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SYSTEM AND EQUIPMENT SIMULATION PROGRAM

OBJECTIVE AND DESCRIPTION

Due to outside air requirements and the limitations imposed by
various component control schedules, the hourly heating and cooling re-
quirements of a building's boilers and chillers may differ markedly
from the summation of hourly heating and cooling space loads. The System
and-Equipment Simulation Program, therefore, performs two functions. First,
it translates hourly space loads, including the ventilation air require-
ments, by means of the individual performance characteristics of each fan
system, into the hourly thermal requirements imposed upon the heating and
cooling plants. Second, it converts these hourly energy requirements into
fuel and power requirements based upon the part-load characteristics of
the heating and cooling plant equipment.

The System and Equipment Simulation Program is made up of a number
of functions and subroutines. "(See Table for a description of these
routines.,) The main routine, SYSSIM, directs the flow of logic through
the program and controls the order in which calculations are to be per-
formed. The sequence of the calculations is as follows. First, the zone
air flows are determined using the peak hourly heating and cooling zone
loads. Next, fans and fan motors are sized based on air flows and system
pressures. In this segment, central equipment is also sized. Then, an
hour-by-hour analysis of the building's energy distribution systems is per-
formed. Each system is examined each hour and the hourly heating and/or
cooling Toads calculated and summed to give the building's heating and/or
cooling requirements. At the end of an hour's calculations, after the Tlast
thermal distribution system has been examined and any snow-melting Toad
accounted for, the EQUIP subroutine is called upon to convert the hourly
building thermal requirements into hourly heating, cooling, and on-site
generation (if applicable) energy requirements. This series of calcula-
tions is repeated hourly for the length of time called for (up to one
year). The output is organized in terms of monthly energy and resource
requirements for the building equipment combination in question. An annual
summary of the energy and resource consumption is then printed out as a
permanent record.

The sequence of calculations outlined above is the same for a heat
conservation equipment combination, except that: (1) zone air flows are
sized differently, (2) other supplemental heating requirements must be .
accounted for, and (3) specialized treatment of the double-bundled conden-
ser refrigeration machines is necessary.




In order to follow the notations of the engineering manual, an under-
standing of variable organization as it pertains to zone labeling {s re-
quired ?see Figure ' ). The re~numbering of zones internally by the
program has resulted in increased flexibility to the user and a reduction
of computer storage requirements. As regards assigning zones to energy
distribution systems, the user need not be concerned with zone sequence
when generating the Toad tape. They may be specified in any order. Zones
may be omitted or repeated.

Regarding the program structure, a storage requirement savings is
realized since variables which were once doubly-subscripted may now be
singly subscripted. An example of this potential savings using the exam-
ple of Figure zone/system relationships is illustrated in Figure
Input tape variables ("z" numbers) are assigned via variable SPACNg _j.
Each zone "j" of system "k" has a corresponding "i". Thus, one douB?y-
subscripted variable (SPACNk,j) is used to identify the particular "z"
variable location of a given zone on a given system.

LOAD PROGRAM SPACE

NUMBERING (z) 11213]14}5]6|718]9]10] .

SIMULATION PROGRAM

INTERNAL NUMERING (i) 112134561789 10111213 ]14

LOAD PROGRAM

NUMBERING (SPACNk j=z) 4n0j11315|51817\|61 2] 4] 6] 4|3

ZONE NUMBERING (J) 1121314511231 2 3] 1{ 2} 1

SYSTEM NUMBERING (k) 1 2 3 4 5
Figure /  SYSTEM SIMULATION PROGRAM NUMBERING

ORGANIZATION w/example

Energy Distribution
System (k)
—_ N W S O

1 2 3 4 5

Nunber of zones (J)

Figure ~ SYSTEM/ZONE MATRIX using doubly-
' subscripted variables (k,Jj)




TABLE '

SYSTEM AND EQUIPMENT SIMULATION
SUBROUTINES AND FUNCTIONS

NAME FUNCTION

ABSQR Steam absorption water chiller

AHU Air Hénd]ing Unit simulation

ALOGT Base 10 Togarithms

BRADZ Baseboard radiation simulation

CCRIL Cooling coil simulation

CDATA Reads card input

CENT Centrifugal water chiller

DENSY Air density calculation

ECONG Economizer cycle simulation

ENGYC Energy consumption output table

EQUIP Boilers, chillers and on-site generation systems
ERR@R Prints erfor messages

FANQF Load handler when fan system is off

FCOIL Fancoil unit simulation (2- and 4-pipe)

FHTG2 Floor panel heating systems

FSIZE Fan sizing

HTCON Heat conservation

HZQiN Zone moisture change and requirement ca]cu]ation_
HUMT Humidity ratio calculation

IDuC Induction unit fan system simulation (2- and 4-pipe)

MAX Maximum value calculation




TABLE ~ (CONT'D)

NAME FUNCTION

E % MXAIR Mixed air. calculation

| MZDD Multi-zone and dual duct fan system simulation

PPWVM Psychrometrics

% PSYCH Psychrometrics

PSY1 Psychrometrics

PSY2 Psychrometrics

| PTLD Part load fan power ca]cu1atfon

RECIP Reciprocating water chiller

RHFS2 Simulation of: Single-zone fan system w/face and bypass dampers,
Unit ventilator,

Unit heater,
Constant volume reheat fan system

SNPWM Snow melting
% ¢ STTUR Steam turbine

SYSSIM | Main routine

1SZRHT Single-zone/sub-zone reheat fan system
TDATA Reads off header data from LOAD tape

TEMP Temperature calculation

TRSET Linear interpolation routine
| VARVL Variable volume fan system simulation

(WZNEW Humidity ratio calculation

7103 Zone load organizer: calculates reheating and recooling loads




SYSSIM
April 1975
MAIN ROUTINE SYSSIM

MAIN ROUTINE: SYSSIM

The main routine of the System and Equipment Simulation Program.
SYSSIM controls the flow through the program. This routine is divided

- roughly

INPUT
Cards
Tape

QUTPUT
Printer

Tape

COMMON

into three sections.

Initial Sizing. Subroutines are called to read card input data

(CDATA) and to read off header data from the LOAD tape (TDATA).

A third subroutine (FSIZE) is then called to size zone and system
air flows. Finally, central system power consuming equipment
(i.e., pumps, fans, cooling towers, motors, eng1ne generators,
steam turbines) are sized.

Hourly Calculations. The function of this mode is to first read
hourly weather data and zone Toads from the LOAD tape.

Secondly, the appropriate energy distribution subroutines are
called to calculate energy conversion system loads (heating,
cooling, water and power requirements). Thirdly, subroutine
EQUIP is called to calculate resource requirements necessary to
satisfy heating, cooling and power needs. An account of energy
distribution and conversion system loads not met is kept and
printed in this mode at the end of each month.

Monthly Summaries. The third mode indicates the activity of

the program by printing a central equipment size summary and a
table of energy and resource requirements (demand and consumption)
for each month.

A description of card input variables will be found in the
discussion of Subroutine CDATA.

Hourly data required by the program is defined in Table
This includes both weather and zone load information.

1

Printed output is presented and discussed in Table

The organization and definition of the System and Equipment
Simulation output tape is given in Figure and Table

This tape serves as input to system and equ1pment analysis
programs.

The system and Equipment Simulation Program is organized such that
use of COMMON by second-, third-, etc. order subroutines and functions is
the exception rather than the norm. However, most of the variables required
by first-order subroutines are located in COMMON. These variables are

defined in Table




TABLE

ORGANIZATION OF -INPUT LOAD TAPE TO SYSTEM AND
EQUIPMENT SIMULATION PROGRAM

On the input tape, after the header data, the following variables
appear for each hour:

TH@UR - Hour number, hour of year

IMgy - - Month of year

1D@M - Day of month

ND@W - Day of the week

IH@D - Hour of the day

ISUN - Sun index which indicates whether or not the
sun is up (0 = sun up; 1 = sun not up)

T@A - Outside air dry-bulb temperature (°F)

TWB - Outside air wet-bulb temperature (°F)

VEL - Wind velocity (knots) .

WOA - Outside air humidity ratio (1b water/1b dry air)

PATM - - Barometric pressure (inches of mercury)

DDA - Outside air density (1bm/ft>)

HOA - Enthalpy of outside air (Btu/1b dry air)

JsC - Day type (i.e., weekday,Saturday, Sunday,
| Holiday, Christmas)

CCM - Cloud cover modifier

For each zone, the following variables appear on the input tape:

IS " - Space number |

Qs, - Zone sensible load (Btu/hr) -

QL, - Zone latent load (Btu/hr)

QLITEZ - Zone lighting load picked up by return air

(Btu/hr)

i

SLPDW
z consumption (KW)

Zone internal lighting and machinery power




TABLE - (CONT'D)

QSINF,
QLINF,
STEMP,

UCFM ,

Zone sensible infiltration load (Btu/hr)

Zone latent infiltration load (Btu/hr)'

Temperature Program)

- Zone temperature (°F) (calculated in Variable

Air flow if zone is a ceiling plenum (ft3/min)
(calculated in Variable Temperature Program)




TABLE

PRINTED OUTPUT OF SYSTEM AND EQUIPMENT SIMULATION PROGRAM

(NOTE:

optional printout not covered here)

PROGRAM VARIABLE

DESCRIPTION

Report 1:

Input Recap

Recapitulation of input card data

Report 2: Energy Analysis Header
FAC - Building or project name
CITY - Location
ENGR - Name of -user
PROJ - Project number
DATE - Date
Report 3: Energy Distribution System Summary
FBHPSk - Supply fan brake hofsepower, system k (BHP)
FBHPRk - Return fan brake horsepower, system k (BHP)
FBHPEk - Exhaust fan brake horsepower, system k (BHP)
JMAXk - Number of zones on system k
CFMAXk - Supply air, system k (CFM)
CFMINk _ - Minimum outside air, system k (CFM)
CFMEXk - Exhaust air, system k (CFM)
ALPCTk -  Minimum outside air percent ofisupp]y air,
system k
Report 4: Zone Air Flow Summary
CEMS, - Supply air zone‘f'(CFM)
‘CFMxi - Exhaust air, zone i (CFM)
TSP, - Set point temperature, zone i (°F)

At




TABLE (CONT'D)

PROGRAM VARIABLE

DESCRIPTION

Report 5: Load Not Met Summary

QCLNMi

QCPNMi
IHCNMi

QHLNMi

QHPNMi
IHHNMi

QRCNM

QRCNM

THRNM

QBCNM

QBPNM

THBNM

Monthly accumulation of cooling loads not
met, zone i (MBTU)

Peak cooling load not met, zone i (MBH)

Number of hours in month cooling load not
met, zone i '

Monthly accumulations of heating loads not
met, zone i (MBTU)

Peak heating load not met, zone i (MBH)

Number of hours in month heating load not
met, zone i

Monthly accumulation of central cooling
system loads not met due to undersized
equipment (MBTU)

Peak central cooling system load not met (MBH)

Number of hours in month central cooling
system Toad not met '

Monthly accuhu]ations of boiler loads not
met due to undersized equipment (MBTU)

Peak boiler load not met (MBH)

Number of hours in month boiler load not met

NOTE:

Loads not met are tabulated only once (i.e., zone
loads not met are not carried over into central
equipment loads not met).

o VR N e




TABLE (CONT'D)

PROGRAM VARIABLE

DESCRIPTION

Report 6: Summary of Equipment Sizes

NUMC
sz¢C
NUMB
SZ8B
NUMT
SZT
M4
SZE
CAPH
CAPC
CFMCT
HPCTF
HPBLA
GPMCL
HPCLP
GPMCN
HPCNP
GPMBL

* HPBLP

Number of chillers

Size of chillers (tons)

_Number of boilers

Size of boilers (MBH)

Number of steam turbines

Size of steam turbines (HP)

Number of on-site generation engines (KW)
Size of on-sité generatioh engines

Total heating capacity (MBH)

Total cooling capacity (tons)

Cooling tower air flows (CFM)

Horsepower of cooling tower fan motor (HP)
Horsepower of boiler auxiliaries (HP)
Chilled water flow (gpm) |
Chilled water pump horsepower (HP)
Condenser water flow (gpm)

Condenser water pump horsepower (HP)

Boiler water flow (gpm)

Boiler water pump horsepower (HP)




TABLE (CONT'D)

PROGRAM VARIABLE

DESCRIPTION

Report 7: Monthly Energy and Resource Demand and Consumption Table

ENGY -

Monthly resource consumptions and demands. A 12 x
12 x 18 matrix with indices defined as indicated

below.

ENGYC
FIRST

WOONO O WD —~

10
11
12

This variable is transferred to subroutine
where the monthly tabulation.is printed.

SUBSCRIPT: MONTH

is January
is February
is March

is April

is May

is June

is July

is August
is September
is October
is November
is December

'SECOND SUBSCRIPT: MODE OF ENERGY

1
2

THIRD

(S I W N —

(=]

is Demand
is Consumption

SUBSCRIPT: TYPE OF ENERGY

is Maximum monthly heating demand

is Maximum monthly cooling demand

is Electric, internal lights and
building equipment

is Electric, external lights

is Electric heat (boiler and auxiliaries,
and hot water pumps)

is Electric cool (chillers, chilled water
pumps, and cooling tower fan)

is Gas heat

is Gas cooling

is Gas generation

is Steam heat

is Steam cooling

is 0il heat

is 0il cooling

is Diesel fuel generation

is Monthly heating consumption




TABLE (CONT'D)

PROGRAM VARIABLE DESCRIPTION

16 is Monthly cooling consumption
17 is City water
18 is Fan power




VARIABLE FORTRAN FORMAT

FAC . 35A1
CITY - 35A1
ENGR 35A1
PR@J ’ 15A1
DATE 15A1
j=1, NCASE
|
ISYS, KMAX, IHSRT, IHSTP 4110
i=IHSRT, IHSTP ‘
1
IHPUR, IM@Y, IDPM, IH@D 14, 312, 214,
ITPA, ITWB, WPA, PATM 3F8.5, 4F8.1

D@A, TNFBP, TABCD, BGAS, @ILH

k=1, KMAX
|
. KFAN,» QKC,» QKH,, QKKW , PWLK | 13, 3F12.0,
H2PK, . ZERP, TKHL,, TKCD, 3FI10.1, 2F5.1
L —
eorermm———
Figure ORGANIZATION OF SYSTEM AND EQUIPMENT SIMULATION -

PROGRAM OUTPUT TAPE

T T T TR T T ——




TABLE

DEFINITION OF SYSTEM AND EQUIPMENT SIMULATION
PROGRAM OUTPUT TAPE VARIABLES

VARIABLE DESCRIPTION

FAC Facility

CITY  Location

ENGR User Name

PR@J Project ID.

DATE Date

ISYS System Combination No.

KMAX No. Distribution Systems

THSRT Start Hour (hour of year)

IHSTP Stop Hour (hour of year)

IH@UR Current Hour (hour of year)

IMPY Month of Year (1 - 12)

1DPM Day of Month (1 - 31)

IHPD Hour of Day

ITPA Ambient Dry-Bulb Temperature (°F)

ITWB Ambient Wet-Bulb Temperature (°F)

WA Ambient Humidity Ratio (1bs-H20/1b-dry air)
PATM Barometric Pressure {in. Hg.)

DPA Ambient Air Density (1bm/ft3)

TNFBP Total Net Fan Brake horsepower (bhp)

TABCD Total Power of Building (KW)

BGAS Building Natural Gas Requirement (therms)
PILH Building Heating 0i1 Requirements (gals)
KFAN, Energy Distribution System No. 1 - 13)

QKC, System Cooling Requirement (Btu)

QKH,, ~ System Heating Requirement (less elect. resist. rehtg.)(Btu)
QKKNk_ Electric Resistance Reheat Requirement (Btu)
PWLKk Base Power Requirement of Zones served by this system (KW)
HZ@Kk Humidifcation Water Requirements (Ibs.HZO)
ZERO Reserved (=0.0)

TKHLk Hot Deck Temperature or AHU Leaving Temperature(°F)'
TKCDk Cold Deck Temperature (°F) '




TABLE

DEFINITION OF
VARIABLES IN COMMON

IPRT1
IPRT2
IPRT3

IC
IT

IBAIL
ICHIL

IFAN

Qs,

QL,

QLITE,
SLPAU,
QSINF,
QLINF,
STEMF ;
UCFM

TSP,
VgL,

TOA
WPA

HEA
DA
PATM
TCH
KBLDG
KMAX
TZNMX
MSTRT

Optional print flag-l
Optional print flag-2
Optional printlflag—3
Line printer unit number
Card reader unit number

“Input tape unit number

Boiler on/off flag (1=on; 0=o0ff)

Chiller on/off flag (1=on; 0=off)

Fan system shut-off flag (0O=fans run continuously,
1=fans may be shut off)
2=fans and baseboard radia-

tors may be shut off)

Zone sensible load (Btu/hr)

Zone latent load (Btu/hr)

Light heat into ceiling plenum above zone (Btu/hr)
Space 1ight and power (KW)

Zone sensible loss due to infiltration (Btu/hr)
Zone latent loss due to infiltration (Btu/hr)
Space temperature at a given hour (OF)

Air_flow through zone if it is a plenum space
(ft3/min) '

Zone set point temperature (°F)
Zone volume (ft3) ‘

Outside air dry-bulb temperature (°F)

Outside air humidity ratio (JEAcHEd——)

Outside air enthalpy (Btu/lbm)
Outside air density (1bm/ft®)
Barometric pressure (in.Hg.)
Changeover temperature (°F)

Heat conservation building flag
Number of energy distribution systems
Number of zones to be studied

Month in which study begins




TABLE (CONT'D)

TFNPS

DTFNR

NDAYS

MEND

IMAX
m

KFANk
JIMAX

CFMAXk
CFMEXk

ALFAM,

PACFM
RHSP,
WSP,

k

DAVE,
WRAk
DRAk

PHGAL
FMASS

FMASRk
FMASXk

TFNPR

TFNPE,

FBHPSk

 FBHPR,

FBHPE,
DTFNS,

MXAdk
TVVRH,

Length of study (days)
Last month of study
Number of hours in month.m (m = 1,12)

Energy distribution system index

Number of zones on system k
Des1gn supply air of system k (ft3/m1n)

‘Exhaust air, system k (ft /m1n)

Minimum fraction outside air, system k
Minimum ventilation air, system k (ft3/m1n)

Relative humidity set point, system k (% R.H.)
Humidity ratio set point, system k (%%%52%8—37?0
Average air density, system k (1bm/ft3)

1bm-H20
Tom-dry aih

Return air humidity ratio, system k ( ]bm dry &

Return air density, system k (1bm/ft )

Process water volume, system k (gals)

Supply air mass, system k (1bm-air/hr)
Return air mass, system k (1bm-air/hr)
Exhaust air mass, system k (1bm-air/hr)

Total supply fan pressure, system k (inches)

Total return fan pressure, system k (inches)
Total exhaust fan pressure, system k (inches)
Supply fan brake horsepower, system k (bhp)

“Return .fan brake horsepower, system k (bhp)

Exhaust fan brake horsepower, system k (bhp)

Air temperature rise across supply fan, system k,
at full load (OF)

Air temperature rise across return fan, system k,
at full load (OF)

Mixed air option, system k
Variable volume reheat option, system k




TABLE (CONT'D)

ICZNk

ITMPCk,]

ITMPCk,2
NVFCk
VVMINk

TCQ)FCk
TPACH

TFIX]k
TFIX2k

RIPAk

CFMi
CFMSi
CFMRi
CFMXi
ZMASSi
ZMASi
ZMASRi
ZMASXi
.QSli
TSi
WZi‘
WREQDi
ALFBRi

CBTUi
QCLNMi

QCPNMi
IHCNMi'

QHLNMj

- Zone in which humidistat is located, system k,
(a "j" number)

Air temperature control mode, system k

1

- Air temperature control mode, system k
- Type of fan damper control, system k

- Minimum air flow through variable volume boxes,
system k

- Two-pipe fancoil unit system changeover temperature (°F)

- Two-pipe induction unit fan system changeover temperature
or floor panel heating system hot water shut-off tempera-
ture, system k (°F)

- Fixed hot deck or AHU discharge temperature, system k (°F)
- Fixed cold deck temperature, system k (°F)
- Ratio of induced to primary air, system k

- Supply air flow rate, zone ¥ (constant)(cu ft/min)
- Supply air flow rate, zone i (variable) (cu ft/min)
- Return air flow rate, zone i (cu ft/min)

- Exhaust air flow rate, zone i (cu ft/min)

- Supply air mass flow, zone i (constant)(1bm-air/hr)
- Supply air mass flow, zone i (variable)(1bm-air/hr)
- Return air mass flow, zone i (1bm-air/hr)

- Exhaust air mass flow, zone i (1bm-air/hr)

- Sensible thermal, Toad, zone i (Btu/hr)

- Supply air temperature, zone i (°F)

- Calculated humidity ratio, zone i (1bm-H20/1bm-dry air)

- Required humidity ratio, zone i (lbm—HZO/lbm—dry air)
- Active length baseboard radiation, zone i (1in.ft)

- Baseboard radiation heat output per linear foot at
. standard conditions, zone i (Btu/hr-lin.ft)

- Monthly accumulation of cooling loads not met,
~(zone i) * MULT; (Btu)

- Monthly peak cocling load not met, zone i (Btu/hr)

- Number of hours cooling load not met, zone i (hrs)

- Monthly accumulation of heati i
LT %Btus eating loads not met,(zone i)*




TABLE (CONT'D)

QHPNM,
THHNM,

IPLEN1

SPACNk’J

MULT,
I

TOALD,
TQAHIn

TL(Z)n

THI
n

ISETk,m

TFBHP
EFF

PLQCk
PAREAk
PERIM,
KFLCV

CINSL
DINSL

TLCHL
TPS
PPS
TESTM

PESTM

SZT

1

Monthly peak heating load not met, zone i (Btu/hr)
Number of hours heating load not met, zone i (hrs)

LOAD program space number of plenum above ' zone i

Number of space as per LOAD program, applied to
system k, zone J

Multiplication factor,zone i
Variable subscript i

Low outside air temperature at whichosystem tem-
perature is THI , reset schedule n (°F)

