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FORENORD to the Second Edition

This document is the second edition of the SIMWEST operating manual. The
SIMWEST program described in the first edition was capable of modeling
total wind energy storage systems. This edition also includes a descrip;
tion of recent enhancements to the program which give it the capability to
model solar photovoltaic systems. These enhar.cments were developed under
NASA contract DEN3-42 "An Expanded System Simuiation Model for Solar En-
ergy Storage." The principal investigator for this contract was Dr. A. W.
Warren. Co-investigators were Dr. Y. K. Chan and Dr. M. H, Dwarakanath.
This program was conducted under the sponsorship of the Division of Energy
Storage Systems, DOE, under the direction of Dr. G. C. Chang, and was
administered by the NASA-Lewis Research Center Thermal and Mechanica’
Storage Section with Mr. L. H. Gordon and Mr. R. H. Beach as project
managers. ‘
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1.0 INTRODUCTION

Energy storage systems for the utilization of intermittent power sources
have received increased study cver the past few years. The analysis of
storage requirements for optimal utilizetion of solar-derived energy sys-
tems and the total cost of the resulting generator/storage system are often
evaluated in such studies. The purpose of the SIMWEST (Simulation Model
for Wind Energy Storage) program described in this document is to provide a
tool for performing this needed analysis. It is a tool to aid in the
design of a wind or solar-photovoltaic energy system for a given applica-
tion and to allow the resulting system to be evaluated and verified through
simulation.

SIMWEST consists of a library of system components and a precompiler pro-
gram which allows these components to be put together in building block
form. The present library contains components for five types of energy
storage systems. They are pumped hydrc, battery, thermal, flywheel, and
pneumatic. The SIMWEST program version described in this documeat is for
use on the UNIVAC 1100 series of computers.

The simulation program has proven to be efficient and versatile for per-
forming parametric studies. It has a unique capability for simulating
total wind/solar systems containing any one or combination of the above
types of storage and at the same time has the flexibility and depth re-
quired to perform thorough and meaningful parameter studies.

1.1 SIMWEST OVERVIEW

SIMWEST consists of two basic programs, and a library of generation, stor-
age, environmental, and load components. The first program, the Model
Generation Program, is a precompiler which generates computer models (in
FORTRAN) of complex energy generation/storage systems, from user specifi-
cations using SIMWEST library components. The second program utilizes the
resulting computer model to perform cost and power utilization analysis.
It handles input, output, integration of system dynamics, and iterates to

BCS 40180-2 Rev. 1
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obtain convergence of implicit variables. The combination of these two
programs provides a powerful tool for analyzing alternate generation and
storage system designs.

Figure 1.1-1 shows the general organization of the SIMWEST program. In
addition to the two programs described above, there is a third which
performs file maintenance. It is used to incorporate user supplied data
for new subsystem models. Although the program is shown as a number of
subprograms, it can be executed as a single batch program by supplying the
model description cards and the control cards describing the desired anal-
ysis to be performed and the desired tabular and/or plotted output.

The SIMWEST model generation and simulation programs have a number of user
oriented features which greatly enhance the value of the codes. Some of
the more prominent features are shown in Table 1.1-1. These features and
the supplemental components described in 1.2 enable the user to quickly
build, debug, simulate and interpret alternative system designs.

1.2 SIMWEST LIBRARY

The SIMWEST library is listed in Table.l.2-1. It is made up of six types of
components: environmental, generation, load, logical, storage and supple-
mental. The two character mnemonic names are used to identify components
in the users model.

The degree of detail in the component models is based upon two design
criteria. First, all models should contain sufficient detail to simulate
all physical characteristics and constraints having significant impact on
system cost effectiveness. Second, the models should be designed to mini-
mize computer time and required user specification. It is assumed that a
SIMWEST simulation might cover a time span of one year. Thus, from a
computer run time and economic impact point of view a simulation step size
of between 15 minutes and one hour was established as a design goal.

2 BCS 40180-2 Rev.
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Table 1.1-1 SIMWEST User Oriented Features

MODEL GENERATION PROGRAM

Simplified Component Connections

Availability of all Input Parameters for Connection

Fortran Insertion Capability Between Components

Line Printer Schematic of User's Model Provided

Automated Naming of Parameters and Variables

Built-in Diagnostic Capabilities

SIMULATION PROGRAM

Free Field Data Inputs, Including Tables

Diagnostics on Data Inputs

Default Values Assigned to Unspecified Parameters

Optional Levels of Line Printer and Diagnostic Qutput

Multiple, Back-to-back Simulation Capability

Printer Plotter Output of Time Histories and Crossplots

BCS 40180-2 Rev.
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As a result of the above design criteria, many physical components, such as

the electrical components, were modeled mainly in terms of power flow and

steady state response. This level of detail is consistent with a 15 minute
time step and with the concept that important transients are‘on the time
scale of demand curves or weather patterns, i.e., an hour or more, rather
than on the time scale of electric motor transients of a few seconds. If
short time transients were to be modeled, additional detail would be re-
quired in the component models which would greatly increase the user's task
of specifying the model. Further, the simulation time step would have to .
be reduced and computer runs would be much costlier.

The environmental components listed in Table 1.2-1 simulate envircnmental
conditions. In the present SIMWEST library a user can generate wind speed
and ambient temperatures, or can use selected inputs from the recorded
weather and insolation data on the Typical Meterological Year (TMY) tapes
for one of 26 U.S. locations. These variables are generally used as inputs
to physical components. |

The generation components consist of wind generation, solar-photovoltaic
and utility routines. The wind turbine-generation components are fairly
simple models for computing the power output of a conventional, horizontal
axis wind machine given basic machine parameters. The solar-photovoltaic
components are somewhat more sophisticated, especially in the collector
thermal analysis, and have a number of modeling options which a user may
employ, e.g., active or passive cooling.

The storage components encompass such things as motors, generators, trans-
missions, and flywheels. These components model actual physical hardware
which might be used in a wind or solar energy system. The selection of the
particular SIMWEST library set of storage components was based on the
requirement that it be capable of modeling the five types of energy storage
systems mentioned previously: thermal, flywheel, battery, pumped hydro
and pneumatic.

The load components in the SIMWEST library are used to simulate various
types of power demand. They also monitor how well the system meets the

BCS 40180-2 Rev. 5



Table 1.2-1 SIMWEST Library Components

ENVIRONMENTAL

WIND
AMBIENT TEMP
TMY WEATHER TAPE

WIND POWER GENERATION
TURBINE/GENERATOR

WIND TURBINE

FIXED RATIO TRANSMISSION
AC GENERATOR

SOLAR POWER GENERATION

SOLAR ORIENTATION (TRACKING)
FLAT PLATE COLLECTOR
FOCUSING LENS COLLECTOR
PHOTOVOLTAIC ARRAY

UTILITY GENERATION

UTILITY

LOGIC

POWER DIVIDER
POWER ACCUMULATOR
PRIORITY INTERRUPT
SWITCHES

LOAD

ELECTRICAL LOAD
THERMAL LOAD

e=s

"Re35s

FP
FO
PV

ur

PD
PA
PI
SW, SX
sY,SZ

Lo
TL

BATTERY STORAGE

INVERTER
RECTIFIER
BATTERY
ADMITTANCE

FLYWHEEL STORAGE

AC MOTOR

v

¥

- MO

VARIABLE RATIO TRANSMISSION TR

FLYWHEEL/CLUTCH

HYDRO_STORAGE

HYDRO PUMP
HYDRO TURBINE
HYDRO STORAGE

PNEUMATIC STORAGE

COMPRESSOR

TURBINE

ADIABATIC HEAT EXCHANGER
BURNER

PNEUMATIC STORAGE

THERMAL STORAGE

STORAGE VESSEL

SUPPLEMENTAL

SATURATION

RANDOM NUMBER GENERATOR
TEST FUNCTIONS

TABLE LOOKUPS

TRANSFER FUNCTIONS
ARITHMETIC ELEMENTS
COST MONITOR

HISTOGRAM

TAPE READ

TIME CONVERSION

FL

PU
HT
HS

co

HX HY
BN
cs

TS

SA

RN

AF

FU,FV
IT,LA,LL,TF
MAMB,MC

M

HG

A

TI
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s1mulated demand and compute the value of the energy delivered to the load.
Like the environmental components, these components may be computed from
actual measurement data or from randomly generated data based on user
furn1shed load profiles.

"The library's logical components are the power dividers, power accumu- :

lators, switches and priority interrupts. Although physical hardware or
logic devices could be built to serve the function of the logical com-

~ ponents, they are not meant to represent any part1cu1ar exxst1ng hardware.

Instead, they are idealized components that allow the user flexibility in
modeling a wide variety of system and control logic for"operationol‘eva1ua-
tion.of energy storage systems. In practice, the control function might be

nf performed by a control room dperator using a predef1ned control strategy or
by use of a process computer. ! .

Finally, the supplemental components include such things as the tape read,
the histogram and the cost monitor, These components serve. to help the
user run the simulation and analyze its results.

1.2.1 Storage Subsystems

. Figures,1;241 through 1.2-5 give example configurations of the five types

of storage subsystems which can be modeled with the present SIMWEST
library. For illustrative purposes the number of variables shown passed
between components is limited. A description of the variables being passed
is given in Table 1.2-2.

A total energy system will generally be made up of elements from a number
of different subsystems (see Figure 1.2-6). In addition, the SIMWEST
program can be used for models which include networks of storage subsystems
of the same type or a network of wind or solar generators.

1.2.2 Logic Components

The capability for modeling complex system control logic is provided by the
power divider, power accumulator and priority interrupt components. Both

'BCS 40180-2 Rev. | .
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Table 1.2-2 Partial List of Component Inputs and Outputs
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the divider and accumulator operate on a priority basis. The priority
interrupt is used by other system components to change the priority setting
of the divider and accumulator.

The power divider has one input power port and four output power ports (not
all output ports need be used for a given simulation). The divider also
has an input request associated with each of its output ports. A power
request originates with a component which is directly or indirectly con-
nected to an output port. The user specifies priorities of either 0, 1, 2,
3, or 4 to be associated with each of the output ports. If the input power
exceeds that requested of the port with highest priority (priority 1) then
the excess power goes to the port with the next priority. This process
continues until either all power is distributed or all requests of non-zero
priority ports are met. A port with zero (0) priority does not receive
power. Such ports are included to model backup or switch operated com-
ponents. In these situations, the connected component would change the
zero priority setting of the power divider by use of a priority interrupt.
Two or more ports may be assigned the same priority in which case the user
may specify weights to be associated with each port. Then if there is not
enough power available to satisfy q}l requests of equal priority, the power
is divided between them in propd?iion to the user specified weights.

The power accumulator is similar to the divider except that instead of
distributing power from a single input port aﬁong four output ports, it
accumulates power from four input ports and sends it out through a single
output port. The power accumulator accepts power requests from the down-
stream component and allocates requests to each of its input ports in order
to service the downstream component.

An example illustration of the use of power dividers and power accumulators
is given in Figure 1.2-6. It is seen that power from the turbine/generator
is distributed with highest priority (priority 1) going to the power accum-
ulator that services load 1. Since the power accumulator servicing load 1
has its priority 1 input port connected to the power divider, it will try
first to satisfy load 1 from the turbine/generator and then from the
utility. If the power divider satisfies load 1 and there is power left

12 BCS 40180-2 Rev.
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over, it will be used to satisfy the request from the battery. Finally, if
the battery is full or if its charging rate is met, then the excess power
goes to the flywheel. The battery also has a priority zero connection to
the utility. If the battery remains in a discharge state for more than a
specified amount of time, it can change the utility priority (from 0 to 1)
to receive needed power.

Also in Figure 1.2-6, we see that load 2 prefers to draw power from the
flywheel before turning to the battery.. This configuration tends to keep
the flywheel as discharged as possible, using it primarily as a means to
absorb large influxes of power.

1.3 SIMWEST OUTPUT

There are three basic forms of SIMWEST output to facilitate the analysis of
wind and solar energy storage systems; line printer plots, histograms of
system variables and time sequenced output of variable values. Each
SIMWEST Tlibrary component is associated with a number of output variables.
Prior to simulating a given system the user may select any of these outputs
for plotting or tabular output. For example, he may want to plot the
energy of pneumatic storage as a function of time and/or as a function of
temperature. If the user wants a time sequenced listing of all variable
values, he may specify the time step between printouts. The listing of all
variabies has proven to be a useful tool in understanding the performance
of the system under consideration and a valuable aid in validating the
system design.

SIMWEST also provides .a special output which computes life cycle and level-
ized energy costs per kwh. This output is produced by the cost monitor
component and is illustrated in Figure 1.3-1. The levelized energy costs
are based on energy delivered to the loads during a simulation and fore-
casted to a full years' system operation. This output permits direct
comparison of capital and energy costs for alternative system configura-
tions, enabling a user to perform economic trade studies and system sizing.
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* ENERGY COST PER KWH 86.8 MILLS o
'S .

VB ECDQANARARNARAARN20CR002 000000 GGOQCRQANRREGNOCRRYS

VALUE OF ENERGY DELIVERED J7r2 s
(VALUE OF FUEL SAVED)

ENERGY VALUE PER KWN 50" MILLS
COSY PER VALUE DELIVERED 1le74

® LOAD FACTOR

PERCENT OF LOAD SUPPLIED 100.0
BY VOTAL SOLAR SYSTEM

PERCENT OF LOAD SUPPLIED 0.0

8y UTILITY

PERCENT OF SOLAR ENERGY 0.0
SURPLUSED

COSY TO MEET LOAD 86.8 NILLS

CSOLAR + UTILITY)

Figure 1.3-1 Cost Monitor Output For Fresnel Lens Model
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1.4 TESTING

Reference [1] describes two simulation studies which were used to test the
original SIMWEST program. Reference [6] describes the NASA-Lewis approved
simulation studies for the expanded SIMWEST program. These studies
provide an excellent test and illustration of the program's capability to
model complex wind/solar energy systems.

Prior to performing the simulation studies and throughout its development
the SIMWEST program was systematically tested. First components were
grouped into simple systems and simulations were performed. During these
simulations system parameters were driven s as to force the individual
components through every normal program path and to assure that all com-
ponent outputs assume a wide range of values. The number of components and
the number of ways they can be connected makes it impossible to exercise
every combination. However, the subsystem groupings that were used were
representative of the expected program usage. Sections 8 and 9 describe
some of the test cases for the wind and solar-photovoltaic generation
components.

In terms of computer efficiency, it was found during the testing that the
program exceeded original expectations. Even on very complex systems,
such as represented by the NASA-Lewis test case, convergence of logic
variables was quite rapid. Convergence generally took place in less than
six iterations per simulation time step. As an example, the year simula-
tions used in the NASA defined parameter study of reference [1] took less
than 420 CPU seconds on the CDC 6600. For comparison, the CPU time on the
UNIVAC 1100/40 is approximately two to three times as great as that on the
6600, and CPU time on the Cyber is5 is a factor of two to three times
smaller than that of the 6600.

1.5 PROGRAM USAGE
While the user need not be a SIMWEST expert or software specialist to make

efficient use of the program, he should thoroughly think through and be
familiar with the characteristics of the system he wants to simulate.
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Component models, if not carefully specified, may perform in unexpected
ways. If the systems logic is not well thought out, the resulting system
may be significantly out of balance and subsystems may not be fully uti-
lized. The test case described in reference [6] il1lustrates the process of
sizing and logic adjustment to satisfy system performance objectives.

A number of useful procedures were developed during the simulation
studies. First it was found that wher simulating a complex system, it is
best to separately develop and test subsystem portions of the model. This
allows problems or unexpected results to be isolated and understood prior
to the introduction of the more compléx characteristics associated with
the total system.

It was found during the simulations that the use of Fortran statements in
the model definition is very useful for creating special input to system
components and for defining special outputs to be plotted or statistics to
be printed. For example, Fortran statements enable the user to generate
and interpret trade study data by computing component input parameters
from user specified system parameters. The use of Fortran statements is
simple and should be encouraged early in SIMWEST applications.

Computer simulation costs may be minimized by appropriate tradeoffs be-
tween run time and simulation accuracy. Run time is most directly affected
by the integration step size, the total simulation length, and the average
number of iterations through the model at each time step. For long dura-
tion runs, an hour step size is usually acceptable. Models having smaller
time constants than the step size may be approximated by implicit steady
state conditions and solved by iteration through the model. If a model
requires many iterations for convergence then it may be useful to isolate
the source of instability in order to modify or simplify that portion of
the system model. It has been generally found in the simulation studies
that use of a few seasonal weekly simulations is adequate to predict long
term performance for system trade studies and design optimization. Based
“he results of [6], four to six week long simulations are recommended
- this purpose.
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When making a year simulation run, it is best to break it into twelve
monthly simulations. Thus, measures of performance such as plots, histo-
grams and performance statistics are available on a monthly basis. In
addition to giving better visibility of the system performance, this helps
1limit the job core size. The twelve monthly simulations can be submitted
as a single run with the results of a given month acting as initial
conditions for the next month. The user only needs to submit new data
cards for data which changes from one month to the next.
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desired, the independent and dependent axis scale ranges can also be speci-
fied. The independent scale range is specified by the word XRANGE followed
by the minimum and maximum values for this scale. The dependent scale
similarly is specified by the word YRANGE. If scale ranges are not speci-
fied, values will be used that span the given data. ’

SI MANUAL SCALES
SI AUTO SCALES (Default Condition)

The SI MANUAL SCALES command allows the plotted output requested by the
DISPLAY commands to be plotted on manual scales specified by the YRANGE and
XRANGE commands. The SI AUTO SCALES command can be used to return plotting
to the automatic scaling mode. Auto scales are selected so that they span
each plotted quantity. The auto scale option is the default used until
manual scales are requested. The PRINTER PLOTS command is also required to
obtain plots.

Example 3.5-1:

SI MANUAL SCALES, PRINTER PLOTS
DISPLAY1

WV2WD, VS, TIME, YRANGE = 10,40
P1 PD, VS, TIME, YRANGE = 0,1000
P2 PD, VS, TIME, YRANGE = 0,1000
DISPLAY2

P2 IV, VS, TIME

RE2BA, VS, TIME

REILO, VS, TIME

DISPLAY3

P1 PD, VS, P2 PD, YRANGE = 0,1000, XRANGE = 0,1000

BCS 40180-2 Rev. 49
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TITLE

The TITLE command allows a title to be placed on all plotted output. Up to
74 characters may follow the delimiter that follows the TITLE command. The
TITLE command may be changed before each analysis. Once defined, the title
remains in effect until a new title is entered.

Example 3.5-2:
TITLE = BATTERY TEST MODEL
3.6 ITERATION AND DIAGNOSTIC CONTROL

There are three built-in parameters in any SIMWEST model : CYCLES, DLINES
and RESET. These parameters are specified similar to component parameters
using the PARAMETER VALUES command.

CYCLES controls the number of iterations through the model to obtain steady
state. If CYCLES < 0. then only one pass is made through the model. If
CYCLES is a positive integer then the maximum number of iterations through
the model is equal to CYCLES + 1., If cycles is positive, but not an
integer, then the maximum number of iterations is equal to the smallest
integer value exceeding cycles. A maximum of 20 iterations are permitted
per time step. Most of the models tested require no more than six itera-
tions per time step to attain steady state. A complex model with cascaded
logic components may require more.

Each of the model output variables are monitored each pass for convergence.
If all of the outputs are converged within 3% of their previous values,
then one final pass is made through the model. OtherwiSe, all variables
exceeding 5% of their previous value are printed out after the last itera-
tion. '

Since output statistics are only updated the last iteration, some of the
variables printed indicating nonconvergence are just statistics, and as
such should be ignored.

* BCS 40180-2 Rev.




DLINES controls the amount of convergence-related printout to be con-
trolled as well as the amount of diagnostic printout put out by the library
component. If DLINES >0 then the total number of diagnostic printouts is
no greater than DLINES. Figure 3.6 shows a typical section of diagnostic
printout using DLINES >0. If DLINES<O then only library component diag-
nostics are printed with no greater than - DLINES of output. Typically,
DLINES = 50 is sufficient to catch most simulation errors per run.

OUTSIDE NININUN 60,000 AND WAXINUR 212,000

TS STORAGE TEMPERATURE 59,399
~18 8T0RAGE TEWPENATURE - - 59,7331———-QUISIOE NINTrFUN 60,000 -~ - AWD NAXIWUN © 212,000 -
Tinte 88,50
—_— P2 HT  NONCUNVERGENCE ,~ULO-VALUES -~ 31,913 - WEW VALUE®-——— 30,300 ——— —- = — -
P2 GE  NONCONVERGENCE, OLO VALUES 30,638  NEW VALUES 29,0
PL GE  KONCONVERGENCE, OLD vALUEtw 1,275  NEW VALUES 1,211
WS RESERVOIR VOLUME  77210,404  DROPED BELOw WININUM  $0000,000
~78-8TARAGE TEMPERATURE -— — - 50,084 — — QUTSIDE MININUA - 60,000 - AND MANINUN- —- 252,000 - =
TS STORAGE TVEMPERATURE 58,964 OUTSINE WINIMUN $0,000  AND WANINUN 212,000
TS STORAGE TEWPERATURE 59,938 OUTSIOE NININUN 60,000  AND MAXINU® 212,000

FIGURE 3.6 TYPICAL DIAGNOSTIC OUTPUT

RESET controls the initialization value for the random number generators
if several simulations are run back to back. If RESET >0 (Default) then
the same random numbers are used for each simulation. If RESET<O0 then the
random numbers at the start of each simulation are obtained from the last
value at the end of the previous simulation.

3.7 DEFINE COMMANDS
DEFINE STATES
'DEFINE RATES

DEFINE PARAMETERS
DEFINE VARIABLES
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These program commands may be used to define the alphanumeric names that
will be used to refer to states, rates, parameters, and variables. A1l
system models formed by the Model Generation program have model-related
names generated for all states, variables, and parameters in the model.
State variable derivatives, (Rates), are generated as R1l, R2, ... for all
models. R1, R2, ... refer to the rates of the first, second, ... states
respectively. If it is desired to replace these machine generated names
with other names, the DEFINE command may be used to substitute any eight
character names of the analyst's choosing. These names are associated with
the corresponding numeric quantities located in the labeled commons /CX/,
/CXD0OT/, /CP/, and /CV/. The appropriate location for each quantity is
printed out along with the quantity name prior to each simulation. Each of
these commands is followed by phrases containing the location numeric fol-
lowed by an alphanumeric name with one to eight characters, the first of
which must be alphabetic.

Example 3.7:

DEFINE STATES
1 = PRESSURE, 2 = STROKE, 5 = VELOCITY, 7 = ANGLE

DEFINE PARAMETERS

5 = MASS, 35 = DCT AREA
DEFINE VARIABLES, 1 = T OUTLET, 2 = LIQ H20

Note that the program commands, numeric values and alphanumeric names must
be separated by delimiters which are: [,], equals [=], left parenthesis

{(], right parenthesis [)], or three or more consecutive spaces.

3.8 EXAMPLE OUTPUT

Figure 3.8 shows a sample of the output print format generated using PRINT
CONTROL = 3. This sample is taken from the Wind Turbine and File Read run
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4.0 JOB CONTROL PROCEDURES

In this section, we describe job control procedures for running and maintain-
Ing the SIMNEST programs. For the convenience of the user, a number of proce-
dure files have been set up which simplify the user control cards required.
In Section 4.1, we describe the control cards for executing the model genera-
tion and analysis programs. Section 4.2 describes the procedures to maintain
the programs and update fhé'componenf library.

4.1 MODEL GENERATION AND ANALYSIS EXECUTION

Figure 4.1-1 shows an overview of the program structure to execute a simula-
tion run. The program FILOAD is only executed when the component |ibrary

Is updated, and is thus described in the next section. The user input data
for the mode! generation program is put on a file called EASYCARDS. A proce~
dure file called XQTEAé? is then used to generate the mode! Fortran and com-
pile this model. Similarly, the user input data for the analysis program

is put on a file called NONSIMCARDS, and a file called XQTANALYSIS maps the
relocatable elements into absolute file elements, and executes both the simu=

lation and printer plot programs.

A job control stream to execute these programs in a batch environment is given

by:

GRUN ...

@DELETE,C EASYCARDS.
QGASG,UP EASYCARDS.
@DATA, Ii. EASYCARDS.

INPUT DATA DECK
FOR MODEL

GEND
@ASG,A XQTEASY.

BCS 40180-2

PRECEDING PAGE BLANK NOT IIUIIFI

35



RV e

2-0810% SJ8

FILOADCARDS

EASYCARDS

FILOAD

SIMAEST
=P M18.== LpECOMPILER

=9-SCRTCHI . * wip

NONSIMCARDS

*SCRTCH9 IS FORTRAN SOURCE CODE OUTPUT

ANALYSIS

=$>SCRTCH26 ==

%

NSMPPT
(PRINTER PLOTS)
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@ADD,PL XQTEASY. ' ’
@DELETE,C NONSIMCARDS.

@ASG,UP NONSIMCARDS.

@DATA,IL NONSIMCARDS.

INPUT DATA DECK
FOR ANALYSIS

ASG,T 2.U9B., Reel No.*
@END

@ASG,A XQTANALYSIS.
@ADD,PL XQTANALYSIS.
GFIN

The job control procedures XQTEASY and XQTANALYSIS are shown in Figures
4.1-2 and 4.1-3. If a user is creating data inputs from a terminal, then
it may be somewhat simpler to create new job control procedures similar to
XQTEASY and XQTANALYSIS, but substituting his data input file names for
EASYCARDS and NONSIMCARDS, respectively. If the same model is used for a
series of runs, then only the analysis program is required for execution.
However, it is safer and élso relativeiy inexpensive to execute both pro-
grams when using the above job stream. Whenever the file read component is
desired, the user must either substitute his file for F1 or F2, or add the
following job cards to XQTANALYSIS:

@ASG,A MYFILE.
@USE M, MYFILE.

where MYFILE is the user time history file and M is a unit number between

©~13 and 18. (See 7.38 for a discussion of the tape/file read component.)

4.2 PROGRAM MAINTENANCE AND LIBRARY UPDATES

Whenever the component library is updated, the user must compile the Fortran
code and run the FILOAD program to furnish the model generation program com-

*Used whenever TMY environmental tape data is to be input.
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@HDG SIMWEST MODEL GENERATION

@ASG ,AX MGABS.
@ASG,A M18.

@USE 18,M18.
@ASG,T M7.

@USE 7,M7.

@ASG,T SCRTCHS.
@USE 8,SCRTCHS.
@DELETE,C SCRTCH9.
@ASG,UP SCRTCH9.
@USE 9,SCRTCHO.
@ASG,T SCRTCH10.
@USE 10, SCRTCH1@.
@ASG,T SCRTCH11.
@USE 11,SCRTCH11.
@ASG,T SCRTCH12.
@USE 12, SCRTCH12.
@ASG,A EASYCARDS.
@USE 5,EASYCARDS .
@XQT MGABS.EASY
@ASG,AX ASRO.
@ASG ,AX ASSI .
@ADD,PL 9.

@FREE 18.,7.,8.,9.,1C.,11.,12.

FIGURE 4.1-2 XQTEASY JOB CONTROL FILE

@HDG SIMWEST ANALYSIS
@ASG ,AX MAPANALYSIS.
@ADD,PL MAPANALYSIS,
@ASG ,AX ASABS.
@ASG,AX F1.

@USE 11,F1.

@ASG,AX F2.

@USE 12,F2.

@ASG,T SCRTCH25.
@USE 25, SCRTCH25.
@DELETE,C SCRTCH26.
@ASG,UP SCRTCH26.
@USE 26,SCRTCH26.
@ASG ,AX NONS IMCARDS.
@USE 5, NONS IMCARDS .
@XQT ASABS.NONS IM
@XQT ASABS.NSMPPT
@FREE 11.,12.,25.,26.

FIGURE 4.1-3 XQTANALYSISJJOB'CONTQOL FILE
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nnn PRIMARY and xxx SECONDARY INDEPENDENT VARIABLE POINTS EXCEEDS THE
zzz WORD STORAGE LIMIT FOR THE FOLLOWING TABLE. SOME DATA WILL BE
LOST.

The maximum amount of data allowed for each table is given in the
Input Requirements List produced by the Model Generation program.
Check that given data falls within this limit or for data card errors.

5.2 DIAGNOSTIC MESSAGES FOR LIBRARY COMPONENTS

A diagnostic message associated to a component is printed when a variable
gets out of bounds during analysis. Adjustment of component parameters may
be necessary.

