NUMBER OF
REGULAR SCHEDULES

READ REGULAR
SCHEDULES

READ NUMBER OF
WEEKLY SCHEDULES

READ APPLICATION
OF SCHEDULE

[ ]

( READ WEEKLY

SCHEDULE

REGULAR
SCHEDULE

4-12

LOAD IN
SCHEDULE
ARRAY

®

SESP
CSIN
PAGE !



/" READ NUMBER OF
YEARLY SPACE
THERMOSTAT SCHEDULES

y

/" READ YEARLY
THERMOSTAT
SCHEDULES

v

READ NUMBER OF
RESET SCHEDULES

Y

READ RESET
SCHEDULES

v

READ NUMBER OF
USER DEFINED SURFACES

S\

Y

READ RESPONSE
FACTOR DATA

N

v

READ NUMBER OF
FAN SYSTEMS

N\

y

READ DISTRIBUTION
PARAMETERS 1-8

B

!

READ NUMBER OF
SPACES

_\

v

READ PLENUM
INDICATOR

v

READ REGULAR
SPACE DATA I-4

TN TN

v

READ PLENUM
SPACE DATA I-2

ANY
LOADS
NOT BEING
USED
?

YES

4-13

v

DEFAULT VARIOUS
INPUT PARAMETERS

®

SESP
CSIN
PAGE 2



(®

READ NUMBER OF
ENG/GEN
DATA 1-3

Y

READ NUMBER OF
BOILERS

Y

READ BOILER
DATA I1-2

v

READ NUMBER OF
CHILLERS

y

READ CHILLER
DATA 1|

N TN TN TN TN

Y

/'READ NUMBER OF
PCT. CAPACITY/
COND. TEMP. POINTS

v

7" READ PCT.
CAPACITY/COND.
TEMP. POINTS

Y

READ NUMBER OF
PCT. PEAK POWER/
COND. TEMP. POINTS

v

/READ PCT. CHILLER
PEAK POWER/LVG.
COND. WTR. TEMP.

Y

/'READ NUMBER OF
PCT. PEAK POWER/
PCT. LOAD POINTS

v

( READ PCT.
PEAK POWER/
PCT. PEAK LOAD

Y

READ NUMBER OF
. COOLING TOWERS

v

READ
COOLING DATA

4-14
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CSIN
PAGE 3



?

READ NUMBER OF COND
WYR/AMB WBT POINTS

READ LVG WAT TEMP/
ANS WBT

(]

LOAD/COND WTR

READ NUMBER OF PCY
TEMP POINTS

[ ]

READ CHANGE CT LVG
'WTR TEMP/PCT PEAKLOAD)

]

READ NUMBER OF PCT
PEAK POWER/COND
WTR TEMPS POINTS

(]

READ PCT PEAK POWER/|
CT LVG WTR TEMP

/ READ NUMBER OF PCT
PEAX POWER/PCT
LOAD POINTS

]

/" READ PCTPEAK
POWER/ PCY
PEAK LOAD

]

READ NUMBER OF
DX/ HEAT PUMPS

]

READ DX/HEAT
PUMP DATA -}

[ ]

READ NUMBER OF
COOLING DATA POINTS

]

READ COOLING
DATA POINTS

]

READ DX/HEAT
PUMP DATA-2

Y

READ NUMBER OF
‘| HEATING DATA POINTS

[ ]

READ HEATING
POINTS

®

4-15
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PAGE 4



READ PUMP
PARAMETERS

'

READ NUMBER OF
PROCESS LOADS

N TN\

l

READ PROCESS
LOAD DATA

r\

'

READ STEAM
PARAMETERS

TN

l

EAD MISCELLANEOUS
PARAMETERS

l

CHANGE PERCENTAGES
TO FRACTIONS

WRITE MESSAGE

RETURN )

SESP
CSIN
PAGE 5



SESP
DENSY

ENTER
DENSY

Calculate Density
- 0f Moist Air At
Desired Conditions

4-17



SESP
DUMYIO

DUMYI0

SHOULD- NEVER
BE CALLED

IF

RETURN
CALLED

RETURN

MAKE DUMMY 1/0
CALLS TO FORCE
FORTRAN- LIBRARY
ROUTINES TO
BE GLOBAL

END

4-18



SESP
DXHP
ENTER DXHP

4

SET UP ARRAYS

ACCORDING TO
MODE

y
CALL IUNX

USE PERCENT
DESIGN CAPACITY
TO CALCULATE
CAPACITY
AVAILABLE

l

CALL IUNX

USE PERCENT
DESIGN POWER
TO CALCULATE -
POWER REQUIRED

YES

CALCULATE
COOLING LOAD
NOT M

1S

HEATING
LOAD

MET

. |

CALCULATE
SUPPLEMENTARY
HEAT

v

CALCULATE
ACTUAL POWER

RETURN

4-19




ENTER
ECONO

'

LALFA= DRAX (RA—LVG)/(RA %DRA —OA % DOA + LVG % (DOA—DRA))

[

OUTSIDE AIR -
RETURN AIR < O

NO

LEAVING AIR
— OUTSIDE
AIR< 0

SESP
ECONO

ALFA=1.0
RETURN

RETURN

OUTSIDE AIR = ALFA = 1.0 LE“,;’;#?,R‘:}” YES
RETURN AIR RETURN RETUR
lno
-E ﬁ;’é’}ﬁRﬂR ALFA = ALFAM ALFA = ALFAM
AIR< 0 RETURN RETURN
LEAVING AIR "\ ygs
~ OUTSIDE
AR< O
NO
ALFA = 1.0

K|

ALFA = ALFAM

|

K|

ALFA=10

]

END

4-20



SESP
ENTER ENGY
ENGY

111-|,: / ' 1

WRITE
HEADERS

WRITE TOTAL
HEATING AND
COOLING LOADS

WRITE
ELECTRICAL
LOADS

WRITE
RETURN HEADERS -

I

WRITE GAS
LOADS

)

WRITE STEAM
LOADS

)

WRITE OIL
LOADS

)

WRITE DIESEL
FUEL LOADS

:

4
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CaD Sesp
' EQUIP

Page 1

Inftialize Energy
Varfsbles

1

Convert Hourly Build.
ing Cooling Losd To
Tons

1

Calculate Enthalpy Of
Leaving And Entering
Low Pressure Steam

vis To p.5 ’:<E)

NO TO p. 4 >@

Auxillary

Chillers

Required
1

() To p. 3

Is
FFL > 10
?

Calculate Fraction NO
Of Full Load{FFL) FRL e 1.0
On Chillers :
CALL MAX
Update Chiltler
g YES Load Not Met
Data
Is
YEsS FFL « FRLM
?
0 |
Carry Over Cooling Set Humber Of
Load To Next Hour Chillers Operating

To p. 4 (E) To p.2.