High outside air temperature at which system tem-
perature is TLOn, reset schedule n (°F)

Low system fluid temperature, reset schedule n (OF)

High system fluid temperature, reset schedule n (OF)
#

Reset temperature schedule index, system k, reset

jtemm (an "n" number)

Total fan brake horsepower (bhp)
Pump and fan motor efficiency

Location of floor heating panels, system k
Floor area covered by heating panels, system k (ft
Exposed perimeter of floor, system k (1in.ft)

Type of floor covering (1=bare concrete; 2=tile;
3=carpeting) :

Floor insulation conductance (Btu/hr-sq-ft-°F)
Floor insulation thickness (ft)

%

Chilled water set point temperature (°F)

Steam turbine entering steam temperature (°F)
Steam turbine entering steam pressure (psig)

Boiler supply and absorption chiller entering
steam temperature (9F)

Bojler supply and absorption‘chiller entefing
steam pressure (psig)

Steam turbine size (hp)

{




‘TABLE (CONT'D)

NUMT
RPM'
SZE
FFLMN

KREHT

HVDF
HVHD

CFMBN
CFMBX
CFMBE

PWBIL
PHpL

TLCNM
TLCMN

TCWIN
TWWIN
TECMN
HDCLP
HDCNP
HDBLP
HDWWP

GPMCL
GPMCN
GPMBL
GPMWW

HPCLP
HPCNP

Number of steam turbines

Steam turbine speed (rpm)
Engine/Generator set size (KW)

Minimum part load cut-off for chillers
Source of reheat coil energy

Heating value of diesel fuel (Btu/gal)
Heating value of heating oil (Btu/gal)

" Building total minimum outside air (cu ft/min)

Building total design load supply air (cu ft/min)
Building total exhaust air (cu ft/min)

Building peak base power load (KW)
ix
Power of external lighting (KW)

Maximum allowable condenser water temperature (OF)

?e]] or city water design return water temperature
OF ) :

- City water supply temperature (°F)

Well water supply temperature (°F)

Cooling tower water low Timit temperature (°F)
Total chilled water pump head (ft)

Total condenser water pump. head (ft)

Total boiler water pump head (ft)

Total well water pump head (ft)

Chilled water flow rate (gpm)

. Condenser water flow rate (gpm)

Boiler water flow rate (gpm)
Well water flow rate (gpm)

Chilled water pump power (bhp)

- Condenser water pump power (bhp)




TABLE (CONT'D)

HPBLP
HPWYP
HPCTF
HPBLA
CFMCT

INSRT

IHSTP
NCASE
NRSET
KHCST

NUMB
SZB
BON
BOFF

NUMC
SZC
CON
COFF

KSNQW
QSNOW

SAREA

ASYSnC
ABLDGnC

- AM]
AM2

nc -

nc
AM3

Boiler water pump power (bhp)

Well water pump power (bhp)
Cooling tower fan power (bhp)
Boiler accessory power (bhp)
Cooling tower air flow (cu ft/min)

Hour of year at which simulation may begin
Hour of year at which simulation may end
Number of cases to be run

Number of reset schedules to be read

Heat conservation system flag

Number of boilers

Size of each boiler (MBH)

Hour of seasonal boi]e;:start-up (hour of year)
Hour of seasonal boiler shut-down (hour of year)

Number of chillers

Size of each chiller (tons)

Hour of seasonal chiller start-up (hour of year)
Hour of seasonal chiller shut-down (hour- of year)

Type of snow melting system
Snow melting system design Toad (Btu/hr)

Snow melting slab area (sq ft)

System identification number, run nc

" Heat conservation flag (1=no; 2=yes), run nc

Type of chiller, run nc

Source of chiller energy, run nc

Source of general heating energy, run.nc
Source of reheat coil energy, run nc




TABLE (CONT'D)

'AM6nC

AMT

AMA

AM5nc

QRCNM

QRPNM
IHRNM
QBCNM

QBPNM
IHBNM

Type of auxiliary chiller, run nc

Type of supplemental heat, run nc
Numbef of engine/generator sets, run nc
Type of engine/generator set, run nc

Monthly accumulation of chiller loads not met
due to undersizing (MBTU)

Monthly peak chiller load not met (MBH)
Number of hours chiller Toad not met

Monthly accumulation of boiler loads not met
due to undersizing (Btu)

Monthly peak boiler Toad not met (Btu)
Number of hours boiler load not met




4.

Read SnowMeiting
Card Input Data |

~

BEGIN
SYSSIM

CALL CDATA

Read And Recap Card
Input Data _

1

CALL TDATA

SYSSIM

April 1975

MAIN ROUTINE: SYSSIM
Page 1 of 3

Read Off Input Tape
Header Data

Is

Snow Melting

System-Used
?

CALL FSIZE

Size Fan
Systems

<E> From p. 3
MULTIPLE CASE RUN ENTRY

.

MONTH LOOP 23'

From p. 3

8.

HOUR OF MONTH LOOP

Heat Conser-

vation System Be-

ing Analyzed
?

Size Central
Equipment

Output Tape

Write

Header
Data

CALL HTCON

Heat Conservation
Analysis System

YES

To p. 3

Read
Hourly Wea -
ther Data From
Input Load Tapg

Read
Hourly Zone
Load Data From
Input Load
Tape :




SYSSIM
April 1975

From p. 1 s "MAIN ROUTINE:; SYSSIM
, Page 2 of 3
k=1
w 9 . Is
K=k+1 k> KMAX. YES !
A !
NO
9.
KEAN,
9. 9. 1 9. 9.
‘(FMk:).?jG KFANk=2,3 ‘KFANE 4 KFANk=7 *\’FANk=8.9 KFANk=]0,H* KFANk=12
CALL RHFS2 CALL SZRHT CALL FCPIL CALL VARVL
Simulate: Simulate: Simulate: Simulate:
-Single Zone Fan Sys . ard
-Unit ventilator -Single Zone Fan _I’(’J’z'P;‘;eeF?gncg'}] \é:;\gblia\!‘olume
-Unit Heater -System With Sub~ r-Fip ol. an oy
«Reheat Fan Sys. Zone Reheat
9. 9. vy 9. \
CALL MZDD CALL FHTGZ CALL INDUC
Simulate: Simulate: Simulate:
*Multi-Zone Fan Sys. «Two-Pipe Induction
. Panel Heat- p
+Dual-Duct Fan Sys. E}\g"gys:\z:‘ ea «Four-Pipe Induction
‘ 1 r i 1
- ‘ /'
‘ Sum Distribution
© System Loads
Cooling Tower
Simulation
Sum Electrical
Demand Of Building
Is
Snow YES -
Melting System -
Used ' ] 3
CALL SHPWM
]4 No Calculate Snow Melt-
. ing Load; Add it to
CALL EQUIP Building Load
Simulate & Perform- j
ance Of Central B
Equipment
15. Y
Sum Energy And Re- ’
source Consumption
Calculate Energy &
Resource Peak Loads
To p. 3
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SYSSIM

April 1975

MAIN ROUTINE: SYSSIM
Page 3 of 3

From p., 2

Write
Hourly Loads

To p. 4

END OF HOUR OF
MONTH LOOP

From p. 1

Report 5
Write Monthly Loads
Not Met

To p. 1

END OF
MONTH LOOP

19, From p. 1

Report 6
@ ENTER HERE FROM | Write Central Equip

- SUBROUTINE HTCPN ment Summar
From p. 1 L‘—”';/L—‘——
20,

CALL ENGYC

Report 7
Write Energy And
Resource Summary

Is

Another Run

To Be Made
?

| (:E:>_:= YES

21.

Rewind
. Output
Tape

RS S e W S N K TS s e B s MRk




CALCULATION SEQUENCE

1.  Call subroutine CDATA to read and recap card input data.

2. call subroutine TDATA to read off input tape header data stopping
before hourly weather and building load information is encountered.

3.  Write output tape header data which includes variables FAC, CITY,
ENGR, PR@J, and DATE.

4. Read daily snowfall data, if snow-melting system is used.

5. Call subroutine FSIZE to calculate the following quantities:

PWBIL - Peak building base power (KW)

CFMi - Peak supply air volume, zone i (CFM)

CFMRi - Return air volume, zone i (CFM)

CFMAXk - Total air supplied by fan system k (CFM)

CFMEXk - Auxiliary exhaust air removed from zones served

by system k (CFM)

CFMINk - Minimum outside air required, fan system k (CFM)

ALFAMk - Fraction of minimum outside air required for fan sys-
tem k (CFM)
(DACFMk - Minimum outside air, system k (CFM)
DRA, - Initialize return air density, system k (1bm/ft3)
| | WRAk - Initialize return air humidity ratio, system k

(1bm-H20/1bm-dry air)

FBHPSk - Supply fan brake horsepower required, fan system k

(bhp)
FBHPRk - Return fan brake horsepower required, fan system k
(bhp)
FBHPEk - Exhaust fan brake horsepower required, fan system k
(bhp) *
TEBHP - Summation of fan brake horsepowers, all systems (bhp)
DTFNSk - Temperature rise across supply fan, system k (°F)
DTFNR, - Temperature rise across return fan, system k (°F)

k




Supply air mass flow to zone i at design load (1bm/hr)

ZMASi~ -
ZMASXi - Exhaust air madd flow from zone i (1bm/hr)
ZMASRi - Return air mass flow from zone i at design load
(1bm/hr)
FMASSk - Total supply air mass flow of system k at design
conditions (1bm/hr)
FMASXk - Total exhaust air mass flow of system k (1bm/hr)
FMASRk - Total return air mass flow of system k at design
conditions (1bm/hr)
CFMBE - J CFMEX,
k=1, KMAX
CFMBX - } CFMAX,
k=1,KMAX
CFMBN - § CFMINk
k=1,KMAX

6. Check type of system.

If conventional or on site generation, go to calculation 7.

If heat conservation, call HTCON, and then go to calculation 19.
7. Size Central Equipment.

7.1 Size heating and cooling capacities (CAPH, CAPC)

CAPH = SZB » NUMB (in MBH)

CAPC = SZC * NUMC (in tons)

1]

7.2 Steam turbines (to drive centrifugal chillers).
If M1 = 5, determine number of steamvturbines'required (NUMT).
NUMT = NUMC

Determine size of steam turbines required (SZT), if used, .
assuming 1 HP per ton of cooling.

SZT = SZC  (in horsepower)
7.3 Compute total heating capacity required (CAPH).

Check boiler size with steam turbine requirements
for possible updating. Steam turbine_requirements




based upon peak cooling hour assuming 20 1bs steam
per ton of cooling

CAPHT1 = CAPC * 20.0 * 33.472/34.5
If CAPH Tess than CAPHI
CAPH

CAPHI

SZB = CAPH/NUMB
7.4 Size all pump water flows ( gpm).
Chi11ed‘water flow rate (GPMCL)
GPMCL = 2.4 * CAPC
Condenser water flow rate (GPMCN).
If M1 # 4, GPMCN = 3.0 * CAPC
If Ml = 4 (steam absorption chiller),
GPMCN = 3.5 * CAPC
Boiler water flow rate (GPMBL)
GPMBL = CAPH * 1000.0/(500.0 * 20.0)
7.5 Size pump motors assuming a pump efficiency of 60%
Chilled water pump horsepwoer (HPCLP)
HPCLP = GPMCL * HDCLP/(3962.0 * 0.6 * EFF)
Condenser water pump horsepower (HPCNP)
HPCNP = GPMCN/(3962.0 * 0.6 * EFF)
Boiler water pump horsepower (HPBLP)
HPBLP = GPMBL * HDBLP/(3962.0 * 0.6 * EFF)

7.6 Horespower requirement for motors running boiler auxiliary
equipment such-as fans, blowers, pumps, etc. should be
computed. From American Standard catalog for packaged
boilers ranging in size from 20 to 750 HP, the auxiliary
horsepower requirement was approximately 1/20 of the total

boiler horsepower capacity; therefore

HPBLA = CAPH * 1000.0/(33472.0 * 20.0)




7.7 Size cooling tower fan.
Cooling tower air flow requirement (CFMCT).

| v

i For all chillers except steam absorption, use 300 cfm
§ . per ton of cooling; therefore
|

CFMCT = 300.0 * CAPC

i : For steam absorption system, use 350 cfm per ton of
cooling; therefore

CFMCT = 350.0 * CAPC

| Cooling tower fan horsepower requirement assuming 1.0 inch
| water total pressure (HPCTF).

E  HPCTF = CFMCT * 1.0/(6346.0 * EFF)

7.8 Sum heating and cooling equipment brake horsepower demand
(HPHEQ, HPCEQ).

HPHEQ = HPBLA + HPBLP
HPCEQ = HPCTF + HPCLP + HPCNP
7.9 Size on-site generation plants.
Calculate maximum building electrical demand assuming
all electrical equipment operating (electric resistance

heating and electrically-driven compressive cooling not
allowable with on-site generation).

BKWDM = PWBIL + PWPL + (TFBHP + HPCEQ + HPHEQ)
* 0.7457
Ca]cu1ate number and size of on-site generation units.
If M4 # 0, set
| NUME = M4 where NUME is number of engines.
| Size of engines 1is then
SZE =_BKWDM/NUME‘

If SZE > 500.0 KW, increase the number of engines
until SZE < 500.0 KW

Finally, set M4 = NUME.




8.

If M4 = 0, set
NUME = 2 where NUME 1is number of engines
Size of engines is then
SZE = BKWDM/NUME}

'If SZE > 500.0 KW, increase NUME until
SZE < 500.0 KW. ' :

Finally, set M4 = NUME.

Begin hourly energy consumption analysis repeating calculations 8
through 18 for every hour of the analysis.

Read hourly weater data which inc]udes;
IHPUR - Hour number, hour of year
IMPQY - Month of year
IDPGM - Day of month

NDPW - Day of the week
IHBD - Hour of the day
ISUN - Sun index which indicates whether or not the sun is up

TPA - Outside air dry-bu]bAtempekature (°F)

‘TWB - Outside air wet-bulb temperature (°F)

VEL - Wind velocity (knots)

WPA - Outside air humidity.ratio (1b water/ 1b dry air)

PATM Barometric pressure (inches of mercury )

DOA - Outside air density (1bm/ft>)
HPA - Enthalpy of outside air (Btu/1b dry air)

JSC - Day type (i.e., weekday, Saturday, Sunday,
" Holiday, Christmas) '

CCM - Cloud cover modifier (0 - opaque, 1 = clear)
Read zone load data for all zones on tape.

ISz - Spéce number




QS - Zone sensible Toad (Btu/hr)

z .
QLZ - Zone latent load (Btu/hr)
QLITEZ - Zone lighting load picked up by return air (Btu/hr)
SLPQ)WZ -~ Zone internal lighting and machinery power consumption (KW)

QSINFZ - Zone sensible infiltration load (Btu/hr)
QLINFZ - Zone latent infiltration (Btu/hr)
STEMPZ - Zone temperature (°F)

UCFM2 - Zone air flow if plenum space (CFM)

Initialize total net fan brake horsepower (TNFBP).
TNFBP = TFBHP
9. Call energy distribution syétems.
Check type of fan system.

If KFANk = 1, call RHFS2
: 2, call MZDD
3, call MZDD

4, call SZRHT

5, call RHFS2

6, call RHFS2

7, call FHTG2

8, call FC@IL

9, call FC@IL

10, call 'INDUC

11, call INDUC

12, call VARVL

13, call RHFS2

Each of the above subroutines simulates the performance of a
given system and returns the following quantities:

, QFPCk - system cooling .requirement (Btu/hr)
QFPHk' - system primary heating requirement (Btu/hr)’
' QFPRH, - system reheaf coil heating requirement (Btu/hr)

QFPPHk - system preheat coil heating requirementl(Btu/hr)




TQBk -

WATERk

PWLk

TNFBP

heating requirement of baseboard radiation in
zones served by system k (Btu/hr)

steam humidifier water requirement (1bm/hr)
base power (KW)

total net fan brake horsepower, all fan
systems (bhp)

SYSTEM TEMPERATURES - as defined in Tablé below.

DISTRI

BUTION SYSTEM OUTPUT TEMPERATURE DESCRIPTION

TABLE
System HOT DECK COLD DECK

Number|Type Variable Description - | Variable| Description

1 . |SZFB TLVG AHU Leaving Air Temperature - -

2 |MZIS THD Hot Deck Air Temperature TCD Cold Deck’Air
Temperature
3 |DDS THD Hot Deck Air Temperature TCD Cold Deck Air

Temperature

4 ISZRH TLVG AHU Leaving Air Temperature - -

5 JUVT TLVG " ! . . - -

6 |UHT T | " - -

7 |FPH TPAN Floor Panel Temperature - -

8 |2PFC TSA Discharge Temperature of B B

9 |apFc Last Zone's Fancoil _ _

10 |2PIU TLVG AHU Leaving Air Temperature | - -

11 |4PIU TLVG . " " " - -

(Constant)
12 |VAVS TLVG AHU Leaving Air Temperature - -
(Constant) :
13 |RHFS TLVG AHU Leaving Air Temperature - -

1 where cold deck does not apply, deck temperature is set equal to 0.0




10. Sum building hourly coo11ng, heating, reheat, zone power, and water
resource requirements.

QHBC = QFPC,
k=1, KMAX
QHBH = (QFPH, + QFPPH, + TQB, +(—NATERk *1000.))
k=1, KMAX
QHBRH = QFPRH,
k=1, KMAX
PWILM = PUL,
k=1, KMAX
Hep = WATER,
k=T, KMAX

11. Cooling tower simulation.

11.1 If chiller is off (ICHIL=0), set cooling tower on/off switch (KCTF)
equal 0, and go to calculation 12.

11.2 If chiller is on (ICHIL=1), assume a 7°F approach for tower,
therefore temperature of water entering condenser is

TECON = TWB + 7.0
If TECON less than TECMN, reset TECPN = TECMN

If from previous hour, tower is on (KCTF=1), and if
(TECON > TECMN + 10), set KCTF=1; otherwise KCTF=0.

- If from previous hour, tower is off (KCTF=0), and if
(TECON < TECMN), set KCTF=0; otherwise KCTF=1.

12. Determine hourly electrical demand of the building (ELDEM) for
on-site generation, if used.

~If ISUN = 0, exterior lights are OFF; therefore, set

PWEL = 0.0

If ISUN = 1, exterior lights are ON; therefore, set

1

CPWEL = PWPL
CIf cooling equipment only 1is ON,
ELDEM = PWILM + PWEL + (TNFBP + HPCLP + HPCNP

+ HDCTF * KCTF) * 0.7457




If heating equipment only is ON,

ELDEM = PWILM + PWEL + (TNFBP + HPHEQ) * 0.7457
If heating and cooling equipment are ON,

ELDEM = PWILM + PWEL + (TNFBP + HPCLP + HPCNP

+ HDCTF * KCTF + HPHEQ) * 0.7457
13. Check type of snow-me]fing system.

If KSNOW = 0, no snow-melting system. Go to calculation 14.
If KSNQW

1 or 2, snow-melting considered.

Calculate amount of snowfall for the hour, assuming that
1/24 of the day's total fell during the hour.

SNOW = 0.1 * SNPWF(ID)/24.0
where SNOW has units of equivalent inches of water,
SN@WF(ID) has units of inches of snow and ID is the
day number of the year, calculated as follows:

ID = 1 + IHPUR/24

Call SN@WM subroutine which calculates QT@T, the snow-
melting Toad.

Add QT@T to heating requirement of building.
§ If KSNQW = 1, Tiquid type snow-melting system; therefore,
| QHBH = QHBH - QT@T

If KSNPW = 2, electric type snow-melting system; therefore,

ELEH = ELEH + QT@T/3413.0
14. Calculate hourly energy consumption.
Call EQUIP which calculates the following:

GASC
GASH
GASG

8%{& See subroutine EQUIP algorithms for

STNC discussion of these variables
STMH

L ——




ELEC

ELEH

FUEL v

Chiller loads not met due to undersized equipment
Boiler loads not met due to undersized equipment

15. Keep running total of hourly energy and resource consumption for each
month. Update the following quantities each hour.

ENGY (M, 2, 3)
ENGY (M, 2, 4)
ENGY (M, 2, 5)
ENGY (M, 2, 6)
ENGY (M, 2, 7)
ENGY (M, 2, 8)
ENGY (M, 2,.9)
ENGY (M, 2, 10)
ENGY (M, 2, 11)
ENGY (M, 2, 12)
ENGY (M, 2, 13)
ENGY (M, 2, 14)
ENGY (M, 2, 15)
ENGY (M, 2, 16)
ENGY (M, 2, 17)
ENGY (M, 2, 18)

16. Keep a record of maximum hourly energy and resource demands by
checking, at the end of each hour's calculation, and updating the
following energy demand quantities.

!

| ENGY (M, 1, 1)

| ENGY (M, 1, 2)
ENGY (M, 1, 3)
ENGY (M, 1, 4)
ENGY (M, 1, 5)
ENGY (M, 1, 6)
ENGY (M, 1, 7)
ENGY (M, 1, 8)
ENGY (M, 1, 9)
ENGY (M, 1, 10)
ENGY (M, 1, 11)
ENGY (M, 1, 12)
ENGY (M, 1, 13)
ENGY (M, 1, 14)
ENGY (M, 1, 15)
ENGY (M, 1, 16)
ENGY (M, 1, 17)
ENGY (M, 1, 18)

17. Write hourly weather and system loads to output tape. These include
the following variables:




Repeat
for
each
distri-
bution
system

Current Hour (hour of year)

Month of Year (1 - 12)
Day of Month (1 - 31)

- Hour of Day

- Ambient Dry-Bulb Temperature (°F)

- Ambient Wet-Bulb Temperature (°F)

- Ambient Humidity Ratio (1bs-H20/1b—dry air)
- Barometric Pressure (in. Hg)

- Ambient Air Density (1bm/ft3)

- Total Net Fan Brake horsepower (bhp)

- Total Power of Building (KW) |

- Building Natural Gas Requirement (therms)

- Building Heating 0il1 Requirement (gals)

- Energy Distribution System Type No. (1 - 13)
- System Cooling Requirement (Btu)

- System Heating Requirement (less elect. resist. rehtg.)
(Btu)

- Electric Resistance Reheat Requirement (Btu)

- Base Power Requirement of Zones served by this
system (KW)

- Humidification Water Requirement (1bs. H20)
- Reserved (= 0.0)
- Hot Deck Temperature or AHU Leaving Temperature (°F)

- Cold Deck Temperature (°F)

END OF HOURLY ANALYSIS FOR ENTIRE YEAR




19.