In component alphabetical order, these diagnostic messages are:

AD: INPUT POWER xxxx TOO HIGH RELATIVE TO ADMITTANCE xxxx AND RATED
VOLTAGE xxx ,
ADMITTANCE POWER LOSS xxxx EXCEEDS INPUT POWER xxxx
BA: POWER REQUEST xxxx EXCEEDS BATTERY CAPABILITY. CHECK VC, VO, AND RT.
BN: BN INLET AIR MASS FLOW RATE xxxx GREATER THAN MAXIMUM ALLOWABLE xxxx
CO: MAX ITERATIONS FOR COMPRESSOR EFFICIENCY. NP, XNP, RS = XXXX, XXXX,
XXXX
CS: CS STORAGE TEMPERATURE xxxx GREATER THAN ALLOWABLE xxxx
CS MASS OF AIR IN STORAGE xxxx BELOW MINIMUM ALLOWABLE xxxx
CS MASS OF AIR IN STORAGE xxxx EXCEEDS MAXIMUM ALLOWABLE xxxx
ED: INPUT ERROR, DAY OF YEAR DY IS OUT OF RANGE
TAPE INPUT ERROR OR EOF
FL: FLYWHEEL POWER LOSS xxxx EXCEEDS CHARGING POWER xxxx
FLYWHEEL LOSS xxxx EXCEEDS DISCHARGING POWER xxxx
FLYWHEEL CLUTCH LOSS xxxx EXCEEDS MAXIMUM INPUT POWER xxxx
FLYWHEEL CLUTCH LOSS xxxx EXCEEDS DELIVERABLE POWER xxxx

g
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GE:

HS:

HT:

HX:

IV:

MB:

MO:

PV:

RE:

TA:

68

FLYWHEEL KINETIC ENERGY xxxx EXCEEDS CAPACITY xxxx

FLYWHEEL KINETIC ENERGY xxxx FALLS BELOW MINIMUM REQUIREMENT xxxx

GENERATOR OQUTPUT EXCEEDS RATED POWER

HS INLET MASS FLOW RATE xxxx OR OUTLET MASS FLOW RATE xxxx IS GREATER

THAN MAXIMUM xxxx
HS RESERVOIR VOLUME xxxx EXCEEDED MAXIMUM ALLOWABLE
HS RESERVOIR VOLUME xxxx DROPPED BELOW MINIMUM xxxx

HT TURBINE CHARACTERISTIC PARAMETER OUT OF RANGE

XXXX

HT INLET MASS FLOW RATE xxxx GREATER THAN MAXIMUM DESIGN VALUE

HX EXIT TEMPERATURE xxxx GREATER THAN MAXIMUM ALLOWABLE xxxx

IV POWER LOSS xxxx EXCEEDS INPUT POWER xxxx CHECK RATED DC VOLTAGE VDC

WARNING-DIVISOR IN MB EQUALS 0., HAS BEEN SET = 1,

MOTOR INPUT POWER xxxx .GT. RATED INPUT POWER xxxx
MOTOR SLIP xxxx EXCEEDS RATED POWER SLIP xxxx
STATOR RESISTANCE xxxx OR DAMPING xxxx TOO HIGH FOR

MOTOR

WARNING: INSOLATION OR TEMPERATURE AT CELL EXCEED RANGE

RE POWER LOSS xxxx EXCEEDS INPUT POWER xxxx

RE, AC INPUT POWER xxxx TOO LARGE IN RELATION TO TRANSFORMER REACTANCE

xxxx AND RATED AC VOLTAGE xxxx

FILE DATA OUT OF RANGE. INITIAL VALUE = xxxx ON UNIT xx
TIME POINT PAST TABLE RANGE. LAST VALUE = xxxx ON UNIT xx

READ ERROR OR END OF FILE ON UNIT xx
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7.0 LIBRARY COMPONENT DESCRIPTIONS

This section describes the mathematical algorithms and input/output struc-
ture of the SIMWEST library components. Each component writeup contains a
brief textual description of the algorithms, a mathematical expression
summarizing its function, a list of input and output variables, a descrip-
tion of the calculation sequence and logic used in the model, and the mode!
code, A figure is provided which shows the nominal input and output
connections, and the state variables of each component.

There are a number of features and conventions in the component descrip-
tions which require some elaboration. These are briefly summarized below.

7a. INPUT/OUTPUT NAME LISTS

A potentially confusing factor is the way port numbiérs on input parameters
and output variables are designated. On the model generation input cards
the name of the physical quantity and the port number are separated by a
comma. For example, the power variable with port designation 1 is denoted
P,1. To emphasize the distinction between the physical quantities and port
numbers they are listed separately in the name lists of the component
writeuns. For example, P 1 in the name list denotes the power variable
(or parameter) with port designation 1 even though in other parts of the
text it may simply be denoted Pl.

Another convention in the name lists is that the alphabetic symbol '0' is
shown as @ to distinguish this symbol from a zero. Elsewhere in the text
symbols such as V@ may be referred to as V0.

7b. INPUT PARAMETER SPECIFICATION

, A1l input parameters are associated with default values. Many of the
parameters have default values denoted in the parameter description by the
letter D. For example, in the Battery component the default value for
terminal resistance, RT, is D = .001 ohms. A1l input parameters for which

BCS 40180-2 Rev. 89
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a default value is not so specified have a default value of .99999.
Default values are intended to enable users to put models together quickly
by specifying a minimum of input“data. Users need only specify detailed
parameter values for those components of current interest. One must be
careful using this approach since the operating characteristics and effi-
ciency of a 10kw rated device may, for example, be quite different than for
a 100kw device.

Any user-specified input parameter can be driven by one or two dimension
table lookups using the FU and FV components. This enables the user to
build more detailed models using time or other output variables to drive
the tables. For example, if one needs to specify cost of peak load
generation to the utility component as a function of peak load request,
then one adds FU as an input to UT and specifies load request as an input
connection to FU. The desired function table for FU is specified in the
simulation input.

It may be noted that not all of the components have maintenance or operat-
ing cost inputs. Thus, whenever these costs are important, one can aggre-
gate such costs and input lumped costs to the model. For example, the
maintenance cost of the hydro storage system may include maintenance costs
for the pump and turbine.

7c. COMPONENT LOGIC

In constructing SIMWEST components, we have adopted several conventions to
aid communication with the logic components. A1l physical components
distributing power are given two input parameters EF and MP (port 1) and
two output variables EF and MP (port 2). The output EF is the product
efficiency of all components in the distribution subsystem up to and in-
cluding the given component, and M is the maximum power deliverable at the
output of the component. Each storage component has in addition a power
request input denoted RE (port 1), a power request output denoted RE (port
2), and a priority interrupt flag denoted INT.

90 BCS 40180-2 Rev.
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Figure 7.0 shows the logic and physical variable connections for power flow
in and out of a hydro reservoir. Power flows from the power divider to the
pump at a rate not to exceed the request RE from HS. The HS request is
computed by dividing the input maximum power by the input (or pump) effi-
ciency EF. Hence, the maximum power flowing to HS cannot exceed RE*EF =
MP. Similarly, the input request to HS is computed by the PA component so
as not to exceed the maximum input power MP divided by EF (turbine effi-

ciency). Hence, the power that flows to PA cannot exceed RE*EF = input

maximum power.

When the hydro reservoir is empty, the interrupt flag is turned on and the
priority sequence is changed so that the reservoir is given access to power
flowing into the divider.

7d. UNITS

Most of the SIMWEST components are coded in English units. However, SI or
metric units were used to code the solar-photovoltaic components: ED, SO,
FP, FO, and PV. This is generally not a problem since there are at most
only a few interconnection variables between the solar-photovoltaic gener-
ation components and other SIMWEST components, and units conversions are
easily handled using an MA arithmetic component. (See for example the
Fresnel Lens Model, section 9.3.)
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MP 7

M
MP
F

RE=MP/EF
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MP
H
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|RE <MP/EF

PA
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FIGURE 7.0 SAMPLE CONNECTIONS FOR LOGIC COMPONENTS
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7.5 COST MONITOR!

" SYSTEM COST INPUTS
e CAPITAL COSTS

o MAINTENANCE COSTS
o OPERATING COSTS

UTILITY INPUTS

e UTILITY ENERGY DELIVERED COST PER KWH
——] M
o VALUE OF UTILITY ENERGY > COST PER VALUE DELIVERED

e SURPLUS ENERGY SUPPLIED PERCFNT OF LOAD SUPPLIED

LOAD INPUTS

® SOLAR ENERGY DELIVERED
o VALUE OF ENERGY DELIVERED
e TOTAL LOAD DEMAND

This component sums the capital, operating and maintenance costs of all
system components. The total yearly cost TC is then computed using a fixed
charge rate factor which represents depreciation, cost of money, insurance
and taxes.

"
The total energy delivered to the 1oads plus surplus energy is then summed

and yearly energy delivered TED computed. Cost of operation in mills is

P e et
.7

1 This component must be placed last in the model generation input file,
j.e., just prior to the END OF MODEL command.

BCS 40180-2 Rev. 117
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CM

then given by

System cost/kwh = TC * 1000./TED

Similarly, the value of energy delivered to the loads is summed minus the
utility energy value and including the value of surplus energy, and fac-
tored to give yearly energy value delivered VED. Energy value in mills is

given by

Load value/kwh = VED * 1000./TED.
Cost per value delivered is the ratio of the above two equations.

In addition to the above cost calcuiations, percent of total load supplied
by storage PCW, percent of load supplied by utilities PCU, and percent of
energy surplused to the utilities PCS is computed. The total cost in mills

to meet the load is then given by
Load cost/kwh = (system cost/kwh * PCW + utility cost/kwh * PCU)/100.,

where

Utility cost/kwh = value of utility energy * 1000./utility energy

delivered.
Inputs
Parameter/Port Description Units
CR Capital charge rate %/year
LE System life expectancy years

118 BCS 40180-2 Rev.

A TN T LT 55

L AT et LD 5 AR T2E e



Enii s

Common Block

Inputs
cC

CM
co
TMAX
VDE
TDE
TLD
utv
utD
SPD

Qutputs

T

Printout only occurs when simulation is completed.

ENTDRNTE T TN L a s ais s REE oy o s

Description

Total yearly capital costs

Total yearly maintenance costs

Operating and fuel costs over TMAX
Simulation time interval

Value of energy deiivered (including surplus)
Solar energy delivered (including surplus) -
Total Toad demand

Value of utility energy

Utility energy supplied

Surplus energy supplied

Total yearly costs (TC)
Yearly energy delivered (TED)
Cost of energy per kwh
Yearly value delivered (VED)
Cost per value delivered
Percent of load supplied by
Storage (PCW)
Utility (PCU)
Surplus energy load factor (PCS)
Total load cost per kwh

variable symbol is required.

BCS 40180-2 Rev.
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SUBROUTINE Cnm

STORAGE USED: CODE(1) 0002263 DATA(O) D00332; BLANK COMMON(Z) 000000

COMMON BLOCKS:

o003
cnas
L0os
coue

CoST o0uo11
CIMPL 000001
CI1INE 0000G1
CSInuUL 000010

EXTERNAL REFERENCES (BLOCK, NAME)

ces?
uo1o
wCll

STORAGE

c£esl
G033
ccaa
ccod
[ ia o)
Lous
Coa3

00190
ag101
09101
00191
J0121
go101
02191
801012
90101
60101
ccim
cci102
griol
09131
aolcl
L0101
ugl1ll
udidl
LG101
ug101
L.

o

R
R
R
R
R

1

NkDUS
N]1Oc¢S
NERR3S

ENTRY POINT 000213

ASSIGNMENT (BLOCX, TYPE, RELATIVE LOCATION, NAME)

0G002C 100L
0uo0Len CC
CGOLLS CPKWH
CLG31S INJPS
0LCa13 PCU
0L0u07 THMAX
0C0CL0e Uty

1* . cosy
2
3s
as
S+

7%

8%

9%
1G*
11%*
12%
13»
i1u»
15=
lé6%
17»
18%
19%
206*

OO0 ONOON0NOOO0N0

ooco
oeao
cego
goce
Loc3
o040
o003

000016 200F
200693 CCy
nooct1 CPy

0a0G1G SPD

2820930

R
R
I 0600G%6 IVDE
R
R
R

000023 VDE

0000
anas
coge
eoue
G903

THMAX] gogse

oeco

SUBROUTINE CMtDUMM,FCR,LE?S

PURPOSE

SUMMARIZE WIND ENERGE 3TORAGE COSTS AND LEVELIZED

ENERGY COSTS PER NWHe

INPUT PARAMETERS

FCR

4

KRIVIEN BY AoWe WARREN

R

DY

100035
000001
000002
020001
0CCo0Y
050004
0anglo0

300F
CMA
oum
LLE
TDE
ToY
VDEN

0000
oco3
00090
oeco

6035

a00¢c

Sl 3DVd TUNIDISO

ALIIVND ¥00d 40

000106 &40OCF
000002 CO

200005 EDE
cG0J12 PCOD
002233 TIME
000307 TOYN

VERSION 1, MAY 1977

FIXED CHARGE RATE FACTOR INCLUDING DEPRECIATION,

MONEY COST, INSURANCE, AND TAXES,
SYSTEM LIFE EXPECTANCY , YEARS
SIMULATION TIME, HR

TOTAL
TOTAL
TOTAL
VALUE
TOTAL
TOTAL

YEARLY CAPITAL COSTS, s

YEARPLY MAINTENANCE COSTS, S

PER YEAR

OPERATING AND FUEL COSTS OVER TMAX, S
OF ENFRGY DELIVERED OVER TMAX, §
ENERGY DELIVERED OVER TMAX, KWH

LOAD DEMANG OVER TMEX, KuWH

¥

030°
cooo
0004
0009
0203
co03

VDDV~ D

000211
000002
0v09200
00Ca14
030305
0006207

02G009
0706000
070000
000909
oooC00
gooooo
anoeno
095000
a?unco
ongeae
82CcN9?
026000
07C0™M0
o26nos
cacean
g70n10
gnonoo
235000
gauerao
€1Cceos

SOOF
coy
InPL
PCS
TLD
utTd

J

AN ¥ bt o A A

LR N A e
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001901
00101
o191
on191
Jg1203
023 7%
or19s
Gcol190¢
Le1as
ae19¢
G011
JC111
Jclle
00is3
8912
82115
GCCl1e
90117
gnr120
SC121
GCl2¢2
0g122
gcy22
ge12¢c
80125
838125
U125
GCi27
on13s
00132
0c133
00133
U134
05135
g213s6
Jei3?
GoluS
J0145
LOLNS
ga33ia5
Q0145
J0345
CClus
00141
a01sa
22151
€852
UG1s52
g0153
JC152
U182
a01s2
08162
J3dl62
Jo1s62
gCle62
0Cl62

21
22%
23»
24
25%
26%
cT=
28%
9
30%
31»
32+
33
Jux
35%
36w
37+
3g=

3% -

40
41s
42
43s
44s
45
hés
47
48%
498
SG»
Sls
52
53%
S4s
55»
56%
57s
58%
59s
6Cs
61l
62%
63%
bUx
t5%
o6
&7
68
698
7C»
71»
T2»
73
The
75%
T6%
171

o000

(2 X 2]

noon

100

800 FORMAT(//// 3DX,:6H0 ENERGY DELIVERED

UTV = VALUE OF UTILITY ENERGY SUPPLIED LESS SURPLUS VALUE, S

UTD <= TOTAL UTILITY ENERGY DELIVERED, KWH
SPD = TOTAL SURPLUS ENERGY SUPPLIED TO UTILITY,

COMMON /COST/ CCy CMALCO,VLE,TRE, TLD,UTV,UTD ,L,SPD
COMMON /CIMPL/ZIMPL /CTIME/ TIME /CSIMULZ DUMIT),THAX
REAL LE

INITIALIZATION

IF(IMPL.GT.3)60 TO 120
DUMMZO0,L,0

cc=o .,

CMA = Do

CO = Q0.

VOE= Do

IDES D,

TLOZ ©.

LTVSiie

LTD=0.

SPUZ(.

THAX1IZ TMAX#%,99999

IF(TIMELTYTHAXT)RETURN
IF(IMPLWLEC1)RETURN

COST SUMMARY OUTPUT

LLE = LE
RRITEC(E220)LLE

200 FORMAT(IH1,35X,39H SOLAR/WIND ENERGY STORAGE COST SUMMARY /7

1 IH L8GXeY2,1TH YEAR LIFE CYCLE )

COY = CO%8762+/TNAX
CCY = CCHLE*FCR*,01
T0Y = COY + CMA < CCY

WRITE(6+300)CCY,CMAL,COY,TOY

300 FORMAT (/777 39Xyc2HO VYEARLY SYSTEM COSYS/ 1H®,29X,1H¢/ 1H=,82X,

1 12HCAPITAL COST,12X,FBeildo2H $ 7 1IH 482X, 1THUINCLUDING FIXED ,
2 BHCHARGES) / 1HD,42X,J6HFIXED O © M COST, BX,FBeDo2H S Z1HD ,
3 82X 2. HCPERATING + FUEL COSTy 3X,F8e042H $ / 1H0|QZX.5HTOTAL.
& 19X4F38eCy2H 8 )

EDE = TDE =* B76Ce/THAX
IVOE 2 VDE % 8755./7THMAX
TOYN = TOY*130Ce/ EDE
VOEN = VDE*1u0Ces TDE

CPV = TOYN ¢ VDEN .

WPITE(E J4CTIEDE,TOYN,IVDE VDEN ,CPV
7 1H* 29X LHe / 1K~-,
BSX o J6HENERGY DELIVERED,y TXyF9eJplH XWit 2 THD,33X,SGI1He) /

1H '33x'lk.|‘iax"ﬂt 4

IH 233X ,3He, BX,19HENERGY COST PER KWH, TXoF6els%H MILLS & 7/

IH 33X iHe 48X, 1H® /7 1H

33X iTIEHRRER) /7 YIHN, 42X, 25SHVALUE OF ENERGY DELIVERED,17,

NE WNN -

PER KkH, 6XoFbely6H MILLS / 1HO,80X,240HCOST PER VALUE DELIVERED,

2H 8 /7 1H (42X ,¢2HIVALUE OF FUEL SAVED) 7/ 1HD42X,2CHENERGY VALUE

onocog
020C00
gnonco
0nenoo
014002
070000
[sRate}alo)s)
024730
010000
0200
63¢002
0JLna3
21CcN048
gnGeos
G006
alvlejed 4
onuno
LR {HA S |
gnenge
a7Cc"13
C2GN14
275018
070129

20026
gﬂ 1'126
oroLn2s
GIun2eé
U0
peGnNey
02Cc9%s
arLoss
09G9ss
onecss
orynset
gneces
hTlad B
cG102
gnci1o2
370192
870102
0301202
090102
070122

#20126

onCc120
09c12%
Ino130
ong130
010132
L LT
070144
020148
00144
(Rl LY )
900144
00U1l4s
CNClue

P
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101062
10362
18163
18154
1016$
10166
JO157
LTS
0178
173
G175
178
0175
a175
0175
C175
0178
0176
0177

78
79
80e
8ls
82s
83s
CL T
3a5=
(134
E7s
ags
89s
9Cs
1
$2s
93
Sus
9Cs
96

soo
1
]
2
2
3
3
L
S

?X 'F6 .2 .

PCD= (TOE-SPD)*100.,/TLD
PCUS UTD®100./TLD
PCS= SPD®10U0./TLD
CPKWHZ (TOYNS(TDE-SPD) ¢ UTVS2000.)/TLD
BRITE 16,50CIPCD 4PCULPCS,CPUN
FORMATL/Z77 3CX421HD LOAD FACTOR

1He ¢ lH-.QZX.

25HPEPCINT OF LOAD SUPPLIED o Fhely 2H /7 1M o82X, 28MBY TOTAL S
7 LHD 42X .20 HPERCENT OF LOAD SUPPLIED 2% Fbel ¢/

OLAR SYSTEN
Ih s&1Xy01H RY UTILITY /
IHO 42X 4 26HPERCENT OF SOLAR ENERGY
IH JUeX o 9HSURPLUSED 7
iHG 42X 9 IHCOST TO MEET LOAD
IH J4ZX,29HISOLAR ¢ UTILITY)

RETURN
END

s Fbol 7

’

1H1)

7 IHe 29X,

v IXFEel,6H MILLSY

000188
370188
ora1e0
370150
GIC1Ss
070160
onc1e?
ange2dd
gec2eco
076200
Cn9209
gre20C
391¢239
620230
010230
0~323¢0
05229
91200
97206225

IND
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7.7A ENVIRONMENTAL DATA (TMY TAPE)

Day-Of-Year‘ (DY)-——-—-—. | eommmemaene X] ,XZ’ ee s XS

ED
Time-of-Day (TD)

et e e

This component reads data values from the Typical Meteorological Year
(TMY) tapes or data with a similar format structure such as the University
of Wisconsin insolation and environmental data tape or the SOLMET tapes.
Only one ED component is allowed per model. (Unit 2 is reserved for the
input tape.) The file structure assumes hourly recorded data with one
record or card image per hour of data. Twenty-four hourly records are read
into core at a time and linear interpolation is used to obtain the output
values at the current simulation time. The component TI is used to supply
the time inputs DY and TD. Standard outputs with the TMY tape are direct
and global solar insolation, dry bulb temperature, and wind speed. For
non-standard outputs or non-TMY format tapes the user may specify the input
format to read one to eight data variables. The following limitations

apply in this case:

BCS 40180-2 Rev. 140A
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ED

1) Time information is decoded in integer month (1-12), day (1-31), and
hour (0-24) format.

2) Output variables are decoded in F or E format, even if recorded in
integer format.

3) Where data is missing, fill in with 9's is assumed. The code checks
for certain 9 fi11 values, namely 99., 999., 9999., and 99999. If any
one of these values is read, then the corresponding data input is
replaced with O, or the previous value, depending on the sign of IND.
(However, one must use FN.O format N=2,3,4,5 for this option and a

scale multiplier if necessary to obtain the desired exponent.)

Inputs/Port Description Units
NST Number of tape blocks to skip at start1 -
NX Number of output variables (default = 4, max = 8) -
IND Indicator function:
0 = no read
+1 = standard format and units (default)
t2 = user-specified format and units

IND>0 sets missing data = 0
IND<O sets missing data = previous value

1For the TMY tapes we may compute NST from the station number (NSTAT) shown

in table 7.7A and the start day (DSTART):
NST = (NFILE-1)*365 + DSTART-1
where NFILE = /NSTAT if NSTAT < 13
(NSTAT-IB otherwise

1408 BCS 40180-2 Rev.
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Inputs/Port

!cont'd)
TS*

TD
DY
Ml

M8
Al

A8

Description
Time shift of data (default = -0.5)

Time of day (0-24)
Day of year (1-365)
Units multiplier for X1 (default

1)

Units multiplier for X8 (default = 1)

Units addition factor for X1 (default = 0)

Units addition factor for X8 (default = 0)

*
Compensation term since solar radiation data is an integrated total over

the observatio

BCS 40180-2 Rev.
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Qutputs/Port Description Units

X1 1st output variable -
(IND =%1: beam radiation in w/m2

X2 2nd output variable -
(IND =*1: global horizontal radiation in w/m?)

X3 3rd output variable -
(IND =*1: dry bulb temperature in 0c)

X 4th output variable -
(IND = *1: wind speed in m/s)

X8 8th output variable -

Format Specification

A user-specified format may be input in order to select non-standard en-
vironmental outputs or to read a tape other than the TMY insolation tape.
The following sequence of data cards is recommended for insertion in the
model generation input following the MODEL DESCRIPTION command:

FORTRAN STATEMENTS

DIMENSION FMT(12)

COMMON/READER/N, FMT

DATA FMT/72H...)

1 /N/NN/
where the format specification contains up to 71 characters inserted after
*72H' and followed by ')', and NN = the number of characters per data

record.,

140D BCS 40180-2 Rev.
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The format specification must con7orm to the following rules: “

1) The first two words read are station and year identifying informa-
tion. These words must be either A format or nH format with up to six

characters for station and two characters NN for year 19NN.

2) The next three words are two-digit integers containing month (1-12),

day (1-31), and hour (0-24) information.

3) The next one to eight words specify the location of the output vari-

ables X1...X8 and must be given in F or E format.

NOTE: The tab or column spacing control T may be used to read data from

files which are not ordered as in 1) to 3), e.g., T71, A5, T1, A2,...).

For example, the standard TMY tape format specification is

Station  Yr-Mo-Dy-Hr  Beam Rad.  Global Rad.  Temp  Wind
A5, A2,312,11X, F4.0 ,26X, F4.0,45X, F4.1,7X, F4.1)

and N = 132.

The general format for variables on the TMY tape is summarized in Figure

7.7A.

BCS 40180-~2 Rev. 140E
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SOLAR RADIATI % OBSERVATION
WBAN SOLAR LST JEIR RADEATIO ; “ALVES KJ/m* S
STN TIVE TIME|RI/a2f B L0 L " STOBAL A - [
¢ [RTDTOY [HON] 1 1 £ I {085 [exc [S1D N
R | r T | cor  {Yr s
3 r T cox H
clu 4 1
T s D N
] £
]
t
N
Jroonox e o fxx [xxse |rocoe] xoooe | 4oeee | xooee jooee | 1xoooe ] 13000 1000} 4000 |100ex 100t e
PIELD 002 003 006 101 102 103 104 105 106 107 108 109 110 111
NRMBER
(SURFACE AETEOROLOCICAL OBSERVATION
O [C [SKY [VSBY] WEATHER | PRESSURE TEYP | WIND 3
3]z oo | ha kPa °c T [0 (N
‘11 SEA |STA- |DRY |DEW-|{ D | s |0 |P (O
T |L LeveriTion [sutslet. J 1 | P |t A v
I fr i{p |aia
(RL L v |c
L3 - deg] n/s E 3
€
ls. dan %
T
xx § 000 ] £ x| xoooeeo fooood soeooe j1oooe | eee | ] 0o XX X
201 202 203 204 205 206 207 208 209 210
TAPE RECORD
FIELD NUMBER  POSITIONS DESCRIPTION
002 01-05 WBAN STATION NUMBER
003 06-15 SOLAR TIME (YR,MO,DAY,HOUR,MINUTE)
004 16-19 LOCAL STANDARD TIME (HR AND MINUTE)
101 20-23 EXTRATERRESTRIAL RADIATION
102 24-28 DIRECT RADIATION
103 29-33 DIFFUSE RADIATION
104 34-38 NET RADIATION
105 39-43 GLOBAL RADIATION ON A TILTED SURFACE
106 4448 GLOBAL RADIATION ON A HORIZONTAL SURFACE-
0BSERVED DATA
107 49-53 GLOBAL RADIATION ON A HORIZONTAL SURFACE-
ENGINEERING CORRECTED DATA
108 54-58 GLOBAL RADIATION ON A HORIZONTAL SURFACE-
STANDARD YEAR CORRECTED DATA
109,110 59-68 ADDITIOMAL RADIATION MEASUREMENTS
1 69-70 MINUTES OF SUNSHINE
201 71-72 va;)or COLLATERAL SURFACE OBSERVATION
202 73-76 CEILING HEIGHT (DEKAMETERS)
203 77-81 SKY CONDITION
204 82-85 VISIBILITY (HECTOMETERS)
205 86-93 WEATHER
206 94103 PRESSURE (KILOPASCALS)
207 104-111 TEMPERATURE (DEGREES CELSIUS TO TENTHS)
208 112-118 WIND (SPEED IN METERS PER SECOND TO TENTHS)
209 119-122 CLOUDS
210 123 SMOW COVER INDICATOR
Figure 7.7A TMY Tape Format
140F BCS 40180-2 Rev.
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A complete description of the available data, and the meaning of the
recorded outputs, is contained in the SOLMET user's manual [3]. The TMY
tape was derived from SOLMET tapes of the 26 stations with rehabilitated
solar radiation data, and has the same format as the SOLMET tapes except
that tape deck number and detailed cloud data have been omitted. Table

7.7A shows the identity and location of the 26 stations on the TMY tape.

Calculation Sequence

If IND = O Return

1)  INITIALIZATION (first pass only)
o Set cefaults and initialize LTD = -1
() Skip NST blocks to position the file
) Read first data block and write out identification informa-
tion. (Error exit to 6))

° Go to 4)

2) Table Interpolation for Qutput (DY = DYF)
. If DY>DYF go to 3)
. If DYF>DY go to 5)
° If LTD = TD return (LTD = last time C(I,J) was accessed)
() X(I) = TBLUl (TD, TO, C(1,1),0,24)*M(I)+A(I) I = 1,...NX
o LTD = 1D

° Return

BCS 40180-2 Rev. 1406



3)

4)

5)

6)

140H

ED

Read One or More Data Blocks (DY >DYF)
° Read DY-DYF data blocks. (Error exit or EOF exit to 6))

Decode Using Specified Formqt
° Decode day-of-year (DYF) and time information (TO) and put
output variables in array C(I,Jd) I=1,24 and J=1,NX. Check
for missing data values in C(I,J).

s Go to 2)

Backspace the File (DYF>DY)
° Backspace and read first data block
. Decode day-of-year (DYF)
) Go to 4) if DYF<DY. Otherwise prjnt diagnostic and stop.

Read Error or EOF Encountered

] Print diagnostic and stop.

BCS 40180-2 Rev.
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TABLE 7.7A TMY TAPE STATIONS AND LOCATION

STATION WBAN
NUMBER IDENTIFIER
1 3927
2 3937
3 3945
4 12832
5 12839
6 12919
7 13880
8 13897
9 13985
10 14607
11 14837
12 23044
13 23050
14 23154
15 23183
16 23273
17 24011
18 24143
19 24225
20 24233
21 93193
.22 93729
23 93734
24 94701
25 94728
26 94918

BCS 40180-2 Rev.