4-22



CONVENTIONAL COOLING SEGMENT

Type
Of Chiller
()

Page 2
From p. 1

SESP
EQUIP

Y e

Y -2

Y mie3

Y M-

|

CALL RECIP

CALL CENT

CALL CENT

CALL ABSPR

CALL CENT

Determine Chiller
Power Required

Determine Chiller
Power Required

Determine Chiller
Power Required

Determine Chiller
Steam Required

Determine Chiller
Power Required

1

1

1

Adjust Power For
Open Machine

Convert Steam
Required To Heat

Adjust Power For
Open Machine

Calculate Gas Cool-
ing Required

Required
CALL STTUR
Determine Steam
Required
Convert Steam
Required To Heat
Required
1 Y [
Type
0f Cooling
Energy (M2)
Y
} M2=1 * M2=2 M2=3 ‘ M2=4 M225
Calculate 01}
i i f
4
c To p. 4

4-23




HEAT CONSERVATION

COOLENG SEGMENT

YES

YES

SESP

EQUIP
Page 3

Calculate
Fractton of
Full Load (FFL)
on Chiller

YES
FFL = 1.2

Set Number
of Chillers
- Operating

]

Calculate
Load on
Chillers

Type
of Heat
Conservation
m:-m

'Iﬂ-l

yme2

Y mes

M- 3 Y s

CALL RECIP CALL CENT CALL CENT ( sTOP ) ( st0p
Determine Determine Determine

Chiller Chidler Chiller

Power Power Power
Required Required Required

Adjust Power
For Open Machine

YES
Set
Power for
Aux. Chitlers
To 2ero
Y
cof
Auxiliary
Ner
§ e ' M62 1 M6 3
CALL RECIP CALL CENT “CALL CENRT
Determine Determine Determine
Aux. Chiller Aux. Chiller Aux. Chiller
Power Power Power
Required Required Required ‘
Adjust
Power
For Open
Machine
- — J
Calculate
Jotal Power

For Chillers

({) To p. 4

4-24



HEATING SEGMENTY

SESP
EQUIP
From p. 1,2,3 Page 4

NO

Load

Exceeds Bofler

Capacity
?

CALL MAX

NO

—-
—g

Update Bofler Load
Not Met Data

i

Reset Heating
Required Equal To
Boiler Capacity

]

Type
of Boiler

Calculate Gas
Heating Required

(M3)
Y 1 12 ¥ 103 | B
Calculate 0i1 Calculate Steam Calculate Electric
Heating Required Heating Required Heating Required
P 3 - -t et

—

NO

RETURN

Type
Of Reheat
(KRH)

KRH=1

t KRH=2

I KRH=3

f KRH=4

¥ xruss

Calculate Gés
Reheat Required

Calculate 0i)
Reheat Required

Calculate Steam

Calculate Electric
Reheat Required

Reheat Required

i

Loas -3 .

RETURN

4-25




SESP
EQUIP
Page &

OH-3ITE GEWIRATION S[GMINT

Calewlnie Fractios
Bf Full Load (FFLE)
b Englnrs

Srt Momber OF
Enginey Dperating

H&-'I{ _.‘ujm-?

Ca‘culate Fupl
Reguired Argd Henl
Feebvired

Catcyulate Fuel
Required ke Heat
Recovered

Calevlale Fractien
0f Full Leoad {FFL)
£n Ehillers

" [ FFL e 1Y

LL ROy

Update Chiller
Load Kot met
Oala

Carry Over Cooling

Set hurber af
Load Te Kest Mour

Lhitlery Operating

(E) To p. 6

4-26




ON-SITL GENERATION SEGENT CONT ‘D t) From p. 5
Type
{
Chiller(M!
I

Page 6

Y Hi=l

iHI-l

| 1)

- SESP
EQUIP

CALL ABSOR

‘ sTOP ’

CALL CENT

Determine Chiller
Steam Required

Determine Chiller
Power Required

1

1

Convert Steam Requir
ed To Heat Required

Adjust Power For
Open Machine

1

CALL STTUR

Determine Steam
Required

1

Convert Steam
Required To Heat
Required

]

(E}From p. 5 —

Load
Exceeds. Boiler
Cupl:"y

CALL MAX

NO

Update Bofler
Load Ngt Met
Dats

|

Reset Heating
Required Equal To
Botler Copacity

y

Type
0f Boiler
3)

y M3=1

Calculate Gas
Heating Required

1 M3=2

Calculate O
Heating Required

i 1

Type
Of Reheat
(XRH)

G G
«»

f KRH=0

RETURN

1 KRH=1

Calculate Gas
Reheat Required

4-27
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ENTER
ESIZE

CALCULATE
TOTAL HEATING
PLANT CAPACITY

DETERMINE
COOLING TOWER
FAN HORSEPOWER

REQUIREMENT

:

DETERMINE
CHILLED WATER
FLOW RATE

'

DETERMINE
BOILER WATER
FLOW RATE

:

I SIZE PUMP MOTORS]

'

SIZE BOILER
AUXILIARY
HORSEPOWER

'

SUM HEATING AND
COOUING EQUIPMENT
BRAKE HORSEPOWER

DEMAND

'

SIZE ON-SITE
GENERATION
PLANTS

!

ENGINE/GENERATION
SIZING

RETURN

I < {,NCHIL

[

DETERMINE
COOLING
CAPACITY

YES

SESP
ESIZE

SIZE CONDENSER
WATER FLOW RATE
AND COOLING
TOWER AIR FLOW

|

DETERMINE
SIZE OF
STEAM TURBINES

SIZE CONDENSER

FLOW RATE AND

COOLING TOWER
AIR FLOW

L

4-28



ENTER
EXSUM

i

ESTABLISH
CONVERSION
MATRIX

]

CALCULATE BUILDING
CAPACITIES

|

WRITE HEADER

—f

INITIALIZE
REPORT MATRIX

[

CALCULATE
CONSUMPTION
OF VARIOUS
ENERGY TYPES

]

USE CONVERSION
MATRIX TO FILL
REPORT MATRIX

Y

CALCULATE TOTALS
FOR ENERGY TYPES

]

DIVIDE BY FLOOR AREA

]

CALCULATE GRAND
TOTALS

Y

CONVERT TOTALS
TO KTBU

]

WRITE ENERGY
MATRIX AND
GRAND TOTALS

~—f

RETURN

4-29
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Enter FANQF

Sum ABS value, zone
sensible loads,
system k

Is sum
of zone loads = 0.0
?

Initialize general
variables.

1

i1 |

J=qen

Is

YES

SESP
FAN@F

_ RETURN

3> JMI\Xk
?

NO

Sum base power
requirements.

1

Call BRAD

Sum zone sensible
loads not met includ-
ing effect of base-
board heat,

1

Distribute sensible ,
loads not met.,

1

1

Adjust tota) fan
brake horsepower.