20.

21.

Write loads not met for current month. See Report 5 for description
of this information.

Write out summary of equipment sizes. See Report 6 for list of the
items printed out.

Call ENGYC to write out annual summary of building monthly energy
and resource consumption and demands (see Report 7).

Check to see if there is another case to be run.
If YES, go to calculation 6 and continue.

If NO, PROGRAM FINISHED.




SYSSIM
April 1975
SUBROUTINE: ABSPR

SUBROUTINE; ABSPR

GENERAL DESCRIPTION

Simulates the operation of a steam absorption water chiller by
calculating the hourly steam consumption as a function of part load,
entering condensing water temperature, Teaving chilled water tempera- \
ture, and steam supply pressure,

LIST OF VARIABLES

INPUT

QHBC

Hourly building cooling load (tons) i
TECN - Temperature of entering condenser water (°F)

TLCHL - Temperature of leaving chilled water (°F)

TDRPP - Chilled water temperature drop at full load (°F)
(set equal to 10°F in program.)

FFL - Fraction of full load (decimal) !

PESTM - Pressure of low pressure steam (psig) E

y

OUTPUT .

| b

STEAM - Hourly steam consumption (1bs/hr)

e ey
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ENTER
ABSOR

Determine Capacity
Adjustment Factor
For Non-Standard
Conditions

2.

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

3, Y

Calculate Total Ca-
pacity Adjustment

Factor

4,

Calculate Full
Load Steam
Rate

5.0

Calculate Total
Full Load Steam
Consumption

5.2 Y

Calculate Part
Load Factor

5.3 Y

Calculate Total Par-

tial Load Steam Con-

sumption For Given
Load

RETURN

SYSSIM

April 1975
Subroutine:ABSOR
Page 1 of 1
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CALCULATION SEQUENCE

1. Determine the capacity factor which adjusts nominal capacity of
Carrier Absorption Water Chiller, Model 16HA, 52 to 1000 tons, for
operation at conditions other than the standard of 12 psig inlet
steam, 85°F entering condenser water, and 44°F Teaving chilled water.

RAT = -2.8246 + 0,06575 * TECPN - 0.06011 * PESTM + 0.06433
* TLCHL + 0.0011862 * TECPN * PESTM + 0.00023232 * TECON
% TLCHL + 0.00025421 * PESTM * TLCHL - 0.0006438 * TECON
* TEC@N - 0.0015887 * PESTM * PESTM - 0.0006199 * TLCHL

-* TLCHL

This equation developed from curve fit of tabular data contained in
catalog. :

2. Find the capacity factor which adjusts for chilled water temperature
drop other than 10°F.

CMULT = 0.9190 + 0.010333 * TDR@P - 0.0002222 * TDR@P * TDRPP

This equation is a curve fit of following data contained in catalog.

Table
CHILLED WATER TEMPERATURE DROP FACTORS

Chilled Water Temp Drop (°F)A“ 14 12 10 8
Capacity Factor u 1.02f 1.01} 1.00] 0.99

3. Calculate the total capacity factor.
RAT = 0.91 * CMULT * RAT

where 0.91 is the assumed average fouling factor.
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Calculate the full load steam rate (Tb/hr~ton).
SRATE = 22,169 + 0,592 * PESTM - 0.0196 * PESTM * PESTM
~ 6,9384 * RAT
(See table in calculation 5;2 for data used to perform curve fit.)
Determine the part Toad steam consumption for g1ven load.
5.1 Calculate total full Toad steam consumpt1on
TPTSM = SRATE * (QHBC/FFL)

where (QHBC/FFL) represents total capacity of absorption chillers
operating.

5.2 Calculate partial Toad factor.
PLF = 0.0136 + 0.7928 * FFL + 0.11843 * FFL * FFL
+ 0.0752 * FFL * FFL * FFL

where PLF was determined by curve fit of data shown below, taken
from catalog.

Table
STEAM RATES [1b/(hr)(ton)]

STEAM
PRESS.

(Psig) 20 30| 40| 50| 60} 70| 80| 90[100|110{120

PERCENT NOMINAL CAPACITY*

4 22.8122.1121,4(20.71{20.0(19,2{18.6}17.8 {17.2[16.4]15.7

8 - - 122.8122.1121.8120.6119.9119.3 [18.5[17.8]17.1
12 - - ~ 123.0122.2121.5{20.7]20.0 {19.3/18.5117.7
,\‘F’ercent Nominal Caopocity = M = FFL * 100

nominal capacity .
Nominol Capacity = capocity at 12 psig, 44F leaving chilled
" water; 85 F condensing water,

5.3 Calculate total steam consumption,

STEAM = T@TSM * PLF
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SYSSIM
‘April 1975
SUBROUTINE: AHU

SUBROUTINE: AHU

GENERAL DESCRIPTION

A routine to simulate the performance of air handling units
calculating thermal requirements of heating and cooling coils,
and steam humidifier. The simulation also accounts for the addi-
tion of heat by the fan.

LIST OF VARIABLES

INPUT
NAHU - Air handling unit type:

1) Draw-through unit: heating coil, cooling coil,
fan, humidifier. See Fure for schematic,

LHum1'd1'f1'er

Fan
Cooling Coil

eating Coil

Fig. AHU TYPE #1

2) Draw-through unit: heating coil, cooling coil
with face and bypass dampers, fan, and humidifier.

Control Sequence: When heating required, bypass

fulT open and heating coil modulates to meet Tload,
cooling coil off. When cooling required, heating

coil Tocked out, cooling coil runs wild, dampers
modulate to meet required dry bulb temperature.

See Figure for schematic.
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Fig

PATM
MFAN
NVFC
PCTLD
DTFAN
TLVG
TCD
H2PRD
MZ@NE
Wz

TMA
WMA
DMA
ouTpuT
Qcc
SHR
QHC

Heating Coil

AHU TYPE #2 |
Barometric pressure (in. Hg) -

Fan mass air flow (1bm-air/hr)

Fan volume control index (see PTLD)

Fan full load fraction

Temperature rise across fan at full Toad (°F)
Desired air temperature leaving AHU (°F)

Cold deck temperature (°F)

Net humidity control zone water requirement
Humidity control zone mass air flow (1bm-air/hr)

Humidity control zone humidity ratio
(1bm-H20/1bm—dry air)

Inlet dry bulb temperature (°F)
Inlet humidity ratio (1bm—H20/1bm-dry air)
Inlet air density (1bm/ft°)

Cooling coil load (Btu/hr)
Sensible heat ratio.

Heating coil load (Btu/hr)




WLVG

- Humidity ratio entering humidifier section
(1bm—H20/1bm-dny air)
DLVG -~ Air density entering humidifier section (1bm/ft3)
WSUP -~ Humidity ratio after humidifier section
(1bm-H20/1bmJA1r)
WATER - Water added to air by humidifier (1bm-H20/hr)
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SYSSIM

April 1975
SUBROUTINE: AHU
Page 1 of 1

m=1 m= 2
2 { AHU type 1 AHU type 2 3‘ '
Calculate Calculate
Required Required
Leaving Coil Leaving Coil
Air Temperature Air Temperature
Check Check
Mixed AirTemd p THMA < TLC Wixed AjrTemp™N_TMA > TLC
THA < TLCATMA) vs Leaving I > TLC = TMA) vs Leaving
Coil Temp. Coil Temp.
(TLC) (TLC)
TMA=TLC =TLC
2.1 ] 2.2 2.3 3.1 ) 3.2 3.3 |
Calculate No Load CALL CCPIL Calculate No Load CALL CCPIL
Heating Load Condition Calculate Cooling Heating Load Condition
And Humidity Coil Load And Hu- And Humidity CALL MXAIR
Ratio midity Ratio. Ratio
Calculate
Cooling Load
And Humidity
Ratio
1 Y \ \ 1 \
4. v
CALL DENSY
Calculate Densi-
ty Of Air Leav-
ing Fan,
Is ‘
NO
There a cqies
Cooling Coil ”“m‘ﬂ‘f;e’
Load ? 0a

CALL HUM]

Calculate Supply
Air Humidity Ratio
And Steam Humidifien
Water Requirement

Y

( RETURN ’

RETURN




CALCULATION SEQUENCE

1. Determine air handler type.
If NAHU = 1 (single draw-through unit),
Go to calculation 2,

If NAHU = 2 (draw;through unit with bypass around cooling
coil), '

-Go to calculation 3.
2.  Simple draw-through unit simulation (AHU Type 1).
Calculate required leaving coil air temperature (TLC).
TLC = TLVG - DTFAN * PTLD(NVFC,PCTLD)

where PTLD is a function which calculates fan power at partial air
flow.

2.1 If mixed air temperature (TMA) less than required Teaving coil
temperature (TLC), heating is required. The following calcula-
. tion sequence is used.

QHC = MFAN * 0,245 * (TMA - TLC)
Qcc = 0.0
WLVG = WMA
SHR = 1.0

Go to calculation 4.

2.2 If mixed air temperature (TMA) equals required leaving coil
temperature (TLC), there is no thermal load. The following
calculation sequence is used.

QHC = 0.0
Qcc = 0.0
WLVG = WMA
SHR = 1.0

Go to calculation 4.
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2.3 If mixed ajr temperature (TMA) is greater than. required leaving
coil temperature (TLC), cooling is required. The following
calculation sequence is used.

Call subroutine CCPIL to calculate WLVG, QCC, and SHR.
QHc = 0.0 |
Go to calculation 4.
Draw-through unit with bypass around cooling coil (AHU Type 2).
Calculate leaving coil air temperature (TLC).
TLC = TLVG - DTFAN f PTLD(NVFC,PCTLD)
3.1 If mixed air temperature (TMA) is Tess than the required leaving

coil temperature (TLC), heating is required. The following cal-
culation sequence is used.

QHC = MFAN f 0.245 * (TMA - TLC)
Qce = 0.0
WLVG = WMA
SHR = 1.0

Go to calculation 4.

3.2 If mixed air temperature (TMA) equals required leaving coil tem-
perature (TLC), there is no load. The following calculation
sequence is used.

QHC = 0.0
-Qcc = 0.0
WLVG = WMA
SHR = 1.0

Go to calculation 4.

3.3 If mixed air temperature (TMA) is greater than the required
leaving coil temperature (TLC), cooling is required. The follow-
ing calculation sequence is used.

Call subroutine CCPIL to calculate cooling coil perform-
ance for 1.0 1bm-air/hr (QCC1).,

> " o g e ey e e e o o e e e

-

P o el

-y

B e ot

- o e

o

g g A—.——

ot AV, A A

G RO I SO0 S T NN OB - ; i R T i EE e
DA OO O T s S A 50 oy S AN TS RO A R A LI A e T do =T % A




call subroutine MXAIR to calculate pdsition of face and
bypass campers (ALFA = portion of air through bypass) and
fan discharge humidity ratio (WLVG).

QCC = MFAN * (1.0 ~ ALFA) * QCCl
Go to calculation 4.
Humfdiffer simulation. |
Using function DENSY, calculate density of air Teaving fan (DLVG).

4.1 If cooling coil load (QCC) is greater than zero (0,0), the fol-
lowing sequence is used.

WATER 0.0

n

WSUP WLVG

4.2 Tf cooling coil load (QCC) is less than or equal to zero, the
following sequence is used.

WSUP = -H2PRD/MZQNE + WZ

(Limit WSUP by high Timit switch on humidifier set at 80% R.H.
This is calculated by subroutine HUM1.)

WATER = -MFAN * (WLVG - WSUP)
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SYSSIM
April 1975
FUNCTION: ALPG]

FUNCTION: AL@G]

GENERAL DESCRIPTION

Calculate the logarithm to the base 10 for a given number.

LIST OF VARIABLES

INPUT

X - Number of which logarithm to base 10 is desired

QUTPUT

ALPG1 - Logarithm to base 10 for given X.




ENTER ALPGI

CALCULATE
LOGARITHM OF
GIVEN NUMBER
TO BASE 10.

RETURN

SYSSIM
April, 1975
FUNCTION:
Page 1 of 1

ALPG 1

BN e R R




CALCULATION SEQUENCE

1.

Calculate logarithm of X to base 10.
ALPGT = 0.434294481 * Loge (X)




SYSSIM
April 1975
SUBROUTINE: BRAD2

SUBROUTINE: BRAD2

GENERAL DESCRIPTION

A subroutine to calculate the heat (QB) added to a zone by a
baseboard radiation heating system and to correspondingly adjust
the zone's base sensible heat load (QS). Heat output of baseboard
radiation is adjusted as a function of ambient temperature via a
hot water temperature reset. When outside temperature exceeds the
ambient high limit, the baseboard heating system is turned off.

LIST OF VARIABLES

INPUT
Qs - Base sensible thermal load (Btu/hr)
TSP - Setpoint temperature of zone (°F)
CBTU - Heat output of baseboard radiation at standard con-

ditions (215°F average water temperature, 65°F enter-
ing air temperature) (Btu/hr-Tinear ft)

ALFBR - Active length baseboard radiation (linear ft)
TPA - Dry-bulb temperature outside air (°F) ’

THWHI - Hot water maximum temperature. This is the value
used at or below ambient temperature TPALD (°F)

THWLP - Hot water minimum temperature. This is the value
used at or above ambient temperature TPAHI (°F)

TOAHI - - Ambient air temperature at which the hot water
temperature is THWLP ’

TPALY - Ambient air temperature at or below which the hot
- water temperature is THWHI (°F)
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THWHI baseboard heat
THU _?::jjtfﬁh\\///.shutoff point
THWLY

o

¥
TOALD T¢A TBAHI
OUTSIDE AIR TEMPERATURE (CF)

Graphic illustration of baseboard hot water temperature
reset as function of outside air temperature.

QUTPUT

QS - Adjusted base sensible thermal load (Btu/hr)

QB - Heat given off by baseboard radiation (Btu/hr)
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YES

2.2

Calculate entering
Air Temperature.

2.3 {

Call TRSET

Is
Ambient temp.

High Limit ?

Is
Baseboard
Heating to be
Simulated
?

2.4

SYSSIM

April 1975
SUBROUTINE: BRADZ2
Page 1 of 1

Greater Than Ambient

Baseboard Heat=0

RETURN

e

Calculate

Calculate Hot
Water Temperature

y

Baseboard Heat

Baseboard Heat=0

o

Adjust Base
Sensible Thermal

Load

RETURN

RETURN




CALCULATION SEQUENCE

1. Baseboard heating off.
If TPA > TPAHI
QB = 0.
RETURN
2. Baseboard heating on.
2.1 If CBTU = 0. or ALFBR =0
| QB = 0.
RETURN

2.2 If outside air temperature (TPA) less than or equal to ambient
high limit (TPAHI)

TAIR = TSP - 10.

(NOTE: 1In simulating baseboard heating performance, the entering
air temperature used is 10°F Tess than the space setpoint.)

2.3 Call function TRSET to calculate hot water temperature (JHWRD).
If THWRD is less than TAIR, THWRD = TAIR.

2.4 Calculate baseboard radiation heat transfer from the 1967 ASHRAE
Guide and Databook, Systems and Equipment, page 348, the
function expressing heating unit output is given.

Ho=c(tg - t,)"

where
H - Heat output (Btu/hr)
¢ . - A constant determined by test (Btu/hr—°Fn)
tg - Average temperature of heating medium (°F)
t, - Entering air temperature (°F)
n - Temperature difference exponent equals:

1.3 for cast iron radiators
1.4 for baseboard radiation
1.5 for convectors




The variable "c" per unit length is established by manufacturer's
test under standard temperature conditions. Adjusting for other
than standard conditions yields:

L (t§7'7tg) n
(215.~65.)

where:

215, - Average hot water temperature at standard
conditions (°F)

65. =~ Entering air temperature at standard condi-
tions (°F)

For baseboard radiation, this equation is expressed in subrou-
tine BRADZ as:

1.4
B = - [{THH - TAIR) * CBTU * ALFBR
(215.-65.) -

3. Adjust base sensible thermal load (QS).
QS = QS -QB

o v iy e
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SUBROUTINE: CDATA

SUBROUTINE: CDATA

GENERAL DESCRIPTION

This subroutine reads and prints card input data required to
run the System and Equipment Simulation program. The routine also
checks input data and assigns default values to certain variables.
The format and definitions of input variables are given in Table

Figure illustrates the input data printout page.

LIST OF VARIABLES

INPUT
COMMON
K@ - Line printer unit number
IC - Card reader unit number
| QUTPUT
| COMMON
| IPRT1 - Optional print flag-1
| IPRT2 - Optional print flag-2
| IPRT3 _ Optional print flag-3
| IFAN - Fan system shut-off flag
(0 = fans run continuously,
| : » 1 = fans may be shut off,
| 2 = fans and baseboard radiators may be shut
| : off)
§ - TCp - Changeover temperature (°F)
KBLDG - Heat conservation building flag
KMAX ~  Number of energy distribution systems
KFANk - Energy distribution system index
JMAXk - Number of zones on system k




3.

The variable "c" per unit Tength is established by manufacturer's
test under standard temperature conditions. Adjusting for other
than standard conditions yields: '

H = ¢ Efﬁ;:;fii— n
| (215.-65.)

215. - Average hot water temperature at standard
conditions (°F)

where:

65, - Entering air temperature at standard condi-
tions (°F)

For baseboard radiation, this equation is expressed in subrou-
tine BRADZ as:

1.4
B = - [(THW *'TAIR)} * CBTU * ALFBR

(215.-65,)
Adjust base sensible thermal load (QS).

QS = QS - QB
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Q)ACFMk - Minimum ventilation air, system k (ft3/m1n)

RHSPk - Relative humidity set point, system k (% R.H.)

PWGAL - Process water volume, system k (gals)

TFNPS, - Total supply fan pressure, system k (inches)

TFNPRk - Total return fan pressure, system k (inches)

TFNPEk - Total exhaust fan pressure, system k (inches)

MXAQk - Mixed air option, systém k

IVVRHk - Variable volume reheat option, system k

ICZNk - Zone in which humidistat is located, system k,
(a "j" number)

ITMPCk’] - Air temperature control mode, system k

ITMPCk,2 - Air temperature control mode, system k

NVFCk - Type of fan airf]ow control, system k

VVMINk - Minimum air flow through variable volume boxes,
system k

TC¢FCk - Two-pipe induction unit fan system changeover

temperature or floor panel heating system hot
water shut-off temperature, system k (°F)

TFIX]k - Fixed hot deck or AHU discharge temperature,
system k (°F)

TFIX2k - Fixed cold deck temperature, system k (°F)

RIPAk - Ratio of induced to primary air, system k

CFMX., - Exhaust air flow rate, zone i (cu ft/min)

ALFBRi - Active 1eng£h baseboard kadiation, zone i (1in.ft)

CBTU, - Baseboard radiation-heat output per Tiﬁe§r.foot
at standard conditions, zone i (Btu/hr—11n.ft)

: IPLENi - LOAD program space number of p]enum above zone i
SPACNk’j - Number of space as per LOAD program, applied to

system k, zone j




MULT,
TRALD,

TW—\HIn

TL(Dn

THIn

ISETk,m

EFF
PL(DCk
PAREA

PERIM
KFLCV

CINSL
DINSL
TLCHL
TPS
PPS
TESTM

PESTM

NUMT
RPM

Mu]tiplication factor, zone i

Low outside air temperature at which system
temperature is THI , reset schedule n (°F)

"~ High outside air temperature at which system

temperature is TLO , reset schedule n (°F)

%ow)system fluid temperature, reset schedule n
o F .

?ig? system fluid temperature, reset schedule n
°F

Reset temperature schedule index, system k, reset
item m (an "n" number)

Pump and fan motor efficiency

Location of floor heating panels, system k

E1oa; area covered by heating panels, system k
ft

Exposed perimeter of floor, system k (1in.ft)

Type of floor covering (1=bare concrete; 2=tile;
3=carpeting)

Floor insulation conductance (Btu/hr—sd-ft—°F)
Floor insulation thickness (ft)

Chilled water set point temperature (°F)

Steam turbiné entering steam temperature  (°F)
Steam turbine entering steam pressure (psig)

Boiler supply and absorption chiller entering
steam temperature. (°F)

Boiler supply and absorption chiller entering
steam pressure (psig)

Number of steam turbines

Steam turbine speed (rpm)

PR N




FFLMN
KREHT
HVDF
HVHQ
PUAL
TLCNM

TLCMN

TCWIN
THWIN
TECMN
HDCLP
HDCNP
HDBLP
" HDWWP
THSRT
THSTP
NCASE

NRSET

KHCST
NUMB
S78
BEN
BOFF
NUMC

Minimum part load cut-off for chillers
Source of reheat coil energy

Heating value of diesel fuel (Btu/gal)
Heating value of heating oil (Btu/gal)
Power of external lighting (KW)r

Maximum allowable condenser water temperature

(°F) |

Well or city water design return water
temperature (°F)

City water supp]y'temperatufe (°F)

Well water supply temperature (°F)

Cooling tower water Tow limit temperature (°F)
Total chilled water pump head (ft)

Total condenser water pump head (ft)

Total boiler water pump head (ft)

Total well water pump head (ft)

Hour of year at which simulation may begin

Hour of year at which simu1atidn may end

Number of cases to be run

Number of reset schedules to be read

Heat conservation system flag

Number of boilers

Size of each boiler (MBH)

Hour of seasoha] boiler start-up (hour of year)
Hour of seasonal boiler shut-down (hour of year)

Number of chillers




SZC
CON
COFF
KSN@W
QSN@W
SAREA
ASYS
ABLDG,

AM]nC

M,

AM3nc

AREHTnC

AM6nC

AM7nC

AM4nC

AM5nc

Size of each chiller (tons)

Hour of seasonal chiller start-up (hour of year)
Hour of seasonal chiller shut-down (hour of year)
Type of snow melting system

Snow melting design load (Btu/hr)

Snow melting slab area (sq ft).