STATION

Fort Worth, Texas

Leke Charles, Louisiana
Columbia, Missouri
Apalachicola, Florida
Miami, Florida
Brownsville, Texas
Charleston, South Carolina
Nashville, Tennessee
Dodge City, Kansas
Caribou, Maine

Madison, Wisconsin

E1 Paso, Texas
Albuquerque, New Mexico
Ely, Nevada

Phoenix, Arizona

Santa Maria

Bismarck, North Dakota
Great Falls, Montana
Medford, Oregon
Seattle-Tacoma, Washington
Fresno, California

Cape Hatteras, North Carolina

Washington, D.C.
Boston, Massachusetts
New York, New York
North Omaha, Nebraska

ED

LATITUDE  LONGITUDE
32%0" 97%3"
30%7° 93%13*
38%9'  92%13
29%4" 84%9:
25048 80°16°
25%4: 97%6"
32%4: 80%02"
36%07° 86%41"
37%s6" 99%sg:
46°52" 68%01°
438" 89°20°
31%8'  106%24"
35%3'  106937'
39%17*  114%a¢
33%6*  112%z"
34%4'  120%27°
46%6'  100%5"
47%9'  111%2:
42%22'  122%2'
47%27" 122%8"
36%36*  119%43°
35%16° 75933
38%9: 77%28"
42922 71%3"
40%7" 73%8"
41%22: 96°01"

1401
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SUBROUTINE €D

ENTRY POINT 00D64S8

STORAGE USED: CODE¢1) 000704; DATA(D) 001628; SLANK COMMON(2) €000CO

, COMMON BLOCKS:

Goo3
utae

READER 0009215
CIMPL J000G3

EXTERNAL REFERENCES (BLOCK, NAME)

Ggas
J036
uCa?7
gelo
0c11
to12
Lo13
cols

STORAGE

0oal
ccul
<001
CCCI
¢0Co
Geeo
<Cuo
crad
coce
¢ca3
v0L0

0o010¢C
00101
Go101
02121
601301
00111
<0171
€3191
LEivl
co11
gdict
«»0131
uZlal

0 =t bt D0

NTRAN
NDCODS
TeLul
N103S
NIO2S
NuDUS
NSTOPS
NERR3S

ASSIGNMENTY

0L3240
[ apL ]
oco312
0ulste
0C1351
guises
CC1344
0047
pl1s0¢
tLacae
cL1371

is
2%
3s
us
1
(1]
T
8%
9
10s
11s
12»
13»

100L
200L
3oL
SUBF
8
DYF
I8
INX
Ji

N

T0

_CED

OO0

(BLOCK, TYPE, RELATIVE LOCATION, NANME)

goca
coo1
voco
Lol
LOCO R
ultC3 R
cDCu
(7D Jejy
Gneo
goce

=t bt =t

SUBROUTINE ED(XyX29X33 XUy XS5oXbsXT o XBoNST 4NX,IND,TS,TD,DY,
IMT M2 M3 oMY GHS MO MT 4 MB AT gA29A39A4 yAS ;A0 9AT 4 A8)

PURPOSE

00C101
0pe1sc
081506
conely
0C0224
ououng
cononl
01478
001505
2C1474

1876
2016
306F

6 0L

c

FMY
ICNTY
IREWIN
L

NO

0gul
caul
0001
seec
co2o
ocan
seae
0054
ccoc
oogpe

000125
oco270
000345
GC15390
€31504
rC1435
ncisal
r20002
001479
021470

1636
2806
400L
608F
c1J

FMTIP

ITEST
LTD
N1

oco1l
cool
ool
Leeo
ceeo
Leeo
Looe
ceo3
v0d2
ccoo

X sl 4 DD D

000161
C0036S
630512
cunid0
col3e1l
SGel1e
0GTICs
301593
001477
0u1452

THIS COMPONENT READS THE TYPICAL METEOROLOGICAL
YEAR TAPE WITH A STRUCTURE SIMILAR Y0 THE
SOLMET DATA TAPE. USER MAY SPECIFY FORMAT FOR NON-

STANDARD TAPES

HRITTEN BY YoKoCHAN,

METHOD

TWENTY FOUR HOURLY RECORDS ARE READ INTO CORE

1u~5-78, VERSION 1

AT A TIME AND LINEAR INTERPOLATION IS USED TO

1736
2566
S00L

A

CcL
FRMY
IMPL
11

L:
OFFSEY

0ao1
0001
0001
[oJalrle]
39927
Bhalsls
0107
0209
0353
oou?

T V-~

oco13e
000424
00065S
cao324
014212
0s1472
DL1s71
0C1473
0L1462
0L0000

000000
092000
070100
070600
970000
gnacas
0"0n39
0eNao
gaceoen
21CN30
0"LS20
[ddablahibs)
816919

2L
2706
SO7TL
AR
oM

INJPS

TB8LUL

(E
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Aorl

gg101
oo
Gc17i
gci1a1

3010}

60191
goisl
30101

L3131

col01
50101
02101
uo101
00131
w0l3}
gol101
1) Y13
50101
gJ101
pC131
¢clol
G01d3
gciel
g $a ) |
30121
00idl
G0191
goial
301032
gc133
SCids
00195
07106
99107
0€1137
Go111
0C111
00113
09113
30115
g0i1s
gCils
an115

Qo117

ac121
J0123
aCll25
wGl26
acia7
00138
w2131

ucr3e,

Qo133
GCl134
<0135
03136
acl137

18
15%
16%
11*
is»
19%
0%
21%
22%
23s
24%
25%
26%

cT*

28%
29%
3Cs
31

32 -

33
4
35
36s
37»
8%
39%
40=»
41=
42*
43%
44
45%
(Y34
47
48s

49

50%
Sl
52»
53s
S4=
55%
£6s
€7
58%
59
60%
61
62%
63%
64s
65#
(Y3
6T%
[X-E
69
79

00NN OOOOONN

(2 Xz N 2 TN & ]

OBTAIN THE OUTPUT AT CURRENT SIMULATION TIME,

CALL SEQUENCE

OUTPUT

INPUTS

H

X19see9X8 <=QUTPUT VARIABLES AT CURRENT TIME

X1
¥
X3
Xy

AST

KX
IND

L £

0
oy

~3EAM RADIATION IF IND=e=1, W/M2
=GLOBAL RADIATION IF INDZ+=1, N/M2
=DRY BULB TEMPERATURE IF INDz+-1, C
=WIND SPEED IF INDZ+=],M/S

=NUMBER OF BLOCKS TO SKIP AT START
=NUFSER OF OUTPUT VARIABLESC(DEFAULT=N,MAX=8)
~INDICATOR FUNCTION
O2SNO READ
+=1=STANDARD FORMAT AND UNITS(DEFAULT)
. #=22USER SPECIFIED FORMAT AND UNITS
GsSETS MISSING DATA TO N
P0ySETS MISSING DATA TO PREVIGUS VALUE
=TIME SHIFT OF CATACDEFAULTZ~3565)
(CCMPENSATION TERM SINCE SOLAR RADIATION
DATA 1S AN INTEGRATCD TOTAL, USUALLY OVER § HOUR)
~CURRENT TIME OF DAY (D=24)
=CURRENT DAY OF YEAR(1-365)

Mlyooo9M8 ~UMITS MULTIPLIERS FOR X1lpeaeeX8

DEFAULT M1=4ee=M821

AljoeesA8 =ADLITION FACYOR FOR XlseeeoX8

DEFAULT AlZeee=A820 :

DIMENSION X(8) A(8) FRMTIIIIFMTII2),CU24,6)4AA(528),1B(5),BL8),
1 CLIBY TOt24),DM(12),FMTPI13),0FFSETILE) -

COMMON /READER/N,FMT

COMMON. /JCIMPLZ/IMPL ICNT L ITEST

RKEAL NXJINDGMT yM2oMI oMy oMSMEZMToMEJMIB) JLTD 9NST

1
1 273e930Ues234

o/

DATA OFFSET/6H L

CATA FRMTI72HA5.AZ.BIZ.IXX.Fh.Q.ZM oFUe0 .‘OS_X 2Fhel y7XoFleld)

/
GATA DM/Uep31a95909900912009152062181469232052036

=

2SHILXy  S6HL2Xy oBHI3X, o6HIBXy ¢6HISX, 7/

IFCABSUIND) oLE o ¢ 1IRETURN

INITIALIZATION

IFCINPLLGTGIGO TO 1CO

IFUTSeEQee99999)TS= =05

INXSNX 4,1
nilr=my
ntzyznz
ME3)zM3
HiG)oMy
LIER LT
M{6)=Mp
MATIZMT
Mg )IZME
At1)ZA)
AL2)=A2

s k4
2
IFINXeEQaos99999INXH . g 5
-4
<
D
~
v

Q
3
Q

Crn
D
2

3

¢o0c030
gJ0030
070000
026200
a2a230
07°ul30
ongo2d
GnGR00
500
0750990
324000
gnonsd
320100
0Jurln
oranee
proaouge
cural
0agna0
gnGcann
22(000
grneg
07CN30
o2urne
370000
026790
013029
ooQnran
b Bl il odo )
G20
326700

035ra0
076030

crunag
07c309
a3cnco
0nan
ooLren
gnu200
u30can
073202
anonen
094700
0nuL7%0
0" ¢006
07Gr11
0723216
810723
GroN3s
0n&n3e
0non40
gnony2
oNanNes
o0no046
gneaso
cnons2
LnuNsYy

£IC356 .

calitwoty goo

-
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acisg
0018}
00182
oCle3
0C14s
aClag
CClu6
30181
00153
00153
30153
ullse
Jaleun
0a1s1
uclec
Ga1s3
Q0167
JC174
gc171
wCGi7¢
JG178
20177
brieP e IY
a0l
Qo3
GC¢32
00293
Pl
(H s
whe?27
GC«?
07247
wi2Mm
co2ic
Sl
Qdelc
36213
u0215
ac221
une2s
oce22s
ue2e
8022e
g2
acza27
G923¢
g3y
JC230
G6C23¢y
00233
L9231
wGe33
40235
cc2137
wdeue
go2ay
0C245

71
72
73s
78
75%
76%
17
78%
719%*
8C*
81
azs
33»
84x
85s
36»
87s
88
86s
SGe
91s
92
93s
Sas
95»
96
97s
98%
99
1ule
1G1l»
102w
103
1Cue
1uS*
lubs

1C7s -

juts
19
11lcs
111s
112+
1.3
114se
115
116
117=
118%
119%
1¢0%
121
122%
143»
14
1¢5»
1262
127»

o060

(2 X s N4 )

(s X Nala] o o0

11

0

308

100
290

201

Al3)=A3

AtG)IZAy

AIS)IZAS

Atlo)=As

ALT)IZAT

At3d)IZA8

00 11 I=1,INX
IFIP(T)eEQee99999IMIINZ],
IF(ALI)eEQee99999)ALINZD.

SET DEFAULY TAPE RECORD FORMAT TO STANDARD
IFLABSUIND) oGTo1.01960 TO 2
Mi{l1)z1./366
Mi2)31./7366
Do 3 I=1,12
FMTUIDSFRMT(IY
NZ132
CONTINLE
FMTIPUY)=GFFSETH(])
0o & Iz1,12
FHIPLI+1ISFMTII)
LIG=-1,
DO 1C Uzl INX
CLESIC

POSITION THE FILE

CALL NTRANI2,10)
NOZNST=4CC}
CALL NTRANI2,74N0O,22}

READ FIRST DATA BLOCK

IREWINZC

N1ZQaN

CALL NTRANID,2¢N19AA,L1,22)

IF(L1.LT.0)GO TO 637

DECODEIN,FMTP AA(L1))]B,R

WBRITE(E2T8)IRILD,IBL2)Y

FORMATULIHC g X9 1SHEDE STATION IDS,AS5,10Xe THYEAR 19,A2)
60 TO 43¢

CONTINUE
CONTINUE

INTERPOLATION FOR OUTPUT 1Ff CURRENT DAY OF YEAR HAS
BEEN LOCATED

IFIDY.GT.(DYF+01))GO TO 300
IF(DYWLT.(DYF=-41)2GO TO 520
IFILTDWECTNIRETURN

Lo 201 I=1,INX
X(ID)ZTELULITOD G TOyCt1,1),0,20)2M{I)eA(])
LIO=TD

RETURN

0N0060
G662
25068
cnNones
gnaero
coacr2
0%gi1ng
072121
09G12S
(11418 -
G72105
J7c113
olo17?
C10121
0nG12S
onC12s
g3c127
0132
o0no132
uUnclel
073141
3nC1e3
G7G1%9
[+hated 14
075150
0180
81561592
02G1S1
079155
C0166
Qngle6
03166
D186
0317
07u17S
cnpene
0%%210
075213
0ngp227
0n223¢
03¢236
0335236
0230236
02Cc240
27?243
0%G240
pa35260
05240
gnce«0
075240
61G240
N1L248
073254
07279
01c2710
02004y
0326

(E
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WovL

oresas
a0za 6
a0286
J028¢
3324¢
gaz2e87
«025C
£o2s1
Lo2se
Clgse
2C<25¢
GNase
a02s54
clcss
0lckG
aCebl
Qo262
w362
3a287?
wli?2
J0273
Usg74
L0274
apk7e
30333
agg03ne
dG353
ac3os
JG6336
33377
33321
U331lu
3C313
CC316
c23lJ
Jdgili
23313
3JC31s
<2315
G231
7317
JyG3zi
00322
36326
w327
G233y
3332
J0334
unils
4033%
460338
10338
00344
Gossl
astlse

128s
129
130s
131s
132s
133s
134»
13s8»
136
137=
135s
139s
14Cs
14]s
1428
143s
leus
145
jués
147
l4ss
149
15Cs
151s
152
152
154»
155s
156s
157s
15¢s
159
15G=
l61s
le2s
le3s
169
1658
16¢s
167+
16E»
lcu9s
172+
171s
172
173s
176
175»
176
177
17e»
179
1208
118
1e2s

(X o 2o BN 5 )

[z NaXg

OO0 o

300

800G

L 13}
802

sac

$07
soe

6fC
608

CONTINUE

IF CURRENT DAY OF YEAR HAS NOT BEEN LOCATED, READ MORE TAPE

ID = DY =~DYF ~,.9

CALL NTRAN( 24, 7, 1D, 22)

CALL NTRANL 2, 2, N1, AA;, LI, 220
IFU LY ocTe O) GO 10 609

DECODE DATA ANG TIME OF DAY

CONTINUE

0O 4C2 1=1,24

Jl = tiI=1)eN) /5
I1stl=1)sN=-Lay]
FPTPULISOFFSET(I1e1)

UECCLE (1 FMTP4AALJL*1))]B 8
U0 401 JU=1,1KX

Ctl,ulz2t)

CIJ=C(1,44)

IFUECTUsECaTTel e0ReICIJEQe9990)e0Re(CIJEQe999902e0R,
T(CIUELL9995396))CULIJizCL LY
IFCIND LT adedCLIUIZCHLI ZU)
CONTINUE

TO(CIDIZIE(S)*TS

CONTINUE

L = 18(Y)

OYF = 1B(4) +DMIL)

GO0 IC 270

CONTINUE

IF DAY OF YEAR ON TAPE IS PAST CURRENT DAY OF YEAR,
CACKSPACE TAPE,

IFUCIREMINGSGT 0)GC TO 507

102CY=-0YF=1,1

CALL NTRAN(Z2,7,1D,22)

IREWINZ]

CALL NTRAN(2,2,N19AA,LL1,22)

IFIL1«LToN)IGO TO 607

FMTPCL1)ZOFFSET (1)

UECOGE (N FMTP4AA(1))1B,B

L = IR}

OYF = 1°2(&) <DMLL)

IF(DYF LT2tDY+02))GD TO 40C

RPITEEE,ETH)

FOr¥AT(IHC 4 THEDE INPUT ERROR, DAY OF YEAR DY IS OUT OF RANGE)

sToP

IF ERKOR IN READ, PRINT DIAGNOSTICS
WRITELE,878)
FORMATILNhG,27HEDE TAPE INPUT ERPROR OR EOF)
STaF
£rD

072G326
g°c312
070312
gnasle2
oncéNn2
0nCr2
gleres
c2s12l
215341
gniisl
07G34]
gna2ul
s Jel7B L
075245
e2crn
GNL2Ty
0nu277
C2C402
gcu2e
g0 428
B ou2s
070426
g70u26
070usy
L0471
eIcu72
67539
074530
gzosne2
3768510
0nus19
07L512
Gac12
J7zs12
gus12
p~gs12
cnusle
075526
RIS L
onGe1e
876546
0735551
072553
0nose?
plI%y )
ges?7
07C625
cacell
creatl
Cnoell
870611
070614
075€22
crue2n
arorus

i
-
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lokpld]

Q3
W3 10N INVIg I0Va oNiq

181

oc217
G217
00277
©C 301
G0302
Q203
003CS
0G 337
G337
co3lt
co3s3
co11S
G015
€0315
ac31s
00317
C02235
0c321
cos2:2
cecles
GG323
0U324
00326
uc327
00327
003330
0C330
CC331

1859
186
187+
183
1499
19Cs
191»
192+
193¢
194
1959
19
197
1989¢
199¢
200»
2C1s
202
203
2549
2C5e
206
207»
2L ae
239¢
210
211s
212%

onn

ann

PRIOCRITY INTERRUPT

EC1=E1-ECE

ECO=EO*EDE
IFCIKE.GT.ECO)AND . LINTED.1s IDINT=D,
IFCIKECLT.ECLI)AND.LINT.EQ.~1.}INT=0,

IFI(KELLELEODINT=].
JFIKEGTELNINT==],
IFCCRF oGTECO)AND L IKE LT ECL IIINT=O.

TIFLINPLLLELIIRETURN
STATISVICS

MESAMAX 1 (ME 4KE)
MPCTAMAX]1(MPC,KEDD
MPOZAMAX ] (MPD ,~KED)
SPC-SPC+TINCHP]
SPO=SPDeTINC*P2

IFLTIME LT, THAX]DRETURN
CCI=CCI+CC
CHIZCMI+CH

RETURN
END

PUO I WP I

coa735
goorss
06a715
€oa734
&00737
C00T42
CCC76GC
LCu176
Cco776
001004
opl012
o103}
Cp1231
001031
01031
coicu0
Coicué
001054
Lo1062
0010686
001666
ro1072
Go1101
001104
coi1g4a
c01107
Go1107
0601332




7.8A FRESNEL LENS SOLAR COLLECTOR

Solar Insolation {ST)= - Ce1l Temperature (TC)
Air Velocity or Wind (WD)—» ~Fluid Flow Rate (FMD)
Ambient Temperature (TA)=i FO s Qutlet Fluid Temperature (T2)
Fluid Inlet Temperature (TFI)~»t L—» Thermal Power Obtained (P1)

The Fresnel lens collector mociel performs a thermal analysis for a con-
centrating photovoltaic array which tracks the sun. The array may be
cooled passively or by forced air or fluid. Fins may be used on the back to
increase convective heat transfer:to the environment. Figures 7.8A-1 and
7.8A-2 show the physical construction of the array and the equivalent
thermal network for the focusing collector. The purpose of the model is to
compute the cell temperature TC, and the fluid pump rate FMD when fluid
cooling is used. The analysis is based on a similar thermal model in

SOLCEL ([4].

“wp
PR
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FO

Figure 7.8A-1 Equivalent Thermal Network for Fresnel Lens Collector

Temperature
LENS
TA —————— — / 1///
AIR SPACE
TLom————— - L —
CELLS
CELL
TC—————= —- - INSULATOR
TS————— — HEATSINK
T—————= - OPTIONAL
COOLING TUBES
INSULATION

Figure 7.8A-2 Fresnel Lens Thermal Model
BCS 40180-2 Rev. 151B
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BASIC EQUATIONS

1)  Energy absorbed by the collector per unit area
QH = ST*TAU*(ABC-EFF)
where
ST = direct beam solar insolation
TAU = lens transmittance
ABC = cell absorptance
EFF = nominal cell efficiency
2)  Heat balance equations for the thermal network of 7.8A-1:
O, = Qrop* Qgor
%o = Hrop(TS-Teygp) = H (TS-TL)
%ot = Maor(TS-Tegor) = Qepy * Qpyy
Ly = HpLy(TS-Teyy)
3) The temperature variation in the insulating bond between the cell and

151C

the heat sink is given by a radial conduction equation for r>a:

2
8°Ty ot

¥ 84 B ol g,
or ér

T
with ﬁ;;g specified at the cell radius r=a and at the equivalent lens

radius r=b. This equation may be solved using modified Bessel func-

tions to compute TB at r=a given the overall heat transfer coefficient

BCS 40180-2 Rey.



FO

and equivalent temperature of the collector minus bonding. Thus the
cell, bonding, and collector thermal diagram reduces to
QH*AL -
e— NN MNVN—@
TC B TE
where
AL = lens area = 1rb2
TE = (Hyop*Terop*HRoT*TesoT)/ (Hrop*Haor)
Input Specification Notes
Minimum input parameters to specify FO are
Mg = Cooling mode option
TFp = Outlet fluid temperature (CMP=2)
NT = Number of cooling tubes (CMP=2)
HI = Thermal conductivity/thickness of back insulation (CM@=2)
AL = Area of lens
NL = Number of lenses
cL = Collector length
CW = Collector width
RC = Radius of solar cell
FIR = Cooling fin/collector area ratio (CM@=0)
The user should check inputs for consistency with those used in the

photovoltaic model PV. For example

? ?
FO collector area = CL*CW 2AL*NL 2PV array area

FO concentration ratio = AL/(1r*RC2) z PV concentration ratio

?
FO cell area = ﬂ*RCZZPV array area/number of cells

BCS 40180-2 Rev.

151D



Inputs/Port

ST
WD

TA

TFI
TFP
CMp

AL
TAU
ABC
EFF
SPA
EL
ES
EI
CW
CL
NL
RC
ABL
SPT
HI

151E

Description

Direct beam solar insolation
Air or wind velocity (default = 0.)

Ambient temperature
Inlet fluid temperature
Specified outlet fluid temperature

Cooling mode (default = 0.)

0 = natural air cooling
1 = forced air cooling
2 = fluid cooling

Lens area

Lens transmittance (default = 1.)

Cell absorptance (default = .95)

Nominal cell efficiency (default = .12)
Lens to heatsink space (default = .025)
Emittance of lens (default = .9)

Heatsink emittance (default = .5)
Emittance of the back surface (default = .5)
Collector width

Collector length

Number of lenses on collector

Radius of solar cells (default = ,025)
Absorptance of the lens (default = .05)
Specific heat of coolant (default = 4184)

Conductivity/thickness of the back insulation
(default = 10% for no insulation)

J/kg-K
w/m2-K

BCS 40180-2 Rev.
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Inputs/Port

gcont'dz
FIR

NT
MFM
DT
Cos
THS
DEN
cac
HC

cC
CM
cop

Qutputs/Port

TC
TS

Description

Cooling fin to flat plate area ratio
(default = 1 for no fin)

Number of cooling tubes

Maximum fluid flow rate

Diameter of cooling tubes (default = .015)
202)

Conductivity of heatsink (default

"

Heatsink plate thickness (default = .003)
Coolant density (default = 980.)
Conductivity of the coolant (default = .657)

Conductivity/thickness of the cell insulator
(default = 109 for no insulation)

Capital cost per unit collector area per year
Maintenance cost per year

Cost of operating power

Description

Cell temperature

Heatsink temperature
Fluid flow rate

Inlet fluid temperature
Outlet fluid temperature
Collector energy absorbed

Thermal energy collected

BCS 40180-2 Rev.
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Units \

kg/s
w/m-K
kg/m>

w/m

w/mz-K

$/m2

$/kwh

151F
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Cutputs/Port
(cont'd) Description Units

RER mﬂwwkg‘gynolgs number (air cooling) -
',p"'.”» TR
REF "Reynolgds nomber (fluid cooling) -

LTI Last time at which the collector hr
calculations were performed

@p Operating Power used (state) kwh

CALCULATION SEQUENCE
RL = (AL/7r)'5

1) Solar Power Absorbed by the Collector
QH = ST*TAU(ABC-EFF)
PH

QH*AL*NL /1000.
If QH<0.1 set TC = TA, FMD = P1 = #P = 0 and return
If LTI = TIME and ITFI - T1I<.1, return

LTI = TIME

2)  Convert TA,TFO,TFI to %

3) Initial Temperature and Flow Rate Estimates

TS = TA + QH/20

TL = (TS + T@)*.5
TF = (TFI + TFO)*.5
TI = TL

FMD = IFLU = 0

If CM@ = 2 and TF@ >TFI, IFLU =1
If IFLU =1,

1516 BCS 40180-2 Rev.



CALCULATION SEQUENCE (cont'd)

RO
FMD

NT*SPT*(TF@-TFI)/(AL*NL)
MIN(0.5*QH/RO,MFM)

0 Iterate 4) to 8) three times:

4) HTOP Heat Transfer Coefficient and TETOP

= 1.5
TSKY = e 0552*TA
HC1
= CNVC(TL,TA,WD,CL)
REA
HR1 = RADC(TL,TSKY,EL,I.)*%TL-TSKY}
TL-TA
H1 = HC1 + HR1
T™M = [5%(TL+TS)

HC2 = (7.25x107%TM+4.325x1073)/SPA

HR2 = RADC(TS,TL,ES,EL)

HL = HC2 + HR2

HTOP = (1/H1 + 1/HL)™L

TETOP = TA+ST*(ABL+(1-TAU)*TAUABC) /H1

5) Fin Factor and HFIN Heat Transfer Coefficient
HC = CNVC(TI,TA,WD,CL)
HR = RADC(TI,TA,EI,1.)
FAC = 4.318 - 4.3375*EXP(-.26795*FIR)
HFIN = (1/HI + 1/(HC*FAC+R))™L

6) HFLU Heat Transfer Coefficient to Fluid and REF
HFLU = 0.

BCS 40180-2 Rev.

FO

Appendix
(2)-(3)

aIbid,(B)

3

Ibid,(8)

Ibid,(2)-(3)
Ibid, (8)
(First pass)

15TH
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CALCULATION SEQUENCE (cont'd)
If IFLU = 0 go to (7)

HFLU
= FLUC(NT,DT,CW,C@S,THS, FMD,DEN,TF,C@C) Ibid,(5)-(6)

REF

7) HBOT Heat Transfer Coefficient and Temperature TEBOT
HBOT = HFIN + HFLU
TEBOT = (HFIN*TA+HFLU*TF)/HBOT

8) Temperature and Flow Rate Updates
H = HTOP + HBOT

TE = {HTOP*TETOP+HBOT*TEBOT)/H
TS = TE + QH/H
TL = TS - HTOP*(TS-TETOP)/HL
TI = TS - HFIN(TS-TA)/HI

QFLU = HFLU(TS-TF)

FMD = 0.

If QFLU >0, FMD = QFLU/RO
If QFLU >MFM*RO,

FMD = MFM
RA = QFLU/MFM
TF = TFI+RA*AL*NL*.5/(SPT*NT)

9) Check for QFLU<O
If QFLU<O0 set IFLU = 0 and repeat (4)-(8) once

10) Cell Temperature
ALPH = H/(C@S*THS)
X = SQRT(ALPH)*RC

1511 BCS 40180-2 Rev.
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" CALCULATION SEQUENCE (cont'd)

Y = SQRT(ALPH)*RL
BETA = QH*AL/(2 *CPS*THS*X)
A = BETA*IL(Y)/(KL(X)¥I1(Y)-KL(Y)*I1(X))
B = BETA*K1(Y)/(K1{X)*I1(Y)-K1(Y)*I1(X))
TB = A*KO(X)+B*I0(X)+TE
TC = TB+QH*AL/(m *RCZ*HC)

where 10,11,K0,K1 are modified Bessel functions.

11) Output Calculation

T2 = 2*TF-TFI
(- Convert TC,TS,T1,T2,TA,TFI,TF@ to °C
h P1 = QFLU*AL*NL/1000.
TKP = 5.E-4*CL¥CN
0. if CMP = 0
gP=TkP+ [ .0742%(Cu*cL) 2835 #yp-567 if CM@ = 1 and WD>0

7.85x10" 11 #pMp2-8554pT(-4.702)anTocL  4F CMP = 2 and FMD >0

REFERENCES FOR FC

1. J. K. Linn, "Photovoltaic System Analysis Program-SOLCEL," Sandia
Laboratories Report SAND77-1268, 1977.

2. E. L. Burgess and M. W. Edenburn, "One Kilowatt Photovoltaic Sub-

system Using Fresnel Lens Concentrators," Paper 11.6, IEEE Photo-
voltaic Specialists Conference, Baton Rouge, November 1976. '
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"A9Y 2-0810Y SO9

gciol
ag101
201Ci
99101
30121
Joiul
30131
017}
90103
(111D DY
831121
09133
GGl 3is
301935
0o13%
£o197
udlio
L9110
a1
%110
11479 DY
30113
ole) B 3
Gl117
86121
ac123
40125
30127
00131
J0133
30135
J0137
JC14)
03142
CCl4s
GCl47
3C151
gG152
uwilss
gcis?
2153
071563
LCi6S
a0156
a0167
Lo1e67
[4357 O 4™
uCl78
a017¢c
poirc
aj171
a0are
05173
u2171s
aglre
co1r?
£023¢C

83
(11
65%
66%
67
68
69
70
71
12%
73»
74
15+
T6%
17
78
79%
8J%

8is -

g
E3s
84
635%
6%
871%
8=
89%
90»
91*
92
93s
98%
953
96+
97s
98¢

99% -

1L 3
101
1.2
1(3%
lufs
1{5=
luébs
1u7s
14u8%
lu9e
11C»
111»
112%
113=
11us
115=%
iles
117=
1i8%*
116=»

OOOO0O0OO0GOOO

[a Xz X}

o000 O

100

oY ~DIAMETER OF COOLING TURES oM, {DEFAULTZ,015)

COS =CONDUCTIVITY OF HEAT SINK W/M=K,(DEFAULT=202)

THS <~HEATSINK PLATE THICKNESS ,M,(DEFAULTZ.003)

DEN ~=COOLANT DENSITY KG/M3,{DEFALLT=98Q0)

COC -CUNDUCTIVITY OF THE COOLANT  W/H=K,(DEFAULTZ,857)

HC ~CONDUCTIVITY/THICKMESS OF THE CtLL INSULATOR,
W/M2~K o (DEFAULT=10%¢9 FOR N: INSULATION)

cc ~CAPITAL COST PER UNIT COLLELTOR AREA PER YEAR,S/M2

(of ] =MAINTENANCE COST PER YEAR

COP =COST OF OPEZATING POWER,$/KuH

COMMON /CINPLZIMPL JICNT,ITEST

COMMON /CTIME/ZTIME sCSIMUL/DUMLT) ,THAX

COMMON /COST/CCAP,C4A,LCFO

REAL NL AT MFM, LTI

COUBLE PRECISICN MMESIN.MMBSYI,MM3ISKD,MMBSK]
OOUBLE PRECISION X,Y

INITIALIZATION

IFCIMPLGTL2:60 70 10
IFtWDeEQes9999FIUDCT,
IFICMOeEQea99599)ICMOS0
IFCALGED 20995990 ALZ s
IFUTAUEQee99959)TAUZY,
IFLABC4EC5e99997)ABC=,€5
JFUEFF oEC 00 99999)EFF=0l2
IF(S5PAEQee99999)SPAZ2S
IFUELeEQ 00999992 L6y
IFCESnECee999990LST 45
IFIEL oEQ e 9979901245
IFIRC+EQe ¢ 79995 2RCZ 4025
LFUABLuE L ee Y99S )ARBL=40S
IFUISPTEC+e99992)SPTG 184
IFIHIoECe 7999911 E?
IFIFIRECesI39999)FIFZ1,
LIFEDT 2EC2e99999)0T o1t
IFICOS 2EC40999993C0S=202
IFUTHS eEC 0099999 )THSZ.203
JFLDENECee59999)IDENZ98U
IFECOC +EC404799991)C0C=e657
IFIKC e 00095999 VIHCZ1,,E9
RLZSCRTEALZ3,1410926)
FACZU 318 <«8 o33 7S%EXP(~426T795%FIR)
TMAXIZTMAX % ,99999

400d 40

SI 39vy TYNIDINO

ALITYND

CONTINUE
SOLAR POWER ABSORBED BY THE COLLECYOR

CHSST*TAU*(ABC~EFF)
FHZCH®ALSNL/Z1CGN .