RETURN
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SESP
FCRIL
Page 1

Cal) FANPS

Is fan
shut-off option
used?

Determine $¢ fon i3
shut off. If off,
distribute electrical
and therral loads,

2,

Cal) TEMP

Is this »
2-pipe fancofil
system?

Calculate process wate
wode {(hot water,
chilled water, or
changeover),

re botler
and chiller on?

YES

Process mode
set to
chilled water

Process mode set to
hot water

YES

Is 3 »JI\Mk 1

From p. 2

Calculate base
electrica) power

|

Calculate sensible
thermal load

1s botier on?

Ca)) DRAD

Calculate baseboard
heating Yoad.

NO
call NXAIR

Calculate mixed air

conditions.

i

Calculate zone supply
air temperature.

i

Calculate fan heat
and mined air condi-
tions downstream of
blower.

Cal} H2pZH

Calculate one
moisture changes,

65 To p. 2

4

31



HOT WATER
AVAILABLE

rocess water mode

SESP
FCOIL

From p. 1

Page 2

2-pipe
or 4-pipe
fancoil?

2-PIP¢

CHILLED WATER
AVAILABLE

CHANGEOVER

lone therma)
requlr;ments

1s boiler on?

‘ 1
LOAD
Calculate and Gl up Al up
distribute unmet

heating load.

Calculate and
distribute unmet
cooling Yoad,

Calculate zone

Calculate zone
heating load.

cooling load.

1 . i 1

Call CColt

Calculate and
distribute unmet
cooling loads.

lone thermal
REATING COOLING requirements HEATING
?

Call 1p Call 2up

Calculate and
distribute unmet
heating losds.

Calculate zone

Calculate zone
heating load.

cooling load,

Cal) CCPIL
Calculate and Calculate and
distribute unmed distribute
heating load, unnet cooling
load,
.
N 1
/
Call WZNEW
Calculate 2one
141 .
To p. 1 humid ty]ratlo From p. 1

2-pipe

or 4-plpe

fancotl
?

4-PIPE

Calculate change-
over energy, 1f
required,

4-32



ENTER
|

Initialize General
Variables

YES

Calculate Base Powed
Requirements

|

Calculate System
Heating Load

" J

Is NO

Heating Load
Present ?

Calculate Panel Tem-
perature

1

Calculate Surface
Temperature Of Floor

]

Calculate Downward
And Edgewise Heat
Loss Coefficient

1

Calculate Downward
And Edgewise Heat
Loss

1

Calculate Heating
Requirement Of Sys-
tem

' Distribute Unmet

Heating And Cooling
Loads

RETURN

4-33
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SESP

FILM
( ENTER FILM )
EXTERIOR
SURFACE_INDEX
Is
Is=| 1s:2 1s:3 : Is=4 185 1S:6
CALCULATE CALCULATE CALCULATE CALCULATE CALCULATE CALCULATE
" FILM FILM FILM FILM FILM FILM
COEFFICIENT | | COEFFICIENT | | COEFFICIENT | | COEFFICIENT | | COEFFICIENT | | COEFFICIENT

l

!

b

l

}

|
Com )

4-34




L == stert monn )

SEGHENT ONE

n greater Than Yes

SESP

FSIZE
Page 1

Stop Month
?

Is
ih Greater
Than end Hour Of
Month ?

Hour Of Month Loop

Read
Zone Data
From Load

Distribution System Loop

Zone Loop

Sum Zone
Base Power

e

CALL MAX
Find Maximum
Zone Sensible
Cooling Load

1

CALL MAX

Find Maximum
Zone Sensible
Heating Load:

< J

CALL MAX

Find Maximum Building
Base Power

J

4

4-35

Qb To p. 2



SESP
(D From p. 1 FSIZE

SEGMENT YWD

{0 ]

YES

VES

Calculate Heating
And Cooling Airside
Design Temperature

Otfferences

|

Calculate Zone
Supply Air
Quantities

1

Calculate Zone
Return Air
Quantities

{ !

Sum System Supply
And Exhaust
Afr Quantities

-

iﬁ=
Calculate Average

lone Set Point
Temperature System k

Calculate Minimum
Outside Air Fraction

1

CALL HUM

Calculate System Humi-
dity Ratio Setpoint

|

Inftialize System Re-
turn Afr Humidity Ratig
And Density

i

Calculate Supply
Return And Exhaust
Fan Power

1

[Sum Building Fan Poue?]

Calculate Supply & Re-

turn Fan Temperature

Rises Due To Fan Heat

At Desian Conditions) "
J

g
e

Calculate Zone And Sys-
tem Afr Mass Flow Rates)
Supply.Return A Exhaust]

To p.3
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SESP
FSIZE
Page 3

SEGMENT THREE (B) Fromp. 2

Write System &
Equipment Simulation
Title Page

!

Write Distribution
Systems Characteristics
Page

!

Write Zone Air
Flow Summary
Page

RETURN
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ENTER
H2PZN

Cdlculate Amount

Of Water Entering

Zone Air Due To
People

¥

Calculate Amount

Of Water Entering

Zone Air Due To
Infiltration

i

Calculate Amount

Of Water Required

To Maintain Zone

Humidity Ratio Set
Point

i

Calculate Total

Water Added To Zone

Air And Net Water
Required To Main-
tain Setpoint

RETURN

4-38
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CALL PSY2

Calculate Humidity
Ratio Of Air At Sat-
urated Conditions.

é

Calculate Humidity

Ratio Of Moist Air

At Desired Condi-
tions.

4-39

SESP
HUM



4-Pipe

Is
fan Shut-off

YEs

Page 1

Option
Used 7

2-Pipe
Or 4-Pipe

CALL  TEWP

Set AHU Leaving Temper
ature To Fined Value

L

Induction

CALL TEMP

Calculate Process Water
Hode And AHU Leaving
Temperature

PN |

-
Catculate Fraction Of
Primary M; To Total

4

Yes

—

[ CALL FANPY

Determing 1 fan )¢
Shut-off, If Off, Dist.
ribute Electrica) &
Thermal Losds

Calculate Base Power
Requirements

1

Calculate Sensible
Thermal tLoad

YES

CALL BRAD

Caltculate Baseboard

Reating Load

J

Calculate Return Air
Temperature

—

CALL H292N

Calculate Zone Moisture|
Requirements

i

(f; To p. 2

4-40
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i

Profrss

(P From p.

fLaleulate Lioaompmr
[Aeproach Teaperature

1
CALE MIALE

Lalcybate Minnd
Rir Longiliom

t

CdLL A

Cotiwinte Miv Handling
Wit Aeqylrements {Medl
sy, Gooling, Monidift.
catipn )

¥y

SESP

INDUC
1 Page 2

Kalculs

Induciion Uni

olY Seanible Thermal
Lond & Induced ASr Mans
Flow

Induction
urit Ledl
Losd

»

Coolrmp

1 1
LMY 710, Calculste B Distriby Caleulate 1 Distri- EML I8
Lalevlate lmouction ir Unael  Heating bute Unmet Coaking Calcalate Induction
Unit Heating Load Lead Leads Unit Cooling Load

Induction
yniz Coil
Load

COOL TG

Calruinte B Distrd
e Lonling Load
NQ Not Mgt

Crleulate & Bistris
bule Lamet Hesting 1
Lowd

L 118

Tnduction
Unir Cotl

YES

Calcplate bndyction
Unil Hepting Load

Caleelate § Distrt.
bute tnmel Mediing
Lodd

!