System identification number, run nc

Heat conservation flag (1=no; 2=yes), run nc
Type of chiller, run nc

Source of chiller energy, run nc

Source of general heating energy, run nc

Source of reheat coil energy, run nc

Type of auxiliary chiller, run nc

Type of supplemental heat, run nc

Number of engine/generator sets, run nc

Type of engine/generator set, run nc
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ERTER
CDATA

SYSSIM
April 1975
SUBROUTINE: CDATA

1. - Page 1 of 2
Read
Card-1
2. {
Read
Card-2
3.
’Read
Card-3
YES -
Read
Card-5
. 1
1
ne > NCASE Yes >
| ? -
6.
Read
Card-6
/.
Read | Print
Card-7 1 Card-7
2t
- \
8. 8 ‘
Read _ | Print
Card-8 1 Card-8
Data
\_zf;;; p. 2
L NP S okt A i s L




“ From p. 1

SYSSIM

April 1975

SUBROUTINE: CDATA
" Page 2 of 2

Read
Card-9

o)

Read
Card-10

11.

Read
Card-11

12. ¢

Read
Card-12

15. Y
Read
' Card-15

RETURN




CALCULATION SEQUENCE

1. Read and print card type 1 - Job Control Parameters
defining the following variables:

IHSRT, IHSTP, NCASE, NRSET, IFAN, KHCST, KMAX.

2. Read and print card type 2 - Print Codes
defining the following variables:

IPRT1, IPRT2, IPRT3.

3. Read and print card type 3 - Reset Schedules
defining the following variables:

| TQALQHP’ TQAHInP’ TLQnr, THInP'
Repeat this card type "NRSET" times.

4, Read and print card type 4 - Distribution System Data
defining the following variables:

4.1 CARD TYPE 4A

KFANk, JMAXk, RHSPk, ICZNk, QACFMk, MXAﬂk, NVFCk.

4.2 CARD TYPE 4B

ITMPCk,], ITMPC TFNPSk, TNFPRk, TNFPEk, IVVRHk, VVMINk.

4.3 CARD TYPE 4C

k,2?

TFIX1,, TFIX2, , ISET ISETk,Z’ ISET ISETk’4, RIPAk.

k’
4.4 CARD TYPE 4D

k’ k,1° k,3°

TC¢FCk, TQACQk, PWGALk, PLQCk, PAREAk, PERIMk.

5. Read and print card type 5 - Zone Characteristics.
The following variables are defined:

SPACNk’j, MULTi, CFMXi, CBTUi, ALFBRi, IPLENi, ZNAME.
Repeat card type 5 "JMAX'times.
Repeat card types 4 and 5 "KMAX" times.

" g e X N i T P T g oo
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6. Read and print card type 6 - Energy Conversion Equipment Data.
The following variabies are defined:

ISYSnc’ KBLDGnC, M1 Mznc’ Msnc’ KREHTnC.

nc

7. Read and print card type 7 - Energy Conversion Equipment Data.
The following variables are defined:

M6nc’ M7nc”M4nc’ MSnC.

Repeat card types 6 and 7, sequentially, "NCASE" times.

8. Read and print card type 8 - Boiler Data.
The following variables are defined:

NUMB, SEB, B@N, B@FF, HVH@..

9. Read and print card type 9 - Chiller Data.
The following variables are defined:

NUMC, SZC, CPN, CQPFF, FFLMN, TLCHL, TECMN.

10.  Read and print card type 10 - Pump Data.
The following variables are defined:

HDBLP, HDCLP, HDCNP.

11. Read and print card type 11 - Miscellaneous.
The following variables are defined:

PWPL, EFF, TCP, HVDF.

12. Read and print card type 12 - Steam Data.
The following variables are defined:

PESTM, TESTM, PPS, TPS, RPM.

13.  Read and print card type 13 - Floor Panel Heating Data.
The following variables are defined:

KFLCV, CINSL, DINSL.

14.  Read and print card type 14 - Heat Conservation Data.
The following variables are defined:

TLCNM, TLCMN, TCWIN, TWWIN, HDWWP.

; e " X . $3 Y R ek Y LA " v CIRAL A AR S kb
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15.  Read and print card type 15 - Snow Melting Data.
The following variables are defined:

KSN@W, QSN@W, SAREA.
RETURN
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SYSSIM
April 1975
SUBROUTINE: CCPIL

‘ | SUBROUTINE: CCPIL

GENERAL DESCRIPTION

This subroutine simulates the performance of a cooling coil. It
calculates the sensible and Tatent heat extracted by a cooling coil
assuming it to be of adequate capacity. The coil cools air to dry
bulb temperature (TDB@) and calculates the humidity ratio at that
condition. See Figure' for illustration of CC@IL simulation.

LIST OF VARIABLES

INPUT
MASS =~ Rate of air flow through coil (1bm-air/hr)

PATM - Barometric pressure (inches Hg)
TDBI - Dry bulb temperature of entering air (°F)
WI - Humidity ratio of enterihg air (1b H20/1b—dry air)
TDBY - Dry bulb temperature of leaving air (°F)
OUTPUT
We - Humidity ratio of leaving air (1b-H20/1b—dry air)
QCC - Total heat extracted by coil (Btu)
SHR - Sensible heat ratio
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2.2

DT < 0.

()

Calculate Leaving
Wet Bulb-
Temperature

21y

Calculate Dry Bulb
Temperature
Difference

2.1

Temperature

No Cooling
Coil Load

RETURN

Difference
(DT)
?

SYSSIM

April 1975
SUBROUTINE: CCPIL
Page 1 of 1

pT > 0.

2.3.1

Calculate Sensible
Heat Extracted

2.3.2 +

CALL PSY1

Calculate Latent
Heat Extracted
And Total Heat

Extracted

RETURN
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CALCULATION SEQUENCE

1. Calculate leaving wet bulb temperature (TWBY) .
TWBP = TDBP = 1.5
2. Simulate cooling coil.
2.1 Calculate dry bulb temperature difference (DT) across coil.
DT = TDBI ~ TDBP

2.2 If temperature difference (DT) less than or equal to 0.0,
no cooling coil load.

Qcc = 0.0
SHR = 1.0
Wp = Wl
RETURN

2.3 If temperature difference (DT) greater than 0.0, calculate
thermal load (QCC).

calculate sensible cooling load (ASC)
QSC = MASS * 0.245 * DT

Use subroutine PSY1 to calculate leaving air humidity
ratio (WQ)

Calculate humidity ratio difference (DW).

If DW less than or equal to 0.0,

Wp = WI
Qcc = QSC
SHR = 1.0
RETURN

If DW greater than 0.0,

QLC = MASS * 1090.0 * DW

where 1090.0 1is the latent heat of vaporization
(Btu/lbm-HZO)
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QCC = QSC + QLC
SHR = QSC/QCC
RETURN
The functioning of the cooling coil simulation is illustrated
graphically in Figure , wWhere it is plotted on an HVAC equip-

ment manufacturer's (Trane) psychrometric chart.

It shows a strong correlation with the manufactuker's published
cooling coil performance curves and it is also in accord with

recommendations of Stoecker, et.al. (1973) (ASHRAE Publication No.

2290-RP-131), recommending cooling coil discharge air conditions
to be 90% R.H. for simulation purposes when latent heat is being
extracted. ’
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SUBROUTINE: CENT

SUBROUTINE: CENT

GENERAL DESCRIPTION

Simulates the operation of an electric hermetic centrifugal
water chiller by calculating the energy consumption as a function
of part load, entering condenser water temperature and leaving
chilled water temperature.

LIST OF VARIABLES

INeuT |
QHBC - Hourly building cooling load (tons)
TECON - Temperature of entering_condenser water (°F)
TLCHL - Temperature of leaving chilled water (°F)
FFL - Fraction of full load (decimal)
OUTPUT
POWER - Hourly electrical power consumption (kilowatt hours )

|
|
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ENTER
‘ CENT

1.

Calculate Leaving

Condenser Water

Temperature At Full
Load

Calculate Full
Load Power
Per Ton

3. Y

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

T

Calculate Corrected
Full Load Power Per
. Ton

5.1 Y

[Calculate Full Load
Power Consumption .

5.2 Y

Calculate Partial
Load Factor

53

Calculate Part Load

Power Consumption
For Given Load

G0
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SUBROUTINE: CENT
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CALCULATION SEQUENCE

1. Calculate the temperature of leaving condenser water at full
Toad. ,

TLCPN = TECHN + 10.0
2. Calculate the full load power consumption (KW/Ton).
PPPTN = 0.049 * ALPG (TLCAN/TLCHL) * TLCHL ** 0.8

(This equation was excerpted from personal correspondence
from R. S. Arnold of Carrier)

3. Determine the error correction to be applied to the above
equation to make it conform with Carrier Hermetic Centri-
fugal Liquid Chilling Packages, Model 19C, 357-2000 tons.
Equation for ERR@R was derived using curve fitting techniques.
ERRGR = 2.4531 - 0.041229 * TLCPN - 0.0273842 * TLCHL
+ 0.000118191 * TLCPN * TLCPN + 0.00047537
* TLCHL * TLCPN - 0.000197535 * TLCHL * TLCHL
4. Calculate the corrected full load power per ton.
P@PTN = PPPTN - ERRPR
5. Determine the total hourly part load power consumption.
5.1 Calculate total full load power consumption.
TOTPW = PPPTN * (QHBC/FFL)
where (QHBC/FFL) 1is total cooling capacity of chillers é
operating.
5.2 Calculate partial Toad factor (PLF). i
PLF = 0.1641 + 0.2543 * FFL + 0.73965 * FFL

* FFL - 0.15835 * FFL * FFL * FFL

This equation is a 3rd order equation fit of partial load

power requirement curve contained in Carrier catalog and

indicated below!
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FUNCTION: DENSY

“FUNCTION: ' DENSY

GENERAL DESCRIPTION

Calculate the density‘of moist air (Ib-dry air/ft3) as a func-
tion of dry-bulb temperature, humidity ratio, and barometric pressure.

| LIST OF VARIABLES

% T - Dry-bulb temperatdre (°F)
| W - Humidity'ratio (1b—H20/1b-dry air)
PATM - Barometric pressure (in. Hg)
oUTPUT
DENSY - Density of moist air at desired conditions,

(1b-dry air/ft3).




ENTER -
DENSY

Calculate Density
-0f Moist Air At
Desired Conditions

SYSSIM

April 1975
FUNCTION: DENSY
Page 1 of 1




CALCULATION SEQUENCE

1. Calculate density of moiét air for desired conditions.,
DENSY = 1.0/(0.754 * (T + 460.) * (1. + 7000, * W/4360.)
/PATM)
(Reference: "Procedure for Determining Heating and Cooling Loads
' for Computerized Energy Calculations - Algorithms

for Building Heat Transfer Subroutines", ASHRAE, 1971,
page 66, Item e.)
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SUBROUTINE: EC@N®

SUBROUTINE: ECPN@

GENERAL DESCRIPTION

Simulates the operation of temperature type economizer cycle
| by calculating the portion of outside air required to yield a mixed
| air temperature closest to the desired mixed air dry-bulb tempera-

| ture. See Figure below for control schematic.
i X LVG
{ l A 3 -
| 0A — =} 1 1 o] N
| & T
h M
)/
N\~ —A RA |
Exh. Air © {4 {
y 2 j [
| ——
MTr—— 7™ c &——————7/7

% . Figure ECONOMIZER CYCLE CONFIGURATION AND CONTROLS SCHEMATIC

LIST OF VARIABLES

% PA - Outside air dry-bulb temperature (°F)

| DPA - Outside air density (1bm/ft3)
RA - Return air dry-bulb temperature (°F)
DRA - Return air density (1bm/ft3)
LVG - Desired mixed air dry-bulb temperature (°F)
ALFAM - Minimum fraction of ouiside air

“’ UTPUT
ALFA - Fracfion of outside air yielding mixed température
closest to desired mixed air temperature,




Return Air > Outside Air

Check
"Qutside Air/

SYSSIM

April, 1975
SUBROUTINE:
Page 1 of 1

ECONG

Return Air < Qutside Air

Return Air Temperature
Relationship

Return Air =

1.2

Set Qutside Air
Fraction Equal
To Unity.

RETURN

1.1 3

Qutside Air

' . Set Qutside Air
1.1 Dei?red "o Sgt Outside Air Fraczio; Equal
Mixed Temp.>Outside r%ct&optEquaJ To Minimum
Temp. 0 Unity. Value
?
RETURN RETURN

1.1

1.3

Is
Desired
Mixed Temp.<

1.1

NO

© Set Outside
Air Fraction
Equal To Minimum

Set Outside Air
Fraction Equal

Is
Desired
Leaving Tem. >
Return Air Temp?

w 1.3

Desired
Leaving Temp <
Outside Air

i 7
Returg Temp. value To Unity Temp. ?
RETURN RETURN
Calculate Calculate
Outside Air Qutside Air
Fraction Fraction
ALFA< Check Reset Outside

Reset Outside
Air Fraction
Equal to Minimum
Value (ALFAM)

ALFAM

Range Of
OQutside Air
fraction
(ALFA)

Air Fraction
To Unity.

RETURN




CALCULATION SEQUENCE

1. Select appropriate return air/outside air temperature relationship.

1.1 Return air temperature (RA) greater than outside air tempera-
-~ ture (PA). :

If desired mixed air temperature (LVG) less than or equal to
outside air temperature (QA),

| ALFA = 1.0
| RETURN

If desired mixed air temperature (LVG) greater than outside air
temperature (PA), and :

If desired mixed air temperature (LVG) less than return air
temperature (RA),

ALFA = (DRA * (RA - LVG))/(RA * DRA - QA * DQA + LVG

* (DPA -~ DRA))
Go to calculation 2.

If desired mixed air temperature (LVG) greater than or
equal to return air temperature (RA),

ALFA = ALFAM
RETURN
1.2 Return air temperature (RA) equals outside air temperature (PA).
ALFA = 1.0
RETURN

7.3 Return air temperature (RA) less than outside air temperature

(9A).

If desired mixed air temperature (LVG) Tess than or equal to
return air temperature (RA), ‘

ALFA = ALFAM
RETURN




2.

If desired mixed ajr temperature (LVG) greater than return air
temperature (RA), and

If desired mixed air temperature less than outside air tem-
perature (PA),

ALFA = (DRA * (RA - LVG))/(RA * DRA - DA * DPA + LVG
* (DPA - DRA))
Go to calculation 2.

(The equation used above is derived from that given in sub-
routine MXAIR, paragraph 6.1, solving instead for ALFA.)

If desired mixed air temperature greater than or equal to
outside air temperature (PA), ‘

ALFA = 1.0,
RETURN
Check range of ALFA.

If fraction of outside air (ALFA) less than minimum fraction of
outside air (ALFAM).

ALFA = ALFAM
RETURN
If fraction of outside air (ALFA) greater than 1.0,
ALFA = 1.0.
RETURN
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SUBROUTINE: ENGYC

SUBROUTINE: ENGYC

GENERAL DESCRIPTION

Prints a four-page report (see Figure ) summarizing monthly and
annual consumption and demand data for all forms of energy used by the
building and its HVAC system.

LIST OF VARIABLES

INPUT
FAC
CITY
PRAJ
DATE
ENGR
ISYS
SF

ENGY

- Name of fécility

- Location of facility -

- Project number

- Date of program run

- User identification

- System combination number

- Bui]ding electrical demand for each month of year.

- Monthly energy consumptions and demands. A 12 x 2 x 18
matrix with indices defined as indicated below.

FIRST SUBSCRIPT: MONTH

1 January
2  February
3  March

4  April.

5 May

6 ‘June

T
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10
11
12

July
August
September
October
November

December

SECOND SUBSCRIPT: MODE OF ENERGY

1
2

Demand

Consumption

THIRD SUBSCRIPT: TYPE OF ENERGY -

10

11
12
13
14

Maximum monthly heating demand

~ Maximum monthly cooling demand

Electric, internal lights and building equip-
ment

Electric, external lights

Electric heat (boiler and auxiliaries, and hot
: water pumps)

Electric cool (chiller, pumps, and cooling
tower fan)

Gas heat

Gas cool

~ Gas generation

Steam heat
Steém cool
011 heat
011 cool

Diesel fuel generation




15
16
17
18

Monthly heating consumption
Monthly cooling consumption
City water

Fans
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SYSSIM

, April 1975
( ENGYe )- SUBROUTINE: ENGYC
1 ! Page 1 of 3

"Initialize Monthly
And Annual Summation)
Variables For Each
Energy Catagory.

YES

1 =1

2.
(::::)"""" SNIERA I
From p. 1
3.
(:::)-—-—l- 11 = 111 + 1
From p. 2, 3
11 =1

Write Month-
1y Column
Headers For
Months Jan.
To June

Write Monthly
Column Head-

ers For Months
July To Dec.
& Total

{ Electricity & Gas )

Y
A

( Steam,0i1,Diesel,Fuel & Water )

Jd =1

To p. 2

JJ =

2
'@} To p. 3




7.1
7,2
7.3

7.4

7.5

7.6

7.7

7.8

7.9

7.10

7.1

( Jan-June )

(») From p. 1

SYSSIM
April 1975
SUBROUTINE

{ July-Dec, Total }

) BT

Sum Monthl
BTY Usagey

Hrite Monthly BTY Con-
sumption And Demand
Data

Sum Monthly And Annual
Electricity Usage

1

Write Internal Elecric
Light & Equipment Con-
sumption And Demand

Write External Elec -
tric Light Consumption
And_Demand Data

Write Electric-Heating
Consumption And Demand
Data

Write Electric Cooling
Consumption And Demand
Data

Write £lectric Fan
Consumption And Demand
Data

Write Electric Total
Consumption And Demand
Data

Sum Monthly And Annual
Gas Usage

No

s —
Used?
YES

Write Gas Heating Con-
sumption And Demand
Data

Write Gas Cooling Con-
sumption And Demand
bata

Hrite Gas Generation
Consumption And Demand
Data

Write Gas Total Con-
sumption And Demand
Data

L Data

8.9

8.1

8.2

8.3

8.4

8.5

Ir =2

Write Monthly BTU Con-
sumption And Demand
Data

Write Internal Electric
Light & Equipment Con-
sumption And Dem

Data

Write External Electric
Light Consumption And
Demand Data

Write Electric Heating
Consumption And Demand
Cata

Rrite Electric Cooling
Consumption And Demand
Data

8.6

8.7

8.8

Ko

8.11

8.12

Write Electric Fan Con-
sumption And,Demand
Data

Write Electric Total
Consumption And Demand
Data

Is
Gas
sed ?

YES

Write Gas Heating Con-
sumption And Demand
bata

Write Gas Cooling Con-
sumption And Demand
Data

Write Gas Generation
Consumption And Demand
Data

Write Gas Total Con-
sumption And Demand
Data

To p. 3

Page 2 of 3

ENGYC




9.1

9.2

9.3

9.4

9.5

9.6

9.7

9.8

9.9

9.10

9.11

9.12

() From p. 1

<>

~_ ( Jan-dune )

( July-Dec,Total )

SYSSIM
April 1975

SUBROUTINE: ENGYC

Page 3 of 3

o

Sum HMonthly And Annual
Steam Usage

‘{Write Steam Heating
Consumption And Demand

G

Write Steam Cooling Conp
sumption And Demand
Data

Write Steam Total Con-
sumption And Demand
Data

Sum Monthly And Annual
il Usage

YES

Write 0i1 Heating Con -
sumption And Demand

Write 011 Cooling Con-
sumption And Demand
Data

—F

Write Qi1 Total Consump
tion And Demand Data

Write Diesel Fuel Con-
sumption And Uemand
Data

is
City Water
Used ?

Hrite City Water Con-
sumption And Demand
bata .

10.1

10.3

10.4

Write Steam Heating

Write Steam Cooling

1M =2

Consumption And Demand
Data

Consumption And Demand
Data

Write Steam Total Con-
sumption And Demand
Data

Write 0i1 Heating Con-
sumption And Dempand
Data

—f

Write 0i1 Cooling Con-
sumption And Demand

Write 0il Total Con-
sumption  And Demand

Data

Write Diesel Fuel Con-
sumption And Demand
Data

Is
City Water
Used 7

HWrite City Water Con-
sumption And Demand
Data




CALCULATION SEQUENCE

1.

Initialize working variables:

sC; = 0.0 for 1=1+t%0 12
SDy = 0.0 fork 1= 1 to 12
s; = 0.0 for i=1t% 13
where
SC = total monthly consumption of energy form i
SO = tbta1 monthly demand for energy form i
S = total annual consumption of energy form i~

Print pages 1 through 4 'of report by repeating calculations 3 through
10, first for electric and gas energy types (JJ = 1) and then for steam,
0il, diesel fuel, and city water energy types (JJ = 2).

Print two pages each of report by repeating calculations 4 through 10
first for months January through June (III = 1) and then for July
through December (III = 2).

Print page title block by writing according to proper format the fol-
Towing variables: FAC, CITY, PR@J, DATE, ENGR, and ISYS.

Print proper monthly column headers:

5.1 If III =1, print monthly column headers for months January
through June.

5.2 If IIl = 2, print monthly column headers for months July through
December and annual totals.

Check which page of four-page report is desired.

i)

6.1 If JJ =1 and III = 1, print page 1.

~J
.

Go to calculation

6.2 If JJ =1 and III

n

2, print page 2.

Go to calculation 8.

6.3 If JJ = 2 and III = 1, print page 3.

[Xe)

Go to calculation
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6.4 If JJ = 2 and III = 2, print page 4.
Go to calculation 10.
7. Print page 1 of report.