IFC QH .GT. (ol) 3 10 201
T1S=TA

TC=TA

OPOZ=5e

FMD=0e

020000
070000
o000
070900
297un33
03¢n19
01gnng
27,030
(33 TiEade o]
[+Jafrialsle ]
glca01
023029
0733030
05139
[k o]
anGT3n
070033
00023
210009
b Je 1 ekatols ]
0Jaoen
cn2902
15308
cl012
cnuGL?
[1 Jaduheb L]
090M31
gacnis
80043
0nensg
000ss
g030n62
aranet?
03007y
0731212
ano108
[33a1V) B 1
aluizn
870125
06132
030137
70148
8No1se
035180
05171
0ICc171
020175
DN017¢
0178

36178
60175
GNL?232
370226
216212
CNG21e
one21s
070216

-
-
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NLGL

go02a1
00202
00203
00295
0020%
0Jeas
al21s
agenes
30237
L2146
03¢1u
Q0¢10
g0210
Joe11
uwilzle
Gc213
Q%214
2318
Q%21
30217
0221
gc223
0a224
0502258
03227
J 8227
0227
LGc227
chel3y
oge
Go2:
20438
goe3e
o233
Cle3«
G235
0923¢
Q3237
gdJeu40
30241
G024z
00243
03244
0c244
CC24%
JU288
GOzue
aCes7
ccasy
anesr
LC25¢
902¢1
Gces3
anes3
0252
G254
Cgoess

12C»
121»
122
123=
126
125%
126s
127
128%
1<9#
130»
131%
132%
133=
js56%
135%
136%
1327=
138%
139%
140s
J41s
142
143s
144
14Ss
jués
147
1468
149
15Cs
151
152+
153
154»
1S5»

1568 -

157s
1c8s
159%
16Cs»
l6ls
162%
163»
lokx
1¢S%
1¢6%
167=
1668
169
1708
171»
172=
172s
174x
175%
176+

on0

(s Na Nzl

aOON

on

201

P1z0,
60 T0 920
IFCALYICEQeTIME) dANDAUABRSITFI=TY)elTeel))GO TO 920
LTIZTYIME

CONVERT TA,TFO,TFI FROM CENTIGRADE TO KELVIN
TAZTA+273

TFO=TFO0+273
TFIZTFI+273

INITIAL TEMPERATURE AND FLOW RATE ESTIMATES

TSSTA*GH/20.

TLS(TS+TA)S,S

TFXUTF1+TF0)% 5

TI=TL

1FLUZ=O,

FMDZG
IFCEABSICIMU=24) oLT 0ei) e AND(TFOGETLTFIN)IFLUSY
1F(IFLUNELLDEO0 TO 301
KOSNT*SPT®{TFO-TFI)/Z(AL®NL)

FMOZMF Y
JF(ROaGTaC o IFMDTAMINIL SSQH/RO JMFM)

301 CONTINUE

ITERATE HEAT COEFFICIENTY CALCULATION THREE TINES

LOOP=0

400 CONTINUE

700

HTIOP, HEAT TRANSFER COEFFICIENT, AND TETOP ,TOP EQUIVALENT TEMPERATUKE
TSAYZeG552%(TASS},5)
CALL CHEVCUHCI REA,TL,TA WD,CL)
CALL RADCUIHPL yTL,TSKY,EL,14)
HRISHRI®(TL-TSKY)}Z(TL=TA)
H1ZHC19HK ]
THMZ 5o {TL+TS)
HCZT 4T e25%) e ~SeTMeU 4325E-3)/SPA
CALL READCUHRZ2,TS,TL,ES,EL)
hLZHC2 +HR 2
HTOPZle/(1e/HY¢Y ,/HL)
TETOPSTA+ST*(ABL+{1-TAU)STAUSABC) /MY

HEAT TRAMNSFEP COEFFICIENT HFIN
CALL CAVCUKC24RE,TI,TA,wD,CL)
CALL RACCUHRTIZTALEL,14)
HFINZ1e/7014/HI®) o/ LHC2%FAC*HRY)

FLUID HEAT TRANSFER COEFFICIENTY HFLU AND REYNOLDS NUMBER REF
HFLU=O,

IFIIFLULEQ.2)GO TO 74D

CALL FLUC(HFLU,REF 4 NT,DT,CiwsCOS,THS yFMD,DEN,TF,COC)}

ECUIVALENT EQTTOM TEMPERATURE AND HEAT TRANSFFR COEFFICIENT
CONTINUE
HEQOTZHFINOHFLU

070217
Goo0220
£o0222
010242
DIG249
095240
070243
30242
010245
GlCesd
0130282
073250
C2u2s0
8070253
QL2557
a2Cc262
07265
323266
a10267
0202713
3082
0I3IC31S
070328
07C 23D
CYI3u44
0NO e
07348
0634y
072348
GG34s
070345
039245
030345
22352
02i%2
arp 3Nt
1 e T b ]
gnJet?2
0nauds
oNnJule
G062t
33Cu28
Jd2Cu3s
0Ngu3s
07Ca3e
Cncees
Unuess
09C46 N
(I TY
DT
ancer?
ooesan
a%0502
8070832
a7¢s%a2
o720
8120520

-
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TA3Y 2-0810b Sod

00256
80256
00256
00257
00260
30261
ug26¢
GC263
O00zow
20264
ugdce
dBe63
00266
0T
wher2
26272
G274
03273
Ugeve
a02MNn
a0
an3ng
<0311
20331
ge3Inl
ou3al
D23133
G932S
a73ds
Go3n?
60391
Jniag
0C317
Qa3
gestt
33312
Le313
LwC3l4
82315
G031e
00317
38328
pr32}
U322
30323
30324
D325
00325
J4032%
ta325
aB3ze
a0327
0033C
DRLEDY
an33g
30333
03334

7

177+
178»
179
180%
18]
182s
183»
lobx
1€5%
166%
167
168%
189
190%
191»
192»
193%
194
15Ss
196%
197»
158%
159=*
<ul»
201%
202%
2C 3=
2ubs
205
206%
2CT=
2C8%
2u9s
210+
211
212s
213s
2ias
215%
216%
217=
21Es
219"
220C»
221%
222%
223%
224%
225%
2cés
227»
228%
229%
210=
23l%
232%
233

[N o)

o000

(2 N s N ¢

OO

108

79¢

8030

900

TEBOTZIHFINCTASHFLUSTF S /HBOY

UPDATE TEMPERATURE AND FLOW RATE
HEHTOP4HEQOT
JEZIHRTOPSTETOP +MBOTSTEBOT ) /K
TSSTE*CH/H
TLZTS~HTOP» (TS-TETOP) /HL
TIZTS=HFIN®(TS~TA)/HE '
CFLUSHFLUS(TS=TF)
WRITELE ¢ JOEIHFIN HEOT o TEBOT yHTCP o TETOP Mo TE ¢ TSy TL o TI,QFLULRO
FORPATULIH *FOL $4,8E104247,5Xs8E13.2)
F™OZue
IF(OFLULLEST$)GO TO 800
IFIGFLUGGT 4 tMFHSRO)IGO TO 799
FMD=GFLU/RO
60 10 EnNy
EVOMFM
KAZCFLU/NFR
TFZTFISRASALONLS S/(SPTeNT)
CONTINUE

LOOPZLGOP+]
IF(LGOP.LEL21GQ TO ago

CHECK FOR EFFECTIVE FLUID COOLING

IFICFLULGEaDL160 TO 900
IFLU=0.

60 T0 4Ty

CONTINUE

CELL YEMPERATURE

ALPHZH/ZUCOS*THS)
XSSQARTLALPHISR(
YSSCRTIALPH SR,
BETASOr*AL/ (2.33,14159%C0O0SeTHSX)
BIlY=MERSINt1,Y,1ER)
EKLIXZMMRSKItL X 1ER?
EIIXZPERSTIL U4 X,IER)
BRIY=MMRSKI(],Y,IER)
bXIXSHPBSK (Y X, IER)
EYIXSMmESTOY s X0 IER)
SHETASPIIYZIRRIXSR] JY=BKAYSBYI LX)
ESBETABRIY/Z(EKIXEBIIY~BXRYSBI LX)
FRIRASREOAXIE*BICXTE
TCITESCHSALZ(3.14159%RC*RCIHC)

OUTPUT CALCULATION

TC=TC-273
TSST5-273
T1=TF1-273
T22Z«*TF=TFI~273
TASTA=CT3
TFIZTF1-273
TFOZTFO-273

c0%22
0708522
gnes22
Jngsll
onesS3s
DNGEN]
0565
30Cs%2
0170562
979860
[ AL TY,)
070564
CNL 558
SNGEe?
OLSIN
anosr?
02L6e0L
e2602
(a1 3
2704616
0oLAAS
Chueld
ulc620
01g429
nn5e23
070429
[ Jal 3 ¥
130311 { 1
DNL627
anesn
00rcesl
gnL631
onceIt
910433
Lecess
0DG54S
0n04S0
075683
oncer2
i TN fu ) |
anario
030717
JNT26
0IC73$S
QNUTHG
onGrs2
wIGTSY
ONT157
Lours?
0n08?
(1 D VR & 3]
gnuT?r2
0nC71S
gn10io
(G ) Batel
071917
0ni931

04
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dL§l

00335
00336
00337
0034}
00343
JC333
0034o
00347
09351
JCiss
GoYss
0C3Se
52357
UJ3suy
[1]X].D 1

234s
235%
23l6s
237s
238s
235s
24Cs
241
242%
243s
248
245
2468
247
248

909

92C

PL1SQFLUSALSNLZ10200.

REL1=0.

IFCABSICHMO=14) olE ool )RELZ 406244 (CHNSCL)S0,2035)0UD00,567
IF(FrD.LECDe)GO TO 909

IFICHOoGT ool RELST ESE=118(FNDE92,855)0(DToe (=4,7C2))eNTeCL
CONTINUE

TKPZZ ek =4*CLOCW

IFLI0P JNEJUIOPOSTKPSRE )

IF(TIMELLTLTMAXY)IRETURN

IFCIMPL LT 2)RETURN

CCAFZCCAPICCoALSNL

CMASCHMACH

CPO=CPC+COPQP

RETUKN

]

onicle
anin21
o01022
021na7
uninse
cM1n?s
g2177s
ani1%o
071106
Cle
amM1es
2071132
071113
0711237
331518
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7.88 FLAT PLATE SOLAR COLLECTOR

Solar insolation (ST)__,| ___»-Cell Temperature (TC)
Collector Tilt (TLT)__, |, Fluid Flow Rate (FMD)
Fluid Inlet Temp, (TFI)_ | FP |_—»-Outlet Fluid Temperature (T2)
Air Velocity or Wind {WD)__J |__o.Fluid Cooling Power (P1)
Ambient Temperature (TA)_,.

The flat plate component performs a thermal analysis on a nonconcentrating

photovoltaic array. Three types of cooling may be used:

° Front surface cooling using natural or forced air.

] Back surface cooling using natural or forced air with or without
a finned back surface.

o Fluid cooling using tubes on the back and N glass covers (N =

0,1,2,3).

Figures 7.8B-1 and 7.8B-2 show the physical construction of the array and
the equivalent thermal network for the flat plate component. The purpose
of the analysis is to compute the cell temperature TC and the fluid pump
rate FMD when fluid cooling is used. The analysis is based on the flat
plate thermal model in SOLCEL [4], except that an empirical equation due to

Klein is used to compute the top loss coefficient for 1 to 3 glass covers.
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TEMPERATURES

GLASS COVER(S)(OPTIONAL)

AIR SPACE
SOLAR CELL

INSULATION

MOUNTING PLATE

INSULATION (OPTIONAL)

LUID COOLING (OPTIONAL)

Figure 7.8B-1 Physical Diagram of Flat Plate Collector

Qrop

\g FLU
AMB TrLutp

Figure 7.88-2 Equivalent Thermal Network for Flat Plate Collector

BCS 40180-2 Rev. 152A




BASIC EQUATIONS

for the network of Figure 7.88-2.
U = STTY(AB - EFF) = Qrop + Qg

%rop = Hrop(Tegr, = Tayg)

%ot = Heor(Teery - Tegor) = Mo (Tee - Tpare)
= Qrry + Qpyy

FIN = HeIn(TpLare - Tawg) = HTpLate = Trwsy)

Oy = FMD*P(TFD - TFI) - HeLu(Tprare = Trymp)

where HTOP’ HBOT’ HC"’ denote heat transfer coefficients, and
TN = transmittance of the N-covers
AB = collector cell absorptance
EFF = nominal cell efficiency
TEBOT = equivalent bottom temp. (= TAMB with no fluid cooling)
P = fluid specific heat/unit cell area * No. of cooling tubes

TFLUID = average fluid temperature = (TFP + TFI1)/2.

Input Specification Notes

Minimum input Parameters to specify FO are

Mg = Cooling mode option

TFg = Outlet fluid temperature (CM@=2)

NG = Number of glass covers

HI = Conductivity/thickness of the back insulation
CW = Collector width

CL = Collector length

NT = Number of cooling tubes (CMp=2)

FIR =  Cooling fin/collector area ratio (CMP=0)

The user should check the consistency of these inputs (e.g., collector
area) with those of the tracking component SO and the photovoltaijc
component PV,

1528 BCS 40180-2 Rev.
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Inputs/Port

Description

ST
TLT
WD
TA
TFI
TFQ
MFM
RE
CMp

NG
™
AB
EFF
EC
EG
EP
CW
CL
SPT
HI

Global solar insolation

Collector tilt

Air or wind velocity (default = 0.)
Ambient drybulb temperature

Inlet fluid temperature

Specified outlet fluid temperature
Maximum fluid flow rate

Tracking power request

Cooling mode (default = 0.)
0 = natural air cooling
1 = forced air cooling
2

"

fluid cooling

Number of glass covers (default = 0.)
Transmittance of the N-covers

Collector cell absorptance (default = .9)
Nominal cell efficiency (default = .12)
Emittance of cell (default = 0.5)

Emittance of the glass covers (default = .9)

Emittance of the back surface (default

i
.
Qo

~—

Collector width
Collector length
Specific heat of coolant (default = 4184.)

Conductivity/thickness of the back insulation
(default = 109 for no insulation)

BCS 40180-2 Rev.

J/kg-K
w/mzK
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Inputs/Port

gcont'd)

FIR

NT
DT
cop
THP
DEN
coc
HC

cC
CM
crg

Outputs/Port

Description

Cooling fin to flat plate area ratio
(default = 1. for no fin)

Number of cooling tubes (default = 1)

Diameter of cooling tubes (default = .015)
Conductivity of mounting plate (default = 202.)
Mounting plate thickness (default = .003)
Coolant density (default = 980.)

Conductivity of the coolant (defauit = .657)

Conductivity/thickness for cell insulation
(default = 109 for no insulation)

Capital cost per unit area per year
Maintenance cost per year

Cost of operating power

Description

TC
TP
FMD
T1
T2
PH
P1
gp
REA
REF
LTI

152D

Cell temperature

Mounting plate temperature
Fluid flow rate

Inlet fluid temperature

OQutlet fluid temperature
Collector energy absorbed
Thermal energy collected
Operating power used (state)
Reynolds number (air cooling)
Reynolds number (fluid cooling)

Last time at which the flat plate array
calculations were performed (used internally)

Units

kwh

hr

BCS 40180-2 Rev.



ek

FP

CALCULATION SEQUENCE

1) Solar power absorbed by the collecter
QH
PH

ST*TN*(AB - EFF)

QH*CL*CW/1000
If QH<0.1 set TC = TA, FMD = P1 = OP = 0 and return
If LTI = TIME and |TFI - TY < .1, return

LTI = TIME

2) Convert TA, TF@, TFI to %

3) Initial temperature and flow rate estimates

TC = TA + QH/20

TI = (TC + TA)*.5

TF = (TFI+TF@)*.5

TP =TI

FMD = 0

IFLU = 0
If CM@ = 2 and TF@ >TFI, IFLU =1
If IFLU = 1,

RO = NT*SPT*(TF@ - TFI)/CW*CL

FMD = MIN(MFM,0.8*QH/RO)

0 Iterate 4) to 8) three times:

4) HTOP heat transfer coefficient and REA

TSKY = .0552+TAL*®
~HC1\
= CNVC(TC, TA, WD, CL) See (2)-(3) in Appendix
Ren/
If NG = 0,

BCS 40180-2 Rev. 152E



CALCULATIONS (cont'd)

5)

6)

7)

8)

152F

HR1 = RADC(TC,TSKY,EC,1.)*(TC-TSKY)
-TA
HTOP = HC1 + HR1
If NG>0,

HTOP = HTGLAS(N,TA,TC,HC1,EC,EG,TLT)
Fin factor FAC and HFIN heat transter coefficient

HC2 = CNVC(TI, TA, WD, CL)

HR2 = RADC(TI, TA, EP, 1.)

FAC = 4.318 - 4.3375%xp(- .26795%FIR)
HFIN = (1/HI + 1/(HC2*FAC + HR2))™1

HFLU heat transfer coefficient to fiuid and REF

HFLU = 0.
If IFLU =0 go to 7)
HFLU
= FLUC(NT,DT,DW,C@P, THP,FMD,DEN, TF,C@C)
REF

P

Ibid,(8)

Ibid,(7)
Ibid,(3)

Ibid, (8)
(first pass)

Ibid, (5)-(6)

HBOT heat transfer coefficient and equivalent temperature TEBOT

(1/HC + 1/(HFIN + HFLU))™L
(HFIN*TA + HFLU*TF)/(HFIN + HFLU)

HBOT
TEBOT

Temperature and flow rate updates

TC = (QH + HTOP*TA + HBOT*TEBOT)/(HTOP + HBOT)
TP = TC - HBOT*(TC-TEBOT)/HC
TI = TP ~ HFIN*(TP - TA)/HI

QFLU = HFLU*(TP - TF)

BCS 40180-2 Rev.
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CALCULATIONS (cont'd)

FMD =0. if QFLU <0.
(QFLU/RO if QFLU >0,
If QFLU> MFM*RO,
FMD = MFM
RA = QFLU/MFM
TF = TFI + RA*CL*CW*.5/(SPT*NT)

9) Check for QFLU<O
If QFLU <0 set IFLU = 0 and repeat 4) to 8) once

10) Output calculations
T2 = 2*TF - TFI
Convert TC,TP,T1,T2,TA,TFI,TF@ to °C
P1 = QFLU*CL*CW/1000
If CM@ = 0
BP = RE
If (M@ = 1 and WD>0
P = RE+.0742%(CuCL)2839yp- 567
If CM@ = 2 and FMD>0
P = RE + 7.85 x 10" 11xFup2-8554pr(-4.702)wnrucy

REFERENCES FOR FP

1. S. A. Klein, M.S. Thesis, "The Effects of Thermal Capacitance Upon the
Performance of Flat Plate Solar Collectors,” University of Wisconsin,
1973.

2. J. A. Duffie and W. A. Beckman, Solar Energy Thermal Processes.
Wiley, 1974.

3. F. Kreith, Principles of Heat Transfer, 3rd Edition, International
Textbook Company, 1973.
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SUBROUTINE FP

ENTRY POINT 00074}

STORAGE USED: CODE(1) 0012703 DATAIO) DQ0131: BLANK COMMON(Z) 0CDOOD

COMMON BLOCKS?

oed3
goce
G0sS
u0a6

CIMPL
CTINME
CsInuL
cosvy

ocoool
000001
000310
oeoncs

EXTERNAL REFERENCES (BLOCK, NAME)

£oC?
71t3 ¥4
ucil
o1z
anis
sCl4
tois

STORAGE

Goa1
4c01
8001
(Hale 1Y
GGcoo
ool
0cad
anao
3035

36100
Q0101
090101
ao1g1
J01d1
06171
goin
ac131
Jo101
a0iol
80191
uciol
a3%121
cc1dal

CNVC
RADC
HTGLAS
FLucC
Exp
XPRR
NERR3S

ASSIGNMENT (BLOCK, TYPE, RELATIVE LOCATION, NAME)

DLoiue
CLbo72
0L0567
CL0ubu
(1IN o
oLLul3
oceL2s
Ce0C0o
0L3L07

i
2%
3%
us
5
6%
T
8%
9
10%
11%
12»
13»
lux

igoL [Vefe}] 200173. 2710 ooc? 000315 3C1L L0001l 000316 &400L
4cat o001 00C4g4 70CL ceol 000530 799L ocol 000545 8nCL
909L [s]3[7} § JLT6T4 920L cro6 R CST0BD CCAP 0006 R QG0I2X CHA
puM UucCr R QU001 FAC €COoCG R 0COD21 HBOY GCGN R JG0J11 HCL
MFIN CO0C R JUCU20 HFLU CO2D R 0GA012 HRI £ogo R 190016 HR2
HTOP oose I 260075 IFLU ¢ccu3 I cCc0000 IMPL cooo 0U0363 INUPS
QFLU CDZO R DO0GN2 CH 0058 R €0J024 RA 3009 R 000315 RENI
RO Lault R JC0C22 TEBOT CCCO R COCUIY TF Ceod R 90CIN3 11
THAX ulL0 R 080006 TMAX] 000C R CODJ1C TSKY .
CFpP

SUBROUTINE FP(TC,TP,FMD,T1,T2,PH,P1,0P,0PD,I0P,REA,REF,LTI,

1 SToTLT kD TATFIoTFOsMFMoREZCHMOsNG s TNoAB,

2 EFFEC,EG,EP,CW,,CLySPT HIZFIR NTDT,COP ¢ THP ¢DEN,

3 COC,HC,CC,CM4CPO)
c
c PUKPOSE THIS COMPONENT PERFORMS A THERMAL ANALYSIS
c ON A NONCONCENTRATING PHOTOVOLTAIC ARRAY,
C THREE TYPES OF COOLING MAY BE USELE
c FRONT SUPFACE COOLING USING NATURAL OR FORCED AIR
c BACK SURFACE COCLING USING NATURAL GR FORCED AIR
c wITH OR WITHOUT FINSe
c FLUID COCLING USING TUBES ON THE BACK AND NG
c GLASS COVERS (NG=0,1,2,3)

& %

N i

€00t 000360 &01L
0001 200560 900L

2006
3202
0a11
caon
eacn
c20a

cCcoCia HC2

002325 RE1

DOV TV

oneneod

20000
013a790
gacoa0
G20090
0923000
g1 0teo
990050
020000
gnonrco
070739
gnecnao
grotun
cnus00

tuo002 CPOS

0u0200 HIGLAS
000007 LOOP

0L2003 TIME
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1251

co101
c0101
00101
Gcim
go101
00101
00104
00134
00191
00101
ac101
ocinl
G191
U013
ugIdL
oo10l
G014
L0131
0o101
40101
00101
uclot
36101
RTTEN
ccial
G0101
3c191
090101
20131
30171
60131
00191
4Lo131
60101
0gim
00201
00191
Gc1ot
00101

- 00101

G131
50191
Go1
co101
ueiol
00iol
00133
60101
00i31
aui0l
ocim
Jc101
u0i91
00191
00101
50171
001n1

15%
lé6x
17=
18%
19%
20»
21»
22%
23»
24w
258
cbs
21%
28%
29%
30
1=
32»
33%
34%
3I5x
l6%
31
8%
39
4G»
41
42%
43
K4
45%
4e*
H47%
48%
49
50%
51%
52»
53%
S4us
55
5€%
57»
S58%
59%
60»
61%
62%
63%
ok*
£5%
66%
6T#
68%
69%
10
71%

[N e R N N e N e N s R N e N N e N e N s N N e N N R s e N s Ny e e e N N e N e G R e e K e N N K N e K e e K K M s N e R s e N N Mo R No Na N Ne N,

WRITTEN BY Yo KoCHANy 11-6-78, VERSION 1

METHOD

CALLING

OUTPUTS

ST
TC
FMD
T1
T2
PH
Pl
cp
REA
REF
LTI

INPUTS
TLTY
WD
TA
TFI
TFO
MFM
RE
CMO

NG
™
AB
EFF
EC
EG

Cu
cL
SPTY
HI

FIR.
NT
DT
coP
THP
DEN
cuc
HC

cc
(o]

BASED ON THE FLAT PLATE THERMAL MODEL IN SOLCEL,
EXCEPT THAT AN EMPIRICAL EQUATION DUE TO KLEIN IS USED
TO COMPUTE THE TOP LOSS COEFFICIENT FOR 1 T0 3
GLASS COVERS
SEQUENCE

=GLOBAL SOLAR INSOLATION,W/M2
=CELL TEMPERATURE,C

=FLUID FLOW RATE KG/S

=INLET FLUID TEMFERATURE,C
=QUTLET FLUID TFMPERATURE »C
~COLLECTOF ENERGY ABSORBED,K¥
=THERMAL ENERGY COLLECTED hW
=0PERATING POWER USED(STATE) KWH
~REYNOLDS NUMEERCAIR COOLING)
~REYNOLODS NUMBERIFLUID COOQLING)
=LAST TIME AT WHICH THE FLAT PLATE ARRAY

CALCULATIGONS WERE PERFORMED(USED INTERNALLY) gg
Ty
~COLLECTOR TILT,DEGREES ;g [2]
~AIP OR WIND VELOCITY,M/S,(DEFAULTSO.) S
-AMBIENT DRYBULB TEMPERATURE,C §3g3
~SPECIFIED INLET FLUID TEMPERATURE,C
-SPECIFIED OUTLET FLUID TEMPERATURE,C e ]
~MAXIMUM FLUID FLOW RATE,KG/S cx -
~TRACKING POWER KECUEST AW 5,%
-COOLING #ODE(DEFAULT=D) Es
DINATURAL AIR COOLING <&

1=FCRCED AIR COOLING
2=FLUID COOLING
=NUMBER OF GLASS COVERS(DEFAULT=0)
~TRANSMITTANCE OF THE NG CLASS COVERS
~CCLLECTOR CELL ABRSORPTANCE(DEFAULTZ.9)
-NOMINAL CELL EFFICIERCY(DEFAULTZ.12)
~EMITTANCE OF CELLI(DEFAULTZ,5)
=EMTTTANCE OF GLASS COVERS(DEFAULT=.9)
-EMITTANCE OF THE BACK SURFACE(DEFAJLT=.9)
=COLLECTOP WILTH,,M
~COLLECTOR LENGTH, M
~SPECIFIC HEAT OF COOLANT ,J/KG =K, IDEFAULT=4188)
-=CONDUCTIVITY/THICKNESS OF THE BACK INSULATION M/M2-K,
(DFFAULTZ1.E9 FOR NO INSULATION)
=COCLING FIN TO FLAT PLATE AREA RATYO(DEFAULT=1l, FOR NO FIN)
=-NUMBER OF COCLING TUPES{DEFAULTZ])

C~DIAMETER CF COOLING TUREZS My (DEFAULT=471E5)

~CCNDUCTIVITY OF MOUNTING PLATE Jw/M~ho {DEFAULT=202)

=“OUNTING PLATE THICKNESS yM(DEFAULTZL0"3)

=COOLAKLT DENSTTY KG/M3, LDEFAULT=983)

~CONDUCTIVITY OF COOULANT  W/M=Ky(DEFAULTZ4657

=CONDUCTIVITY/THICKNESS FOR CELL INSULATION k/M2<K,
(DEFAULT=1eE9 FOR NGO INSULATICN)

~CAPITAL ZO0ST PER URIT AREA PSR YFAR$/M2

=MAINTENANCE COST PER YEAFR,S

00000
gocnoo
orso0d
gnenoo
onGnao
0npnao0
072109
o9u032a
gognnn
0unNan
620700
caengo
0100030
g0n0900
"l Jelalvls ]
[jafa]oindy ]
Lo ladviely Lo
gnanao
s Raftiadels}
orcelo
092C000
[shelvials]s]
pncnan
enungo
gngnoo
o0 2560
014GNoN
grunoe
0137320
g2u000
09¢3a0
0259760
afafilaiets]
an3009

nanap
Q10900
anenoq
o JaTeials]o]
alilshi ]
[va falaiv]s)
QA0nIn
03630
penoo
gansnon
oacneo
0716000
gnonon
shal Qalshs )
030900
320000
000100
gacnhud
994n00
gronrce
anusso
0unan
00n0H

d3



rest

“A9Y 2-0810% SO9

was

- 12

73
748

158
T6»
71
‘78%
9%
,80%
gie
Bae
83%
84w
85
B66%
87%

88y

89%

90

91
92¢

93

Q4w
95
9¢*
$71%
58%

T 99

1u0%
luls
152#
103#
104»
105%
iutbs
luTl»

108 -

109%
11Cx*
111
1i2»
113#*
114%
115=
116*
117%
118%
119%
120%
121=
122%
122»
124%
1¢5%
1i6%
147%
1z28x%

OO

o006

000

(s Xx Nyl

100

203

CPO =COST OF OPERATING POWER,S/HUH

COMMON /CIMPL/IMPL

COMMON /CTIME/ZTIME /CSIMUL/DUM(T) TMAY
COHMON /COST/CCAP,CHA,CPOS

REAL LTI MFPyNGyNT

INITIALIZATION

IFCIMPLOGTS( G0 TO 10D
JFIWDEC, 299999 )uD=],
IFLCMO EC 099999 )1CHO=0D,
JFINGoEQ e eY9299ING=0,
1FUABeECeeF9959)ABC6Y
IFLEFF oELoee59999)E7FZ0l12
IFLECeECL¢79999)ECZ S
IFLEGeECee?9999)EGS 9
IFGEPotC:e99999)EPZ,49
IF‘SPTOEQQ.9999?)SPT:“1$~
IFEHI 4ECee99999) HIZ1L,E9
IF(FIPcECee99939)FIRZ1,
IFINToECe 99999 )INTSY .
IFIPToERee9999S)0T= G115
IFICCP «EC ¢ 099999)COP=2020
IFUTHEP ot Qe 799953 THPZ 0D 3
IFUDENLECes95999)IDENZ98C
IFICOCEC+e99999)C0C o657
1FtHC ot 00099999 VLS 1.E9
THMAXIZTMRAX*,99999
FACZY 421E-uoe33754EXPL=426795%F1IR)
CONTINUE

SCLAP POWEP ABSOREED BY COLLECYOR

UHZST*TN® (AB=-EFF)

PH-CH®CL#CW /100,

IFU CH oGTe Dell 60 10 201
IP=TA .