I

Calewdate & Digtet. AL ng

Buly Urmat Cocling

Cal¢ulate Taduction
Load

Unit Coaling Load

b 1

(bTop.3
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SESP
INDUC

Calculate Temperature

And Humidity Ratio Of

Air Leaving Induction
Unit

!

CALL WZNEW

Calculate Zone
Humidity Ratio

1

Calculate Return
Air Humidity Ratio
And Density

RETURN

Process Water
In Changeover RETURN

Calculate Changeover

Energy & Add To AHU

Heating Or Cooling
Load

RETURN
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SESP

JUNI

NMI n-:
DLEX x(2)-x(l)

Y
IORDER=0O
NO

IERR= ~1

FORNT=1,NTAB:SET
A0(NT)=Y(I,NT)

IERR=-2
RETURN
IERR=J+1 R RETURN
)

YES
pT=Nm |

- 1

| n:sieN(1.0,0ELX % (x0-X(1IPT)) |

S

4-43



SESP
PAGE 2

4[ PsX{IPT)-XO j

P
(X(IPT ¢1)-X0)
0

-

FOR NT=(, WTAB:SET
YO(NT)= Y{IPT,NT)

. RETURN

IERR=-4
IPT=IPT- 1IN

PERFORM
FIRST ORDER RETURN
INTERPOLATION

NO

PERFORM
SECOND ORDER
INTERPOLATION
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SESP
MAX

4-45



ENTER
MXAIR

i

CALL PSYCH

‘Calculate
Enthalpy of
Return Air

SESP
MXAIR

|

4

HPA >HRA

YES

f

Calculate
Fraction of
OQutside Air

Required

CALL ECOND

CalcuTate
Fraction of
Outside Air

Required

Calculate
Fraction of
Outside Air

CALL_ECOND

Calculate
Fraction of

Required Qutside Air
Required
| {

|

Calculate
Mixed Air
Dry-8ulb

Temperature

[

Calculate

Mixed Air

Humi tidy
Ratio

Calculate
Mixed Air
Density

)

‘ RETURN ,
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s
fan Shut
0ff Option
uUsed 1

Initialize
Yariables

1
3 > Imx

Page 1

CALL TANDI

Determine 1f

Fan is Shut Off,

11 Off, Distribute

EVectrical b Ther-
™) Loads

YES

YES

o)

I0NE 00 LOOP

= k
?
L1

Identify Zone
Sensible Thermal
Load

Sum Zone
Base Power

CALL BRAD.

Calculate
Baseboard
Heating Load

Requirement

Sum Zone
Supply & Return
Air Mass Flows

1

Calculate
System Return
Air Temperature

!

Calculate
2one Supply
Atr Tempersture

Y

CALL. H28ZN
Talculate Zone
Humidification

Requirements

4

CALL TEMP
Calculate Hot And

4

* .Cold Deck Alr
Terperatures

To

4-47
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(P From p. 1

Colcutate Desired
Economizer Approach
Temperature

1

Calculate Mixed
Mr Conditions

1

Calculate Prehest
Cof) Load

1

Calculate Mixed
Alr Teepersture
After Supply Fen

{

Check It Chiller
And Soiler Are
Operating and Reset
Reset 'Deck Tempera-
T J

1s ¥ES

Page 2

3 -Jﬂllt
A\

NO

Calculate Fraction
0f Zone Mass Flow
Thru Hot And
Cold Deck

Check

1f There Is A Zone

Hesting Load Not
Het

Check

4f There i3 A

Zone CooTing Load Mot
Met

Update Sucmation Of
2one Heating Loads
Not Met And Number
or uours" I‘Hdl Not

CALL mAx

Keep Track Of Zone

Peak Heating Load
Not Hez

Update Summation Of
Zone Cooling Loads
Not Met and Number
Of Hours "t:ndl Not

i

Al
Keep Vrac

Sum Zone Hot And °

Cold Deck Mass Flow
Rates

]

Calculate Heating
0] Load

one
Peak Cooling Load
Not Met

Col)
G')To p. 3
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o From p. 2

CALL CCOIL

Calculate Cooling
Coil Load -

1

Calculate Hot Deck
Humidity Ratio Re-
quired To Satisfy
Control Zone Humi-
dity Set Point

)

CALL HUM

Calculate Hot Deck
Humidity Ratio Cor-
responding To The

High Limit Of 80TRH

Is
Required Hot Deck Hu-

midify Ratio ¢ Maximum And > Humi-

dify Ratio Of Mixed
Air

Calculate Amount
0f Humidification

Page 3

Reset The Hot Deck
Humidity Ratio
Required

Water Required

Calculate Zone
End-0f-Hour
Humdity

Ratio

B

Calculate System

a

£nd-0f-Hour Return | g

Air Humidity Ratio

And Oensity
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ENTER
NUMDEV

SET
LOAD POSITIVE

l

INITIALIZE
FRACTION OF
FULL LOAD FOR
EACH UNIT

CHECK FOR LOAD
CONDITIONS ON
LAST DEVICE

RETURN

YES

LAST UNIT IS
LESS THAN
MINIMUM  LOAD

|

DEFINE LOW,
NORMAL, AND

HIGH

LOADS

SET FFL

POINT

RESET X AND
TO
NORMAL OPERATING

q—__J

) |

LAST UNIT 1S
WITHIN OPERATED

RANGE

|

RETURN

SESP
NUMDEV




SESP
PPWVM

Define A & B
Sets Of Constants

Y

Convert Air
Temperature To

bsolute Centrigrade
A Degrees ?Ty gra

Is NO _
T < 273.16
?