7.1 Sum monthly Btu usage to get annual Btu usage. For I =1 to 12,
perform the following: :

SS2

§ ENGY (I,2,15) Annual heating consumption

1]

SS4 : z ENGY (I,2,16) .Annual cooling consumption

7.2 Print Btu consumption and demand data for heating and cooling for
January through June.

WRITE  ENGY (I,1,1)

WRITE ENGYI(I,2,15)
for I =1 toé6
WRITE  ENGY (I,1,2)

WRITE  ENGY (I,2,16)

7.3 Sum all components of electrical Toads to get total monthly and
annual electricity usage for building.

sc(1) = ¥ ENGY (I,2,K) for K= 3,4,5,6,18
| sp(1) = SF(I)
? S(4) = ) ENGY (I,2,3) :
For
S(6) = ) ENGY (I,2,4) >
I =1t 12
s(8) = ) ENGY (I,2,5)
s(10) = ) ENGY (I,2,6)
s(13) = ) ENGY (I,2,18)

s(12) S(4) + S(6) + S(8) + s(10) + S(13)

7.4 Print internal electric Tight and equipment consumption and
demand data for January through June.

WRITE  ENGY (I,1,3)

‘ forI1=1to 6
WRITE  ENGY (I,2,3)




7.5

7.6

7.7

7.8

7.9

Print external lighting consumption and demand data for January
through June.

WRITE  ENGY (I,1,4)
' A for 1 =1 to 6
WRITE = ENGY (I,2,4)

Print electric heating consumption and demand data for January
through June.

WRITE  ENGY (I,1,5)

for I =1 to 6
WRITE  ENGY (I,2,5)

Print.electric cooling consumption and demand data for January
through June,

WRITE  ENGY (I,1,6) X
, for I =1 to 6
WRITE  ENGY (I,2,6)

Print fan electricity consumption and demand data for Jahuary
through June.

WRITE  ENGY (I,1,18)
for I =1 to6
WRITE  ENGY (I,2,18)

Print total electric consumption and demand data for January
through June. '

WRITE  SD(I)
for I =1 +to 6
WRITE  SC(I)

Sum all components of gas usage to get total monthly and annual
gas usage for building.

SSC(I) = ¥ ENGY (I,2,K)
for K = 7,8,9
SSD(I) = ¥ ENGY (I,1,K)
For
ss(2) = Y ENGY (1,2,7) . | > ‘
A I1=1to12

ss(4) = .Y ENaY (I,2,8)

ss(6) = T ENGY (I,2,9)

SS(8) = s5(2) + SS(4) + SS(6)
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7.11 If building used no gas (SS(8) = 0.0), go to calculation 8.

7.12 Print gas heating consumption and demand data for January
through June.

WRITE  ENGY (I,1,7)

‘ % for 1 =1 to 6
WRITE  ENGY (I,2,7)

7.13 Print gas cooling consumption and demand data for January
through June.

WRITE  ENGY (I,1,8)

. » for I =1 to6
WRITE  ENGY (I,2,8)

7.14 Print gas generation consumption and demand data for January
through June,

WRITE  ENGY (I,1,9)
for I T to 6

WRITE  ENGY (I,2,9)

7.15 Print total gas consumption and demand data for January through
June, .

WRITE SSD(I)
for I =1 +to 6

WRITE SSC(I)
8. Print page 2 of report,

8.1 Print Btu consumption and demand data for heating and cooling
for July through December and annual total.

WRITE  ENGY (I,1,1)
WRITE  ENGY (I,2,15)

r for I =7 to 12
WRITE  ENGY (I,1,2)

WRITE  ENGY (I,2,16)
WRITE  SS2
WRITE  SS4
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8.2

8.3

8.4

8.5

8.6

Print internal electric Tight and equipment consumption and
demand data for July through December and annual total.

WRITE  ENGY (I,1,3)
- for I =7 to 12
WRITE  ENGY (1,2,3)

WRITE  S(4)

Print external 1ighting consumption and demand data for July
through December and annual total.
WRITE  ENGY (I,1,4)
. : for I =7 to 12
WRITE  ENGY (I,2,4)

WRITE  SS(6)

Print electric heating consumption and demand data for July
through December and annual total.

WRITE  ENGY (I,1,5)

for 1 =7 to 12
WRITE  ENGY (I,2,5)

WRITE  SS(8)

Print electric cooling consumption and demand data for July
through December and annual total.

WRITE ENGY (1,1,6)

‘ for I =7 to 12
WRITE ENGY (I,2,6)
WRITE $S(10)

Print electric fan consumption and demand data for July through
December and annual total.

WRITE  ENGY (I,1,18)
for I =7 to 12
WRITE  ENGY (I,2,18)

WRITE  SS(13)

i
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8.7

8.8
8.9

Print total electric consumption ‘and demand data for July and
December and annual total.

WRITE SD(I)
for 1 =7 to 12
WRITE SC(I)_
WRITE 'S(12)
If building used no gas (SS(8) = 0.0), go to calculation 9.

Print gas heating consumption and demand data for July through
December and annual total.

WRITE ENGY (I,1,7)
' ‘ for I =7 to 12
WRITE ENGY (I,2,7) ‘

WRITE ~ SS(2)

8.10 Print gas cooling consumption and demand data for July through

8.11

December and annual total.

WRITE  ENGY (I,1,8)
for I =7 to 12
WRITE  ENGY (I,2,8)

WRITE  SS(4)

Print gas generation consumption and demand data for July
through December and annual total.

WRITE  ENGY (I,1,9)
for I =7 to 12

WRITE  ENGY (I1,2,9)
WRITE  SS(6)

Print total gas consumption and demand data for July through
December and annual total.

WRITE  SSD(I)
for I =7 to 12
WRITE  SSC(I)

WRITE  SS(8)
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9-

Print page 3 of report.

9.1

9.2
9.3

9.4

9.5

Sum all components of steam usage to get total monthly and
annual steam usage for building.

SD(1) = § ENGY (I,1,K)
. : for K = 10,11
sc(I) = § ENGY (I,2,K)
_ | For
s(2) = 7 ENGY (I,2,10) [ =1 to 12
S(4) = 7 ENGY (I,2,11)
s(6) = s(2) + s(4)

If building used no steam (SS(6) = 0.0), go to calculation 9.6.

Print steam heatiﬁg consumption and demand data for January
through June.

WRITE  ENGY (I,7,10)

for I =1 to 6
WRITE  ENGY (I,2,10)

Print steam cooling consumption and demand data for January
through June.

WRITE  ENGY (I,1,11)
for I =1 to 6.
WRITE  ENGY (I,2,11)

Print total steam consumption and demand data for January
through June.

WRITE  SD(I)
for I =1 to 6
WRITE  SC(I)
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9.6 Sum all components of o0il usage to get total monthly and
annual oil usage for building,

ss(1) = J ENGY (I,1,K) .
for K = 12,13
ssc(1) = 1} ENGY (I,2,K)
' ' S For
s(8) = ) ENGY (I,2,12) I1=1to0]12
s(10) = J ENGY (I,2,13)
S1 = S(8) + S(10)
9,7 If Bui]ding used no oil (S1 = 0.0), go to calculation 9.71.
9.8 Print oil heating consumption and demand data for January
through June.
WRITE  ENGY (I,1,12)
for I =1 to6
WRITE  ENGY (I,2,12)
9.9 Print 01l cooling consumption and demand data for January
through June.
WRITE  ENGY (I,7,13)
for I =1 to 6
WRITE  ENGY (I,2,13)
9.10 Print total oil consumption and demand data for January
through June.
WRITE  SSD(I)
for I =1 to6
WRITE  SSC(I)
9,11 If building used no diesel fuel (S(12) = 0.0), go to calcula-
tion 9.13.
9.12 Print diesel fuel consumption and demand data for January
through June.
WRITE  ENGY (I,1,14)
‘ for 1 =1 tob
WRITE  ENGY (I,2,14)
9,13 If building used no city water (S(3) = 0.0), go to calcula-

tion 10.
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10.

9.14

Print

10.1

10.2

10,3

10.4

10,5
10.6

Print city water consumpt1on and demand data for January
through June.

WRITE  ENGY (1,1,17)
for I =1 to 6
WRITE  ENGY (I,2,17)

page 4 of rebort.

If building used no steam (SS(6) = 0;0), go to calculation
10.5.

Print steam heating consumption and demand data for July
through December and annual total.

WRITE  ENGY (I,1,10)

for I =7 to 12
WRITE  ENGY (I,2,10)
WRITE  S(2)

Print steam cooling consumption and demand data for July
through December and annual total.

WRITE  ENGY (I,1,11)
for I =7 to 12
WRITE  ENGY (I1,2,11)

WRITE  S(4)

Print total steam consumption and demand data for July through
December and annual total.

WRITE  SD(I)
for I =7 to 12
WRITE  SC(I)
WRITE  S(6)
Ifbuilding used no oil (S1 = 0.0), go to calculation 10.9.

Print 0il heating consumption and demand data for July through
December and annual total.

WRITE  ENGY (I,1,12)
for 1 =7 to 12
WRITE  ENGY (I,2,12)

WRITE  S(8)
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10,7

10.8

10.9

10.10

10.11
10,12

Print oil cooling consumption and demand data for July
through December and annual total. :

WRITE  ENGY (I,1,13)
, o for I =7 to 12
WRITE  ENGY (I,2,13)

WRITE  $(10)

Print total oil consumption and demand data for July
through December and annual total.

WRITE  SSD(I)
for 1 =7 to 12
WRITE  SSC(I)

WRITE  SI

If building used no diesel fuel (S(12)

0.0), go to calcula-
tion 10.17.

Print diesel fuel consumption and demand data for July through
December and annual total.

WRITE ENGY (I,1,14)
for I =7 to 12
WRITE ENGY (I,2,14)

WRITE  S(12)
If building used no city water (S3 = 0,0), RETURN,

Print city water consumption and demand data for July through
December and annual total.

WRITE  ENGY (I,1,17)
' for I = 7 to 12
WRITE  ENGY (I,2,17)

WRITE S3
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SUBROUTINE: EQUIP

GENERAL DESCRIPTION

SYSSIM
April 1975
SUBROUTINE :

EQUIP

Calculates the energy consumption of conventional heating and
cooling equipment, onsite generation equipment, and conventionally
operated heat conservation systems.

LIST OF VARIABLES

INPUT

M1

M2

M3

M4
M5

Bw o —
mounouou

Type of chiller

Reciprocating

Hermetic centrifugal

Open centrifugal

Steam absorption
Centrifugal/steam turbine

gl W N -
nm o nu

Source of chiller energy

Gas
Heating oil
Steam
Electric

FFRE g
L1 O I |

Source of Heating energy

Gas

Heating oil

Steam

Electric

Number of on-site generation engines

Type of on-site generation engines

0 = None
1 = Diesel
2 = Gas

g & L I 7
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M6

M7

NUMAC
SZAC
QHBC
QHBH
QHBRH
TECON
ELDEM
COMMON

KREHT

NUMC
SZC
TLCHL
TPs
PPS
TESTM
PESTM

Type of auxiliary chiller

0 = None |

1 = Reciprocating

2 = Hermetic centrifugal
3 = Open centrifugal

Source of supplemental heat

0 = None

1 = Gas

2 = Heating oil
3 = Electricity
4 = Well water

5 = City water

Number of auxiliarychillers

Size of §ux111ary chillers (tons)

Hourly building cooling load (Btu/hr)
Hourly building heating Toad (Btu/hr)
Hourly building reheat load (Btu/hr)
Entering condensing water temperature (°F)

Hourly electrical demand of the building (KW)

Source of reheat coil energy

0
4

Same as boiler
Electricity

Number of chillers

Size of chillers (tons)

Chilled water set point temperature (°F)
Temperature of high-pressure purchased- steam (°F)
Pressure of high-pressure purchased steam (psig5
Temperature of Tow pressure generated steam (°F)

Pressure of low-pressure generated steam (psig)




SIT
NUMT
RPM
SZE
HVHP
HVDF
FFLMN
OUTPUT

GASC
GASH
GASG
pILC
PILH
STMC
STMH
ELEC
ELEH
FUEL

QSAVE

QHBC
QRCNM

QBCNM

Size of steam turbines (hp)

Number of steam turbines

Speed of steam turbines (rpm)

Size of on-site generation engines (KW)
Heating value of heating oil (Btu/gal)
Heating value of diesel fuel (Btu/gal)

Minimum part Toad cutoff point for chillers (decimal)

Hourly gas consumption for cooling (therms)

Hourly gas consumption for heating (therms)

Hour]y'gas consumption for on-site generation (therms)
Hourly o011 consumption for cooling (gals)

Hourly o0i1 consumption for heating (gals)

Hourly steam consumption for cooling (1bs)

Hourly steam consumption for heating (1bs)

Hourly electrical cdnsumption for cooling (KW)

Hourly electrical consumption for heating (KW)

?our]g diesel fuel consumption for on-site generation
gals

Cooling load carried over to next hour when building
cooling load is less than chiller minimum part load
point %Btu/hr) :

Hourly building cooling load handled by chillers (tons)

Monthly accumulation of chiller loads not met due to
undersizing (MBTU)

MOnthly accumulation of boiler loads not met due to
undersiting (MBTU)




COMMON
QRCNM

QRPNM
THRNM
QBCNM

QBPNM

THBNM

Monthly accumulation of chiller Toads not met due to
undersizing (MBTU)

Monthly peak chiller Toad not met (MBH)
Number of hours chiller 1oad not met

Monthly accumulation df boiler loads not met due to
undersizing (MBTU)

Monthly peak boiler load not met (MBH)

Number of hours boiler load not met




7.1

7.2

NC = RC + 1

7.3

7.4

YES

ENTER
EQUIP

Initialize Energy
variables

1

Convert Hourly Build-
{ng Cooling Load To
Tons

1

Calculate Enthalpy Of
Leaving And Entering
Low Pressure Steam

Onsite
£/6

YES

SYSSIM

April 1975
SUBROUTINE: EQUIP
Page 1 of 6

Equipment
?

NO

Auxillary

Chillers

Required
?

Are
here Auxillary

Chillers
?

NG

NC =1

Is
HC > NUMC
?

KO

Calculate Fraction
Of Full Load(FFL)
On Chillers

7.5

7.5

YES

, 7.7

Carry Over Cooling
Load To MNext Hour

(f) To p. 4

Is
FFL > 0.9
?

Is
FFL < FFLMN
?

NO

YES

7.6

Is
FFL > 1.1
?

HO

(s) To p. 3

YES
7.6
FFL = 1.1
CALL MAX 7 M 6

Update Chiller
Load Not Met
Data.

Set Number Of
Chillers Operating

<f> To p.2




SYSSIM

April 1975
SUBROUTINE: EQUIP
Page 2 of 6
CONVENTIONAL COOLING SEGMENT From p. 1
8.
’ Type
Of Chiller
(M)
8.1 Ym= 8.2 Ym-=2 8.4 Ym= 8 5 Ywm=s
CALL RECIP CALL CENT CALL CENT 4 CALL ABSOR CALL CENT

Determine Chiller
Power Required

Determine Chilier
Power Reguired

petermine Chiller
Power Required

Determine Chiller
Steam Required

Determine Chiller
Power Required

8.3 Y

8.5 1

Adjust Power For
Open Machine

8.4 y

Convert Steam
Required To Heat

Adjust Power For
Open Machine

9.1

Calculate Gas Cool-
ing Required

Required
8.5 Y
CALL STTUR
Determine Steam
Required
8.5 1
Convert Steam
Required To Heat
Required
Y | Y | r
|
9.
Type
0f Cooling
Energy (M2)
i
M2=1 M2=2 M2=3 = =
] 9.2 y 9.3 VM24 M2=5
Calculate 0i1 ] :
: Y Calculate Electric -
Cooling Required Cooling Required
| i i | [ -
/
c To p. 4




HEAT CONSERVATIOH

COOLING SEGMENT

©ORAC = WAC + 1

¥

10.1

10.2

10.3

Is
HAC > HUMAC
?

YES

©) From p. 1

SYSSIM
April 1975

SUBROUTINE: EQUIP

Page 3 of 6.

Calculate
Fraction of
Full toad (FFL)
on Chiller

10.4

ES

12.1

12,2

10.6

\ HO

Set Number
of Chillers
Operating

11,

1

Calculate
Load on
Chillers

12,

12.3 %

Type
of Heat
Conservation
Machine
1

' M= ' M= 2 M =3 *
CALL RECIP CALL CENT CALL CENT ( s )
Determine Determine Determine
Chitter chiller Chitter
Power Power _ Power
Required Required Required

1

Adjust Power
For Open Machine

14.1

14,

Type
of
Auxiliary

Chiller
(16}

YES

14.3

j 13.

Set
Power For
Aux. Chillers
To Zero

14.3

f H6=1 ‘ 162 ' ¥6=3
CALL RECIP CALL CENT CALL CERT
Determine Determine Determine
Aux. Chiller Aux. Chilier- Aux. Chiller
Power Power Power
Required Required Required
Adjust
Power
For Open
Machine
-I 5 . Catculate

Total Power
For Chillers

({) To p. 4




HEATING SEGMENT

18,1

16.

17.

From p. 1,2,3

Load
Exceeds Boiler

SYSSIM
April 1975

Page 4 of 6

SUBROUTINE: EQUIP

NO

YES

e

Capacity e
?
] 7 * CALL MAX

Cajculate Gas
Heating Required

NO
Update Boiler Load
Not Met Data
Reset Heating
Required Equal To
Boiler Capacity
18.
Type
0Of Boiler
(M3)
18,2 18.3 18.4.
\[ER Y 3=2 Y =3 M3=4
Calculate 011 Calculate Steam Calculate Electric
Heating Required Heating Required Heating Required
o P z —

NO
RETURN
Type
0f Reheat
(KRH)
201 _ 20.2 20.3 20.4
KRH=1 Y KRi=2 | KRH=3 Y kRi=4 Y xRis
Calculate Gas Calculate 011 Calculate Steam Calculate Electric
Reheat Required Reheat Required Reheat Required Reheat Required
| o Y P ‘ e ' — '

Y

< RETURN >

i




ON-SITE GEHERATION SEGMENT

HE = HE + 1

Calculate fraction
Of Full Load (FFLE)
On Engines

21.4

YES

24.5 |

22.1

M5 =1

is
FFLE > 1.0

N

SYSSIM

April 1975
SUBROUTINE: EQUIP
Page 5 of 6

Set Number Of
Engines Operating

22.2

Calcutate Fuel
Required And Heat

Recovered Recovered

Calculate Fuel
Required And Heat

N0

23

Carry Over Cooling
Load To Next Hour

HC = RC + 1

({) To p.6

24
24

24

24

Calculate Fraction
Of Full toad (FFL)
On Chillers

Is
FFL > 1.1
?

24,6

24.6

CALL MAX

Update Chiller
Load Not Met
Data

.7 |

Set Humber Of
Chillers Operating

<{> To p. 6
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25, SUBROUTINE: EQUIP
it Page 6 of 6
chiller(ML
25,1 25.2 25,3 25.4 25,5
Mi=1 H1=2 ¥ Hi=3 Y hi=4 Y=
( sio ) CALL ABSOR CALL CENT

STOP

petermine Chiller
Steam Required

Determine Chiller
Power Required

25.4 1y

5.5 1

Convert Steam Requir
ed To Heat Required

| Adjust Power For

Open Machine

25.5 {

CALL STTUR

Determine Steam
Required

25,5 1

Convert Steam
Required To Heat

Required

1

<E> From p. b
26,

Load
Exceeds Boiler

mm?w 26.
CALL MAX
NO
Update Boiler
Loadoggg Met
1 26.
Reset Heating
Required Equal To
Boiler Capacity
28.
" Type
0f Boiler
(M3)
28.1 28.2 28.3 28.4
Y M3=1 Y M3=2

Calculate Gas
Heating Required

Calculate 0i1
Heating Required

1

1

29.

29.1 29.2

Type
0f Reheat
{XRH)

M3=3 M3=4

29.3

29.4

Y KRH=0

{ KRH=1

RETURN

Calculate Gas
Reheat Required

‘ - STOP ’

Y KRH=2 -

KRH=3 KRH=4 .




CALCULATION SEQUENCE

1. Initialize all energy variables.

GASG = 0.0 gas generation (therms)
“GASC = 0.0. “gas cooling (therms)
GASH = 0.0 gas heating (therms)
pILC = 0.0. 0il cooling (gals)
@ILH = 0.0 , 0i1 heating (gals)
STMC* = 0.0 steam cooling (1bs)
STMH = 0.0 steam heating (1bs)
ELEC = 0.0 electric cooling (KW)
ELEH = 0.0 electric heating (Ki)
FUEL = 0.0 diesel fuel (gals)
QSAVE = 0.0 cooling load carryover (Btu/hr)

2.  Convert hourly building cooling load into tons.
QHBC = QHBC/12000.0

3. Calculate the enthalpy of entering (HESTM) and leaving (HLSTM) Tow
pressure steam (for boilers and absorption chillers).

HESTM = AH + BH * TESTM + CH * TESTM * TESTM

where:

AH = 1068, - 0.485 * (PESTM + 14.7)

BH = 0,4320 + 0.000953 * (PESTM + 14.7)

CH = 0,000036 - 0.000000496 * (PESTM + 14.7)

These equations were derived by equation fitting data from "Thermo-
dynamic Properties of Steam", Keeman and Keyes. Equation is good for
temperatures up to 1000°F and pressures up to 1000 psia.

HLSTM = 180.07

where 180.07 is enthalpy of saturated liquid at 212°F.




4. Check if onsite power generating systems are being used.

If M4 = 0, then conventional system or conventionally-operated
heat conservation system.

Go to calculation 5.
If M4 > O, thén onsite generation system.
Go to calculation 21.
5. Check if building requires any cooling.
If QHBC > 0,0, cooling is required.
Go to calculation 6.
If QHBC = 0.0, cooling not required.
Go to calculation 16.
6. Check if auxiliary chillers are required online,
If the quantity (1.0 - QHBC/(0.9 * NUMC * SZC)) is (+), then
building system is a conventional system or a conventionally-
operated heat conservation system with no auxiliary chillers
needed.
Go to calculation 7.
If the quantity (1.0 - QHBC/(0.9 * NUMC * SZC)) is (-) or (0.0),
then the system is a conventionally-operated heat conservation
system requiring auxiliary chiller operation.
If auxiliary chillers are available (NUMAC > 0),
Go to calculation 10.
If auxiliary chillers are not available (NUMAC = 0),

Go to calculation 7,

BEGIN CONVENTIONAL COOLING SEGMENT

7. Calculate the number of chillers operating.

7.1 Set initial number of chillers operating equal to one (NC = 1).

B0 o AL G OSRC PYNCINEC




7.2

7.3

7.4

7.5

7.6

If number of chillers operating‘(NC) is greater than number
of chillers available (NUMC),

Go to calculation 7.6.