GPD=(a

TC=TA

FM¥DS G

P130.

60 TO 920 ’
IF(LTIGECeTIMEY JANDo(ABS(TFI=T1)oLTeel)}G0 TO 9290
LTI=TIVE )

CONVERT TASTFO,TFI TO KELVIN
TAZTA+CT3
TFU=TFO+273
TFI=TFI*273
INITIAL TEMPERATURE AND FLOW RATE ESTIMATES
TCTA+CH/ 20U

TIZS(TC+TA)*,5
TFSUTFI+TFOY*.5

S TR S 12 L L

090000
ancoon
070700
g7un0n
0nocoo
ongnon
Lao0cn
gagnng
gnornoo
gaLnaon
onang2
00L006
2un12
gnanteé
oren2s
0170020
010035
0002
enNEdaT -
onarssy
CnL761
07Gre6
00773
0n0180
g7u10s
, 0Onp112
070117
onul2s
gnci13l
05124
o734
070146
093146
0Nulse
R ftR LY Y
015153
005157
0730163
0Nna165
07Cc166
090187
gno170
870171
anci73
gic2tt
010211
c20211
o021}
gng?13
0au218
1G22l
arc?21
aneo2l
cagoet
0 L2246
8nD230
090233
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"A3Y ¢-08L0Y S)d

Aesl

60203
u0206
0020%

0c20e

001G
cCel2
00213
00214
a021¢
03218
00216
ac21¢
o017
03220
Q5220
0224
00224
060228
goz221}
00222
agra22
Jce25
G226
a62217
0023¢C
0C231
G232
une12
20232
gez232
30233
0023«
a0c¢ 33
00235
00235
Q0235
G0z3s
00c27
Lcesl
g02s1
00231
ul2ui
20242
JCel3
00284
J0244
J02uy
2024%
3G245
nJoard 1Y
Q241
L6254
G0251
gnz2se
g52s54%
80256
v0257

129+
130+
131s
132#
133=
13u4s
135%
136%
1371»
138%
139%
14C*
141+#
lu2s*
1438
14ce
145%
146%
147»
148+
149%
150»
151%
152»
153»
154»
155%
156#
157»
158%
159»
1o
161%
1622
163
isy%

© 185%

166%
167#
168%
169%
17G*
171»
172+
173+
174%
175
176
177
178%
179%
1L 0=
131+
182s
1e3*
18us
185%

(s NNy

NnOOon

o000 (g KeXe] o060

(s N e Nyl

301

400

401
802

700

TPIT1
FMD=0.
IFLU=D

IF((AHS(CNO'Zo).LTo-l).AND.CTFO.GY.?FI)!IFLU:I.

IF(IFLULNEL1IGO TO 201
ROZNT®SPT&{TFO=TFEI)/Z7(CH*CL)

FMUZMFM

IF(PUGT 40 IFMDZAMINLI(MFMy o8%0H/ROD
CONTINUE

ITERATE HEAT TRANSFER COEFFICIENT CALCULATION THREE TIMES

LoorP=n
CONTINUE

HTOPy HEAT TRANSFER COEFFICIENT AND REA, REYNOLDS RUMBER

TSKY=o (5528 (TASS},5])

CALL CHVCEHCL,REA,TC,TA,ND,CL)
IFENGeGT40e)GO TO 40}

CALL RADCEHRIZTCsTSKYECs 1)
HPLIZHRIS(TC-TSKYI/ZLTC~TA)
HTOP=HC14HR]

60 TO &2

HTOP-=HTGLASINGyTAy TCyHC1,ECLEG,TLT)
CONTINUE

HFIN HEAT TRANSFER COEFFICIENT
CALL CNVCUHCZ24REN1,TI,TA,WD,CL)

CALL RADCUHR2,TI, TA,EP,14)
HFINZY o/t 1a/HI*1 o/ LHC23FACH*HR2))

HFLU, HEAT TRANSFER COEFFICIENT TO FLUID AND REF,REYNOLDS NUMBER

HFLUZ=C.,
IFIIFLUCEQeIIGO TO 740

CALL FLUCHHFLU,REF 4NT DT ,CH,COPoTHP oFMD,DEN,TF,COC)

EQUIVALENT BOTTOM TEMPERATURE TEBOT AND HEAT TRANSFER COEFFICLIENT MBOT

CONTINUE
HBOTZ1a/7(14/HC+2, 2 UHFINSHFLUD)
TESOTSUHFIN®*TA+HFLUSTF )/ (HFIN«HFLU)

UPDATE YEMPERATURE AND FLOW RATE

TCZ(QH+HTOP*TA+HEOT*TEBOT )/ IHTOP+HRBOT)

TPSTC~HBOT®(TC~-TEBOT)/HC
TIZTP=HFINS®(TP=TA)/HI
CFLUSHFLU%tTP-TF)

FMDZL»

IFIOFLUCLESTe¢3G0 TO 800U
IFICFLUSOT tMFM*R0DM)IGO TO 799
FMOZCFLU/RO

¢o0 T0 ere

000236

070237

gnNo240
ongauy
000263
00266
oau21?
groIng
0237115
020115
094315
onNC 318
07G11S
cnetle
nnotle
070316
02C316
DTL316
Cl0318
97323
070323
01a6336
QA534uS
00354
030356
01C360
[sRetvR ¥ &4
cng72
093372
g4G¢372
pae3re
prungl
onreceln
anNouiod
[r e D $24
g09J410
DNGu23
glou24
070426
0426
030426
0NGu26
R LT
oNGuYy

ooLuss -

8ICusS5
gnoess
0nyuss
07Guss
0"0u7S
290502
CoUso7
cI0us13
0aG514
ancels
02523
gncsze

d



12st

"A9Y 2-081l0% SJd

00269
06 1
0Ces2
00¢ss
00263
u0264
L0263
L3¢65
40245
90?65
00267
GCz71
ud212
32273
wCe?3
Goz27:s
§6o273
00274
ure7s
ugele

<717
40372
JE34
G0322
02333
3C3 s
8rC3ss
8327
G311
({MES DY
a0313
$0314
uC3ls
0332¢
aclze
63323
G324
£u3es
00326

LS 4

186
187s
1g8»
iags
199s
1913
152%
193s
isas
195=
19¢+
197
198s
159=
2u0%
2ulm
2uls
203
r{ 1
2uSs
2CG6w
207#
228%
2398
23iC»
211s%
212»
213
3% 1

215%

216s
217s
21&s
219%
2¢0
221%
222%
223«
224 %

[x Xx Xyl

[p NN

799 FERD=MFN

800

90

1

RASCFLUZKFNM
TF2TFIoRASCLECHS S/ ISPTaNT)
CONTINUE

LOOPZLOOPS]
1FILOOPCLE«2)G0 TO 400

CHECR FOR EFFECTIVE FLUID COGLING

1F(0FLUGE.Ss)G60 7O 900
IFLuzn

60 TO0 43¢

CONTINUE

QUTPUT CALCULATION

TC=TC=-272,
TIPZTF=273,
T1=T¢+1-273.
T222.%TF=TFI-273,
TRAZTA=272,
TF1ZTF1=-213.
TFG=TFQ0=-¢T3,
PloCFLL®CL=CN/1000,

REYI=U.

IFORESICMO~1a)elEasl)RELZT2OTUZSLICUSCL)#%,2835)8tUD*%,567)

IFI{FrDLE«T.)G0 TO 959

IFUAESICIO=203 oLEee 1 tRELZT485E-110(FHD$82 855 )%IDTs#(~8,772)}

sNTsCL

909 C(CNTINUE

%20

IF{ICP «MNEsWLIOPD=RE+RE]
IFITINE«L T THAXYIRETURN
IFUIMPL LT ZIRETURN
CCAPZCCAPeCCsCL®CW
CHMAZCHMASCH
CPOS=CFOS+CPO®*0P

HETURN

£ KD

210530
010531
07053
010545
0 5%4s
anceas
0170547
oRESy7
goassy
0NLENY
B1yEs2
gncess
030¢c5e
27CSe0
07CS560
0179560
caLse0
Jd765L0
D2L562
070%4¢S
05us572
gaLs1s
cogsan
gncsay
GT06Ce
Gmesll

2Uel2
0ALE2T
G1I642
aN:6u2
CIJ&67
oroes?
gooe7s
gnCcT102
030711
DCG716
0nuT7el
BRCT2S
071267




7.9 ONE DIMENSION TABLE LOOKUP e

FIN
Tables . Description
FTA . Tabular values of function
inputs :
Parameter/Port
FIN Input quantity

AN ABS(AN) £ 0.5 for equispaced interpolation

(AN < O prevents exfrapblafion)

Qutputs

Variable/Port ‘
FO Output quantity

Calculation Sequence

FO@ = FTA(FIN)

NOTE: A maximum of 18 points is allowed in the table.

PRECEDING PAGE BLANK NOT FILMED
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Zsytis

govd ONIQETT

qanTid LON INVE

11 (4

2-0810% SJ4

€0173
00173
00174
00174
0017%
colrs
te1Te
co1?
Lc2o0
06201
00202
00203
Ge20y
00235
c020s5
0cady
po2o?
00237
0G207

00211
. 00212

ce213
00213
0021s
00216
00217
0g217
00220
00221

79
40
ale
82e
83s
aye
45
860
ere
882
89e
90se
91»
92
93
o4
121}
%8
9Te
93¢
%¢
103
101+
1C2e
103»
1369
105¢
106
107

808 FORMATV(IHO,19H STATOR RESISTANCE
XF12.3,204 V0O HIGH FOR MOTOR )
IFSIRPL.EQ2)TCNTTICNT}

sF12.3,120 OR DAMPING ,

€T MY

EFFICIENCY AWD MAXINUM OUTPUT POVER

‘409 CONTINUE
P2=0.
EF2=€EF)
MP2TAPING EMPS JRAP)
60 16 SC0

800 EF2SEF1eP2/P}
NP2=AMINL [NP] ,RAPISP2 /P2
FFURSNE«Co ITO=P24T737+6/0NEGA

SO0 IF(INPL.LE.2)IRETURN

*STATISTICS

ann O

BTSARAXIETICMT)
HPNZAMAX L (P2/RAPLNPN)
SPESP*P2ITINC

IFETIVE i T TMAXIDRETURN
CClzCCleCC :
CRI=CMNIoCH

RETURN
END
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Goos7r2
00c172
Q60172
800172
goctz2
Gcu201
0Cco201
0GC201
000293
00021l
coo213
Go021¢
806226
000226
000235
cGo23s
uc023S
€0023S
ooL2463
CcCC251
0CC260
00G260
COC26%
coceT3
Goc276
coc27s
cco3sol
000633
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:7.27 POWER ACCUMULATOR a s
POWER REQUEST (REQ) ~———- ——— MAX. OUTPUT POWER (MPO)

INPUT POWER - » POWER REQUESTS

- (P1,P2,P3,P4) . (RET,REZ,RE3,RE4)
PRIORITY SEQUENCE ————» ————=POKER OUTPUT (PO
(PS1,PS2,PS3,PS4) (PO)
PA

MAX. POWER -

(MP1,MP2 ,MP3 ,MP4)

INPUT EFFICIENCY
(EF1,EF2,EF3,EF4)

This component sums power from four input ports and allocates power re-
quests to each port's source of power generation. An input power request
is allocated according to user-supplied weights within the ports of high-
est priority. If an input power request (load) exceeds the maximum power
that can be delivered by the ports of highest priority, then the remaining
load is allocated to the next priority ports. (See 1.2.2 and 7¢ for

further discussion.)

H
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Inputs!
Parameter/Port Description Units
~RE 0 Load request . kw

EF 1,2,3,4 Input efficiency from port i -

P 1,2,3,4 Input power from port i (default = O;X: kw

PS 1,2,3,4 Priority sequence {default = 152,3,4)/ .

F 1,2,3,4 Allocation weight (for equal priorities) -

MP 1,2,3,4 Maximum power (default = 0.) ‘ kw

Qutputs

Variable/Port

MP 0 Maximum deliverable power (ST MP(i)) kw

RE 1,2,3,4 Power request for port i kw

P 0 Power output kw

SP Supplemental power request to meet load kw y
(Power deficit = REy - = MP) \

Statistics .

SRE Sum of energy requesfed k kwh

PC 1,2,3,4 Percent of cumulative load request n %

delivered by port i

1 No capital costs assigned since this is an allocation component, not

a physical device. v :

BCS 40180-2 Rev, g "
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CALCULATION LOGIC

i 7 W T R i B At 2 e e s n g R b o A Ap SRR PSS S

PO = SP(k)
IF PS(k) €0 'SET MP(k) =0
MPO = TMP(k)

k =1,2,3,4

N YES

e RE(k) = MP(k)/EF (k)
e e

( MPO< REQ 7 )=

NO
Y

e SP = REQ-MPO
* GO TO @

INITIALIZE REQUEST LOGIC
SP = RE(k) = 0. K=1,2,3,4
RL = REO / |
I=1

NO

SUM MAXIMUM POWER SMP FOR
PORTS MITH PRIORITY I

D e 0

I =1+

® GO TO FAIR SHARE ALLOCATION
@ (NEXT PAGE)

|
( SMP = 07 ) {ES
| o
C SMP< RL ? )—N'O—‘H
YES
i

® SET EACH PRIORITY I REQUEST
AT MAXIMUM POWER

e RL = RL - SMP

e GO TO @

246
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4 o

PA FAIR SHARE ALLOCATION

?

o ROLD = RL
e DETERMINE THE SUM SW OF WEIGHTS F(k)

FOR PRIORITY I PORTS NOT PREVIOUSLY ALLOCATED

O

® DETERMINE FAIR SHARE ALLOCATIONS FR(k)
FOR PRIORITY I PORTS NOT ALLOCATED:

FR(k) = RL * F(k)/SW

e IF FR(k) > MP(k), THEN SET RE(k) = MP(k)
AND RL = RL - MP(k)

NO
(& = ro? }——(3)

YES

e "LLOCATE FAIR SHARE OF REMAINING REQUESTS
TO PRIORITY I PORTS NOT PREVIOUSLY ALLOCATED

RE(k) = FR(k)
RL = 0

®RE(k) = RE(k)/EF(k) k = 1,2,3,4

¢ COMPUTE STATISTICS SRE, PC1,PC2,PC3,PC4d

EXIT

BCS 40180-2 Rev.
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SUBROUTINE PA ENTRY POINT 0COS14 9D T
o2 :
STORAGE USED: CODE{1) D0O0746; DATA(D) 0OOLO7; BLANK COMMON(2) 000000 o :
=] 3
COMMON BLOCKS: [ = é; %
0003  CIMPL O0CQODOR m ;
LCgs  CSIMUL 000010 <& :
i
¢
EXTERNAL REFERENCES (BLOCK, NAME) g
UD0S  NERR3S ;
S ' ﬁ
"~ SYORAGE ASSIGNMENT (ELOCK, TYPE, RELATIVE LOCATION, NAME) g
! i
06001  Qu0372 1080L cOD)  D30D3T5 20UOL D001  PO0231 2346 G001  0DO028D 2416 0001 DLD260 2536 j
001 CGGC302 2736 c0C1  D3032) 3056 006Gl 0J03%7 3256 0001  0001N3 40L 0001 000275 &00L ,
001  OC0413 530L unol  NOB275 &NCL 0001 poO31Z TOGL cool  0DC1S5 8ent ¢ gnol - 000347 BOOL ﬁ
0C01  CCLD366 9GOL UaCE  COCOT0 DUHM goud R OC0030 FR LO0ON R 900282 FRY 0909 I 000037 I i
G003 1 BLOLUC IMPL COC0  DOOGS4 INJPS ooCo 1 nocdel K C000 R 00OJ36 LL 0002 R 000035 LOLD 0
G030 R 0GOLl4 MP 00C0 R SLOGCD4 PR 0n07 R ©UNCOG R DOOO R CODJ24 SMP 0309 R 0GOO44 SRI i
0Cd2 R DUOG43 SRO goun R SOCD20 SW oltas R COCOBS TINC LoOO R 0OP336 TINCL 0303 DODOCT THMAX )
i04d R DJCCL10 W 0oud R 20CLS0 X1 : e .
13
- goao0 1 CPA o002 J
ooi0l 2% SUBROUTINE PAIMPO, . p10p0e00 S
gei1nl 3% 1 R1, RZ, R3, R, ) 00009 i
80191 ax 2 POsSP, v go0n00 . ;
00191 5% 3 SR4PC1,PC2,PC3,PCl, 00ons0 ~
- 004901 63 4 RO, D7IT000
o o01al 7% 4 EF1, EF2, EF3, EF4, ' gnoeon
v, poim: gs 5 Pl, P2, P3, PU, 036000
& 361 9% 6 PRly PR2, PR3, PR#, 8GND0o
S ccan iCx 7 N1, K2, W3, Wi, ' WLETD]
®  §O1nl 11% 8 MPl, MP2, MP3, MPh4) anonog
¢ ool 12+ c 0nGAI0
N pp13l 13% ¢ PURPOSE. MODEL POWER ACCUMULATOR onenan
- 09164 1a% c onungn -U
® aoigl 15» c METHOD. PRIMARY REQUEST ALLOCATION RESULTING FROM PRIORITY 9ngc00 g
. 001921 16% ¢ ASSIGNMENTS. SECONDARY REGUEST ALLOCATION RESULTING 0JnCo i
GO0101 ©  17% c FPOM WEIGHT ASSIGNMENTS. A WETRLT] > g
02101 18% c THAT IS, REQUESTS ARE ALLOCATED ACCORDING TOX 3479800 : ¢
3121 19% c % PORT PRIORITY (HIGHEST PRIORITY = 1) gngaoe §
pGlol 0% c * PORT WEIGHTS (IN CASE OF ECUAL PRIORTIES. ) 015710 i
30101 21% c gngnan i
uo1G1 2% c FORMAL ARGUMENT DEFINITION, o70n00 i
go101 23% c. Rlyeeeg R4 3 POWER REGUESTS IN Kie {OUTPUTS) onanan §
: i
FR
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*A3Y ¢-0810Y SJd

6ve

agial
30191
goiecl
o191
Jciol
Joloil
gaiot
GCi2)
20101
goini
golol
[FY P ¥eRY
gciesd
00104
0ol195
Q21¢C35
potns
UGlCs
0901035
¢Galgs
3010
g0116
Grlee
(140 By |
o1y
Lolar
a3tla
GCilo
001140
00111
J0i11
colll
ctlle
oea12
J2112
GClll
w0113
uoll3
anyts
aclits
acC1l4
ulila
Colly
gcri1s
gn11s
olils
gglie
JdG12G
ucral
Ji123
0c12%
oT127
utli3l
vo133
o135
co13?
Go1al

2h%
r4-1]

S 26w
27

6%
29%
30»
31=
32»
33

34%
35%
368
31

3&x
39
L0
4 1%
42
43
Y4
45%
46w
W1
4B %
49%
SC#*
£1%
52
53x
S4x
55s
56»
51
58%
56s

&0G% -

61%
62%®
£3%
6%
65%
bbx
671%
68%
69
10%
T1»
12%
73%
Tux
15%
763
7%
78%

19 %

s0=

OO0

OO B0 00 . 00 N6 00000

OGO

a0 00

N N
[

uPD X TOTAL MAXIMUM POWER LOuUTPUT?

L SURPLUS REQUEST (OUTPUT)

pe. 3 TOTAL LOAD IN KU (touTPUT)

SR X SuM OF ENERLY RtOUESTED, KWH “(OUTPUT)
PCloeoegPCl PLRCENT OF CUM LOAD DELIVEPRED (CUTPUT)
KD 3 TOTAL POWER REQUESTED KW (INPUT)
Ploesey PO 2 INPUT POLER IN KW tINPUTS)
PRlyeese PR& T PORT PRIORITIES tINPUTS)
Wloeeey WU X PORT WFICHTS l!hPUTSl
MPly eesy MP4 X MAXIMUFM POWLERS tINPUTS)
EFly easy EF4 2 EFFICIENCIES (INPUTS)

COMMON STORAGE
COMMONS CIMPL /7 IMPL
-COMMON 7 CSIMUL /7 Dumie), TINC, THAX

KEAL MPD,MPLyMP2,MP3 MPY

LOCAL VARIABRLES
RtK) IS THE POWER REQUEST AT PORT K
REAL R(4)

PR{K) IS THE PRIGRITY ASSIGNED TC PORT K
REAL PRIU&) J7

win) IS THE WEIGHT ASSIGNED TG PORT K :
REAL Wi&) e

MPIX) IS MAXIMUM POWER TO EE ALLOCATED TO PORT K
REAL MP(Uy4)

SWEI) IS THE SUM OF THE WEIGHYTS ASSIGNED T0 PRIORITY~1 PORTS

REAL Swit%)

KEAL SMPL4}
FPU IS FAIR SHARE UNIT FOR PRIORITY-I PORTS

FREK) IS THE COMPUTED FAIK SHARE REQUEST FOR PORY &
REAL FRI4) i

LL IS THE LOAD LEFT AT EACH POINT IN THE ITERATIOWN
REAL LLsLOLD

IF InPL 1S ZERO, THEN ASSIGN DEFAULT VALUES
IF (IMPL +GT. 0% GO YO 40
RTC = 0.9

IF (PR1 oEGe De79999) PRI = 143
IF (PR2 +EQe De99999) PR2 = 2.0
1F (PR oEGe [497999) PRI = 3aU
1F IPRY +EQe [1e9599%) PRU = 44U
IF (MP1 +EQs Ce%9999) nP1 = 0
IF (P2 o¢EQe [e99999) MP2 = (
IF (MP3 JEGe 06999993 MP3 = (
IF (MPU sFEGe Le59959) MP4 =

1FP1  «LQs ¢99999) PLz(e0

i

\?Sv?fll IS THE SUM OF THE MAXIMUM POWER AY PRIORITY=1 PORTS

oronaa
02¢000
anocgo
g7onon
p10n302
0noN0n
025000
0nGnan
016100
anunoo
270900
g32c00
071132
Gnnn
375700
0Jut00
c2cn30
Ciunno
Jord7
gnoroD
01c020
0o0"man
a%u%00
616700
874720
076730
079108

pneroo

030030
0nLNaD
£"0"20
09Cc"00
£7u709
LI
910630
onca00
0765en
07¢200
900500
025532
070700
02u230
063730
0770
830209
GRRLLL
CRBLRE!
075002
01gno?
070210
018715
03c722
oncr2?
granss
016237
070543
onces?
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052

A3y 2-0810t SO8

G043
00185
go1a7?
20151
00152
GC153
G01s4
y0155
20156
00157
00157
Ucls?
ul157
aC157
26160
00161
acle3
60165
gcle7
oG171
Gol72
20174
uagrs
0Gite
60177
un299
30231
Q%5292
gczaz
00222
G232
awéne
upzo2
00213
J0274
anz2as
so226
5627
0c21G
agzio
00210
00211
20213
cr21s
nc21s
uBzle
se217
65220
20221
60?2
Gcee2s
o022y
00225
w225
waz27
gcz3y

JC231

1%
82%
832
84%
85%
56%
7%
88%
89»
90=»
91%
92%
93%
94%
95%
96%
97
98%
99%
10Cx»
161»
1C2*
103%
1usx
105%
1ue*
107»
1J8%
J1Lu9%
110%
111%
112=%
113%
114
115=%
116%

117% -

118%
119%
12¢%
121%
1.2%
123=%
la4s
125%

126%,

127%
1z8%
1z29%
13C%
131»
132%
133=
134%
1352
1356%
137%

o000

QOO0

80

80

IFLFEE  oE0a 099999) P2:50.7
IFIPE  oEQe 099999) P3= UWD
IFLP4 oEQo ¢99999) P4=0,0
SR=0e

PCL=De

PC2={ia

PC3<Ue

PC4zUe

TINC1= Do5*TINC

CONTINUE

IF THE TOTAL MAXIMUM POWER IS +LE. TOTAL POMER

REQUESTEDy THEN SUB™IT REQUESTS AT MAX=-POWER, SET REQUEST
SURPLUS EQUAL TO THE DIFFERENCE, AND RETURN

PC = P1 + P2 + P3 + P&

1FIPRleLE e 0e3) MPLIZ=0,

LF(PR2LEelel) MP2ZC,

1F(PR3.LE odeD) MP3IZC,

IFLPRY LE«Uall) MPUZD,

MPL = MPl + MPZ ¢ MP3 ¢+ MPY

IF (MPL «GT¥e RO) GO TO 8O

R1 = MPI/EF1
K2 = MFZT/EF2
R3 = MP3/EF3
R4 = MPU/EFY
SP = R - MPD
60 TO E0U
CONTINUE

PROCEED WITH ALLOCATION ALGORITHM SINCE THE SUH OF
ALL MAXIMUM POWER INPUTS EXCEEDS THE TOTAL REQUEST RO

INITIALIZATION
LL = R
Rl = Q.0
R2 = 0,0
R3I = 0.2
R4 = 0.0
SP = 0.0

1F THE TOTAL REQUEST tOR LOAD) IS ZERO, THEN RETURN
IF (RO JLEe D40} GO T0 SOO

RUIIZR]

RE2)=RZ

R(3)=R3

R{G)I=R4

PRt1) = PRI

PRL2) = PRZ

PR3} = PR3

PRE4) = PRY

kfl) = Wl
wt2) = HWe
Wi3) = W3
Wi} = WY
LP{1) = MP]
MPL2) = KP2’
KPU3) = HP3

goans3
010087
07006y
020067
onon10
g1700n71
030272
D073
27078
c20100
24100
01C109
[vialth Nlej
G701390
073130
073104
uae1n
030114
ghu129
020128
60131
§G70134
270137

2142
0106145
G73159
879153
GAG155
01g1%5
goe1ss
070155
G0155
00155
876185
020156
G206157
37C1len
0135151
angle2
goulsz
goG162
£Iu162
CIG16S
0ng167
0170171
anprrs
0732175
02c177
g22201
0702aG3
ans20s
uac237
o%6211
Greas
0nec?ls
0720217
sC221
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1
1

"A8Y ¢-0810% Sd4

LSe

gra3e
30212
00232
00232
00232
00233
o233
JCe36
J023s
L0237
0024y
Jilu3
9C245
00245
03245
00245
33e47
092247
onze?
utad
50251
90251
30¢51
aCz51

.acass3

30256
QGzhn
0C2su
go026n
00c52
d0z62
Jiés2

G0g63

ga263
0Ce6s
wlb265
02¢65
20260
aCebe
062%¢6
atzse
ul26s

-00c66

9Ges7
ggee?
GoZe7
80274
apzro
ac0z7d
30274
cga71
Jhz72
g0c7s
30277
a833¢
390323
00373

138¢
1392
140%
141
142
143»
1u4x
145
146+
147%
14e%
149%
150x%
i51=
152%
153%
154«
1£5%
1562
157
158%
159
160*
161%
162%
163%
164%
165
166%
1€ 7=
1£8%
163
= 170#
l?ifﬁb -
172+
173
174% -
175»
176x%
177»
178+
179=
160w
iclx
182%
le3s
leys
165%
186%
167»
1e8%
189%
150%
151=
1¢2=%
153»
19u»

0O 60 00

a OO0

o0

[a K 2] OO0 n

060

HP(§) = MP& ]
ITERATE ON PRIORITY I FOR I = 3, 2o 3o & <
DD 160 1 = 1, &

XI = 1 -

OFPTAIN SUM OF MAXIMUK PCHER FOR PORTS WITH PRTIORITY I
SMPEI) = 0.0

00 IcD K = 1y &

IF (PR(K} oEQe XI) SMP(I) = SMP(I) ¢+ MP(K}

100 CONTINUE
IF NO PRIORITY-I MAXIMUM POWER EXISTS, THEN PROCEED N!TH
THE NEXT H1GHER PRIORITY
IF (SMPII) .EQe 0e0) 6O TO 100D
-
1F THE SUM OF ALL PRIORITY-I MAXIMUM POWER oGT. LOAD
LEFT, THEN GO ARQUND -~
IF (SMP(I) oGTe LL)-50 TO 40O
THE SUM OF AL'*éR;nkxtv-x MAXIMUM PONER oLEe LOAD
LEFT, SO SUBMIT EACH PRIORITY-I REQUEST
GO 200 K = 1, &
IF (PRIK) «EQe XI) RUX) = MPIK}
200 CONTINUE
UPDATE LOAD LEFT
LL = LL = SMP(D)
IF THE REMAINING LOAD IS 2ERO, THEN EXIT TKE ITERATION
1F (LL (LE. 0.0) GO TO 2000
OTHERWISE, PROCEED WITH NEXT HIGHER- PRIORITY
G0 T0 1000
80C CONTINUE
THE SUM OF THE PRIORITY-I MAXIMUM POMER EXCEEDS THE
LOAD LEFT, SO COMPUTE AND SUBMIT FAIR SHARE REQUESTS
TO EACH PRIORITY-I PORT
600 CONTINUE
SAVE LL FOR LATER REFERENCE
LoD = Lt
LUETERMINE FAIR SHARE UNITS FOR ALL PRIORITY-I
PORTS TO WHICH NO REQUEST HAS BEEN SUBMITTED
SH(I) = Ce0
U0 700 K = 1, 4
IF (R(K) oNEs Cod) GO TO 7CO
IF (PRICH oEQe XI) SWEID = SWQI) * W(K)
706 CONTINUE