ES

Define P Set
Define P Set Of Constants

0f Constants

¥

Calculate Partial
Pressure Of Water

Vapor in Moisture
Saturated Air.
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ENTER PROCES

FOR N=1, NO. PROCES LOADS:

IF ENERGY SOURCE OF PROCESS LOADS

IS INDIRECT ! CALCULATE LOAD TO BE ADDED TO BOILER
IS GAS: CALCULATE LOAD FOR PROCESS GAS

1S OIL: CALCULATE LOAD FOR PROCESS OIL

IS ELECTRIC: CALCULATE LOAD FOR PROCESS ELECTRIC

IS STEAM: CALCULATE : (DENTHALPY DIFFERENCE
BETWEEN ENTERING AND
LEAVING STEAM
(@LOAD FOR PROCESS STEAM

END
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ENTER PSY1

CALL PPWVM

CALCULATE PARTIAL
PRESSURE OF WATER
VAPOR IN AIR FOR
GIVEN CONDITIONS

i

CALCULATE HUMIDITY
RATIO OF AIR FOR
GIVEN CONDITIONS

'

CALCULATE ENTHALPY
OF AIR FOR GIVEN
CONDITIONS

!

CALCULATE DENSITY
OF AIR FOR GIVEN
CONDITIONS
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SESP
PSY1




SESP
PSY2

ENTER PSY2

CALL PPWVM

CALCULATE PARTIAL
PRESSURE OF WATER
VAPOR IN AIR FOR
GIVEN CONDITIONS

CALCULATE
HUMIDITY RATIO
OF AIR FOR
GIVEN CONDITIONS

RETURN
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ENTER PSYCH

CALCULATE ENTHALPY
OF MOIST AIR FOR
GIVEN CONDITIONS

!

CALCULATE SPECIFIC.

VOLUME OF MOIST
AIR FOR GIVEN
CONDITIONS

i

CALCULATE SPECIFIC
DENSITY OF MOIST
AIR FOR GIVEN
CONDITIONS
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ENTER PTLD

1S FAN
FULLY LOADED
?

CALCULATL
FRACTION OF

| POWER REQUIRED

FOR 100%
LOADING

SET UP INTER-
MEDIATE VARIABLE
PCT = PC

RESET
PCT = 0.20

RESET
PCT = 1.1

SESP
PTLD

{ m=1

CALCULATE
FRACTION OF
POWER REQUIRED
FOR VAR. SPEED
MOTOR CONTROL

m=3 %

CALCULATE
FRACTION OF
POWER REQUIRED
FOR INLET VANE
DAMPER CONTROL

CALCULATE
FRACTION OF
POWER REQUIRED
FOR DISCHARGE
DAMPER CONTROL

Pt

<

RETURN
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ENTER
RECIP

Calculate Power Per
Ton Of Refrigeration
Required

i

Calculate Total
Hourly Power
Consumption

<«
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CALL TRt

Letermine 41 fan i3
shut off. 11 off,

I and thercal Yoads.

distribute electrical =2

1
fon shut-off
option used?

%0 Jntttadize
et ifirinad General
Yariadles
+
Y£s ¥

SESP
RHFS

Calculate zone
sensible thermal
Yoad

L]

CALL BRAD.

Calculate required
zone supply sir
temperatures

Caleuwlate
baseboard heat

-

1

Sum zone hase power
requircrents

1

Calculate retymn
3ir termperature

i

CALL HIPZN

Calculate z0ne

humidification

reguiresents
-J

g
g

1s
reheat asystem '
being sinulated?

CALL TimP

Calculate AHU
discharge atr
terperature

Calculate AHU
discharge air
temperature

-

]

—

)

C2)culate econo-
mizer approach
terperature

To p. 2
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From p. 1

CALL NXAIR

Cadculate Mined
Atr Conditions

'

CALL AWU

Calculate Heating,
Cooling & Humdifi.
cation Loads

SESP
RHFS

Page 2

Y

K AN, o b

Keating

Y

Calculate And Distri-
bute Heating Load Not
Het

YES
Kfmk-lf .'umt-n KFAN, = 8
Calculate Reheat Calculate Reheat
Coil Load Cof) Load
Heating . 'lh:r:l:'l..lond Cooling
No Load
Calculate And
S o Distribute Heat-] Cooling Zone
ing Load Not Thermal toad
Met
No Load
1 Y
CALL_2t Q. CALL CCpIL CALL CcCpIt
Calculate 2one Heat- Calculate And Distri- Calculate And Distri-
ing Load bute Coolg‘gg Load Kot bute Cool;:g Losd Not

B]

CALL WINEW

Calculate Zone
Humidity Ratio

i

Calculate Return Afr
HRumidity Ratio And
Oensity
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(& )
l

WRITE SUMMARY
OF EQUIPMENT
SIZES

WRITE TEMPERATURE
DISTRIBUTION

PROFILE

CALL -ENGY

WRITE ANNUAL
SUMMARY OF
BUILDING MONTHLY
ENERGY AND RESOURCE
CONSUMPTION AND

DEMANDS

l

CALL EXSUM

WRITE
EXECUTIVE
SUMMARY

CALL ECON

WRITE ECONOMIC
SUMMARY
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BEGIN
SESIN

4

INITIALIZE
UNIT VARIABLES
AND SWITCHES

CALL VTIN

READ IN
BUILDING
DESCRIPTION
TAPE

CALL CSIN

READ IN
INPUT DECK

i

CALL VTINITT

CALL VTCSRF

INITIALIZE
SPACE RESPONSE
FACTOR VARIABLES

CALL FSIZE

INITIALIZE
FAN SYSTEM
DATA

)

CALL ESIZE

INITIALIZE
HEATING AND
COOLING PLANT
DATA

END
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SESP
SMEXEC

Page 1

INITIALIZE THE
COOLING TOWER
FAN SWITCH
KCTF=0

y

< Mo—-MSTRT,MENh
' ( 1He—1,IMAXM
READ
@ < HOURLY

WEATHER

DATA FROM
INPUT LOAD
TAPE

[ 1eONL*—0 |

| mone |

3

NO'w

[ IcHiLea—0 |

| ICHIL @—1 j

3

CALL VTPOHD

SET PRINTOUT
SWITCHES

&
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SESP
SHMEXEC

Page 2

READ
ZONE LOAD
DATA FROM
INPUT LOAD
TAPE

ARE

EXTERIOR

LIGHTS
OFF

YES

'

r PWEL @— 0.0 ]

[ PweLe—rwoL ] }

=3

|

CALL CLGTWR

CALCULATE
ENTERING AND
LEAVING
CONDENSER
WATER TEMP.
AND TOWER
FAN SWITCH
STATUS

[ ]

CALL CHLADJ

FIND CHILLER'S
PERFORMANCE

[ ]

SUM CHILLER
PLANT CAPACITY

[ ]

SUM BOILER
PLANT CAPACITY
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HEAT PUMP
UN;I'S

Y

SESP
SHEXEC

Page 3

( I DX w—1, NDXHP
! 3
:;l
INITIALIZE
ADJUSTMENT

FLAGS AND COUNTER

[ IF GADI x|

{ Rreocikapde-i10 |

v

|

DETERMINE
IF IT IS
DIVERGING

[ RHOH(KAD 1D ]

!