Othérwise,
Go to éa]cu]ation 7.3.

Calculate fraction of full load (FFL) on chillers operating.
FFL = QHBC/(NC * SZC)

If chillers operating are loaded to less than or equal to 90%
capacity (FFL < 0.9), :

Go to calculation 7.5.

If chillers are Toaded to greater than 90% capacity (FFL > 0.9),

Increment NC by 1 (NC = NC + 1)
Go to calculation 7.2.
Check if chiller is loaded to minimum limit.

If fraction of full load (FFL) is less than minimum allowable
(FFLMN),

Turn chiller off and carry over cooling load to next hour.

1]

QSAVE QHBC * 12000.

QHBC 0.0
Go to calculation 16.

If fraction of full load (FFL) is greater than or equal to mini-
mum Toading (FFLMN),

Go to calculation 7.7.

A11 chillers are operating and are loaded to greater than 90%
capacity. Check if chillers are overloaded.

If fraction of full load (FFL) is greater than maximum
allowable (FFL = 1.1),

Reset cooling load and update load-not-met data.




FFL 1.1

1

QRNM = (QHBC ~ NC * SZC * FFL) * 12
QHBC = NC * SZC * FFL

QRCNM = QRCNM + QRNM

THRNM = IHRNM + 1

CALL MAX to calculate peak chiller load not met (QRPNM)
Go to calculation 7.7.

If fraction of full load (FFL) less than or equal to
maximum allowable (FFL = 1.1),

Go to calculation 7.7,
7.7 Set number of chillers operating.
NCHEN = NC

Perform chiller simulation for conventional cooling system. Check
type of chiller and call appropriate simulation routine.

8.1 Reciprocating Chiller (M1 = 1).

Call RECIP to calculate electrical power (ELEC) required
to extract building cooling Toad (QHBC).

8.2 Hermetic Centrifugal Chiller (M1 = 2).

Call CENT to calculate electrical power (ELEC) required
to extract building goo1ing Toad (QHBC).

8.3 Open Centrifugal Chiller (M1 = 3).

Call CENT to determine electrical power (ELEC) required
for a hermetic machine to extract building cooling load
(QHBC). Correct ELEC for an open machine where compressor
work does not become a direct load on chiller.

ELEC = ELEC/(1. + 0.02133 * ELEC/QHBC)
where 0.02133 is

[3413 Btu/hr-KW]
- [12000 Btu/hr~ton]

“and motor efficiency of a hermetic motor (EFF) is assumed
to be 0,925,

(1.0 - EFF]




8.4 Steam Absorption Chiller (M1 =-4).

Call ABS@R to calculate quantity of steam (STMC) required
to extract building cooling load (QHBC) and entering (H1)
and leaving (H2) steam enthalpy. Convert steam consump-

tion to equivalent heat requirement (QHMC) .

QHMC = STMC * (H1 - H2)

8.5 'Steam Turbine Driven Open Centrifugal Chiller Combination (M1 = 5).

call CENT to determine electrical power (PPWER) required
to extract building cooling load (QHBC). Correct PPWER
for an open machine where compressor work does not become
a direct load on chiller.

PPWER = 0.925 * PPWER/(1. + 0.02133 * PPWER/QHBC)
(See ca]cu]ation 8.3 for explanation of constants.)
call STTUR to calculate steam (STMC) required to produce
POWER.and entering (H1) and leaving (H2) steam enthalpy.
convert steam consumption to equivalent heat requirement.
QHMC = STMC * (H1 - H2)
Check type of chiller source energy.
9.1 Gas Cooling (M2 = 1).
GASC = (QHMC/80000.

1]

where units are therms and boiler efficiency is assumed to be 80%.
9.2 0il Cooling (M2 = 2).
@ILC = QHMC/(0.8 * HVHQ)
where units are gallons and boilerbefficiency is assumed to be 80%.

9.3 Electric Cooling (M2 = 4)

ELEC = QHMC/3413.0

where units are KW.
Go to calculation 16.

BEGIN HEAT CONSERVATION COOLING SEGMENT

10.

Perform chiller simulation for conventionally operated heat conserva-
tion machines where auxiliary chillers are required. Calculate num-
ber of auxiliary chillers operating. A1l heat conservation machines
are operating.




10.1 Set initial number of auxiliary chillers operating equal to
one (NAC = 1).

10.2 If number of auxiliary chillers operating (NAC) is greater
than number available (NUMAC),

Go to calculation 10.5.
Otherwise,
Go to calculation 10.3.
10,3 Calculate fraction of fu]T Toad (FFL) on chillers operating.
“FFL = QHBC/(NUMC * SZC + NAC * SZAC)

10.4 If chillers operating are loaded to less than or equal to 90%
capacity (FFL < 0.9),

Go to calculation 10.6.

If chillers are loaded to greater than 90% capacity (FFL > 0.9),

Increment NAC by 1 (NAC = NAC + 1).
Go - to calculation 10.2.

10.5 A1l chillers are operating and are loaded to greater than 90%
capacity. Check if chillers are overloaded.

If fraction of full load (FFL) is greater than maximum allowa-
ble (FFL > 1.1), reset cooling load and update load-not-met
data.

FFL = 1.1
Go to calculation 10.6.

If fraction of full load (FFL) less than or equal to maximum
allowable (FFL < 1.1), '

Go to calculation 10.6.
10.6 Set number of auxiliary chillers operating.

NACON = NAC




|
|
|
|
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11. Distribute loads to heat conservation machines (QCC) and auxiliary
chillers (QCAC).

Qcc NUMC * SZC * FFL

1]

H

QCAC .= NACPN * SZAC * FFL

12. Complete simu]atioﬁ of conventionally operated heat conservation
machine by checking type of machine (M]? and calling appropriate
simulation routine. :

12.1 Reciprocating Heat Conservation Machine (M1 = 1)

Call RECIP to calculate electrical power (PW1) to produce
*cooling load (QCC).

12.2 Hermetic Centrifugal Heat Conservation Machine (M1 = 2)

Call CENT to.calculate electrical power (PW1) to produce
cooling load (QCC).

12,3 Open Centrifugal Heat Conservation Machine (M1 = 3)

Call CENT to determine electrical power (PW1) required to
produce cooling Toad (QCC). Correct.PW1 for an open
machine where compressor work does not become part of
cooling load.

PW1 = PW1/(1.0 + 0.02133 * PW1/QCC)

See calculation 8.3 for explanation of constants in equa-
tion,

12.4 Steam Absorption Chiller (M1 = 4)

This is not a valid choice for a heat conservation system.
Print error message and STQP,

12.5 Steam Turbine Driven Open Centrifugal (M1 = 5)

This is not a valid choice for a heat conservation system.
Print error message and STPP.

13. Check type of auxiliary chillers (M6). -
If M6 = 0, |

Set auxiliary chiller power consumption to zero (PW2 = 0,0)
and go to calculation 15.
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If M6 > O,
Go to calculation 14.

14. Complete simulation of auxiliary chillers by checking type of chiller
(M6) and calling appropriate simulation routine,

14.1 ‘Reciprocating Chiller (M6 = 1)

Call RECIP to calculate electrical power (PW2) required
to produce building cooling load (QCAC).

14,2 Hermetic Centrifugal Chiller (M6 = 2)

- Call CENT to calculate electrical power (PW2) required
to produce building cooling load (QCAC).

14.3 Open Centrifugal Chiller (M6 = 3)

Call CENT to’determine electrical power (PW2) required
for a hermetic machine to produce building cooling load
(QCAC). Correct PW2 for an open machine where compressor
work does not become a direct load on chiller.

PW2 = PW2/(1.0 + 0.02133 * PW2/QCAC)

See calculation 8.3 for explanation of constants in
equation, '

15. Calculate total power (ELEC) required for all chillers.
ELEC = PW1 + PWZ2

BEGIN HEATING SEGMENT

16, Check if building requires heating.
If'QHBH < 0,0, heating is required.
Go to calculation 17.
If QHBH > 0.0, heating is not required.

Go to calculation 19.




17.

18.

Check if heating requirement (QHBH) exceeds that of combined boiler
capacity (NUMB * SZB * 1000,0).

If (~QHBH) > (NUMB * SZB * 1000.0), heating capacity is
exceeded, reset heating load and update load-not-met data.

QBNM = QHBH/1000, + NUMB * SZB
QHBH = SZB * NUMB * 1000.0
QBCNM = (QBCNM + QBNM

IHBNM = IHBNM + 1

< CALL MAX to calculate peak boiler Toad not met (QBPNM)
Go to calculation 18,

If (-QHBH) < (NUMB * SZB * 1000.0), heating Tload can be met,
Go to calculation 18.

Determine heating energy required by checking type of heating source
energy (M3), and performing proper conversion.

18.1 Gas Heating (M3 = 1)
GASH = -QHBH/80000.
where units are in therms and assumed boi]ér efficiency is 80%.
18.2 0il Heating (M3 = 2)
PILH = -QHBH/(0.8 * HVH@)
where units are in gallons and assumed boiler efficiency is 80%.

18.3 Steam Heating (M3 = 3)

STMH = -QHBH/(HESTM - HLSTM)
where units are in pounds.

18.4 Electric Heating (M3 = 4)

ELEH = -QHBH/3413.0

where units are in KW and assumed efficiency is 100%.




19.

20.

Check if building requires reheat.
If QHBRH < 0.0, reheat is required.
Go to calculation 20.
If QHBRH > 0.0, reheat TSAnot required.
~ RETURN

Determine return energy required by checking type of reheat source
energy (KRH) where

KRH = KREHT + 1
and add it to any heating energy already used.
20.1 Gas Reheat (KRH = 2) |
GASH = GASH - QHBRH/80000.

where units are in therms and assumed conversion efficiency is
80%.

RETURN.
20.2° 011 Reheat (KRH = 3)
PILH = PILH - QHBRH/80000.

where units are in gallons and assumed conversion efficiency 1is
80%.

RETURN
20.3 Steam Reheat (KRH = 4)
. STMH = STMH - QHBRH/(HESTM - HLSTM)

where units are in pounds.
RETURN
20.4 Electric Reheat (KRH = 5)

"ELEH = ELEH - QHBRH/3413.
where units are in KW and assumed conversion efficiency is 100%.

RETURN




BEGIN ONSITE GENERATION SEGMENT

21.

Determine number of en?ihe/generator sets that are required to supply

electrical load (ELDEM

21.1
21.2

21.5

21.6

Set initial number of engines operating equal to one (NE = 1).

If number of engines operating (NE) is greater than number of
engines available (M4),

Go to calculation 21.5.
Otherwise,
" Go to calculation 21.3.
Calculate fraction of full load (FFLE) 6n engines operating.
FFLE = ELDEM/(NE * SZE)

If engines operating are loaded to less than or equal to 100%
capacity (FFLE < 1.0),

Go to calculation 21.5.

If engines are loaded to greater than 100% capacity (FFLE > 1.0),
Increment NE by 1 (NE = NE + 1).
Go to calculation 21.2.

A1l engihes are operating and capacity desired is greater than
100%. Check for overload condition. :

If fraction of full load (FFLE) 1is greater than maximum
allowable (FFLE > 1.1), engines have not been sized correct-

ly.
Print error message.
ST@P

If fraction of full load (FFLE) is less than or equal to
maximum a]]owab]e'(FFLE < 1.1), :

Go to calculation 21.6.
Set number of onsite engine/generator sets operating.

NENPN = NE




22,

23,

Perform simulation of engine/generator sets to determine fuel
requirements and amount recoverable heat.

22,1

22.2

Check

Diesel Fuel Powered Engine/Generator Set (M5 = 1)

Calculate amount of diesel fuel (FUEL) required to supply
electrical Toad (ELDEM).

FUEL = .(8900. * FFLE + 2000.) * NEN@N * SZE/HVDF
The above equation was derived by curve fit of performance data
contained in the 1967 Caterpillar Tractor Company "Total Energy
Handbook" and is applicable for a range of 60 to 600 KW capacity.

Calculate amount of total heat (QEN) that can be recovered from
engines operating.

QEN = (9590.7 + FFLE * (-~14132.2 + FFLE * (12164.87

+ FFLE * (-1809.54)))) * FFLE * NEN@N

* SZE
The above equation was derived by curve fit of performance data
contained in 1967 Caterpillar Tractor Company "Total Energy
Handbook" and represents the total amount of heat that can be
recovered from exhaust gas, jacket water, and oil cooler/after-
cooler,

Natural Gas Powered Engine/Generator Set (M5 = 2)

Calculate amount of fuel (GASG) required to supply electrical
load (ELDEM).

GASG = (0.085 + 0.0289/FFLE) * NENGN * SZE

Calculate amount of total heat (QEN) that can be recovered from
engine operating.

QEN = (60.51 + 16.64/FFLE + 14,0 * FFLE) * ELDEM
See calculation 22.1 for comments concerning the above equation.
if building requires any cooling,
If QHBC > 0,0, cooling is required.

Go to calculation 24,




24,

If QHBC = 0.0, cooling not required.
Set QHMC = 0.0

Go to calculation 26.

Calculate number of chillers operating.

24,1

24.2

24,3

24.4

24.5

Set initial number of chillers operating equal to one (NC = 1).

If number of chillers operating (NC) is gréater than number of
chillers available (NUMC),

Go to calculation 24.6,

Othérwise,
Go to calculation 24.3.

Calculate fractioh of full load (FFL) on chillers operating.
FFL = QHBC/(NC * SZC)

If chillers operating are Toaded to less than or equal to 90%
capacity (FFL < 0.9), .

Go to calculation 24.5.
If chillers are Toaded to greater than 90% capacity (FFL > 0.9),
Increment NC by 1 (NC = NC + 1),
Go to calculation 24.2.
Check if chiller is loaded to minimum Timit.
If fraction of full load (FFL) is less than minimum allowable

(FFMN), turn chiller off and carry over cooling Toad to
next hour, Set

QSAVE QHBC * 12000,

QHBC 0.0

Go to calculation 26,

i




25,

If fraction of full load -(FFL) is greater than or equal to
minimum Toading (FFLMN),

Go to calculation 24.7.

24,6 A1l chillers are operating and are loaded to greater than 90%
capacity. Check for overload condition.

If fraction of full load (FFL) is greater than maximum
allowable (FFL > 1.1), reset cooling 1oad and update load-
not-met data.

FFL = 1.1

QRNM = (QHBC - NC * SZC * FFL) * 12,
QHBC = NC * SZC * FFL

QRCNM = QRCNM + QRNM

IHRNM = TIHRNM + 1

CALL MAX to calculate peak cooling Toad not met (QRPNM)
Go to calculation 24.7.

If fraction of full load (FFL) less than or equal to maxi-
mum allowable (FFL < 1.1), :

Go to calculation 24.7.
24,7 Set number of chillers operating.
NCHBN = NC

Perform chiller simulation. Check type of chiller and call appro-
priate simulation routine,

25.1 Reciprocating Chiller (M1 = 1)

This is not a valid choice for an onsite generation system.
Print error message and ST@P,

25,2 Hermetic Centrifugal Chiller (M1 = 2)

This is not a valid choice for an onsite generation system
Print error message and ST@P,

0906 ook YISO




26,

25.3

25.4

25.5

Check

Open CentrifugaT‘Chi11er (M1 = 3)

This is not a valid choice for an onsite generat1on system.
Print error message and ST@P.

Steam Absorption Chiller (M1 = 4)

Call ABSPR to calculate quantity of steam (STMC) required to

supply cooling load (QHBC) and entering (H1) and leaving (H2)
steam enthalpy. Convert steam consumption to equivalent heat
requirement (QHMC).

QHMC = STMC/(H1 - H2)

Steam Turbine Driven Open Centrifugal Chiller Comb1nat1on
(M1 = 5) .

Call CENT to determine electrical power (PPWER) required to
supply cooling Toad (QHBC). Correct PPWER for an open machine
where compressor work does not become a direct load on chiller,

POWER = 0,925 * PPWER/(1.0 + 0.02133 * PPWER/QHBC)
(See calculation 8.3 for explanation of constants.)

Call STTUR to calculate steam required (STMC) to supply PPWER.
and entéring (H1) and Teaving (H2) steam enthalpy. Convert to
equivalent heat requirement.

QHMC = STMC/(HT - H2)
if building requires boiler to operate.

f (-QHBH - QEN + QHMC), the net heating required, is less than
or equal to SZB * NUMB * 1000.0, the boiler capacity, heating
load can be met; therefore,

Go to calculation 27.

If (-QHBH - QEN + QHMC), the net heating required, is greater
than SZB * NUMB * 1000.0, the heating required exceeds the boil-
er capacity. Reset the heat1ng load and update load-not-met
data.
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27.

28.

29,

QBNM = (QHBH + QEN -~ QHMC) * 0.001 + (NUMB * SZB)
QHBH = NUMB * SZBB* (~1000.)
QBCNM = QBCNM + QBNM

CALL MAX to calculate peak boiler load not met (QBPNM)
~IHBNM = [IHBNM + 1
Go to calculation 28.
Calculate net heating Toad (QHBH) to be met by boiler.
QHBH = QHBH + QEN - QHMC

Perform simulation of boiler by checking type of heating source energy
(M3) and performing proper conversion,

28.1 Gas_Heating (M3 = 1)
GASH = -QHBH/80000.

where units are in therms and assumed convers1on efficiency is
80%. If GASH < 0.0, reset to GASH = 0. 0

28.2 01l Heating (M3 = 2)
| PILH = -QHBH/(0.8 * HVHP)

where units are in gallons and assumed conversion efficiency is
80%., If PILH < 0.0, reset to @ILH = 0.0,

28.3 Steam Heating (M3 = 3)

This is not a valid choice for onsite generation system.
Print error message and STQP.

28.4 Electric Heating (M3 = 4)

This is not a valid choice for onsite generation system.
Print error message and ST@P.

Determine reheat energy required by checking type of reheat source

‘energy (KRH) where

KRH = KREHT + 1

and add it to any heating energy already used,




29.1 Gas Reheat (KRH = 2)
GASH = GASH ~ QHBRH/80000.

where units are in therms and conversion efficiency is assumed
to be 80%.

29.2 0il Reheat (KRH = 3)

Not a valid choice for onsite generation system. Print error
message and ST@P.

29,3 Steam Reheat (KRH = 4)

Not a valid choice for onsite generation system. Print error
message and STQP.

29.4 Electric Reheat (KRH = 5)

Not a valid choice for onsite generat1on system. Print error
message and ST@P.




SYSSIM
April 1975
SUBROUTINE: ERR@R

SUBROUTINE: ERR@R

GENERAL DESCRIPTION

Prints terminal and warning messages due to input data abnor-
malities.

LIST OF VARIABLES

INPUT
Ng - Type of error (1 through 5)
IA - Print output variable 1
IB - Print output variable 2
X - Print output variable 3

TN




SYSSIM

April 1975
SUBROUTINE: ERR@R
Page 1 of 1
m=2 m=3 m=4 m=5 m=6

PRINT ERROR

MESSAGE
TYPE 1 RETURN

R |

PRINT ERROR
MESSAGE
TYPE 2

[ |

PRINT ERROR

MESSAGE

TYPE 3
5. 1
PRINT ERROR
MESSAGE
TYPE 4

PRINT ERROR
MESSAGE
TYPE 5




CALCULATION SEQUENCE

1.

Check for type of error.

If N

]
—
»

- go to calculation 2.
=2, °go tobca1cu1afion 3
= 3, go to calculation 4.
=4, go to calculation 5.
= b, go to calculation 6,
= 6,  RETURN
Print error message type 1.
"TERMINAL ERROR - NO. 1
ZONE SETPOINT TEMPERATURE LESS THAN THAT
OF AIR SUPPLIED BY SYSTEM NO. [IA]
FOR ZONE NO. [IB]"
STOP |
Print error message type 2.
"TERMINAL ERROR ~ NO. 2
ZONE SETPOINT TEMPERATURE GREATER THAN THAT
OF AIR SUPPLIED BY SYSTEM NO. [IA]
FOR ZONE NO. [IB]"
STOP
Print error message type 3.
”fERMINAL ERROR - NO. 3 .
NUMBER OF ZONES ON SYSTEM NO. [IA]
LESS THAN OR EQUAL TO ZERO"
STOP

T T —— — — —————




Print error message type 4,

fTERMINAL ERROR ~ NO. 4

VALUE OF INDUCED TO PRIMARY AIR RATIO

LESS THAN OR. EQUAL TO ZERO FOR

INDUCTION UNIT FAN SYSTEM NO. [IA]?
STOP
Print error message type 5.

"TERMINAL ERROR - NO. 5

CEILING PLENUM RETURN AIR SPACE

CANNOT BE SIMULATED WITH THIS

ENERGY DISTRIBUTION SYSTEM TYPE"
STOP




SYSSIM
~April 1975
SUBROUTINE: FAN@F

SUBROUTINE: FAN@F

GENERAL DESCRIPTION

This subroutine handles loads for a given hour when a fan
system is off. This routine will be called only when IFAN = 1 or 2.

LIST OF VARIABLES

INPUT
k - Energy distribution system number.
COMMON ;
| 5
IBPIL -~ Boiler on/off flag (1=on; 0=o0ff) ;
IFAN - Fan system shut-off flag (O=fans run continously, '
1=fans may be shut off
2=fans and baseboard
radiators may be shut
off)
Qs, - Zone sensible load (Btu/hr) §
3
QL, - Zone latent load (Btu/hr) i
QLITE, - Light heat into ceiling plenum above zone (Btu/hr) ;

SLPPW, - Space Tight and power (KW)
QSINF, - Zone sensible loss due to infiltration (Btu/hr)

‘QLINF, - Zone latent Toss due to infiltration (Btu/hr)

STEMP, - Space temperature at a given hour (°F)
UCFMZ - Air_flow thkough zone it it is a plenum spacé E
(Ft3/min) , ;
TSP, - Zone set point temperature (°F) :
VpL, - Zone volume (ft3) §
»
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TPA
JMAX
FBHPS,
FBHPR
FBHPE
ALFBRi
CBTUi

SPACNk’j

MULT;
I

TRALD,
TPAHT

TL(Dn
THIn
_ ISETk,m
TFBHP
OUTPUT
199
Qcc
QHC
QTRHC

QPHC

TQB

H

1

1

Outside air dry-bulb temperature (°F)

Number of zones in system k.