FRU = jeGC 7 SWLI)

0np223
090?223
Q10223
0N0223
010223
gag231
oncesl
0nru231
870231

070234

006240
920240
00247
070247
07C247
QG247

o vt

oo
i
- F

Q70247

gng24e7
anG247
073247
gnoecl
26251
70281
02U2s1
0nL269
074?260
27C266
841c266
020266
LND266
330266
02266
ancar}
GIc278
ang271
002713
onu273
220275
a1027s
036275
Q30275
anoers
0nG27%S
930275
020275
g3u27s
0nc27s
gng?7s
0"0?27S
a10?21s
onL21s
370302
070202
094352
onG3Ls
orpg3s
£20313
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gQ323
0C30s
GC3%4
g3
gcill
003l
00311
gc313
w0312
Jgg313
ac3le
Jc3ts
uclls
3G320
JQ32¢C
JC324d
L0124
w324
gn223
eT32U
3032y
un32u
J61°¢
pgci22
aclze
LLs22
46322
gnz222
uG324
s032
0Ci3y
w333
wC334
28330
grazy
grisi
0038l
C034.3
gc342
w0342
af342
20342
05343
CS3uu
L231s%
Sa3us
o034
L2353
aQise
GL3ss
GR3sSyY
J035¢
Ln3s?
G3354
SR EE-B
Tl2382

195»
1968
197s
19¢s
199a
L.
2Ll

2028

2uls
ran ¥ |
2LSs
205%
27"
2ués
ic9s
c1Gs
211s
252s
e13s
2ius
215%

2l&s

2178
2.E%
2198
220
221s
2¢2»
223=
224s
2¢5s
2¢6%
227
2¢6s
9
23508
231s%
232%
231s
2348
2315%
234%
231s
258s
239
2uCs
241e

242

243 s
24
24%%
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24G%
25(=
251s
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800

9co

1020

200G

500

FIRST, SUBMIT FAIR SHARE RECUESTS T0 PORTS FOR WHICH THE
FLID SHERE 2EQUEST EXCEEDS THE MAXIMUM PQOWER, CONSIJER ONLY
PORTS TO WHICH NO REQUEST HAS BEEM SURMITIED

00 ELN KR = 1y 4

1F (R(r} oKkE, Ced) GU 10 ALD

1F (PRUK) +MEs X1} 60O 10 820

COMPUTE FA1R SHARE
FRIK) = tWI(K) & FRU) ¢ (L

IF FAIR SHAPEL EYCEEDS MAXIMUM POWER, THEN SUBMIT REGUEST
IF (FRUK)} o<CEs MFIR)) RIK) = MPIXK)

= = -~ AND REDUCE LOAD LEFTY TALLY

1F (FRUK) 4GEo MPU(X)) LL = LL -« RPIK) ~

CONTINUE

IF LL oMEe LOLD, THEHR LL WAS REDUCED DURING THE
FPPOCcSSING IN THE DC 800U LOOP AQQVE. THIS CHANGES
TPE FA1R SHARE CCWPUTATIGMe IT IS THEREFORE
NECESSARY TN GO EACK THROUGH THE 0O €30 LOOP IN
GRUER TO RECUNSIUER ANY PORT WHICH MAY NOW

SETISFY THr RECUIRPEVYENT THAY F&RIA) «GEe MPIK)a ONLY
PPICRITY-1 PORTS TC WHICH NO PEQUEST HAS PEEN

vAaDE ARE ELIGISLE FOGrR RECONSICERATION

IF ftL +L7Ts LOLD) GO T0 b7,

FINALLY, SUPFIT REGQUESTS TO THCSE PORTS FOR WHICH THE FAIR SHARE

eLTa THEN THEIR KAXIWNUM PDOwER. CONSIDER ONLY
PRIORITY~1 PORTS TO WHICH H0 REQUEST HAS BEEN SUBMITTED
LO e K = ),y &

IF (PUr)] ohEe [eT) £0 TC 9.0

IF (FRIF) .NE. xI) GO TO 9GC

RIK) = FRX)

CONTINUE

LL=C.0

0 70 I0LO

CONTIMNUE
CONTINUE
FINALLY, ASSIGN QUTPUTS TO NON-SUBSCRIPTED FOPMAL PARAMETERS.

ALSG, MODIFY ALL RECUESTS ACCORDING T0 THE INPUT EFFICIENCIES
Rl = Rt}l) / EF]

A2 = R(2) 7 EFZ

R2 = R(Z) 2 EF3

K4 = R{u) 7 EFs

SP T LtL
IF(IMPLWLES1) RETURM
SRO= S

SP=Sk+ FL3TINC]
IFISE.LEWSe) RETURN
LROZSRC/SER

SPI= TINCl=lLC,./59
FCi= PCIaSKO ¢ PleSFL
FCz= PC2%SRO + P2s5P]
FC3= PLI8SREO ¢+ P3IsSRI1

oo0r13
g72cn?
070313
a7L721
0D"032l
0ny122

2322
0"5722
07025
Lro2s
210128
0731231
070121
06127
R AR LT
U39
U550
o030
094333
07350
070253
GEC3S0
0ns3sn
5C2152
gnozsy
216150
0noTsn
£"c350
302189
009157
0NGs7
12360
GIu2el
312167
07C267
015379
LR L
cIC275
one17s
GnG2TS
01c37s
82375
cacTs
275178
cnIzr
proug2
370435
012813
Gr6413
once2l
0ncuz3
gnLe2?
anculs
JnIuyD
hBLTY
£1oass

090456

s

w,“’

Vd
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€62

0c363
0038
80365

252
253e
ré-11

PCsz= PCasSRO ¢ P4ssR]
RETURN
END
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7.28 POWER DIVIDER

—————— & POWER ALLOCATIONS
(P1,P2,P3,P4)

POWER REQUESTS - ————==({AX. OUTPUT POWER
(RE1,RE2,RE3,RE4) ‘ (MP1,MP2 ,MP3,MP4)

INPUT POWER (PQ) ———==

PD
PRIORITY SEQUENCES ————

(PS1,PS2,PS3,PS4)

MAX. INPUT POWER (MP) ——= —————=—SURPLUS POWER (SP)

INPUT EFFICIENCY (EF)

This component allocates power to four ports plus surplus based on priority
and allocation weights for equal priority ports. Each port is assigned a
priority sequence from 1 to 4, and a weighting F3 >0, i=1,2,3,4 for propor-~
tional allocation among equal priority ports. If power available exceeds
the power requested for the ports of highest priority, then the remaining
power is allocated to ports having the next highest priority. If power
available is less than the power requested for ports of equal priority,
then power is allocated among them in proportion to their respective allo-

cation weights.

The total power request is the sum of the port requests divided by input

efficiency. The maximum power outputs MP1,...MP4 are necessary for direct

254 BCS 40180-2 Rev.
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connections to a power accumulator PA. These variables may be used as
maximum power inputs to other components, although such connections are

not required. (See 1.2.2 and 7c for further discussion.)

Inputs! : P

Parameter/Port Description Units
P 0 Input power Kw
RE 1,2,3,4 Power request of output ports , kw
PS 1,2,3,4 Priority sequence (default = 1,2,3,4) kw
F 1,2,3,4 Allocation weight (for equal priorities) -
MP Maximum input power (default = PO) kw
EF Input efficiency -
Outputs

Variable/Port ‘

P 1,2,3,4 Output power for port i kw
RE -0 . Output power request kw
MP 1,2,3,4 OQutput maximum power based on MP kw
Statistics

sP Surplus power : kw
T

No capital costs assigned since this is an allocation component,
not a physical device.
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L
CALCULATION LOGIC

i

e WT(k) =1 k
e IF PS(k) = 0, RE(k) =0 k
® REO = TRE(K)

1
1

’2 ’3 ’4
12,3,4

re

(:jREos PO ?‘:}ff YES
NO

eP(k) = RE(k)
o Pl = PQ)-RED
oGO TO

eINITIALIZE ALLOCATION LOGIC
P(k) =0 k=1,2,3,4
I =1, PL=P0O, MPA = MP

NO

@ SUM REQUESTS SR AND WEIGHTS | I=I+]
WT FOR ALL PORTS WITH PRIORITY I
MP(K) = MPA*F(k)/WT
MPA = MAX(MPA-SR,0.)
REOSPO OR N\ _ YES
SR=07 J X
NO
N NO e GO TO FAIR SHARE
(:SR sPL? ALLOCATION
NEXT PAGE
YES ( GE)

® FOR EACH PRIORITY I PORT, SET
P(k) = RE(k)

e UPDATE POWER AVAILABLE PL

G0 T0 @

256
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PD FAIR SHARE ALLOCATION

,—\\\

POLD = PL

e DETERMINE THE SUM SW OF WEIGHTS

F(K) ASSIGNED TO PRIORITY - I PORTS
- NOT PREVIOUSLY ALLOCATED

e DETERMINE FAIR SHARE FR{K) FOR PRIORITY - I,
NON-ALLOCATED PORTS.

FR(K) = (F(K)/SH)* PL

e IF FAIR SHARE FR(K) EXCEEDS REQUEST RE(K),
THEN ALLOCATE AMOUNT REQUESTED AND REDUCE PL
BY AMOUNT ALLOCATED.

(s oL = poLo? ——o ()

YES

e ALLOCATE FAIR SHARE OF REMAINING
POWER TO PRIORITY I PORTS NOT
PREVIOUSLY ALLOCATED

SP = PL IF IMPL>1

REO = MIN(REO,MP)/EF

EXIT
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SUBRQUTINE PD

ENTRY POINT CGOAS3

STORAGE USED: CODE@l) OUD631; DATA(O) 00010S: BLANK COMMONG2) G0000C

COMMON BLOCKS:

G0u3

CIMPL 0OCDCI!

EXTERNAL REFERENCES (BELOCK, NAME)

(VL)

STCRAGE

uG3a1l
uool
cCa1
uBa0
w040
uCao
(Y geh

00100
o0101
geing
00101
goinl
201931
o012l
26101
65171
ct1al
anizl
20101
20191
0C101
coini
gaisl
63101
JCl21
112) Nu bt
Q0101
00121
coinl
acade
gG131
og1al

LR 4

D V=t D

NERR3S

ASSIGNMENT

CiGu02
0Cc333
0L0307
G.0a30
0GOS4i
0LC4l0
0C0J40

1=
2%
3%
y=
S% -
6%
T
8=
9%
iC»
ils
12
13=*
164
15%
1%
17%
18#
19=
20%
21%
2%
23%
24%
25=%

16380L
2156
6CaL
FR

K

PR.
Wt

CPD

OO0 M0

~N O & WA e

BLOCK, TYPE, RELATIVE LOCATION, NAME}

3]a)43 ] 200166 2066 0001} 000176 2146 0001
cect 100370 3156 Ulalsh 000333 sCL 400}
tncl nge324 7300 €031 00N077 80L ocnl
GNUC R 0OOCL3 FRU Co50 I 0U0l36 1 ool X
Cacn R tocaL P CCuf R RGO030 PL G000 R
GOU0 R 0OCGO4 R GeLa R CGN024 SR £ooo R
GOS0 R RODO3T X1

SUBROUTINE PDU
Pl, P2, P3, P4,
ROy
SPyPM1,PH2,PMI,PMG,
PO,
Kly R2y R3, R4,
PRly, PR2y PR3, PRUY,
Hl, w2y W3, W4, PM,EF)

PURPOSE. MODEL POWER DIVIDER

HETHOD. PRIMARY FLOW ALLOGATION RESULTING FROM PRIORITY
ASSIGNMENTS, SECONCARY FLOW ALLOCATION RESULTING
FROM WETGHT ASSIGNMENTS,
THAT 1S, TOTAL AVAILABLE POWER IS ALLOCATED
ACCORDING TOR
* PORT KEQUESTS
% PCRT PRIORITY (HIGHEST PRIORITY = 1)
% PORT wEIGHTS ¢IN CASE OF EQUAL PRIORTIES)

ALLOCATION SCHEME.
IS SUM COF ALL REQUESTS eLTe POWER AVAILAGLE PO\
YES,

FULFILL EACH REQUESY

oo0274
co03a7
00C351
¢oCcaou
000435
000320

2866
420L
81CL
IMPL
PMA
SW

0701 000314 2636
0701 000135 6L
0001 000377 900L
2797 0CD352 INJP
0903 R 0CO042 POLD
0307 R 0UO014 W

e R elals }o)
ansroo
a1co0a
[sRalokals]s]
gnoean
onLoun
anceen
pnLnNgn
aoonoo
J74900
5aunJn
gannen
gneannn
gncren
arcngn
o2¢mI0n
anunan
(sfpZelait}a)
b lidsivh]
03000
geren
araros
(s leialsh]
070230
8200230

e e e er—




ety

g;m;'-;.‘

"ASY 2-0810% SI9

69¢

01012
0013}
00121
Go101
a0io01
00104
gciNn
00191
gagiol
ociol
gaio0l
aolnl
caict
voliol
aoiail
uglol
20121
Goigl
agicl
Griol
colol
031901
gciol
00101
co101
(1P R 31
go101
culol
JaLn3

Go103

00123
gcios
20123
ani l4
00104
0olicy
00135
Co10s
11 B
30106
g0l 36
0CGico
8G197
oQL27
uole7
(110} 3 8]
co1148
€2110
acliy
g011}
oalll
ucliil
Goill
gCl1z
wllle
colle
8s113

26%
2%
28w#
29%
3c*
31
32»
33
34»
3%
36%
37«
32»
39
40%
41%
42=
§43%
44=»
45%
46
W7
48%
49%
5Cx
S
52%
53=%

545

55%
5¢%
57»
£E6%
S¢%
60%
61%
62%
63%
8hx»
65%
66%

oT*

68%
69%
7C#
71%
72%*
73%
74%
75%
768
17%
78%
79%

- 80%

81%
82%

OO0 O0O00O0ANEHIOOONODNOODOOOOOOOOANO00

[N g] O 060 o0 00

OO0 OGO 00

P
UPDATE POWER AVAILABLE
EXIT
NO.
IS Suw OF ALL PRIORITY~] REQUESTS o.LTe PO\
YESe

FULFILL EACH PRIORITY~} REQUEST
UPDATE POWER AVAILABLE (70 PL)
60 ON TC PRICRITY=2 RECUESTS
NO.
ALLOCATE FAIR SHARE TO EACH PRIORITY-1 PORT
EXIT,
IS SUE OF ALL PRIORITY=~2 REOUESTS LT. PL

ANDG SO OGN AND SO FORTH

FORMAL ARGUMENT UEFINITION,
Ploeeos PR X POWER ALLOCATIONS IN KW (OUTPUTS)

RC 2 TOTAL POWER REQUESTED (OUTPUT)

SP 1 SURPLUS POMNER (OUTPUT)
Pr¥lyasegPMU4R  PORT MAXIMUM OUTPUT POWER IN KW €OUTPUT)
PO 3 TCTAL POWER INPUT IN KW (INPUT)

M2 MAXIMUM INPUT POWER IN KW (INPUT?

EF % INKPUT EFFICLIENCY (INPUT)

Rlseesy R4 % PORT REQUESTS IN KW CINPUTS)

PRlyesey PRY X PURT PRIORITIES (INPUTS)

bloesay WG 2 PORT WEIGHTS {INPUTS)

COMMON STORAGE
COMAON/ CIMPL / INMPL

LCCAL VARIABLES

PiK) IS THE POMER ALLOCATED TO PORT K
KEAL PiG)

REK) IS THE POWER REQUEST AT PORT K
KEAL R(4)

PR{K) iS THE PRIORITY ASSIGNED T0 PORT K
REAL PR{4)

WIKD IS THE WEIGHT ASSIGNED TO PORT K
REAL W(a)

SW(XI) IS THE SuM OF THE WEIGHTS ASSIGNED Y0 PRIORITY-I PORTS
REAL Swi&)

SRUI) IS THE SUM OF THE REQUESTS AT PRIORITY=I PORTS
REAL SRi4) ‘

FRU IS FAIR SHARE UNIT FOR PRIORITY=-1 PORTS

FREK) IS THE COMPUTED FAIR SHARE ALLOCATION TO PORT X
REAL FRU4)

PL IS THE POWER LEFT AT EACH POINT IN THE ITERATION
REAL PL

ononan

. 096000

096000
016075
0nGnon
cnoozo
8N0r00
0na0cn
0r0ron
0ncno9
gnonao
309900
£Icoen
anuonn
0720700
0061090
070600
gaLeoo
60000
670000
01Geo0
G C000
00GN0N
000000
anGeao
anoeen
906600
onCCoa
g0cAs0
u10030
gncesn
095nCa
£N00co
092750
arueae
0700
020nco
enGos0
pnoNce
316730
oochn0
070C00
£NGno0
270000
070000
0°0:0C0
07L000
09C0GO
50000
onunon
gnono?
caona0
0750400
gnonOo
anenan
070000
010700

ad

e

Gk 2t e s T E YA

oy g 0 it Mg e PP

IR



Tty

09¢

*A3Y 2-08L0Y SI9

00113
00113
00114
oaile
00137
Dg12C
DJ21
Lglee
JCl24
00126
003y
wll3yg
GC13e
Loi32
onL32
ulL3e2
un132
o133
00135
00137
30341
20143
d0luy
JOlas
00147
00153
ao1s51
30152
20153
30154
J2154
36154
00154
0o01c4
aeis5q
30155
0C155
Uais7
3C163
gCiel
BCiel
apise
u01e3
0J165
0n1ss6
00157
00173
00171
a0172
od173
30174
wil7S
J3170
agLr77
00eCo
pnali

uG202

Ao
L 4

83s
ghe

85% .

12 4
87
g8s
89%
90%
91%

92%

93%
b
5%
9&%
T
98%
59%
1GC*

101

102*
1u3*
158%
1uS*
1o6%
W=
158=»
109%
110
111%
112%
113%
116%
115%
1i6%
117*
{118%

119% -

122%
121%
1c2»
123
124%
125%
1:6%
127«
1z8%
129%
13C*
131x
132%
133
13u4%
135*
1363
137#%
138
139%

OO0 O

[z Nz NNz Nyl

%0

84

60

- RZ = D60

IF IMPL IS ZERG, THEN ASSIGN DEFAULT VALUES

IF CIMPL 6T,
R1 = 0.0

R3
R

0.0
2o

IF (PR1 +EQo 0999992 PRI
1F (PR2 +EQe 0499999) PR2
IF (PR3 +EGo 00999991 PR3
IF (PRY4 ofQe 0.99999) PRY

CONTINUE

0r 60 70 &0

160
240
3.0
LTy

IF THE TOTAL POWER REQUESTED XS oLEe TOTAL POWER
INPUT, THEN SATISFY REQUESTS, SET POWER SURPLUS
EQUAL TO THE DIFFERENCE,

IFIPRYIoLESUteD)?
IF(PR24LE LD}
IFIPR3aLE«Ge0)
IF(PRULLE <D oD)
KRG = R1 +« R2 ¢+

RI=UeL
R2=D el
R3z=060
R4=0eC
R3 ¢ R4

1F (R0 .G6Te POY GO TO 8O0

#1 = R1

P2 = R2

P3 = R3

P4 = R4

PL = PQ =RO
GO Y0 60
CONTINUE

PROCEED HIVH ALLOCATION ALGORITHM SINCE THE SUM OF
ALL REQUESTS EXCEEDS THE VOTAL AVAILABLE POVER PO

INITIALIZATYON

PL = P

P1 = C.N

P2 = DO

P3 = 0.0

P4 = 0.0 ag
PMA= PH
IF( PH oEQe 0499999} PHA = PO §E
PL1) = P} b
P(2) = P2 X -
P(3) = P3

P(4) = P4 g =
R{1) = R} » 5

R(2) = R2 mm

R(3) = R3 :2._

R(4) = Ry 2]

PRI} = PR

PRI2) = PR2

PRP(I) = PR3

PR(4) = PR&

Wil) = wi

Wiz) = w2

L

320700
0170700
g%acco
anunle
320703
GNCNle
82000s
o70n3s
02Cn13
0nGne9
ongn2s
0%u02s
0ngn33
0oco3
goeo3se
onGn3l
370932
oaecn3z
gner3e
270742
arunue
aoens2
o0nuss?
395672
GnCn68
gnenes
(eha [ o o]
gnccre
0nen?s
anunT?
c2Ln77
23577

- 000277

ononIT
onenT?
222077
g7ul30

05C131

870192
afeios
§3G103
grclos

GI0106 -

pne122
onc128
ong1Z6
010130
810132
onol3e

nG136
0170149
gNG182
91414y
023146
0201892
020152
unuice

>

ad



*A9Y 2-0810% Sog

192

REST

00203
0G204
00294
00224
0Ce24
00224
00225
a022s5
121G
50213
onb11
gc2le
ul213
8221¢e
o622y
gna2z2
Gg222
63224
gC22s
00234
acz3z2
0C234
96235
uaz3s
88235
Ju235
ane3v
00241
gcaui
A PL P
gazul
20243
0243
FLE
00243
JN24 i
55254
0025¢
00252
goes2
00254%
03254
00255
00255
ge2se
00<56
0s8<5¢6
pO2se
Bo25¢
gazse
30257
00257
3902517
gn2sy
33240
3025G
026G

1408
141
142%
143
144»
145%
146%
147=
148%
149%
15C=
151%
152x%
153»
154%
1S5%
156%
157%
158*
i59»
1el»
161
162%
163%
1eus
165%
1646%
167%
168x
169%
170
171%
172%
173=
174¥
175%
176%
177*
178=
179%
1aN%
181s
leax
183»
184%
185%
165%
167*
168x%
189%
150
191=
192%
193#
194»
195%
196%

o o oOOn6n

(s N2 Xs]

o000 O0M

OO0 00 000060 O O o0

106

200

400

64C

W(3)
wia)

w3
L)

ITERATE ON PRIORITY X FOR X = 1y 2y 3, &

DO 10N 1 = 1, &

X1 = 1

CBTAIN SUM OF REQUESTS FROM PORTS WITH PRIORITY I
SRITI) = G0

WT=G.N

0O luD K = 1, &

IF (PRIK) o+EQe XI) SREI) = SRUI) ¢ R(K)
1IF(PRE{R} oEQe XI) WTZ NTe 4N}

CONTINUE

JFEPR1 oEQe XI) PMIZ= PMA®WNI/WT
IFU PRCeEQe XI) PM2= PMARMWZ/WT
IF(PRY oEQo XI) PM3Z PMA®W3I/KT
IF{PRU LEQs XI) FMUZ= PMARWL/INT
FHAZ AMAX1( PMA= SR{I},Ca)
IFLPL.LECDIGO TO 200D

IF MO PRIORITY~I REQUESTS EXIST, THEN PROCEED WITH
THE NEXT HIGHER PRICRITY

IF (SRITI) «EQe T,0) GO T0 10CGOD

IFiRUeLE.PL) GO TO IuLOOC

1F THE SuM CF ALL PRIORITY-I REQUESTS oGYs POWER
AVAILAELE, THEN GO AROUND
IF (SRUI) «GTe PL) €O TO 430

THE SuM OF ALL PRIORITY~l REQUESTS .LE. PONER
AVAILABLE, SO FULFILL EACH PRIORITY-I REQUEST
o0 200 K T 1y 4

IF (PR(K) o5Q¢ XI) PUK) = RUK)

CONTINUE

UPDATE POWER AVAILABLE
PL = PL = SR(I)

60 T0 1009

CONTINUE

THE SUM OF THE PRIORITY-I REQUESTS EXCEEDS THE
POMER AVAILABLE, SO COMPUTE AND ALLOCATE FAIR
SHARE TO EACH PRIORITY-I PORT

CONTINUE

SAVE PL FOR LATER REFERENCE
POLD = PL

DETERMINE FAIR SHARE UNITS FOR ALL PRIORITY-I
PORTS FOR WHICH NO ALLOCATION HAS BEEN MADE

CI0156
970162
07016C
0n0160
072160
3706169
070166
G166
un01E6
07C166
073171
JIC172
810178
010176
070233
070213
ons213
05213
gaczz22
073211
8074242
QnNc24T
0n02%6
0nCc256
C2%6
0J4756
DIv26l
970263
gNC2e3
070263
oncees
GNE26S
012265
0nNG26S
Qcu2ss
070274
025274
pnulc2
Qoosg?
073202
onor32
pagr22
0253205
070335
010307
Ga032a7
023307
0238307
012337
025297
0706397
GI03237
0DNn2397
cAC3Z7
CNE3INT
ance6?
onoln7
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29¢

“ASYy ¢2-08Ll0Y S)9

00261
0G262
00265
co267
Go271
00273
Jd0273
Go273
00273
00273
402713
JC2TH
80¢71?
Gc3ol
go3cl
a030%1
203503
GC3n3
00303
co3ny
an3dy
J9336
Ja310
ac31a
¢S31ga
w031u
u931c
uo3lo
Ga3to
uo3la
ga3lu
0031y
00312
ugdie
g031¢
at3le
g0312
a0314
S2317
ac3zi
J3323
uo324
0032¢
Qo32¢
uo327
G327
00327
40327
80327
80131
0c332
00333
3o33s
33335
33337
Gn3se
gg3al

197»
198%
199=

T 2u0e
2ul*

2u2*
253
2uh ¥
205%
2L62
2LT%
2. 8%
209%
210%*
211%
212%
2.3%
214%
215%
21¢x
217%
218s%
219%
22C*
221%
2¢2%
223%
22h%
225%
226%
227%
228%
229%
215%
231%
232%

233% -

234%
235%
236%
237%
23e*
239%
240%
241%
rL ¥ ]
243%
248 x%
245%
2ub*
2uT*%
24B%
24G%
U
231%
252%
253

00N

(2] o0 OO0

o000 ODOOOOOOHO0ON

ooOnNo (o]

700

800

900

1000

SWLI) = 0.0

DO 700 H = 1y &

IF (PIK) oNEs Ce0) GO TO 720

IF (PR(K) oEQe XI) SWII} = SWII) ¢ WK}
CONTINUE

FRU = L1oC 7/ SWiII)

FIRST, ALLOCATE FAIR SHARE T0 PORTS FOR WHICH THE

FAIR. SHARE EXCEEDS THE REQUESYe CONSIDER ONLY PRIORITY-]
PORTS, AND CONSIDER ONLY PORTS 70O WHICH KO ALLOCATION

HAS YET BEEN MADE :

DO 8L K = 1, &

1F (PUK) oNEe DeC) GO TO 8UC

IF (PR(K) oNEs X1) GO TO 8010

COMPUTE FAIR SHARE
FRIK) = (WLK) * FRU) * PL

1F FAIR SHAPE EXCEEDS REQUEST, THEN FULFILL REQUEST
IF (FR{K)} «GEe RIK)) P(K} 2 RIK)

= = = AND REDUCE AVAILABLE PONEP

IF (FRPUK}) +GEs R(K)) PL = PL - PLK)

CONTINUE

If PL oNEe POLDy THEN PL WAS REDUCED DURING THE
PROCESSING IN THE 00 819G LOOP ABOVEe THIS CHANGES
THE FAIR SHARE COMPUTATION., IT IS THEREFORE
NFCESSARY TO GO BACK THROUGH THE DO 80D LOOP INWN
GRDER TO RECONSIDER ANY PORT WHICH MAY NOW

SATISFY THE REQUIREMENTY THAT FR{K) oGEe R(K)}e ONLY
PRIORITY~I PORTS FOR WHICH MO ALLOCATION HAS BEEN
MADE ARE ELIGIBLE FCR RECONSIDERATION

IF {PL «NEes POLD) GO TO 60U

FINALLY, ALLOCATE POWER TO THOSE PORTS REQUESTING

MORE THAN THEIR FAIR SHARE, CONSIDER ONLY

PRIORITY-X PORTS FOR WHICH NO ALLOCATION HAS BEEN MADE
LO 9C0 K = 1,y 4

IF EPIR) oNEe Je0) GO TO 920

IF (FRUK) eNEe XI) GO TO 907

PIK) = FRIK)

CONTINUE

FL = 0.0

CONTINUE

FINALLY, ASSIGN QUTPUTS TO NON-SUBRSCRIPTED
FORMAL PARAMETERS

P1 = Pi1)
P2 = PL2)
P3 = PL3)
PY = P(4)

IF( IMPL oGTs 11} SP = PL
RCZAMINL (RO,PM)/EF

RETURN

END

070310

- 0703214

033318
076315
000325
e702128
cIcer2s
d7u325

gocres

010225
016125
unu333
65133
0nC334
013339
a1cT3n
0nL337
070337
0ne3I3?
370143
070243
07351
620362
074162
070362
072362
03C762
6101€e2
07072
onee?
090262
090362
onule2
0n0352
LIETY]
095362
370162
3170378
070370
0ne3Tg
GeLYIN
cnpeao
075830
035890
090404
GOL4CH
079408
0704CY
0nCang
0nG40Y
BRIDL
035410
Grou12
0aG414
C0u2?
070431
875630
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7.29 PRIORITY

i

INTERRUPT

Pl

INT—]
PS1—

PI

y—qp—PSZ

3PS 4

This component is used by the storage components to change priority of the

power requests when minimum or maximum capacity is approached.