'} T

15iw—3,NSPA

¢

)1'

INITHALIZE
vT
CALCULATIONS

g

{_10x=-1, NOXHP

.

P )

]

CALL DXHP

DETERMINE
COCLING
CAPAGCITY

CALL DXHP

DETERMINE
HEATING
CAPACITY

P

Innocuptxnm.mxle-t.o]

CALL VTHOUR

CALCULATES
HOURLY
INTERPRODUCTS
OF SPACE TEMR
END RESPONCE
FACTORS

[ RronP(xADY, 10%) € 1O}

|

RRHOH : RHOM{KADS )
RRHOC : RHOC{KADY )

RAHON = RHOHHP{KADJ,IDX
RAKOC* RAGCHPIKADY, IDX

ARE

THERE

DIVERGING
RHO'S

H




SESP
SMEXEC

Page 4

ARE
THERE
DIVERGING
RHO'S
?

YES

[ RRHOH =—TEMPI |

1S
CALL VTLOAD IDXHI:(|DX)

CALCULATES SPACE
TEMPERATURE AND

HEATING /COOLING
EXTRACTION RATES

[RRHOH =—TEMP 3(1DX)]

[RRHOH <~ TEMP 4 (1DX)]

ZERO OUT PLENUM
LIGHTING LOADS
FOR SPACES WITH
ATTACHED PLENUMS

INITIALIZE HEATING

AND COOL ING
PLANT LOADS

v
< K —— 1, KMAX )____.__1

‘ INITIALIZE AHY
‘ OUTPUTS
PROCESS LOADS
FOR HEATING
PLANT
COMPARE PLANT KFAN(K) KFAN(K) KFAN(K)
AVAIL ABILITY TO =1,5,6 :4 =12
REQUIREMENTS ] v y )
caLL RHFS| | icaLL szurt] | leatt reoi | | leavL varvi)

Al
CALL M2DD, CALL FHTG ICALL INDUC

KFAN(K) KFAN(K) KF%N(K)
=23 =7 H

[ [ ) ()
Y

SUM PL ANT ENERGY
REQUIREMENTS

SUM RESOURCE

REQUIREMENTS

®
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SESP
SMEXEC

Page 5

CALCULATE
COOLING LOAD

[

CALCULATE
HEATING LOAD

[ ]

CALCULATE NET
LOAD TO CENTRAL
EQUIPMENT

t‘ . y

SET UP TERMS FOR
OUTPUT TAPE

®
@

COOLING
TOWER
SIMULATION

]

SET UP TEMPERATURE
DISTRIBUTION PROFILE

CALL EQUIP.

SIMULATE AND
PERFORMANCE OF

CENTRAL
EQUIPMENT

¥

ADD DX/HP TOWER
REQUIREMENTS

[ ]

SORT RESOURCE
REQUIREMENTS
FOR OUTPUT TABLE

&
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SESP
STEAM

C ENTER STEAM)

CALCULATE
ENTHALPY OF LOW
PRESSURE STEAM

|
Co)
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Determine Power
Output Required
For Bach Turdine

Y

Determine Enthalpy
Of Entering Steam

i

Determine Entropy
Of Entering Steam

Y

Determine Leaving
Steam Jemperature
After jsentropic
Expansion And Ex-
hausting At 2 psi

|

Calculate Enthalpy
Of Leaving Steam

y

Caleulate Theoretica
Steam Rote

1

Calculate Base
Steam Rate

|

Calculate
Horsepower Loss

{

Calculate Superheat
Correction Factor

1

Determine Full
Load Steam Rate

1

Determine Part
Load Stean Rate

¥

Determine Yotal
Steam Consumption
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SZRHT.

Is
Fan Shut-
off Option

“CALL FANQF

Determine if fan 1s
shut-off. 1f off
Distribute Electrical
& Therma) Loads

Inftialize
General No
Variables

Calculate
Base Power
Requirements

1

Calculate
lone Seasible
Thermal Load

Is
Boller

CALL BRADZ
Lalculate
Baseboard
Calculate Heating Load

Required Supply [
Alr Temperature

For Each Zlone

1

CALL H2pZN
Calculate Zone
Moisture
Requirements

¥

Calculate AHU
Discharge
Temperature

Calculate
Return Afr
Temperature
Components of
Central Zone

YES

70 ! '

Calculate
Mintmum Primary Afr
Fraction

]

YES

CALL MXAIR
ajculate Fraction o
Primary Afr Induced
from Central Zone to
Sub- 2ones

Sum induced atr, sup-|
ply air, and return
afr mass flow rates.

1

To p. 2

Q=
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Page '1



SESP
SZRHT

») From p. 1 (;) To p. 1 Page 2

Calcudote Scpoly Ane
Returh Adr Full Atr
Flow Fractions,

t

Calewlate Retern
Atr Teroeroture

k|

Check AU Lesving
Tewperature dnd (o).
ewlate Econcaizer Ap.
proach Yerrerature

CALL PIAIR

Calcvlate Mixed
Air Corditions

Resef ine AHS Leaving
Air Terpecature

Chiller Oft Con
AU STITY Meet

CALL ARU

Calculate Heating,
Cooling And Huzidi.
fication Loads Of

Adjust Tota) far
Brake Horsepower

Colculate Termina)
Unit Reieat Cofl
Requirecents

Reheat

Reheating Cof) Load

Recooling

Celculate Ang Distri

Calculate Terninal bute u"’;‘;;"““"’ tumidity Ratio Celcvlate 3 Distri.
Unit Load, Distribute tute Unmct Cooling
Yr—et Loads 1€ An 102¢

- i 1
¥

CALL VINEIW

\

ALt ccon

CALL Ips

update Supply Afe

A

Calevlate Zone Homte
dity 2atio

< » 4

Calculate Relurn AVr A
Humidity Ratin Ang
Dens ity
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ENTER
TBAND

l

SET BUILDING
OCCUPIED FLAG
=2

IS
BUILDING

YES

OCCUPIED
?

'

FLAG= 1

r

RETURN

INCREMENT ITM

t
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SESP
TBAND

RETURN




SESP

TEMP
ENTER
TEMP
$1c0-1 ;ICO=2 1 1€0=3 4 1c0=4 }100-5 1C0=6
!
Mode:) Modes2 Mode:3 Mode:4 Modes5 Mode:6
Temperature Set Temperature Set

To Fixed Velue

To Lowest Value
Of Reference
Array

Temperature Set
As Inverse FuncH
tion Of Outside
Temoerature,

Calculate Two-
Pipe Induction
Unit Air/Water
Temperatures

Calculate Two-
Pipe Fan Coil
System Water
Process Mode,

Temperature Set
To Highest.Valve
0f Reference
Array

/

RETURN

C RETURN )

( RETURN )

RETURN
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RETURN

-RETURN




SESP
ToT

(o)
|

SUM MONTHLY
ENERGY
CONSUMPTION

|
&=
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Is
TPA At Or

YES

Below Lower
Limit ?