Supply fan brake horsepower, system k (bhp)

Return fan brake horsepower, system k (bhp)

Exhaust fan brake horsepower, system k (bhp)

Active length baseboard radiation, zone i (1in. ft)

Baseboard radiation heat output per linear foot at
standard conditions, zone i (Btu/hr-lin. ft)

Number of space as per LOAD program, applied to
system k, zone j -

Multiplication factor, zone i
Variable subscript i

Low outside air temperature at which system temper-
ature is THI,, reset schedule n (°F)

High outside air temperature at which system tempera-

“ture is TLP,, reset schedule n (°F)

Low system fluid temperature, reset schedule n (°F)
High system fluid temperature, reset schedule n (°F)
Reset temperature schedule index, system k, reset

item m (an "n" number)

Total fan brake horsepower (bhp)

Fan operation indicator (0O=fan on; 1=fan off)
Cooling load (Btu/hr)

Heating Toad (Btu/hr)

Reheat coil Toad (Btu/hr)

Preheat coil Toad (Btu/hr)

Baseboard radiation load (Btu/hr)
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WATER

BPKW

TNFBP
CoMMON

QCLNMi

QCPNMi
THCNM;

QHLNM,

QHPNMi

THHNM,

Steam humidification supplied at air handling unit
(1bm—H20/hr)

Base powef (KW)
Total net [updated] fan brake horsepower (bhp)

Monthly accumulation of cooling Toads not met,
(zone i) * MULT, (btu) ’

Monthly peak cooling load not met, zone i (btu/hr)
Number of hours cooling load not met, zone i (hrs)

Monthly accumulation of heating loads not met,
(zone i) * MULT, (Btu)

Monthly peak heating load not met, zone i (Btu/hr)

Number of hours heating Toad not met, zone i (hrs)
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SYSSIM
April 1975

, " SUBROUTINE: FAN@F
~ Page 1 of |

Sum ABS value, zone
sensible loads,
system k

1.

RETURH

of zone loads = 0,0

2.1

Initialize general
variables,

YES

Sum base power
requirements.

2.2.2 Y
Call BRAD2

Sum zone sensible
Toads not met includd
ing effect of base-
board heat.

223 ¥

Distribute sensible
Toads not met,

v g ga s

2.3 \

Adjust total fan
brake horsepower,

r

RETURN
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CALCULATION SEQUENCE

1. Check for zero sensible zone load.

If ) s.| # 0.0,
J=T5 JMAX, -

(See note at bottom of page for explanation of subscript variables

i, 3, ks z.) ‘ .
109 = 0
RETURN
If ) |gs.| = 0.0

- il
j=1, JMAXk

CONTINUE
2. Fan system turned off, distribute loads not met.

2.1 Initialize general variables.

Qcc = 0.0
QHC = 0.0
WATER = 0.0 .
QTRHC = 0.0
QPHC = 0.0
TQB = 0,0

2.2 Zone load distribution.

2.2.1 Sum base power requirements.

) ‘
BPKW = SLPPM, * MULT,
3=1, JMAX, 1

NOTE: There is a corresponding z for each i; a relationship defined by
the variable SPACNk j. Hence. i and z are defined by system number
(k) and zone number ij). ,
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2.2,2 Sum zone sensible loads not met (QLNMi) including effect
of baseboard heat.

QLNMi = QS, + QLITE, + QSINFZ

If boiler on (IBPIL = 1), and baseboard heat Teft on
(IFAN =.1), call subroutine BRAD2 to calculate baseboard

radiation heat (QBi) and adjust QLNM, .

If boiler off (IBPIL = 0) or baseboard heat turned off
(IFAN = 2), ‘

CONTINUE
2.2.3° Distribute sensible load not met (QLNMi)
If QLNMi less than 0.0, heating load not met.
Update .the following variables as required:

QHLNM, - Sum of heating Toads not met, zone i
v (Btu)

QHPNMi - Peak heating load not met, zone 1i.
(Btu/hr). Call subroutine MAX to do
this.

IHHNMi - Number of hours heating load not met,
zone 1. |

Go to calculation 2.2.4.
If QLNMi = 0.0,
Go to ca]cu]ation‘2.2.4.
If QLNMi greater than 0.0, cooling load not met.
Update the following variables as required:
QCLNMi - Sum of cooling loads not met, zone i.
QCPNM.'- Peak cooling load not met, zone i
§E§2{hr). Call subroutine MAX to do

THCNM. - Number of hours cooling load not met,
zone i.

Go to calculation 2.2.4.
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2.3 Turn off all system fans and calculate its effect on total fan

brake horsepower (TNFBP).

TNFBP

. , 109
RETURN

1.0

TNFBP - FBHPSk - FBHPR, - FBHPEk
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SYSSIM
April 1975
SUBROUTINE: FCPIL

SUBROUTINE: FCPIL

- GENERAL DESCRIPTION

This is a subroutine to simulate the performance of either a
two-pipe or four-pipe fan coil distribution system (see Fig. & ).

TWO-PIPE FAN COIL SYSTEM

- The two-pipe fan coil system consists of one distribution cir-
cuit (2 pipes) serving terminal fan coil units located in the spaces
they condition. A changeover mechanism based on ambient air tempera-
ture is required to determine whether hot or chilled water is circu-
lated. The fan coil unit, which consists of a blower and water coil,
exhibits the following characteristics:

e The blower runs continuously (unless turned off by NBSLD or
NECAP's Variable Temperature Program) while a room thermostat
cycles a 2-position valve for temperature control.

e Ventilation air may enter the zone through the unit at a
constant rate. Outside air flow is input to the program.

FOUR-PIPE FAN COIL SYSTEM

A four-pipe coil system circulates water through two distribution
systems (a hot and a chilled water circuit). The fan coil unit,
consisting of a blower and usually two coils, is controlled by a
space thermostat which regulates coil flow. A net heat gain in the
space causes the thermostat to allow flow through the cooling coil and
prohibit flow through the heating coil; for a net heat loss, the
reverse is taken. Ventilation air entering the zone at a constant
rate through the fan coil unit is also simulated. The simulation
of this system is for a continuously running blower (unless turned
off by NBSLD or NECAP's Variable Temperature Program).

LIST OF VARIABLES

INPUT
k - Energy distribution system:number
THAUR - Hour of the yeaf

TNFBP - Total net fan brake horsepower (Bhp)




ZONE ' PRESSURE
THERMOSTAT :
, SUPPLY VALVE
AIR ' j::D

FANCOIL

7 O UNIT

LidiilLl
lllllll 1]

[ COIL

Outside BLOWER
Afr | —

I

‘\\\ RETURN

v
AIR
TWO-PIPE FANCOIL UNIT

OUTSIDE >
STAT

CHANGEOVER

VALVEE;:;1
HEAT SOURCE \“K_

HEAT SINK

Figure TWO-PIPE FAN COIL DISTRIBUTION SYSTEM
(DISTRIBUTION SYSTEM NO. 8)
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COMMON
IBPIL
ICHIL
IFAN

Qs,

L,
QLITE,
SLPOW,
QSINF
QLINF
STEMP
UCFM,

TSP,
vpL
TPA
WOA
HPA
- DPA
PATM
KMAX
KFAN),
JMAX,
ALFAM

Boiler on/off flag (1=on; 0O=off)

Chiller on/off flag (1=on;0=0ff)

Fan system shut-off flag (0=fans run continuously
T=fans may be shut off

2=fans and baseboard radia-
tors may be shut off)

Zone sensible load (Btu/hr)

Zone latent load (Btu/hr)

Light heat into ceiling plenum above zone (Btu/hr)
Space light and power (KW)

Zone seﬁsib1e loss due to infiltration (Btu/hr)
Zone latent loss due to infiltration (Btu/hr)

Space temperature at a given hour (°F)

Air flow through zone if it is a plenum space
(ft3/min)

Zone set point temperature (°F)
Zone volume (ft3)

Outside air dry-bulb temperature (°F)

Outside air humidity ratio (1bm-H,0/1bm-dry air)
Outside air enthalpy (Btu/1bm) |
Qutside air density (1bm/ft3)

Barometric pressure (inches Hg)

Number of energy distribution systems

Energy distribution sysiem index

Number of zones on system k

Minimum fraction outside air, system k
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RHSPk

i

i

WSPk

PWGALk
TFNPSk

1

TFNPEk

]

FBHPSk

]

FBHPEk
DTFNS

ICZNk

CFMi -

CFMRi

1

CFMXi

ZMASSi

ZMASi

'ZWBRT

ZMASXi
ALFBRi

CBTU;
SP -
ACNk,J

I -

T¢ALQn

Relative humidity set point, system k (% R.H.)

Humidity ratio set‘point; system k
(1bm-H,0/1bm~dry air)

Process water volume, system k (gals)

Tofa] supply fan pressure, system k (inches)
Total exhaust fan pressure, system k (inches)
Supply fan brake hbrsepower, system k (bhp)
Exhaust fan brake horsepower, system k (bhp)

Air temperature rise across supply fan, system k,
at full load (°F)

Zone in,which humidistat is located, system k,
(a "j" number)

Supply air flow rate, zone i (constant) (ft3/min)

Return air flow rate, zone i (ft3/min)

_ Exhaust air flow rate, zone i (ft3/min)

Supply air mass flow, zone i (constant) (1bm-air/hr)
Supply air mass flow, zone i (constant) (1bm-air/hr)
Return air mass flow, zone i (1bm-air/hr)
Exhaust air mass flow, zone i (1bm-air/hr)

Active length baseboard radiation, zone i (1in. ft)

Baseboard radiation heat output per linear foot at
standard conditions, zone i (Btu/hr-lin. ft)

Number of space as per LOAD program, app]ied‘to
system k, zone j

Multiplication factor, zone i
Variable subécript i

Low outside air temperature at which system tempera-
ture is THIn, reset schedule n (°F)
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TW\HIn

TLP
THI
ISET

TFBHP
OUTPUT

Qc
QH

TQB
BPKW

TNFBP |

TSA

COMMON

QSIi

WZi

WREQD
QCLNM,

QCPNM,
THCNM,
QHLNMi

QHPNMi
IHHNMT

High outside.air temperature at which system tempera-
ture 1s TL¢ , reset schedule n (°F)

Low system fluid temperature, reset schedule n (°F)

~ High system fluid temperature; reset schedule n (°F)

Resét temperature schedule index, system k, reset
item m (an "n" number) '

Total fan brake horsepower (bhp)

Sum of fan coil cooling Toad (includes changeover

“energy, if any) (Btu/hr)

Sum of fan coil heating load (includes changeover
energy, if any) (Btu/hr)

Baseboard heating load (Btu/hr)
Base power (KNW)
Total net (updated) fan brake horsepower (bhp)

Supply air temperature of last fan coil unit, this
system (°F)

Sensible thermal load, zone i (Btu/hr)

Calculated humidity ratio, zone i (1bm-H20/1bm-dry air)

Required humidity ratio, zone i (1bm-H,0/1bm-dry air)

Monthly accumulation of cooling loads not met,
(zone i) * MULT (Btu)

Monthly peak cooling load not met, zone i (Btu/hr)
Number of hours cooling load not met, zone i (hrs)

Month1y accumulation of heat1ng Toads not met,
(zone 1) * MULT, (Btu)

Monthly peak heating Toad not’met, zone i (Btu/hr)

Number of hours heating load not met, zone i (hrs)
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2.

Call TEMP

Calculate process wateq]

Enter
FCRIL

Is fan
shut-of f option
used?

mode (hot water,
chilled water, or
changeover),”

Are boiler

. YES Is this a
2-pipe fancoil
system?
YES \

and chiller on?

Process mode set to

2.

Process mode
set to - r—.
chilled water

hot water

From p. 2

SYSSIM
April 1975

SUBROUTINE: FCQIL

Page 1 of 2

1.

Call FANPF

Determine if fan is
shut off. If off,
distribute electrical
and thermal Toads.

1

RETURN

Calculate base
electrical power

4, 1

Calculate sensible
thermal load

Is boiler on?

YES

Call BRAD2

Calculate baseboard
= heating load.

Call IXAIR

Catculate mixed air
conditions,

7. i

Calculate zone supply
air temperature,

8. 1

Calculate fan heat
and mixed air condi-
tions downstream of
blower,

9. 1
Call H2p7H

Calculate zone
moisture changes,




SYSSIM

April 1975
SUBROUTINE: FCPIL
Page 2 of 2

From p. T
10.

2-pipe
2-PIPE or 4-pipe
fancoil?

10.1

rocess water mode?

HOT WATER CHILLED WATER
AVAILABLE

AVAILABLE

1;%> _ ' B

fb.z 10.2
COOLING

CHANGEOVER

10.2

NO HEATING

Is boiler on? Zone thermal

requi rg?zmen ts

10.2

Calculate and

LOAD

10.2 |

Call 2193

distribute unmet
heating load,

Calcutate zone
heating load.

Call g3

Calculate zone
cooling load.

Calculate and
distribute unmet
cooling load,

t 1

|
,
10.1.1 10.1.3
c00L1t6 < roncironents S| HEATING cooting (K Lone, thermel - HeATIG
; :
10.1.1
10.1.1 10.1.1. 10.1.3 10.1.3
Gl ceplt call 793 ez 0. 1.
. Calculate and

distribute unmet

Calculate and
cooling loads.

Calculate zone distribute unmet

Is boiler on? heating load.

Calculate zone
cooling load.

heating loads.
YES
HO
. 10.1.1 10.1.3
Call CCPIL
Calculate and Calculate and
distribute unmeg distribute
heating load. unmet cooling
ioad.
1 1 [ { { {
11.
Call WZNEW
Calculate zone
TO p. ] humidity Iratlo. FY‘Om p . 'I
Oa ®
12.
2-pipe 4-PIPE
or 4-pipe RETURN
fancoil
?
] 2 M 2-Pipe

Calculate change- ¢

over energy, if

required,

£

: RETURH
B




CALCULATION SEQUENCE

1. Fan off/on check,

If it is desired to tuen off fan when possible (IFAN > 0), call
subroutine FAN@F to determine whether the fan can be turned off
for the current hour (Igg = 1 is off, 1gF = 0 is on), otherwise
go to calculation 2.

If the system is off (14¢ = 1), terminate FCPIL simula-
tion for the current hour.

If the system is on (Igg = 0), go to calculation 2.
If fans run continuously (IFAN = 0), go to calculation 2.
2. For two-pipe fan coil units, use subroutine TEMP to determine gro—

cess water mode (i.e., hot water, chilled water, or changeover) for
the current hour. Set indicator variable IPW.

where . IPW = -] heating mode
S IPW = O changeover
IPW = +1 cooling mode

If chiller available and boiler not available, reset IPW = +1.
If chiller not available, reset IPW = -1,

3. Calculate base power (KW), includes internal power, lights, recepta-
cles, equipment, miscellaneous.

- )
B =5, Lowax, SLPPW,, * MULT,

(See note at bottom for explanation of i and z).
Calculation sequence 3 through 11 is repeated for each fancoil zone
on system k.

4. Calculate sensible thermal Tload,

QSIi = Q5, + QLITEZ + QSINFZ

NOTE: There is a corresponding z for each i, a relationship defined by the
variable SPACN, .. Hence, i and z are defined by system number (k)
and zone numbe&’J (3). '
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10,

Baseboard radiation.

If boiler is on (IBRIL = 1), call subroutine BRAD2 to calculate
baseboard radiation heat (QBj) and adjust QSI.

Sum baseboard radiation heat.

T = ) s,
371, JMAX,

If boiler is off (IB@IL = 0); continue.
Calculate mixed air conditions;
Call subroutine MXAIR to calculate thermal properties (temperature,
humidity ratio, and density) of mixing outside air and room air by
the fan coil unit.

Calculate required supply air temperature (TSAi).

TSAi = TSP, - QSIi/(O.245 * ZMASi)

Calculate fan heat and mixed air temperature downstream of blower.

QFAN

CFMi * TENPS, * 0.4014
TMA

TMA + QFAN/(0.245 * ZMASi)

Calculate zone humidity calculations.

Using subroutine H2PZN, calculate total moisture requirements includ-
ing set point recovery load (H2PRD.) and moisture changes in current
hour due to environmental and room effects (HZQADi).

Calculate fan coil performance and distribute therma] loads.

10,1 Two-Pipe Fan Coil System

10.1.1 Heating Mode (IPW = -1)

If mixed air temperature (TMA) less than or equal to
supply air temperature (TSA), heating required.

If bojler on (IB@IL = 1), call subroutine ZLP3

to calculate QH and distribute unmet Toad, if any.
Go to 11.

If boiler off (IBPIL = 0), calculate heating Toad
not met (QLNMi).

QLNMi = ZMASi * (0,245 * (TMA - TSA)
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Update as required the following variables:

’QHLNMi - Sum of all heating loads not met,
zone 1.
‘QHPNM{ - Peak heating load not met, zone i.
' Call subroutine MAX to perform this
check and update.
IHHNMi - Hours heating load not met, zone i.

Redefine supply air temperature (TSA) and
humidity ratio (WSA).

TSA = TMA
WSA = WMA
Go to 17.

If mixed air temperature (TMA) greater than supply air
temperature (TSA), cooling load not met.

Call subroutine CCPIL to calculate cooling load not
met.

Update as required the following variables:

QCLNMi - Sum of all cooling loads not met,
zone i.

QCPNMi - Peak cooling load not met, zone i.
Call subroutine MAX to perform this
check and update.

IHCNMi - Hours cooling load not met, zone 1i.

10.1.2 Changeover Mode (IPW = 0)

During the changeover hour, it is assumed that both
heating and cooling Toads may be met. Therefore,
the four-pipe fan coil system zone analysis is used
(see 10.2). In addition, there is a thermal load
due to changing the temperature of the hydronic
system (see 12).

Go to 10.2.
10.1.3 Cooling Mode (IPW = +1)

If mixed air temperature (TMA) less than supp]y air
temperature (TSA), cooling required.

If chiller on (ICHIL = 1), call subroutine ZL@3
to calculate QC,i and distribute unmet load, if
any. Go to 11.

If chiller off (ICHIL = 0), cooling load not met.
Call subroutine CCAIL to calculate cooling loads
not met.




Update as required the following variables:

QCLNM; = Sum of--all cooling Joads not met.
- zone 1.

QCPNMi ~ Peak cooling load not met, zone 1.
Call subroutine MAX to perform this
check and update.

IHCNMi ~ Hours cooling load not met, zone i.

Redefine supply air temperature (TSA) and humi-
dity ratio (WSA).

TSA = TMA
WSA = WMA
Go to 11.

If mixed air temperature (TMA) greater than supply air
temperature (TSA?, calculate heating load not met

(QLNM, ).
QLNMi = ZMASi * 0,245 * (TMA - TSA)
Update as required the following variables:

QHLNMi ~ Sum of all heating loads not met,
zone i. '

QHPNM, - Peak heating Toad not met, zone i.
Call subroutine MAX to perform this
check and.update.

IHHNMi - Hours heating load not met, zone 1.

Redefine supply air temperature (TSA) and humidity
ratios (WSA?

TSA = TMA
WSA = WMA
Go to 11,
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10.2 Four-Pipe Fan Coil System

If mixed air temperature (TMA) less than or equal to supply air
temperature (TSA?, heating required. §

If boiler on (IBRIL = 1), call subroutine ZLP3 to cal-
culate QHi and distribute unmet load, if any. Go to 11.

If boiler off (IB@IL = 0), calculate heating Toad not
met (QLNM.i)- .

QLNMT = ZMASi‘* 0.245 * (TMA - TSA)

Update as required the following variables:

W ey e s

QHLNM{ ~-Sum of all heating‘1oads not met, zone i.

QHPNM. - Peak heating load not met, zone i. Call
subroutine MAX to perform this check and

W -3 e e e e LT

update.
IHHNMi - Hours heating load not met, zone 1.
Redefine supply air temperature (TSA) and humidity ratio
(WSA).
TSA = TMA
WSA = WMA
Go to 11. E
If mixed air temperature (TMA) greater than supply air tempera- E

ture (TSA), cooling required.

If chiller on (ICHIL = 1), call subroutine ZL@3 to cal-
culate QCi and distribute unmet load, if any. Go to 11.

If chiller off (ICHIL = 0), cooling Toad not met. Call
subroutine CCPIL to calculate cooling load not met
(QLNM;). ‘

Update as required the following variables:

Sum of all éoo]ing loads not met, zone i.

QCLNMi

Peak cooling load not met, zone 1. Call
subroutine MAX to perform this check and
update. -

QCPNMT

Hours cooling load not met, zone i.

AT TEERE

THCNM,
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‘Redefine supply air temperature (TSA) and humidity
ratio (WSA). .

TSA = TMA
- WSA = WMA
Go to 11;

If mixed air temperaturé (TMA) equals supply air temperature
(TSA), no load condition,

TSA = TMA
WSA = WMA
Go to 11,

11. Calculate zone humidity ratio.
Using function WZNEW, calculate the humidity ratio of each zone (wzi)'
12. Calculate heat of changeover (for two-pipe fan coil systems only).
If IPW = 0, changeover,

Calculate hot water temperature (THW) using function
TRSET.