Input priority for PS2 ocutput (0 to 4)

Input priority for PS4 output (default=PS1)

Maximum priority for PS2 (default = 1)

Inte}rupt flag (0,-1,1)

Output priority for charge cycle

Output priority for discharge cycle

Inputs

Parameter/Port Description

PS 1

PS 3

PMX

INT

Qutputs

Variable/Port

PS 2

PS 4

Equations
PS2 = PS1 if INT=0
PS2 = PMX if INT>0
PS2 = 0 if INT<O
PS4 = PS3 if INT<O0
PS4 = 0 if INT>0
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SUBROUTINE PI ENTRY POINT CDOO4S

STORAGE USEDs CODEt1) DOOC72; DATA(O) 000010; BLANK COHMON(R2) £OOODD
COMMON BLOCKS:
00a3 CIMPL DOSOO01

EXTERNAL REFERENCES (BLOCK, NAME)
0004  NERR3S

STORAGE ASSIGNMENT (BLOCK, TYPE, RELATIVE LOCATION, NAME)}

C0GY  0GCa1S 10 G003 1 000000 IMPL 0050 000002 INJPS
00100 1* cP1 o0nno0
09101 2 SUBROUTINE PI(PS2,PS&,PS1,PS3sPMX,INT) 00000
00131 3s c : 000060
00191 8% C PURPOSE CHANGE PRIORITY OF POWER ALLOCATION TO STORAGE COMPONENTS 505200
001901 5» c T , pognon .
00131 6% €  WRITTEN BY A W WARREN VERSION 1, APRIL 14 1977 0N0000
uc191 7* c G200CD
60101 8% €  CALL SEQUENCE - c20Ca0
3121 9» c PS2 = OUTPUT PRICRITY (0 TO &) 070109
o101 10% c PS8 = QUTPUT PRIORITY (CONPLEMENT YO PS2) 070700
00121 11% - c PS1 = INPUT PRIORITY FOR PS2 000700
palnl 12+ ¢ PS3 = INPUT PRIORITY FOR PS& 826700
00101 13 c PMX ~ MAXIMUM PRIORITY FOR PS2 v 070000
a0x0t 16 c INT = INTERRUPTY FLAG cac000
co191 " 15% c 0= NO INTERRUPT 070N00
00101 16 c = INCREASE ALLOCATION PRIORITY : 020000
90101 17 (> =1 DECREASE ALLOCATION PRIORITY 030709
30101 18¢ c ohungo
00103 19% REAL INT nnunoo
ps5ioy 20% COHMON /CIMPL/IMPL : £n00006
90105 21 IFSIMPLGToD) GO TO 10 go0na0 -
uwC137 22+ IFIPS3.ECe 099999) PS3=PS1 oneno2
a1t 23% 1FIPHX sEQee 99999 IPHXZ], 020107
0111 zus c WBILLY
pol13 25% 10 PS2:=PSi , 010018 1
03114 26% PS4=PS3 0nGnLe
Lo11s% 27« IFCINTGGToJeb PSZEPHX gnoe2o R
Jo11? 28% IFCINTLLTede) PS220. : 8nonzs
cos21 29 IF(INT.GT.0) PSUz O - ' 910031
oei23 30 RETURN £7003s
00124 31n END gecort
& by # ﬁ'& ;
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7.30 HYDRAULIC PUMP

4
{
(\\

INPUT POWER (P1) - MASS FLOA RATE (M)

MAX. INPUT POWER — PU L MAX. OUT(;PUT POWER (MP2)
(MP1) E

INPUT EFFICIENCY — f—p OUTPUT EFFICIENCY (EF2)
(EF1)

el
=g

The hydraulic pump mode! is based on a constant speed design. The pump is
assumed to be designed to a nominal operating point and input power. For

of f-design performance the pump efficiency is assumed to be functionally
related to the square root of the mass flow rate.

Basic Equations
The output mass flow rate is based on the equations
M = PLXEFF/ (C1¥*C2¥H1)

EFF =1 - (1-EFD)¥*SQRT(MD/M)

where Cl1, C2 are conversion constants

PRECEDING PAGE BLANK NoOT FILMED
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PV

%‘ 7.30A SOLAR-PHOTOVOLTAIC ARRAY
X s

—=Cell Efficiency (EF1)

Cell Temperature (TC)——s
—»- Power Output (P)

Solar Insolation (ST)— Py

I i Voltage (VT)—* ‘ :
nput Terminal age (VT) ——Power Tracker Efficiency (EF2)

The photovoltaic cell is modeled by the circuit below. Power is delivered
at terminal voltage V and is dependent on the cell temperature and insola-
tion. Default for V is the maximum power point. A square array of solar

cells is assumed with both parallel and series connections.

G

BASIC SOLAR CELL MODEL

Basic Equations

Qutput current I as a function of terminal voltage V 1is given by the
implicit relation
I = IL + I@*(1-EXP((V+I*RS)*QBK/(T+273))) (1)

where

PRECEDING PAGE BLANK NOT FILMED,
BCS 40180-2 Rev. 272A




PV

IL = light current (amps)
I§ = diode reverse saturation current (amps)
T = temperature (°c)
RS = internal resistance (ohms)
QBK = device constant (default = electron charge/Boltzmann's constant)

The light current IL is computed by a bivariate expansion of insolation and
cell temperature. It has been reported that this model fits observed solar
cell characteristics within 5% at high temperatures and insolations and
within less than 1% under more moderate conditions (ref. 2). The reverse

saturation current I@ is given by

IP(T) = KD*AO*((T+273)**3)EXP(-EGO/(T+273)) (2)
where
KD = a device constant
A0 = a material constant
EGO = band gap at 0% /Boltzmann's constant
Tables Description Units
EFF Efficiency of maximum power tracker versus -
fractional Toad (default table provided)
ap Optimum cell power versus insolation and kw
temperature (computed table)
v Optimum cell voltage versus insolation and volts

temperature (computed table)

2728 BCS 40180-2 Rev,



TR RS

g:‘.  Inputs/Port

Description

VT

TC
TL*
TH*
TR
ST
SL*
SH*
SR
RC
AA

NS
NP
I1*

I2*

I3*

Array terminal voTiage (default = maximum
power voltage)

Cell temperature

Low temperature value (default = 28)
High temperature value (default = 120)
Temperature range (default = TH)
Collector solar insolation

Low insolation value (default = 1000)
High insolation value (default = 25000)
Insolation range (default = SH)
Concentration ratio (default = 25)

Total illuminated cell area
(default = .00015*NS*NP)

Number of cells in series (default = 300)

Number of cells in parallel (defauit = 500)

Cell short circuit current at TL,SL
(default = .06)

Cell short circuit current at TL,SH
(default = 1.5)

Cell short circuit current at TH,SL
(default = .06)

Units

volts

Amps
Amps

Amps

*These inputs may be ignored if IL1,DS,DT,DST,KD coefficients are sup-

plied.

rivnm
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Inputs/Port

gcont'd}

14%

V1*

RS
AO
- EGO

IL1
DS
DT
DST
KD

CF
QBK
RAP

cC
CM

Description

Cell short circuit current at TH,SH
(default = 1.56)

Cell open circuit voltage at TL,SL
(default = .6)

Cell internal resistance (default = .055)
Material constant (default = 1.54E33 for silicon)

Band-gap at 0% normalized by Boltzmann's

constant (default = 1.4E4 for silicon)
Coefficients in bivariate expansion for the
Tight current IL. If not provided, they

will be computed from the inputs Il,...,I4,

Device constant, if not provided will be
computed from I1,V1

Lens radiation transmission coefficient
Device constant (default = 1.161E4)

Rated power of maximum power point tracker
(default computed)
[

Capital cost/year/unit cell area

Maintenance cost/year

PV

Units

Amps
Volts

Ohms

1/%
mz/woc

Ok /v

kw

$/m2
$

Note: Minimum input parameters to specify PV are cell area AA, number of
cells in series NS and in péra]lel NP, concentration ratio RC, and rated
power RAP. These parameters must be consistent with those for the collec-
tor model FO or FP. l

\\‘
A\.

*These inputs may be ignored if ILf}DS,DT,DST,KD coefficients are sup-

plied.

272D
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é\” Qutput/Port _ Description Units
v Array terminal voltage Volts
P Array output power kw
I Array output current Amps
EF1 ‘ Solar cell efficiency - -
EF2 Maximum power tracker efficiency -
Statistics
Sp Sum of energy delivered | kwh

Calculation Sequence

First Pass _
1) Compute parameter KD (if not input)
KD = Il/[ﬁO*((TL+273)**3)*EXP(-EGO/(TL+273))*(EXP(QBK*Vl/
(TL+273))-EXP(QBK*Il*RS/(TL+273))ﬂ

2) Compute coefficients IL1,DS,DT,DST (if not input) in the light
current bivariate expansion in temperature T and insolation S:

IL = IL1*S*(1+DS*(S-SL)+DT*(T-TL)+DST*(S-SL)*(T-TL)) (3)

Define
FIL(I,T) = I-I@(T)*(1-EXP(QBK*I*RS/(T+273))).
Then
IL1 = FIL (I1,TL)/SL
DS = (FIL(I2,TL) - IL1*SH)/(IL1*SH*(SH-SL))
DT = (FIL(I3,TH) - IL1*SL)/(IL1*SL*(TH-TL))
{v L DST = (FIL(I4,TH) - IL1*SH-IL1*SH*DS*(SH-SL)

- ILI*SH*DT*(TH-TL))/(IL1*SH*(SH-SL)*(TH-TL)).
BCS 407180-2 Rev. 272E
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If a terminal voltage VT’is not input, calculate the optimal cell
voltage V=@V(S,T) with S ranging through 10 values equally spaced
between 0 and SR, and with T ranging through 10 values equally spaced
between 0 and TR, resuiting in a 10 x 10 matrix @V(S,T). The calcula~
tion is as follows: Given S and T, the open circuit voltage VOC is

given by
VOC = (T+273)*ALOG(1+IL/I@)/QBK,
where IL and 1@ are computed from (2) and (3).

A binary search is performed in the range from 0 to VOC. For a value V
in this range, Newton-Raphson iterations are used to solve for the
terminal current I satisfying (1). The corresponding power P (in kw)

is
P = I*V/1000 .

The iterative search process to maximize P is given by
(i) Take the initial interval [VL,VH] to be [0,VOC].
(ii) Compute a numerical derivative of P at the midpoint VM of
[vL,VH]:
P' = (P(VM+1E-5)-P(VM))/1E-5

(iii) If P' 2 0, set VL = VM.

If P' < 0, set VH = VM,

[

BCS 40180-2 Rev.
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PV

(iv)  IfVH-VL > 2E-5 and the number of iterations performed is 10,

go to (ii). Otherwise P is maximized and
pvV(S,T) = WM
gP(S,T) = P

+

e
£
I
i,
7.
8
k
L
b3
()
i
#
H
&
%

The 10 x 10 matrices éV(S,T) (optimal cell vo]tage).and PP(S,T) (maxi-

mal cell power) are stored for use in subsequent passes.

Subsequent Passes

4) Compute insolation S at the cells

S = ST*RC*CF

- 5) If terminal vo]tage VT is not input, the cell terminal voltage V and
(, power P are obtained by interpolation from thevarréys Pv(sS,T) and

@P(S,T). (A diagnostic is printed if S > SR or TC > TR).

_ 6)_ If VT is used»as*aﬁ input‘vo1tage, then the cell voltage and power are
| determined using |

VT/NS

IL(S,TC) + I@(TC)*(1-EXP(QBK*(V+I*RS)/(TC+273)))
I*V/1000

v

1
P

7)  Array outputs prior to maximum power tracker:

v
| p

V*NS

]

- PANS*NP

I = P*1000/V
P*1000/ (S*AR) if $>0

1.

EF1

{ ! . EF2

BCS 40180-2 Rev. - 272G
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8) If the maximum power tracker is used,

EF2 = EFF(P/RAP)

P*EF2

0
i

REFERENCES FOR PV

PV

1. J. K. Linn, "Photovoltaic System Analysis Program-SOLCEL," Sandia

Laboratories Report SAND77-1268, 1977.

2. L. H. Goldstein and G. R. Case, "PVSS-A Photovoltaic System Simula-

tion Program," Sandia Laboratories, 1976.
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SUBROUTINE PV

ENTRY POINT 001350

STORAGE USED:-CODE(1) 001715; DATAUU) DOC175; BLANK COMMON(2) CO000C

COMMON BLOCKS:

cra3
LO04
Jogs
shi

CIwpPL 000003 .

CTIME Q00001 . -
CSIMuUL 3G0040

CosT 0050353

EXTERNAL REFERENCES (BLOCK, NAME)

LooY
uelo
ceil
wGl2
5013
uol4
Go1s5
cC16

STORAGE

coot
2032
J001
. 0030
4000
coco
2032
30350
006G
ceas
oeat

00100
go10!
30101
00101
@001
ec10l
og171
07§21
03121
50131
J0101

VWOVVTw DA

AINR
TeLu2

TBLUL

EXP

ALOG

N&DUS

NIOZS

NERR3S =2

ASSIGNMENT {BLOCK, TYPE, RELATIVE LOCATION, NAME)

CLo772 1COL 0001 000082 1L 0001 DODO37 1266 0001 - 000517
000567 2366 £OC1 000644 2866 cC01  £00724 6L coo0 000247
DL1121 9COL 0001 001202 90IL e0G1 701273 904L 0000 R CO0330
tLou3l BIO COo6 R DOOUOL CCAP 0005 R CUJDDL CMA Goos 000992
CLIGoZ EFFY COGZ 1 rUNUTL ICNT © G0ED 1 04rD22 II LCG% I 0UGO43
CLosul IN LDSS R NOCSCL IME 0003 1 530000 IMPL 6eoS U123
6Cnu2s 9 Looo 1 G0BC2S JC -00uC 1 227026 K LoD I 00NJ3S
CLCU4L PH GOS0 R 0OQGH41 PME ~00OC R DuOO42 PHP G000 R UJOJLS
Culu27 71 ON11 R 000300 TRLUI BC1G R COSCOU TBLU2 cogs R DO0330
GL0GO7 THAX GOGU R 330020 TMAXL 00T R NOCO34 vH U208 R 000533
0LOL3T VHME U000 R D00G32 voC :
1 cPy

2# SUBROUTINE PVIEFF,0P,0V,V Pl EF1,EF2,5P,

3% IVToTCoTLsTHeTRySTySLoSHsSRyRCyAAgNS JNP,

us 2113124135104V, RS4ANIEGCyIL1,DSsDT(DSTHKD,

5% 3CF,QEK ,RAP ,CC M)

6% ¢ . : 2

7% c PURPOSE THIS COMPONENT COMPUTES THE POWER AND VOLTAGE

8% c CUTPUT OF A PHOTO-VOLTAIC CELL ARRAY GIVEN THE

9% ¢ TEMPERATUPE AND INSOLATION
ice c WRITTEN BY YoKeCHAN, 10-21-78, VERSION }
112 c

2236
808F
AIL
cop
vy

INJPS

M
PRAT
TIME
VL

[T

o001 QooSas
. 0001 001050
goQ7 000000
a20s oLo0ao
©oo) oco04s
pcos eooce?
angn nCo246
ango £La023
03072 300021
goon 00n03s

VD D - 5 0

onge13
070013
0n0713
913013
00oa13
cl0013
ancn13
0IE013
076013
370013
630713

2326

899L

AINR
DUM
IXJ9
ITES
NEF

TINC
VM

7

1
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o0olol
aglol
coL12L
93101
00101
0G101
©0131
ocinit
colnt
QolGy
goiol
G6C101
00191
€0131
peoliat
aoici
U010l
0041324
o010l
gciol
Jcl01
601C1
0C101
80171
00194
(Vi R Bt
Q0101
30161
gci3dl
J3401
go131
03101
g0101
G011
00301
0121
gniog
62101
L0101
geial
0c1G1
JC131
uo1dl
90131
cd191
uting
50401
w0131

00191 >

ocing
43131
J0181
uCidl
og1n1
30151
uolaol
co143l

7

12%
13
14%
15%
16%
17*
18%
19*
20%
21*
22%
23%
24
25%
26%
2T*
28%
29%
3C*
als
32%
33
4%
35%
Jex
37*
38%*
39%
4C=
41s
42%
43
4aux
Q5%
46
7%
46%
49%
50%
Si»
52%
532
S4*
5%
S56%
57%
S8%
59%
&0*
6ix
62%
63
64%
b5%
6%
67*
68%

NN RN e N N N N N e N e N e R N N R R N K e L R e R L kR R G R e G X )

HETHOD

NEWTON RALPHSON METHOD IS USED YO CALCULATE CELL .
CURRENT AS FUNCTION OF INSOLATION, TEMPERATURE, ANWND
TERMINAL VOLTAGEs IF TERMINAL VOLTAGE 1S NOT INPUT,
POWER IS COMPUTED AY OPTIMAL VOLTAGEs THIS IS DONE
FOR A RANGE OF 10 VALUES OF TEMPERATURE AND 10
VALUES OF INSOLATION IN THE FIRST PASS.

AT ‘SURSEQUENT PASSES,
INTERKPOLATION IS USED.

CALL SEQUENCE

TABLES
EFF =EFFICIENCY OF MAXIMUM PONER TRACKER
VS FRACTIONAL LOAD {(DEFAULT TABLE)}
oP ~OPTIMAL POWERsKWy VS INSOLATION,N/M2, AND
TEMPERATURE 4C
ov ~OPTInAL TERMINAL VOLTAGE ,Y, VS INSOLATION,N/MN2, AND
TEMPERATURE C
OUTPUTS
v ~ARRAY TERMINAL VOLTAGE,VOLIS
P -ARRAY OUTPUT PONWNER KXW
1 =ARRAY QUTPUT CURRENT,AMPS
EF1 =SOLAR CELL EFFICIENCY
EF2 <~FAXIMUM POWER TPACKER EFFICIENCY
STATISTICS
SP -SUM CF POWER DELIVERED,KMW
INPUTS

vy ~AFPRAY YERMjNAL VOLTAGE  VOLTS o (DEFAULTSMAX INUM
POWEK YOLTAGE)

TC -CELL TEMPERATUREC

TL =L 0w TEMPERATURE VALUE,C,¢DEFAULTY=28}

™ =“HIGH TEMPERATURE VALUE ,C,(DEFAULT=120)

TR ~TEMPERATURE RANGE ¢Co(DEFAULT=TH?

ST =COLLECTOR SOLAR INSOLATION W/M2

SL -LOW INSOLATION VALUE,W/M2,(DEFAULY=1GOQ)

SH ~HIGH INSGLATION VALUE,W/M2,(UDEFAULT=250500)

SR ~INSOLATIUN RANGE W/M2, (DEFAULTZSH)

RC ~CCANCENTRATION RATIO(DEFAULTZZS)

AA =~TOTAL COLLECTOR CELL AREA M2,(DEFAULY=2,5E=3)

NS -NUMBEP OF CELLS IN SERIES(OEFAULT=300)

NP =NUMBER OF CELLS INPARALLEL(DEFAULT=S50N)

n =CFLL SHORT CIRCUIT CURRENT AT TL.SLy AMPS
{DEFAULT=.C6)

12 =CFLL SHORT CIRCULTYT CURRENT AT TL,SH, AMPS
(DEFAULT=1,5)

I3 =CELL SHORT CIRCUIT CURRENT AT TH,SL, AMPS

{DEFAULT= 6}

Iy -CELL SHORT CIRCUIT CURRENT AT TH,SH, AMPS
(CEFAULTZ1.58)

v1 -CELL OPEN CIRCUTT VLOTAGE AT TL,SL, VOLTS
(DEFAULTZ.6) .

RS =ZELL INTERMAL RESISTANCE, OHMS,{DEFAULT=.055)

AQ ~MATERIAL CCONSTANTUDEFAULT=1454%E23 FOR STLICON?

EGD ~5AND GALP AT 0K NORMALIZED BY BCLTZMANN®S
CONSTANTUDEFAULT=144E4 FOR SILICON}
IL1,DS,07,DST :
~COEFFICIcNTS IN BIVARIATE EXPANSION FOR THE
LIGHT CURPEMT ILs 1IF NOT PRUVIDED, THEY WILL

070013

- 020013

07?013
070313
ongel1s
groMm3
[oJnds]s) &
AN &
g3ants
onenLl
o7G6l13
GIUC13
GACCL3
[sRs{rieh &1
IANIAD &
oncols
gncels
[+ 2 ISTA B |
[1Jab s} &1
gCon13
onunNL3
Qo9N13
onentd
006213
[+ Jade 11D &
gauny3
(s lv1s) & ]
00013
ongnis
0ALNIs

B shatel) B

onun13
oJj01213
036013
caents
0nun13
poeors
070013
070013
gaeees
anor13
oaE0L3
1 el ia) B4
070713
gncm3
onaonls
gu013
oaur3
070013
o0o0eLd
09206M13
gro013
gcnNi3
g2con13
g10n3
03Ic013
uoeeLs
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Aele

00101
corm
00101}
o019l
00101
ooial
00101
00131
ac101
co101
Jninl
36191
0c1al
G013l
90103
30174
G0195
301356
Lc1n?
on110
50112
0o113
30114
GC11S
50117
Go120
a3i21
80121
30121
39121
co122
GC124
00125

J213u

Gil13¢
Q0133
09134
0C13%
Lei3e
3cl127
MO LB
ac143
d0145
00147
go1s1
agis3
40155
00157
Qo161
00163
d0165
coLe7?
du171
30173
a6i7s
Qulr?
Jczo01

69%
70*
Tis
T2
13
Tux
75%
T76%
7%
T76%
19%
8C%
81%
82%
83%
84»
85%

~ 86x=

67
88x*x
E9%
9L
91*
92%
93x%
4%

o0on

12
11

blFlIMPL.GT.ﬁ)EO T0 1c0

N

BE COMPUTED FROM THE INPUTS ll,eneslse
THE UNITS FOR IL1,0S5,07,0ST ARE RESPECTIVELY
M2Ve=]  M2U=1,C=] ¢MZIRC) -]

XD «DEVICE CONSTANT. IF NOT PROVIDED, IT WILL BE
COMPUTED FROM Il,V1

oBx =DEVICE CONSTANT R/V,(DEFAULT=ELECTRON CHARGEZ
BOLTZMANN®S CONSTANTZ1.161E4)

CF =LENS RADIATION TRANSHITYANCE COEFFICIENT

RAP .~ =RATCD POWER OF MAXIMUM POWEF POINT TRACRKER (KW
(DEFAULT-LARGEST OPYIMAL POWER FOR THE RANGE
OF TC AND ST}

cC «~CAPITAL COST/YEARJUNIT CELL AREA, %/M2

CcH ~“MAINTENANCE COST/YEAR, ¢

REAL I oNSoNPs I3 I2,T3, 164 TL 1 KDyILy10,IM,INE
DIMENSION EFFLL1)EFFYIC1LY,0PI1),0VEY) RS
COMMON /CIMPL/ZIMPLOICNT,,ITEST .
COMMON /CTIHEZTIME /CSIVUL/DUMIT),THAX
COMMON /COST/CCAP,CMA,COP .

OATA EFF1/Gepelys2se3seligeSy 1-’0338'.4Q..53..619.7@0075..9/
IL(S,TICILI*S%H(140S*(S=SL)+DTHUT-TL)+DST*(S~ SL)*(T“TL!)
ln(Y)'KD*Ab$(lT0273)**3)i7XP(°EGnI‘T0273|)
FILAL yTISTI=I0(TI*1a~-EXPLOBK*I®RS/1T+273)))

SPz=C,
THAXISTMAN%.99999
TINCY1 = DUM(T)*0,.5

INITIALIZATION

IFIEFF (2) oNEL195999160 TO 1%
EFF12)=7 /
DO 22 11=4,17 8 i
EFFLITICEFFIL11-3)

CONTINUE

CPL2)=193

OP(3)=il,

oviziIzin,.

gve3icite

IFITLLEC.e99999)TLE28
IFUTHGEC . ¢97999)TH=120
IFLTREQ4 99999) TR=TH
IFUSLECa99999)sL=1000

IF(SH EC e ¢99999)SKH=25GA0
IF(SReEQe ¢ 99999)SR=SH

IFURC4EQ e o5 999)RC 25
1F(NS-E0..“9999)NS 240 O
IFINPLEQ, 49295 7NPZ5EG0 . s
TIFLARGECSe9TROGN AR 1°5E-Q¢NS*N°
IF‘IIQEQQQ9999“)11-'U6 \\3\;
IF(I2.EO».99999\12 1.5 TR
IF(IS.EQ..99999Y13=-b&\ =
1F(I4eEC0a59595) 14185
IFtV1eECee99999IV1IZ o8
IFIRSeEQe e 99999)IRS= ({55

IF (PG eEQeeT9599 A0 1454E33
IF(EGD.EQo.9?999)EGn'loﬂEQ

—— ©

Nargn13
/gopn13

oooN3
8%cm3
0876013
peonts
07Unt3
02eM3
clen13
pronMi3
cno0m3
a7unis
s ] viad ]
gnang3
g9an1s

prems
joZalofd K
o013
cooeis
0aoe1s
1 lalrted B 1
anenN13
gacoels
02on13
oconls
goon1Y
orpnze
onaine2
grene2
aapeze
poon2s
glue3n
D037
09¢n37
gnLnNy?
070ne2
onpcss
6aCN4e
a7uess
gncaae
009053
070063
0200276
0°0156
030113
eog12s

anc133

-anglan
ono14s
330154
070161
DcCo166
c0173
U30200
gn0205
coG6212
a70217

Ad

Nt et R A A o e B

o
aal

I RS S A S

R T oy
NEM RN | et

OB T

o

e TGl

P

ERat
pECE T SR 2L AN

PGS S

N R
R Rt

A e,

R R A

o e R T



eLe
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0o27s
gre77
903040
JG0301
Q0392

126%
i2?s
1c8%
129
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131»
122%
133%
134%
135%
136*
137
i38%
139%
IaC*
141%
142%
143%
lyt»
145%
146%
147%
148%
149%
180%
151s
152%
153%
154»
155%
156%
157=%
158»
159%
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161%

162%-

163%
l64%
16S»
166%
167*
1e8*
169%
170#
171%
172%
173%
174x
175
176%
1717%
176
179%
1e0%
18l=%
132
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IF(CBKoEQe+99999 10BN =1 .16 1ER

IFUKDEQeo99999 FKDSI/ (AU TLS2T3 433 ISEXP (=EGO/

1 (TL4273) )% {EXPLUBK*VIZLTL273) )= A

2 EXPLOBX3I1¥RS/(TL+2T73)1))/AD : N
IFCILEeEGCeo99999 ) ILY=FILIT i, TLI/SL i
IFIDS 0ECe 2995 IDS=(FILEI2,TL)~ IL1*SH)I(IL1*SH4(S"'SL)D
IF(DT oEQee99999)UTS(FILILIZ, TH)-ILI*SLDI(ILI*SL#!TH-TL))
IFIDSTeECea99999 )0STUFILAIG,THYI=IL 1%SH=

1 IL1%SH*DSH(SH~SLI=TL1#SHSDTHE TH=TL) )/

2 (TL1%SHR(SH=SLI*{TH=TL))

CALCULATE OPTIMAL POWER OP AND CELL VOLTAGE
IF TERMINAL VOLTAGE IS NOT INPUT

IFIVTeNE«¢¥99993G6G0 TO 1CU
S=de
DO 33 J=1,10

nzJ+3
OPIJC)IZtU=L)%TR/9
oviust=orPEun)
D0 3 K=1,10

T3l
LO 4 J=1,10

ATLZILES,T)
BIJ=IQET)
VOC-lT’273S*ﬂlor(lo‘ﬂlLIBIU,IQBK
VL=0y

VH= VC»

BINARY SEARCH FOR MAX POWER POINTY

D0 5 M=1,10 -
VMZLUL4VH) %45 @
VMEZVM#+1,,E=5

IMZAINRIAIL 4BIOpQBY VMRS T}

PHMIIH®VH

IMEZAINR(AILyBIODsQBX 4VME4RS,T)

PMESIME®VME

FMP=PME=PM

IF(PFMP GE sl o) VL=VM

IF(PMP,LTeOs)VHEVM

IFLIVH=VL ) JLE 4 2+E-5)60 TO o6 -
CONTINUE O

CONTINUE
1KJT13+K+J% 10D
OVEInG)IZVM
OP(IKJ)=PM/1GCO,
TZT+TRZ%
CONTINUE 4
BCNTES KXY
GPUIRJTDZS
CVIIRJLIZS
SIS+SRIG.
CONTINGE
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00304
00304
Q03904
a0304
00304
00320
L030e
a03de
a0276
ansaz
00327
aQsn7
0C310
[t HER W
20314
o031z
30317
0c323
ul3z22
gps2s3
36324
06325
80328
an327
0a33
30331

00332

3C333
90334
90334
LC334
u0334
Q0315
JCI3e6
on3ye?
a034u
0c342
JC3u3
Ja03484
UGCI46
ge3su
aa351
60352
JU353
00354
94a35S
3c3s57
o03%¢
uC3bg
acsse3
ua3ss
gp3ss

31832
184%
185%
166%
187=
188%
189%
190x%
191%
192%
163x
194x%
195%
i96%
197%
198%
199
2uDx%
2ulw
242%
243%
2ulx
205%
2L6*
L=
2u8=x
209
210=*
211x
212»
213x
21l4s
215%
216=*
217#
218»
219%
220%
2¢z1%
222%
2¢3%
224
225%
226w
227«
2¢8%
2¢9%
23{*
231=
232s
233=%
2342
2352
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IFC(RAP 4EQ e c999993IRAPIQOPIII)aNSENP
HRITE(E,101Y{O0PLIK)IK=24,123)
HRITE(O,201IL0OVIIK) 9IK=24,4123)

101 FORMATE1HO3HPV:,/o(5X20EIN2))

100 CONTINUE
COMPUTE INSOLATION AT THE CELLS
SSST#RC%CF

COMPUTE CELL VOLTAGE AND POWER
IFIVTeNE«e999993G0 TO 9CO
IF(IMPLCNESZ)GO TO 209
IF((SeCGTeSR)eOR(TCoGToTRIIWRITELS,808)
808 FORMAT(1HO,62HPV: WARNING: INSOLATION OR TEMPERATURE lT CELL EXCEE
10 RAMGE b}
IFUESeCTaSRIeOR{TCaGTLTRIIICNTZICNT+]
809 CONTINUE
VETBLUZ(S s TCHOVI1U) ,0VI4) ,0VIE260,1,1,10,10,10,10)
PZTRLUCE(S,TC,0P(24),0P(4),0P124),1+1,13,10,10,10)
w G0 10 9n1
900 CONTINUE
VIVT/NS
AILZILES,TC)
BISSINUUTC)
IZATNRIEATIL (BID,0BK4V,RS,TC)
PZI#v/1Ci0Ca
901 CONTINUE

COMPUTE ARRAY VOLTAGE AND POMER

VIVENS
PPENSENP
I=0.
IFIVeGTalo ) I=P21000e/N
EF1Z1.
EFZ=1le.
JFISeGT o0 )EFLIPRIPCO/Z(S*AA)
IFAVToNE, 499999150 TO 90
FRATZPARAP
NEFZEFF(2)
EF2-TBLUIEFPRAT yEFF 843 JEFF L4*NEF ), 1, =NEF)
P=P2EF2

90& CONTIMUE
IFCIVPLOLE«1)RETURN
SP2SP+P*TINCI
IFITIME (LT THAXTIRETURN
CCAP=CCAPeCC*AA
CPAZCMALCHM
KRETURN
END
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IF(FIN.LT.0.1G0 T0 30
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7.33A SOLAR ARRAY ORIENTATION

T AL S S e g

Day-of-Year (DY)_____

Time-of-Day (TD)L_____ |

Direct Beam
Insolation (SB

) |

Global Insolation (ST)——=

SO

| aTracking Power Required (RE1)

L _wArray Beam Insolation (SB1)

[—=-Array Diffuse Insolation (SD1) o

L =-Array Total Insolation (ST1)

The Solar Orientation model computes flat plate collector insolation for

five types of solar tracking:

@ Tilted orientation, facing south

o Tracking about a horizontal EW axis ~

e Tracking about a horizontal NS axis

o Tilted, tracking about a vertical axis

e Two axis tracking

Array insolation is the sum of beam and diffuse components. The beam

componenit is the product of normal incidence radiation and a geometry-

dependent incidence factor. The diffuse component is approximated as the

product of horizontal diffuse insolation times a geometry factor plus

ground reflectance.
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BASIC EQUATIONS

SB1 + SD1 + SR1

SO

STl =
= SB*IF + SD*RD + ST*RR
SD = ST - SB*SIN(EL)
RD = ,5%(1 + COS(TLT))
RR = .5*PR*(1 - COS(TLT)),
where
IF = solar incidence factor (incidence angle cosine)
TLT = collector tilt angle from horizontal
PR = ground reflectance
Inputs/Port Description Units
LA Collector latitude* Deg
DY Day-of-the-year (1-365) -
1D Time-of-day (0-24) hr
MO Tracking mode -
1 = fixed orientation and tilt (default)
2 = horizontal EW axis tracking
3 = horizontal NS axis tracking
4 = tilted, vertical axis tracking
5 = two axis tracking
TL Collector tilt (M@ = 1, 4 inputs) Deg
SB Direct normal beam insolation w/mz
ST Global insolation on a horizontal surface w/m2
PR Ground reflectance (default = 0.2) -

*For TMY stations, see Table 7.7A of the Environmental Data Component ED.