Is
TPA At Or
Above Upper
Limit ?

Calculate TRSET As

An Inverse Function

Of Outdoor Tempera-
ture

Set TRSET Equal To
Upper Media Tempera -
ture Limit

Set TRSET Equal To
Lower Media Tempera-
ture Limit

SESP
TRSET
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SESP
VARVL

Page 1

Enter
YARVL

Is
Fan Shut
0off Option
Used 2,

CALL FANRF

Determine 1f

Fan Is Shut Off,
1f Off, Distribu-
te Electrical &
Therma! Loads

Define ARU Leaving

Temparature Assuming

Boiler & Chiller
Are On

Initialize General
Variables #1

Inttialize Genera)
varfables #2

YES

tdentify Zone Sensibie
Therma! Loads

CALL BRAD2

Calculate Baseboard
Heating Load

Catculate Zone Air
Flows & Temperatures

Sum Zone Supply & Re-
turn Alr Mass Flows

1 1

Calculate Fan System
fractional Flow Rates-
Supply & Return Fans

ZONE_DO-1L00P

Calc System
Return Afr
gmper

CALL H2pIN

Calc Zone Hois-
ture Requirements

To p. 2

From p. 2 .




5)To p. 1

Redefine
Leaving Afr
Temperature

NO

es
Redefined

proach Assumed,
Yatue,

* Leaving Alr Temp.

SESP
VARVL
Page 2

(;) From p. 1

Calc Economizer
Approach Temwp.

CALL MXAIR

Calcutate Hixed
Afr Conditions

. —

Calculate Heating,
Cooling, & Humid-
1fication Loads

1

Adjust Total fan
8rake Horsepower

SUM ZONE
Base Power

Requi rignts

Calc, Terminal
Unft Sensible Thermal
Requirements

a

|

8

w Are

E Terminal

re Reheat Coils
YES Used
Terminal
Re-heat Unit Thermal

-heating
Re-Cooling et
o s — 1
Req Calc Tooling Update Heating

C Load tot
Met Variables

CALL 2093
Calc Terminal
Unit Load
L P 5P
Calc Zone
Humfdity Ratie

alc Return Air Densfity
pnd Humidity Ratio

RETURN
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r

RETURN

—

SESP
VYCSRF

SET MDEX Ja-i |

Y

DETERMINE THE
MIGHEST NUMBER OF
RESPONSE FACTOR
TERMS THAT A DELAYED
SURFACE MAY HAVE

'

PERFORM
RELATIVE
END TEST

DEFAULT VALUES
FOR CEILINGS

LIMIT NUMBER RESPONSE
FACTORS TO 10

y

Y

'

SET NUMBER
TERMS DEFINED
. FOR SPACE

DEFAULT VALUES FOR
NON-UNDERGROUND
FLOOR

INITIALIZE. SPACE
RESPONSE FACTORS

Y

DEFAULT VALUES
FOR FURNISHINGS

| | -

y

STORE SPACE
RESPONSE FACTOR
INTO MATRIX

CALCULATE CORRECTION
FACTOR FOR
UNDERGROUND SURFACES

y

CALCULATE CORRECTION
FACTOR FOR
DELAYED SURFACES

¥

CALCULATE CORRECTION
FACTOR FOR
NON-UNDERGROUND FLOORS

v

FOR FURNISHINGS j

Y

DEFAULT VALUES FOR
FLOOR AND CEILINGS

y

DEFAULT VALUES FOR

UNDERGROUND SURFACES




SESP
VTHOUR

ENTER VTHOUR

INITIALIZE
SPACE
PARAMETERS

Y

FOR EACH QUICK
SURFACE CALCULATE
INDEX,U-FACTOR,
ROUGHNESS
FACTOR INDEX

v

FOR EACH WINDOW
CALCULATE INDEX,
U-FACTOR

'

FOR EACH INTERNAL
SURFACE CALCULATE
INDEX, ADJACENT
SPACE NUMBER

v

CALCULATE FINAL
SPACE RESPONSE
FACTORS

v

INITIALIZE
PLENUM VARIABLES

RETURN

IS
A
CEILING
PLEvNUM

]

FAN YES
OPERATING
?

NO EVALUATE
PLENUM
VARIABLES

'

CALCULATE
TEMPERATURE
DIFFERENCE

'

L DEFINE TERMS |

N




SESP
VTIN

ENTER
VTIN

DESCRIPTION
VARIABLES

f//> READ JOB

READ
BUILDING SURFACE
DESCRIPTION DATA

READ ZONE
DESCRIPTION DATA

" READ RUN
DESCRIPTION DATA

CALCULATE
RESISTANCE AND
U~FACTORS FOR

SINGLE AND

MULTI - PANE

WINDOWS

C RETURN
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SESP
VTINIT

ENTER
VTINIT

CALCULATE
SUM U¥A FOR ALL
INTERNAL HEAT
TRANSFER SURFACES
IN'EACH SPACE

INITIALIZE
RUN PARAMETERS
FOR EACH SPACE

RETURN
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ENTER
VTLOAD

SET PROPER
WEEKLY THERMOSTAT
SCHEDULE INDEX

'

SET SPACE
THERMOSTAT TYPE
AND CHECK
FOR FLOATING
SPACE TEMP

v

SET HIGH AND
LOW THERMOSTAT
LIMITS DEVIATIONS
AND SPACE HEATING

AND COOLING CAPACITY]

CALCULATE SLOPE
OF THERMOSTAT
FUNCTION LINE

'

CALCULATE INTERCEP
OF THERMOSTAT
FUNCTION LINE

v

CALCULATE SPACE
TEMP DEVIATION
AT END OF HOUR

¥

CALCULATE HEAT
EXTRACTED FROM OR
SUPPLIED TO SPACE
DURING HOUR

DOES
NEEDED HEAT
EXCEED AVAILABLE
HEAT
?

MAKE CORRECTIONS
OF HEAT EXTRACTION
AND SPACE
TEMPERATURE
DEVIATION

.

IF
FLOATING
SPACE TEMP

?

SESP
VTLOAD
Page 1

SET LIMIT VALUES
AT QUANTITIES
THAT WILL NEVER
BE EXCEEDED

!