Calculate changeover heat (QC@).
QCp = PWGALk * 8,3 * (THW - TLCHL)

where PWGAL, - Water volume of two-pipe system (gals)

k
TLCHL - Chilled water temperature (°F)

If heating-to-cooling changeover:

QC = QC + QCPp
Return. .
If cooling-to-heating changeover:

QC = QH - QC@

Return.
If IPW # 0, return.
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SYSSIM
April 1975
SUBROUTINE: FHTG2

~"SUBROUTINE: ' FHTG2

'GENERAL DESCRIPTION

This subroutine simulates the performance of a floor panel
heating system. The floor panel heating system routine is designed
| to simulate either on-grade slabs or intermediate slabs as shown
| in Figure . The simulation calculates the water temperature
required to meet zone loads and the resultant heat loss of the sys-
| tem assuming all zones to have the same set point temperature.
| Surface and edge losses are also included in the simulation of
this system.

LIST OF VARIABLES

INPUT
k - Fan system number
COMMON
- IBQIL - Boiler on/off flag (1=on; 0=0ff)
Qs, - Zone sensible load (Btu/hr)
| QLITE, - Light heat into ceiling plenum above zone (Btu/hr)
% SLPOW,, - Space light and power (KW)
% QSINF, - Zone sensible Toss due to infiltration (Btu/hr)
g TSP, - Zone set point temperature (°F)
% KFANk - Energy distribution system index
% JMAXk - Number of zones on system k
SPACN - Number of space as ber LOAD program, applied to

ks system k, zone J

MULTi Multiplication factor, zone i
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I - Variable subscript i

PLQCk - Location of floor heating panels, system k

PAREAk - Floor area covered by heating panels, system k (ftZ)

PERIM, - .Exposed perimeter of floor, system k (1in.ft)

KFLCV - Type of floor covering (1=bare concrete; 2=tile;
3=carpeting) v

CINSL: - Floor insulation conductance (Btu/hr-sq-ft-°F)

DINSL - Floor insulation thickness (ft)

ouTPuT |

QFPC - Hourly cooling requirement (Btu/hr)

QFPH - Houriy heating réquirement (Btu/hr)

QFPRH - Hourly reheat requirement (Btu/hr)

QPHC - Hourly preheat coil requirement (Btu/hr)

TQB - Hourly baseboard heating reqUirement (Btu/hr)

WATER - Hourly humidification requirement (1bm-H,0/hr)

BPKW - Total internal lights and machinery power con-

sumption for zones served by system under con-
sideration (KW)

TNFBP - Total net (updated) fan brake horsepower
requirement (Bhp)
TPAN - Panel temperature (°F)
COMMON
QSIi - Sensible thermal load, zone i (Btu/hr)
QCLNMi - Monthly accumulation of cooling loads not met,

(zone i) * MULTi (Btu) ,
QCPNM, - Monthly peak cooling load not met, zone i (Btu/hr)

IHCNMi - Number of hours cooling load not met, zone i (hrs)




QHLNM,
QHPNM,

IHHNMi

Monthly accumulation of heating loads not met,
(zone i) * MULT, (Btu)

Monthly peak heating load not met; zone i
(Btu/hr) v

Number of hours heating load not met, zone i (hrs)
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CALCULATION SEQUENCE

1. Initialize general variables.

QFPC = 0.0
QFPRH = 0.0
QPHC = 0.0
T8 = 0.0
WATER = 0.0
BPKW = 0.0
QSSUM = 0.0 (Sum of‘zone sensib]e‘heating loads (Btu/hr))

2. Calculate base power (BPKW), includes internal power, lights,
receptacles, equipment, m1s&e11aneous (KW).

BPKW = ) SLPPW, * MULT,
3=1, JMAX, 4

(See note below for explanation of subscript variables i, j, k, and z))

3. Calculate system heating load (QSSUM).

QSI; = QS, + QLITE, + QSINF,
If QSI; > 0.0, QSI = 0.0.
QSSUM = ) QsI,

=1, JMAX,

4, - Check for heating load.
If heating load not present, go to 10.
If heating load is present, CONTINUE.

NOTE: There is a corresponding z for .each i, a relationship defined by
the variable SPACNk’». Hence, 1 and z are defined by system -
number (k) and zone humber of system (Jj).




5. Calculate panel temperature (TPAN) required for desired heating
flux (QPAN?

QPAN = QSSUM/PAREA,

TSP,
. *

Calculate set point temperature of system TSPJI
where. TSP is the set point of the first zone (J

ll bi]

Initially, set TPAN = TSPJ1 + 1.
QCALC = 0.15 * ((TPAN + 460.0)/100.0)
** 4,0 - 0.15 ((TSPJ1 + 460.0)/100.0)
*% 4,0 + 0.32 * (TPAN -~ TSPJ1) ** 1,31

f (QPAN - QCALC) is greater than (0.01 * QPAN),
calculate a new TPAN

TPAN = TPAN + 0.5 * (QPAN - QCALC)

and repeat above calculation. If necessary, repeat again until
QCALC is within (0.01 * QPAN).

6. Calculate surface temperature of f]oor required (TSUR) as a function
of the type of floor covering.

6.1 If KFLCV = 1, bare concrete floor, therefore
TSUR = TPAN
Go to 6.4.
6.2 If KFLCV = 2, tile covering, therefore
TSUR = TPAN + QPAN * 0.05
Go to 6.4.

6.3 If KFLCV = 3, carpeting, therefore

TSUR = TPAN + QPAN * 1.4

Go to 6.4. ,
6.4 If TSUR as calculated above is greater than 85.0 OF, reset

TSUR = 85.0.

* See 1967 ASHRAE Guide and Data Book, Systems and Equipment Vo]ume,
Chapter 58, for derivation of all equations.




8.

Calculate the downward and edgewise'1oss Coefficient (C3).
7.1 If CINSL = 0.0, no ‘insulation, therefore

C3=1.8

Go to catculation 8.

7.2 If CINSL > 0.0, and DINSL = 0.0, then only perimeter
insulation, therefore

€3 = 1.32 + 0.25 * CINSL
Go to calculation 8.

7.3 If CINSL > 0.0 and DINSL > 0.0, then
€3 = 0.932 + 0.523 * CINSL

0.479 * CINSL ** 2.0
0.271 * DINSL + 0.046 * DINSL

** 2.0 + 0.786 * CINSL * DINSL

0.72 * DINSL * CINSL ** 2.0

0.182 * CINSL * DINSL ** 2.0
+ 0.24 * (DINSL * CINSL) ** 2.0
Go to calculation 8.
Calculate downward and edgewise heat loss (QL{SS).

8.1 If PL(Z)Ck = 1, then

QL@SS PERIMk * C3 * (TPAN - TQ)A)/PAREAk
Go to calculation 9. L

8.2 If PL(DCk = 2, then

QL@SS = 0.15 * ((TPAN + 460.0)7/100.0)

%% 4.0 - 0.15 * (TSPJ1 + 460.0)/100.0)
** 4,0 + 0.02]

* (TPAN - TSPJ1) ** 1.25

Go to calculation 9.




9. Calculate heating requirement of syétem (QFPH).
QFPH = 1.0 * (QPAN + QL@SS) * PAREAk
10. Distribute unmet heating and cooling loads, finding:

Heating and cooling peak, consumption, and number of
hours heating and cooling Toads were not met.




GENERAL DESCRIPTION

The purpose of this subroutine is to calculate energy distri-

SYSSIM
April 1975
SUBROUTINE: FSIZE

SUBROUTINE: FSIZE

bution system characteristics. These properties include:

LIST OF VARIABLES

INPUT
FAC
CITY
ENGR
PR@J
DATE
FAN,,
NRUN
COMMON
Qs

z

z
QLITEZ

SLP@NZ‘

Zone peak heating and cooling loads

Zone air flows

Fan system air quantities and motor brake horsepower
Fan system minimum outside air percentage

Peak building power requirements

*Name of facility

Name of city in which facility is Tlocated
Name of user

Project number

Date of computer run

Distribution system abbreviations

Number of runs

Zone sensible load (Btu/hr)
Zone latent Toad (Btu/hr)
Light heat into ceiling plenum above zone (Btu/hr)

Space light and power (KW)
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QSINFZ
QLINFZ
. | STEMPz
UCFMZ

TSP,
VoL,
KBLDG
KMAX

TZNMX
MSTRT
NDAYS
MEND

IMAX
KFAN

k

JMAXk

ALFAM,
PACFM
RHSP,.
RIPA,
TFNPS

k

TFNPRk

H

Zone sensible loss due to infiltration (Btu/hr)
Zone latent loss due to infiltration (Btu/hr)
Space temperature at a given hour (°F)

Air_flow through zone if it is a plenum space
(ft3/min)

Zone setpoint temperature (°F)
Zone volume (ft3)

Heat conservation building flag

Number of energy distribution systems
Number'of zones to be studied

Month in which study begins

Length of study (days)

Last month of study

Number of hours in month m (m - 1,12)

Energy distribution system index

Number of zones on system k

Minimum fraction outside air, system k
Minimum ventilation air, system k (ft3/min)
Relative humidity setpoint, system k (% R.H.)

Ratio of induced to primary air, system k

Total supply fan pressure (inches)

Total return fan pressure (inches)

TFNPE, - Total exhaust fan pressure (inches)

SPACN

K.J Number of space as per LOAD program, applied to

system k, zone j

CFMXi - Exhaust air flow rate, zone i (ft3/m1n)




MULTi - Multiplication factor, zone i

I - Variable subscript i
EFF - Pump and fan motor efficiency
ouTPUT
COMMON
CFMAXk- - Design supply air of system k (ft3/min)
CFMEX, - Exhaust air, system k (ft3/min)
WSP} - Humidity ratio setpoint, system k (1bm-H,0/1bm-dry air)
DAVE, - Average air density, system‘k (1bm/ft3)
WRA, - Return air humidity ratio, system k (1bm-H20/1bm-
dry air)
DRA, - Return air density, system k (1bm/ft3)
PWGALk - Process water volume, system k (gals)
FMASSk - Supply air mass, system k (1bm-air/hr)
FMASR, - Return ajr mass, system k (Ibm-air/hr)
FMASX, - Exhaust air mass, system k (1bm-air/hr)
FBHPSk - Supply fan brake horsepower, system k (bhp)
FBHPRk - Return fan brake horsepower, system k (bhp)
FBHPE, - Exhaust fan brake horsepower, system k (bhp)
DTFNSk - Air temperature yise across supply fan, system k,
at full load (°F)
DTFNRk - Air temperature rise across return fan, system k,
at full load (°F)
CFM; - Supply air flow rate, zone i (constant) (ft%/min)
CFMS; - Supply air flow rate, zone i (variable) (ft3/min)

CFMRi

Return air flow rate, zone i (ft3/min)

‘v{”( DY RO 3




ZMASS
ZMAS
IMASR,
IMASX
0SI
TS,
WZ
TFBHP
CFMBN
CFMBX
CFMBE
PWBIL

Supply air mass flow, zone i (constant) (1bm-air/hr)
Supply aif mass flow, zone i (variable) (1bm-air/hr)
Return air mass flow, zone i (1bm-air/hr)

Exhaust air mass f]ow,}zone i (1bm-air/hr)

Sengib1e thermal 1oad, zone i (Btu/hr)

Supply air temperature, zone i (°F)

Calculated humidity ratio, zone i (1bm-H20/1bm—dry air)
Total fan brake horsepower (BHP)

Building total minimum outside air (ft3/m1n)
Building total design load supply air (ft3/min)
Buildiné total exhaust air (ft3/min)

Building peak base power Toad (KW)
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SEGMENT ONE

Month Loop
. J m=m+1

Hour Of Month Loop

Distribution System Loop

b

Zone Loop

FEFEEN

ENTER
FSIZE

[m=start tonth "}

Is
m greater Than YES

SYSSIM

April 1975
SUBROUTINE: FSIZE
Page 1 of 3

Stop Month
?

Ko

Is
th Greater
Than end Hour Of
Honth ?

YES

NO

Read
Weather
Data From
Load
Tape

Read
Zone Data
from Load

Tape

Is

k Greater

Than KMAX
?

YES

Is
J Greater Than YES

JHAX
2 k

] . NO
Sum Zone -
Base Power
CALL MAX

Find Maximum
Zone Sensible
Cooling Load

2 ¥
CALL MAX

Find Maximum
Zone Sensible
Heating Load

1.3. 1¢

CALL MAX

Find Maximum Building
Base Power

1

QD To p. 2
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SEGMENT TWO

Is
k Greater

SYSSIM
April 1975

~ SUBROUTINE: FSIZE
Page 2 of 3

YES

Than kMAX
?

1s
} Greater

YES

Y

Than JHAXk
?

Calculate Heating

And Cooling Airside

Design Temperature
Differences

23

Calculate Zone
Supply Air
Quantities

2.3 ¢

Calculate Zone
Return Air
Quantities

2.4

Sum System Supply
And Exhaust
Air Quantities

asas

2.5 r<

Calculate Average
Zone Set Point
Temperature System k

2.6 1%

Calculate Minimum
Qutside Air Fraction

2.7 1

CALL HUMI

Calculate System Humi-
dity Ratio Setpoint

2.8 1Y

Initialize System Re-
turn Air Humidity Ratig
And Density

7.9 {

Calculate Supply
Return And Exhaust
Fan Power

2.10 ¢

Sum Building Fan Power

Z. 11

Calculate Supply & Re-
turn Fan Temperature
Rises Due To Fan Heat
(At Design Conditions)’
J 4

atlh-
f

Calculate Zone And Sys-
tem Air Mass Flow Rates
Supply,Return % Exhaust

ib To p.3
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| _ SEGMENT THREE . (8) Fromp. 2
3.1
§ Write System &
| Equipment Simulation
Title Page
| 3.2 +
g Write Distribution

Systems Characteristics
Page

3.3 +

Write Zone Air
Flow Summary
Page

RETURN




CALCULATION SEQUENCE

1. Segment One. Read through the input load tape and, using subrout1ne
MAX, find the following quant1t1es'

1.1 QSZCMi - Maximum zone sensible cooling load for each zone, i
(Btu/hr)

1.2 QSZHMi - Maximum zone sensible heating ]oad for each zone, i
(Btu/hr)

1.3 PWBIL -

Maximum hourly buildin 1nterna1 lighting and machin-
ery power consumption %KW)

2; Segment Two. Calculate zone and system peak load air quantities and
system peak load power requirements for each zone within the building.

2.1 Calculate cooling and heating airside temperature design differ-
ences.

(TPACk + TIAC * ARIPAk)

mc = TSP, -

z (1. + ARIPAk)
tTPAH, .+ TIAH * ARIPA

TOH = Tsp, - (—XK k)

z (1. + ARIPAk)
where TDC =~ - terminal unit cooling design temperature

difference (°F)

TDH - terminal unit heating design temperature
difference (°F)

ARIPA, - ratio of induced to primary air (equals zero
except for induction unit fan systems, where
it equals RIPAk), system k

TIAC - design dry-bulb temperature of induced air
after passing through coil, cooling mode =
62°F

TIAH ~ design dry-bulb temperature of induced air
after passing through coil, heating mode =
120°F .

TPACk]c - primary air design temperature, cooling mode,
for system type kf. See table below.

TPAka - primary air design temperature, heating mode,

for system type kf. See table below.
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TABLE HEATING AND COOLING PRIMARY AIR DESIGN TEMPERATURES
SYSTEM PRIMARY AIR INDUCED AIR
SYSTEM :

TYPE | SymgoL. | COOL, DESIGN| HEAT, DESIGN HEAT. DESIGN | COOL. DESIGN
(kf) (°F) (°F) (°F) (°F)
1 SZFB 55, 120. - -

2 MZS 55, 120. - --

3 DDS 55, 120. - -

4 SZRH 52. 95, - -

5 UVT 55, 120. - -

6 UHT 55, 120. - -

7 FPH 0. 0. -- -

8 2PFC 55, 110, .- -

9 4pFC 55, 110. - -
10 2P1U 53, 53, 120, 62.
11 4PIU 53, 53, 120. 62.
12 VAVS 55, 120. - --
13 RHFS 55, 120. - -

2.2 Calculate zone supply air quantities (CFMi).

2.2.1

Calculate supply air quantities based on thermal require-
ments.
IF QSZCMT < QSZHMi
TDC TDH
CFM, = QSZHM,
(0.245 * 0.075 * 60. * TDH)(1. + ARIPAk)
1f QSZHMi < QSZCMi
TDH TDC
CFM, = QSZCH,

i

where 0,245
0.075
60.

(0.245 % 0,075 * 60, * TDC)(1. + ARIPAk)

specific heat of moist air (Btu/1bm-°F)

]

density of standard air (1bm/ft3)

minutes per hour

NRCA S iy UNAIAN N I
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2.2.2 Check for supply air quantity Reset.

If zone exhaust!air (CFMXi) is greater than zone
supply air (CFMi),

CFM, = CFMX,
If K_FANk = 7 (Floor Panel Heating System),
| CFMi =0
2.3 Calculate zone return air

CFMRi = CFMi - CFMX,i

; 2.4 Sum-system supply and exhaust air flows a
CFMAXk = ;Z CFMi
J—l,JMAXk
CFMEX,, = o CRmY,
j=],JMAXk !

(See note at bottom of page for explanation of i, j, & k.)

2.5 Average system temperature (TAVEk)

Lo (CFM.*TSP *MULT, )
TAVEk - J=1,JIMAXK

(CFMi*MULTi)
k
2.6 Minimum outside air fraction (ALFAM

J=1,IMAX

oW e e e

k)

If minimum outside air (PACFM,) is greater than system
exhaust air (CFMEXk ) and grea%er than system supply air
(CFMAXk) -- (CFMEXk<¢ACFM >CFMAXk)

CFMi*(QACFMk/CFMAX

g > —

CFMi

CFMAXk

k)

ﬂACFMk
Kk = @ACFMk/CFMAX

oo v e e gy

ALFAM

k
Go to 2.7

L "

If minimum outside air (QACFMk) is greater than system

L AT

\

NOTE: There is a corresponding z for each i3 a relationship defined

by the variable SPACNk j




exhaust air (CFMEX,) and less than system supply air
(CFMAXk) -- (CFMEXk<ﬂACFMk>CFMAXk)

ALFAM =.CFMEXk/CFMAXk

Go to 2.7
If minimum outside air (PACFM,) is less than system exhaust
air (CFMEXy) and Tess than syEtem supply air (CFMAXk) -
(CFMEX >QACFMk<CFMAXk) ‘

QACFMk = CFMEXk

ALFAM

K= CFMEXk/CFMAXk

Go to 2.7

2.7 Calculate system humidity ratio setpoint. Call subroutine
HUMI to calculate distribution system humidity ratio set-
point (WSP). Input average zone setpoint temperature (TAVE),
barometric pressure at sea levels (29.92 in. Hg.), and system
relative humidity setpoint (RHSP ).

2.8 Initialize return air humidity ratio (WRAk) and density (DRAk).

WRAk = WSPk
DRAk = 0.075
2.9 Calculate fan power.
Supply Fan:
CFMAXk*TFNPSk
FBHPS, = —%325 = £FF
Return Fan: _
(CFMAXk - CFMEXk) * TFNPRk
FBHPR, =

k ~ 6346 * EFF

| Exhaust Fan: '
CFMEXk * TFNPEk

k = " 6346 * EFF

FBHPE

2.10 Sum building fan power.

TBHP =} (FBHPSk + FBHPR, + FBHPEk)
k=1,KMAX

2.11 Calculate temperature rise across fans at full load due to
fan heat.

T ———————y, >
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Supply Fan:
DTFNS

Return Fan:

DTFNR, =

‘where:

0.245

0.075

60
.4014

kK o

(TFNPS,* 0.4014)
(0.245 * 0.075 * 60.0)

(TFNPRk * 0.4014)
(0.245 * 0.074 * 60.0)

Specific heat of moist air (BTU/Lbm - °F)
Density of standard air (me/ft3)

Minutes per hour
BTU-MIN )

hr-ft3-in. H,0

This value is derived from the basic

Fan heat factor (

air horsepower eqgs:

) q*pt*dw
Air WP = 533000
. _ dw
Air Hp = a * py * 15733000 (eq.

Expressing air horsepower as heat (H),

H = Air HP * 42.44 * 60. (eq.

Substituting eq. 1 into eq. 2,

dw

H=q*pt*m*42.44*60 (eq.

For dw = 62.4, this reduces to
H=gq* Pe * 0.4014 (eq.
where
dw - Density of water (62.4 LE%)
' ft '
H - Heat flow (Btu/hr)
q - Air flow (ft3/min)
Py = Total air pressure (in. HZO)

Substituting eq. 4 into eq. 5:

4)
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H=2Cp, *q*d, * dt_* 60 (eq. 5)
And so1Ving for air temperature difference

(dta) is the form of the equation in 2.11.

g * 0.4074

| dt, = . *d_* 60

a0

|

§ where:

% Cp. - Specific heat of moist air (EEE °F)
% pa P Lbm

|

g d. - Density of air (LEE)

§ i 2 ft3

2.12 Calculate mass flows:

Zones:
IMASS; = CFM, * 0.075 * 60.0
ZMASX1F= CFMX; * 0.075 * 60.0
ZMASR, = ZMASS, - IMASX,
Systems:
FMASS, = CFMAX, * 0.075 * 60.0
FMASX, = CFMEX, * 0.075 * 60.0
FMASRk = FMASS, - FMASX,

3.  Segment Three. Write FSIZE information. ~See Figures

3.1 Write System and Equipment Simulation title page which includes
the following:

FAC - Facility name

CITY - Location

ENGR - User

PR@J - Project No.
- Date

' DATE
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3.2 Write Distribution System characteristics page. This
includes the following information for each system:

Distribution system number

k

1

FANkf System type

FBHPS, - Supply fan brack horsepower

| k
| FBHPRk - Return fan brake horsepower
E | FBHPE, - Exhuast fan brake horsepower
E ' JMAX, - Number of zones on system
% CFMAX, - Supply air flow (CFM)
é CFMINk - Minimum outside airv(CFM)
| CFMEXk'— Exhaust air flow (CFM)
ALFAMk - Percent minimum outside air to supply air.

3.3 Write Zone Air Flow summary page which includes the
following for each zone.

Distribution system number

k -
J - System zone number
z - Load program zone number
MULTi - Zone multiplication factor
CFM. - Supply air (CFM)
CFMX, - Exhaust air (CFM)
TSP, - Zone set point temperature(°F)

1
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