ZERO OUT SPACE
HEATING AND
COOLING CAPACITIES

. MAKE CORRECTIONS
OF HEAT EXTRACTION
AND SPACE
TEMPERATURE
DEVIATION

M
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SESP

VTLOAD
PAGE 2
TYPE
THERMOSTAT
?
STORE SPACE CALCULATE SPACE
END-OF -HOUR TEMPERATURE
TEMPERATURE DEVIATION
DEVIATION
FOR NEXT HOUR l
l INITIALIZE HEAT
EXTRACTION RATE
CALCULATE
END-OF-HOUR
SPACE TEMPERATURE
1 :
Lower
LIMI
SET UP VARIABLES
FOR FAN SYSTEM Ex°ﬁ5°5°
SIMULATION
RESET HEAT

EXTRACTION AND

SPACE TEMPERATURE
DEVIATION
RETURN l

IS
SPACE
HEATING
CAPACITY
EXCEEDED

YES

NO

RESET HEAT
EXTRACTION AND
SPACE TEMPERATURE
DEVIATION

. ;
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ENTER
VTPOHD

INITIALIZE
PRINT FLAGS

ARE
THERE ANY
PRINT-OUTS
?

NO

<

I<—1,IPO

RETURN

N
/

RETURN

A

ANY
PRINT-OUTS

THIS DAY

4-83
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SESP
VTPOHD

SET PRINT
FLAGS TO
UNITY

RETURN




Calculate Amount
0f Moisture Intro-
duced By Supply Afr

1s
lone Supply
Afr Flow Rate
Greater Than

le;o

Calculate Net Mois-

Reset Supply Afr
Moisture Addition
To Zero

ture Entering Zone

t

Determine Amount Of
Air Circulated
Through Zone In 1 hr

Amount Of Circ®

culated Air Equal To

Or Greater Than One Air

Change
?

Calculate End-Of-Hr,

Reset Amount Of Cir-
culated Air To One
Air Change

Zone Humidity Ratio

i

CALL HUM

Calculate Zone.Humi-
dity Ratio Corres-
ponding To 100 %

Is
7 1one Humidity
Ratfio Greater Than
100 ¥ R.H.
Limit
2

Reset Zone Humidity
Ratio To 100 3 R.H.
Limit

¥

Ratio Less Than
2ero
?

Reset Zone Humidity
Ratio Equal To Zero
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Enter ILP

HEATING COIL

SESP
ZLP

COOLING COIL

Q=1

Is leaving
temp > high
limit
?

y

Q=2

s leaving
temp < low
Yimit
?

p YES

Reset leaving temp =
high limit. Caicu~
late and distribute
heating load and
load not met.

Calculate and dis-
tribute keating load

Calculate and dis-
tribute cooling load.

Reset leaving temp =
low limit., Calcu-
late and distribute
cooling load and
load not met.

RCTURN

RETURMN

RETORN
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Section 5

OWNING AND OPERATING COST PROGRAM






BEGIN
ECON

U

4 READ

IDENTIFICATION
DATA- FAC, CITY,
ENGR, PROJ, DATE

( READ
BUILDING
LIFE

v

/ READ

ESCALATION
FACTORS

v

/ READ ENERGY
UNIT COST
DATA

v

( READ NUMBER
OF CASES TO
BE ANALYZED

NR <- I,NRUN

/" READ SYSTEM

DESCRIPTION
. LABEL

RETURN 6

/" READ NUMBER
OF ENERGY
CATEGORIES

ARE
THERE ANY
ENERGY
CATEGORIES

PAGE 2

ECON

Page 1



{ Ka-i,NCATE >————

READ NUMBER
OF EQUIPMENT
CATEGORIES

v

< I<-1, NCATQ

[

READ DATA
FOR EACH
EQUIPMENT
CATEGORY

l

IS
THIS
THE FIRST
CASE

?

NO

)

CALL REPT |

WRITE
IDENTIFICATION
PAGE

WRITE
ASSUMPTION
SUMMARY
PAGE

PAGE 3

r—

5-2

ECON
PAGE 2

READ ENERGY
CATEGORY DATA

1S IT
ELECTRICAL
ENERGY
?

YES

/ READ ELECTRICAL
ENERGY DEMAND
FOR EACH MONTH

SUM ELECTRICAL

' ENERGY FOR YEAR

ey




WRITE SYSTEMS
DESCRIPTION
LABEL

|
{ 1e- I,NCA‘!’

PAGE 6

PAGE 4

INITIALIZE
TOTAL COST AND
CONSUMPTION

OF ENERGY TYPE J

;

{  Ia-i,NCATE

[

SUM GRAND
TOTAL COST
FOR ALL ENERGY

!

SUM PRESENT
VALUE OF
ENERGY FOR
EACH TYPE

s

I WRITE REPORTS l

SUM ANNUITY
FOR EACH
ENERGY TYPE

\

-

ECON
PAGE 3

INCREMENT FLAG
COUNTER; SUM
TOTAL COST
OF ENERGY

!

SUM TOTAL
CONSUMPTION
OF ERERGY TYPE Y
AND ITS

TOTAL COST

WRITE HEADER

HAS
HEADER
BEEN \\;RITTEN

WRITE COST AND
CONSUMPTION
INFORMATION

5-3



®)

MAKE INITIALIZATIONS
FOR EQUIPMENT
CATEGORY COSTS

1S

INSTALLATION
OF EQUIPMENT & o PAGE |
cosT<0

s
EXPECTED
LIFE OF G PAGE |
EQUIPMENT

1S
BUILDING
LIFE= EQUIPMENT
\ LI;E

SET BUILDING

AND EQUIPMENT

SET BUILDING LIFE LIFE RATIOS TO |
RATIO AND

EQUIPMENT LIFE RATIO

)

1S
RESALE
VALUE TO BE

!

RECALCULATE
PRESENT VALUE

]

NO

CALCULATE PRESENT
VALUE OF FLOOR
SPACE COST FOR

EACH YEAR OF LIFE

ECON
PAGE 4



ECON

PAGE 5
YES
MAINTENANCE
LABOR COS
20 CALCULATE PRESENT
VALUE OF LABOR
FOR LIFE
15
ANNUAL YES
MATERJAL COST
>
Y SUM PRESENT VALUE
. OF MATERIAL COST
NO FOR LIFE
IS
OVERHAUL NO
PERIOD £
>
0
IS
OVERHAUL
LABOR YES
cosT
>
SUM PRESENT
VALUE OF OVERHAUL
LABOR COST
IS
OVERHAUL
MATERIAL YES
cosT
>
0 SUM PRESENT
VALUE OF OVERHAUL
MATERIAL COST
V. y
SUM TOTAL
PRESENT VALUE
OF SYSTEM
SUM TOTAL
OWNING AND
OPERATING ANNUITY
FOR EQUIPMENT

é PAGE 3

5-5



WRITE OUT
FINAL RESULTS

I =+ | ,NCATQ

WRITE
HEADINGS

ECON
PAGE 6

1S

>0

TOTAL
ANNUITY

1S

>0

OVERHAUL
PERIOD

IS

SALVAGE
FLAG
—_N v o
WRITE
REPORT
/——___~—
\"
WRITE
MESSAGE <
/—
O
WRITE
REPORTS
/_—__—-_J
WRITE
REPORTS I
Yy
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