BCS 40180-2 Rev.
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- &
S Inputs/Port. o er
(cont'd) Description : ' Units
AA Collector array area m2 B
SBT Insolation threshold for tracking - w/m2 %
(default = 100.) i
Outputs/Port Description - :f Units ?
SE SIN (Solar Elevation Ang]e)* - i
SA SIN (Solar Azimuth Angle)” -
IF COS (Solar incidence Angle) » - :
RE 1 Tracking power required - kw
i SB 1 Collector beam insolation | w/m2
SO 1 Collector diffuse insolation w/m2
SR 1 Collector reflected insolation w/mz‘ . ;
ST 1 Collector total insolation w/m2 s
TLT Collector tilt angle Deg ;
' ;
llVE?EggAL P = Solar Orientation Vector
EL = Solar Elevation Angle
= Solar Azimuth Angle
WEST

* Figure 7.33A Solar Orientation Angles

;:":l »

&
%y
Y SN S———
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CALCULATION SEQUENCE

RPD
If SB<0 and M@ >1

= 71/180

return

1) Solar azimuth and elevation

W

é

LA'

SE

CE
TAN(AZ)
CA

SA

15%(12 - TD)*RPD
23.45*SIN(27m*(284 + DY)/365)*RPD

LA*RPD

SIN & *SIN LA' + COS & *COS W*COS LA
(1. - sexsg)l/2

1/(1 + TAN2(az))1/2
TAN(AZ)*CA

2) Horizontal diffuse insolation

SD

3) Array geometry
RE1

If M@ = 1 then

LT
IF

If M@ = 2 then
IF
LT

RE1

BCS 40180-2 Rey.

= ST - SB*SE

and tracking power

=0

TL*RPD
SIN TLT'*CE*CA + COS TLT'*SE

V1. - (CExsA)2
MIN(COS™L(SE/IF), /2)
3.75 E-4%AA

SO

COS & *SIN W/(COS W*SIN LA'*COS 8 - SIN § *COS LA')

if SB>SBT

283D
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CALCULATIONS (contd)

If M@ = 3 then
IF

LT

RE1

V1. - (CExcA)?

MIN(COS™1(SE/IF), 7/2)

If M@ = 4 then

LT

IF

RE1

If M@ = 5 then
IF

TLT!

RE1

3.75 E-4*AA

TL*RPD
SIN TLT'*CE + COS TLT'*SE
3.75 E-4*AA

1
MIN(COS"L(SE), 7/2)
5. E-4%AA

4) Insolation components

SB1

Sb1

SR1

ST1
5) Tilt

TLT
283E

SB*IF

SD*.5%(1 + COS(TLT'))
ST*.5*PR*(1 - COS(TLT'))
SB1 + SD1 + SR1

TLT'/RPD

3“‘};}
NS
if SB >SBT
if SB>SBT
if SB > SBT .,
Ly,
- ¥

BCS 40180-2 Rev.
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STORASE USED: CODE(1) 0UO60S: DATALD) D00G60; BLANK COMMON(2) 030000
COMMON. BLOCKS:
coac3 CIMPL 0GOO0G)

EXTERNAL REFEREMNCES (BLOCK, NAME?

SoGh SIN

<035 €os o

005 SGRY o ' 4
0007 NERR2S : L o

Golo ACOS

ocli NERR3S

STORAGE ASSIGNMENT (BLOCK, TYPE, RELATIVE LOCATION, NAME)
50Ol 00ccU23 100L 6lol1 8opos2 109t coeol 00OX7S 200L 0001 800224 301L

aool ore3ge 3c3L G0p! - CO03SO 304t £ool noo376 30SL (Hil1} 3 090425 309L
U09G R DLOuU2U BIF COCC R 200013 CA 0002 R 030006 CADEL 0000 R DOCD11 CE
3003 R GCCG1lu COSW 0030 R TCCC12 F coGO 1 oceols IMO €003 I ©DNI30 IMPL
JOUQ R OCJUG3 PLA GOUO R DDOCNO RPD 00G0 R NOO0OS SADEL 0000 R 000215 SO
COU3 R OCOGO7 SINPLA 0000 R 000014 TAZ 0CoO R 030017 TLYP <000 R DOGCAOL W

00100 I* cso i

coiel 2% SUBROUTINE SO(SE sSA IFoREI4SBIoSDI,SR3,STI,TLT,

oo101 I 1 LA,DY,TD,MC,TL,S8,ST,PR,AA,SBT}

00101 a% c

aninit S5* c PURPOSE . THIS COMPONENT COMPUTES FLAT PLATE COLLECTOR

sti1c1 6% (o INSOLATION FOK FIVE MODES OF SOLAR TRACKINGE

o191 T c TILTED ORIENTATION, FACING SOUTH

goiol 8% C TRACKING ABOUT A HORIZONTAL EVW AXIS

ggicl 9% c TRACKING ABQUT A HORIZONTAL NS AXIS

09101 10» c TILTED, TRACXING ABOUT THE VERTICAL AXIS

uGi0l 1= c TW0 AXIS TRACKING

geiol 12% c

G019t 13% c WRITTEN BY Y o CHAN, 11=-6-78, VERSION 1

J0:01 1% (

23101 15= c METHKOD ARRAY INSOLATION IS5 SUM OF BEAM AND DIFFUSE .

goi1al 16% c . COMPONENTSs THE BEAM COMPONENT IS THE PRODUCT OF

G191 17# o . NORMAL INCIDENCE INSOLATION AND A GEOMETRY DEPENDENT

001318 18% C INCIDEKCE FACTORe THE DIFFUSE COMPONENT IS

coici 19% c APPRUXIMATED AS THE PRODUCT OF HORIZONTAL DIFFUSE

a1l 20% c INSOLATION TIMES A GEOMETRY FACTOR PLUS GROUND REFLECTYANCE .

J010i 21% c

e g : PR
3 ool

0001} 000244 302L
0003 R 0O00CZ ADEL
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B B

00990 COC043 INJPS
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090000
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. pCuaun
070009
005000
8oCn00
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0352000
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:
go101 22+ € CALLING SEQUENCE : E 020000 !
20101 23 c OUTPUTS ‘ 010700 7
00101 24 c SE  =SINE OF SOLAR ELEVATIUN ANGLE ) 013000 5
00101 25% c SA =SINE OF SOLAR AZIMUTH ANGLE ’ ' ) cng200 i
) 26% c 1f «COSINE OF SOLAR INCIDENCE ANGLE S onpeoUs :
ool 27 c REY =TRACKING POWER REQUIRED,XW . . o 0"3099%
00101 29+ c S61 ~COLLECTOR BEAM INSOLATION,H/M2 - : 036330 :
co101 29% c SU1 =COLLECYOR DIFFUSE INSOLATION yW/M2 . 020100 .
acioi 30% c SR1 ~COLLECTOR REFLECTED INSOLATION,W/M2 , : 035030 ?
ao101 31% ¢ ST1 <=COLLECTOR TOTAL INSOLATIONgW/M2 - ‘ B ‘ 01930 k
ooion 32% c TLY ~COLLECTOR TILL ANGLE,DEGREES : 17GN30 .
69101 33+ c INPUTS : = g1¢n0e ;
w0101 34% c LA ~COLLECTGR LATITUDE,DEGREES v o 01¢259 2
aci0} 35% c OY  =DAY OF YEAR(1-365) a ‘ S 313000 ;
L0101 6% ¢ T2 =TIML OF DAY(Q=-24),HOUR . , : 036753 i
po1ni 37» c MO =TRACKING MCDE . . , 870N09 s
ocict 38« c 1SFIXED GRIENTATION AND TILT (DEFAULTY) . . ‘ . o30000 = b
w0101 39% c ZZHORIZONTAL EW AXIS YRACKING R gnonno ' }
90101 - 40% c 3SHORIZONTAL NS AXIS TRACKING : : anarao . i
03101 41s c 4z TILTED,VERTICAL AXIS TRACKING ' ' 073080 g bt
0Z131t 42» c STWO AXIS TRACKIGN ‘ ' 075000 "
L9151 43% c T -COLLECTOR TILT (MO=1,4 1NPU7S).DEGREES . , 10009 i
G171 d4h» c SB ~DIRECT NORMAL REAM INSCLATION,W/MZ ' 0707200 ;
an1ii 45% c £7 . -GLOBAL INSOLATICN ON A HORIZONTAL sunracz.u/nz 07600 i
as101 e c PR <GROUND REFLECTANCE (DEFAULTZ0.2) 836030 ;
0mun1 47% c AA ~COLLECTOR ARRAY ARCA M2 020060 7
901Gl 48x c SET <~INSOLATION THRESHOLD FOR TRACKING,W/M2 ' 070232 :
00101 49 c (DEFAULT=2100) . 07132990 2
02101 5C# c o0ncone 3
g0193 S51» COMMON /CIMPL/IMPL _ ' 0LCcun
23104 52% REAL IF,LA M0 010000
30155 53% IF(IMPLNELCIGO TO 100 - ’ _ 030002 3
Q01C7 5% IF(M0eED299999)M0=2s S ’ 030701
ocii1 55 IF(PRGEQ.e99999IPR=42 _ : §ICN0s
Jo11s 56% IFISBT +£044999991SBTZ200 : ’ oncn1s a
0I5 57% RPD=341415926/180e i : ) G092
32116 sa% - 100 CONTINUE : . : pognes
Gox17 59% IF((SB, sr.c.).on.cno.Lr.zo))so To 109 : pncn23
02121 6C* SAZD, , - 03C537 i
ugr122 tls 1F=C. : , ~ : 070042 :
goi23 62» RE1SLe. ¢ 096041 .
J0124 63+ SBiZUe v : 070042 }
30125 b4 SD1=0e ' : 0cN43 i
80126 65% SRlzle , » ’ 0709244 §
00127 c6* ST1Sue SRR 09004s :
013G 6T% "RETURN . LT LT s
20131 68% 109 CONTINUE - 370052 i
goL32 L9 RE1=0, , , ) ) ‘ 10052 - 5
80132 70 c : 816052 m g
co132 71x c SOLAR AZIMUTH AND ELEVATION : c . 029752 o .g
Q0132 72% c ' . Dlans2 ;
00133 73% NS1Se®(120~TD)®RPD ’ ‘ . : 05752 O i
angle T4% ADEL=23445%SIN1.0172142%(284+DY))}#]PD . . naunsy h
o135 75% PLAZLA*RPD : 7 grodmt i
JC013s 76% CLAP=COS{(PLA) v 070074
0137 77% SADELISIKCADEL) ‘ 3746130

Q034G 78% CADEL=COSUADEL) - v o 010154
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D182
GC143

grluy

orises
[e}3 L1
gai1a7
GC1s0
a0is2
00153
oC1%5%
o0155
Col15s
Jgiss
JO155
30156
U158
J7156
a3i5%
gal1s7
00163
0Clsl
agls2
CCie3
00164
22365
d0léo
001¢7
831714
03173
I5174
30175
0176
83177
00221
Jd0203
32204
0020S
agezje
gf2ly
00211
Jgal2
onets
ocz214
goz2le
gezie
goe2u
602235
G220
02224
00221
G222
30223
9224
30224
D224
3c224

T19%
80®
81
82
83s
84%
85x%
86%
87s
8as
89%
0%
91%
92%
$3%
4=
95%
96%
97*

98s

99
100+
101+
102=
103%
1cy»
105*
106%
147+
158
1Co*
110»
11l=
112=
113=
114»

115% -

11¢%
117
118%
119%
12C#*
121%
122»
123%
124»
125=
126»
127%
128%
1.9%
130%
131
132%
1332
l3ux*
135#

[s Ea N gl [x Moy

o000 o

o060

200

3ol

302

303

304

305

309

SINPLAZSINIPLAY

cosSwW=Ccostw)
SECSADEL®SINPLAYCADEL®COSWCLAP
CEZSCRTilo~SE®SE)
FZCADEL*LOSW*SINPLA-SADEL #CLAP
CASDe

SAz1.

IFLABSIF) oLF el osE~5)6G0 TO 230
TAZ=CADE. #SINtUW)/F
CAZ]e/SCRT(1o*TA2¥TAZ)
SAZTAZ®CA

CONTINUE

HORIZONTAL DIFFUSE INSOLATION
SD=ST~-SRsSE
ARRAY GEUMETRY AND TRACKING POMER

IMO=MO .1

60 TO1301,302,303+30443052,1IM0
TLTP=TL#RPD
IFSSINITLTP)2CE®CA+COSETLYP)®SE
G0 10 309
IFSSCPT()«~CEXCEsSA%SA)
EIFTAMINICL«,SEZIF)
TLTP=1.5734
IF(BIF«GCYele ) TLTPZACOSIBIF}
IF(SEeOLTSBTIRELISI(TEE~b%AA
60 T0 3ng
IF=SQRT(1le~CE*CE#CA%XCA)
BIF-AMINLI{L4oSEZIF)
TLTPZ1,57CE :
IFIBIF «GTeOe )} TLYPZACOS(IBIF)
IFISLeGTeSBTIRELIZ3 L TSE~USAR
60 1O 306

TLTIPZTL®RPD
IFZSINC(TLTP)I*#CE+COS!TLTIP)#SE
IFUSEeCTaSEBTIRELIZI(T75E=4RAA
G0 TO 3%

1Fz1.

SFIZAMIN1IISE 4151}

TLTPZ 145700
IF{SEYeGT e} TLYPSACOSYSETLS
IFISBaGToSBTIRELIZSE~G5AR

CONTINUE

INSOLATION COMPONENTS
SBI=SBxIF
SDI=SD%*45%114¢COS(TLTIP))
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ST1=581+SD1+SR1
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7.34 SINGLE POLE SWITCH

- y N
o i el e b e e o T I S 5 e R Mt g T £ S A Y ¢ ¢ g

v TN v

S~ vel
-

Vo1 iyal

VA1l

vB1 - V81

TC1  TIME
SwWi=1

TC2

TC TIME TC2
.SW1=0

THE SWITCHING OPERATION MAY BE CONTROLLED BY EITHER
TIME OR THE INPUT PARAMETER SW1. THE TIME DEPENDENCE
MAY BE ELIMINATED BY SETTING TC1 ="1036

1rpat
Parameter/Port

Description

VA1 Input to switch
VB1 Input to switch

SW1 . Switch control parameter

TC1 Time for first swifchlng (hours)

TC2 _ Time for second switching (hours)

Outputs
Variable/Port

Vol Switch output

Calculation Sequence

If SW1 = 0 then
VAL

Vel =
VB1

if SW1L =1 then ‘
. VvB1
VoL =

VA1

TC1 < TIME < TC2

otherwise

TC1 < TIME < TC2

otherwise
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9.0 SOLAR PHOTOVOLTAIC EXAMPLES

The solar photovoltaic component models added to the SIMWEST library are
briefly described and test case results illustrating their use are sum-
marized in this section. '

Table 9.0-1 summarizes the characteristics of the solar-photovoltaic com-
ponents. The environmental data component is designed to read Typical
Meteorological Year (TMY) data tapes containing hourly insolation and
weather data at 26 U.S. locations. This component can also be used to read
other hourly data tapes such as the SOLMET tapes by inputing a user speci-
fied format to the model generation program. The solar orientation or
tracking component computes the sum of direct beam and global insoiation on
a flat plate array for fixed orientation and four different beam tracking
options. The flat plate and focusing lens collector components provide
detailed thermal analyses for determining average solar cell temperature.
The collector models, and that of the solar array are based on similar
models developed at Sandia Laboratories for the SOLCEL program. (Refer-
ence {4]). The array component model is a simplified model based on
scaling the characteristics of a single solar cell. Array voltage can
either be user specified or determined by a maximum power tracker. It
should be observed that the above components are coded in SI (metric)
units, whereas most of the SIMWEST components are coded in English units.
This is generally not a problem since there are at most only a few
interconnection variables between the solar-photovoltaic generation
components and other SIMWEST components, and these are easily converted
using arithmetic components.

The TMY data tapes are currently the best environmental data sources avail-
able for simulating typical yearly solar energy system performance. These
tapes were extracted from SOLMET data tapes containing rehabilitated
hourly solar and meteorological observation data over a period of many
years at each observation site. Each Typical Meteorological Year was

BCS 40180-2 Rev. PRECEDING PAGE BLANK NOT FILMEZ i



created by statistical selection of a typical meteorological month for

each calendar month in the long term data base and catenating the 12 months
to form a TMY. A1l of the TMY data files are available for use by a SIMWEST
user. He thus has access to a high quality environmental data base for
solar energy simulations and system analyses.

TABLE 9.0-1
COMPONENT SYMBOL
ENVIRONMENTAL ED

DATA (TAPE)

SOLAR ORIENTATION
(TRACKING)

FLAT PLATE
COLLECTOR

FOCUSING LENS
COLLECTOR

PHOTOVOLTAIC ARRAY

412

S0

FP

FO

PV

SOLAR-PHOTOVOLTAIC COMPONENTS

PURPOSE

READ DOE SOLAR INSOLATION AND WEATHER DATA
TYPICAL METEOROLOGICAL YEAR TAPE

SOLAR INSOLATION ON TILTED FLAT PLATE
ARRAY (FIVE OPTIONS)

FLAT PLATE THERMAL MODEL WITH FLUID AND
PASSIVE COOLING OPTIONS

FRESNEL LENS THERMAL MODEL WITH FLUID AND
PASSIVE COOLING OPTIONS

CONVERTS SOLAR INSOLATION TO D.C. ELEC-

TRICAL POWER. MAXIMUM POWER TRACKER OR
USER SPECIFIED VOLTAGE
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9.1 PHOTOVOLTAIC MODEL TEST CASE

The input data for the photovoltaic model test case is shown in Figure
9.1-1. The purpose of this model is to obtain characteristic current
voltage curves for the default solar array parameters. Fortran statements
are used in the model generation data to let the terminal voltage range
between 0 and 204 volts for solar insolation values of 5, 20, and 50 suns
(1 sun = 1000 w/m2). Cell temperature ﬁsﬁspecified at 25%C for the first
simulation and 559C for the second. Figﬁre 9.1-2 shows the current voltage
curves and Figure 9.1-3 shows power voltage cross plots at the lower cell
temperature and for the three solar insolation levels. These curves verify
the physical characteristics of the solar cell model. It may be noted in
these figures that current and output power become negative when the speci-
fied voltage exceeds the array open circuit voltage. Individual cell
characteristics may be obtained by dividing voltage by 300 (default number
of cells in series) and by dividing current by 500 (default number of cells
in parallel).

9.2  FLAT PLATE COLLECTOR MODEL

The input data for the flat plate model test case is shown in Figure 9.2-1.
The purpose of this model is to illustrate water and wind cooling of the
collector and to test the tracking options of the orientation component SO.
There are six 1-1/2 day simulation runs. The first run uses water cooling
(CMOFP=2), a single glass cover over the front plate and insolation on the
back. The second run uses passive cooling (CMOFP=0), no plate insolation
and fins on the back to cool the collector. In the first two runs, the
collector is tilted and has a fixed, southward facing orientation
(MO SO=1). The last four runs are similar to run 2 except different
tracking options are utilized.

BCS 40180-
180-2 Rev. 413
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MODEL DESCRIPTION  PNOTO=VOLTAIC CURRENT VOLTAGE CURVES
LOCATION=S T3
A—FORTRAN-STATEMENT-8— -~ meme e e
ST PV8S5000 ‘
IFCDY TI,GT,1,5)ST PV=20000 |
——————F{DY—T1, s*—e.sasr—vv-soooo e et
VT PV=8,5#TD TI ’
LOCATIONES3 PV
—END—BF—MODEL '
PRINT

a) Model Generation Input Data

PARAMETER VALU&S ‘ i
CYCLESED, TO T1=0
T—.—DLIN&S=50“—- - . - e ——t PR, - om meem w e e w P, - . e

TC PVERS
RC PV=\
—PRINTER-PLOTS,DISPLAYY ‘ . v S e e e
V PV,VS,TIME
I PVY,V8,V PV
—P—PY V8 V—PRV
P PV,VS,TIME
TINCE,5, TMAX=T2,PRATE®24,PRINT CONTROL=3,INT MODE=3,DUTRATE=]
—YITLERPHOUTOeYOL TAICCELL—CURRENT-VOLTAGE-CURVEE -~
SIMULATE
PARAMETER VALUES
—3G—Py¥E55
SIMULATE

b) Simulation Program Input Data
Figure 9.1-1 PV Test Case Input Data :§§:
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MODEL DESCRIPTION FLAT PLATE TEST CASE

%: LOCATION=1} T1

»  A—LOCATIONE3S +0 —— INPUTSETS .
T LOCATIONSS3 80 INPUTSETI,ED(X1=SB, xa=31,

o LOCATION=S7 FP INPUTS=SO,ED(XUERD /X3=TA)

2 —END—-OF--MODEL —

£ PRINT

a) Model Generation Input Data

; PARAM&TER vaLues

CYCLES=2,08,T0 TIHSbcTFIFPBlO TFOFP&30, MFMFP-.OZ;CMDFPRE;NG FPS!:
T—"DkiNtSHSO - -

HI FPe, 0}

: CW FP=1,CL FP=2,NT FP=10,CC FP21000,CM Fp:;o,cpusp: og,LA sogzq 733,
i —I 80=29-733,AA—snl2- N
x PRINTER PLOTS, DISPLAYY
TLTSO, VS, TIME
- —3C—FP V8 TIME
{ X2 ED,VS,TIME
" PY FPyVS,TIME
—TINCB S TMAXRI6,PRATERS ) PRINT-CONTROL®Ip- INT—MODEEI, OUTRATESL
TITLESFLAT PLATE COLLECTYOR TEST CASE.
SIMULATE
—PARAMETER VALUES
CMOFPE0,H] FPEl E9,FIRFP=U
SIMULATE .
—PARAMETER-VALUES—
mMQ 8S(0s2
SIMULATE )
—PARAMETER—VALUES
MO 80=3
SIMULATE
—PARAMETER—VALUE 8- e
M0 8S0=4
SIMULATE
—PARAMETER—VALUES
MO 8S0=5
SIMULATE

b) Simulation Program Input Data

Figure 9.2-1 Flat Plate Collector Model Input Data
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The model schematic produced by the model generation program is shown in
Figure 9.2-2. The component TI is used to furnish time of day and day of
year information to SO and to the TMY read compconent EB. ED supplies direct
beam and global insolation to SO, and ambient temperature and wind speed
to the collector component FP. Based on collector orientatibn, SO supplies
solar insolation incident to the array, collector tilt angle, and tracking
power to FP. | |

Typical results of the flat plate model runs are shown in Figures 9.2-3
through 9.2-5. Figure 9.2-3 shows the global horizontal insolation ob-
tained from ED during the 36 hour simulation period. The data was for mid-
winter and the daily peak levels are thus low to moderate. <The array tilt
angle daily pattern for horizontal E-W axis tracking is shown in Figure
9.2-4. At noon the array is oriented normal to the sun's incident rays and
thus maximizes the insolation gathered during the mid-day peak. The tilt
angle approaches 90° as the sun approaches the horizon, and remains fixed
at 90° overnight. Comparison of the solar insolation peaks with the
various tracking options showed that horizontal E-W axis tracking gave the
best results of the single axis tracking systems, and was only slightly
inferior to two-axis beam tracking. Solar cell temperature for this case
is shown in Figure 9.2-5. The cell temperature is within a few degrees of
ambient most of the day and rises in mid-day pfbportional‘to the solar
insolation received. The results with water cooling are quite similar.

9.3 FRESNEL LENS COLLECTOR MODEL AND IMNCREMENTAL COSTS

The input data for the Fresnel Lens test case is shown in Figure 9.3-1.
The purpose of this model is to illustrate a Fresnel Lens collector model
with thermal fluid loops for collector cooling and for solar heating.
Three week-long simulations are used to demonstrate incremental cost cal-
culations for subsystem econcmic design. A variable speed pump is assumed
for the collector fluid Toop with the flow rate adjusted so that the outlet
temperature is 5% greater than the inlet. The collector consists of a
rectangular grid of 120 Fresnel lenses each of which focuses solar radia-
tion on a 5 x 5 array of solar cells. Excess thermal energy is conducted to
a heat sink surface and then dissipated by natural convection, radiation

418 BCS 40180-2 Rev.
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§~ MODCEL DESCRIPTION FRESNEL LENS COLLECTOR WITH THERMAL STORAGE AND LOAL

LOCATICN=11 TI
LOCATION=71 ED INPUTS=TI

LOCATICN=45 - MA INPUTS=TS(T=FIN)
.~ FORTRAN STATEMENTS e
TFOFQO = °‘FO MAa+3,

S,

LOCATION=33 FO INPUTS=ED(X1=STeX3=TAsX4=WD)yMA(FO=TFI)
LOCATION=73 PV INPUTS=ED(X1=ST)+FO

LOCATION=47 TS INPUTS=FO(P¢1=P),TL

LOCATION=27 TL INPUTS=TIED(X3=TA)

LOCATION=77 LO INPUTS=PV(P=Py19P=L0s1)

LOCATION=79 CcM

END OF MODEL

PRINT

a) Model Generation Input Data

TITLE=FRESNEL LENS COLLECTOR (INCREMENTAL COST COMPUTATION)
PARAMETER VALUES T
CYCLES=4,019T0 TI=0yCMOFO0=2yClk FO=3s73eCL FO0=3e9y DLINES=30
NL FO=1204NT FOz=24yMFMFO=059CC FO=6e9CM FO=509HI FO=e019RC FO0=.06
TS TS=5:DH TS=e00879sPD TS=12¢LE TS=30¢NU TS=e01¢NC TL=0e2
Cl1 MA=.555569C2 MA=~17.7778y COPFO0=0.5

CC PV=1004CM PVY=50,LE TS=30,CR CM=154LE CM=20

AA PV=0469NS PV=600yNP PV=53RAPPV=1.3

VE LO=+03pVE TL=.05

TABLEHT TS=4

e008799¢02564919e0473714.064072

9091479147+9204%

TABLE TLOTL=4

~10909109025

4!2’1-5’1

TABLE«THWTTL=4

De691852%

o439l 9lped

PRINTER PLOTS,DISPLAY1

RE TL sVSsTIME

. TSsVS»TIME

Pl FOeVSeTIME

FMDFOsVSy TIMNE

DISPLAY2

TC FO9VS»TIME

P PVyVS,TIME

FO MASVS,,TIME

INITTAL CONDITIONS=E TS=80 }
TINC=a59TMAX=168»PRATE=12yPRINT CONTROL=34INT MODE=3,0UTRATE=1
SIMULATE

PARAMETER VALUESy TS TS=5.5

SIMULATE

PARAMETER VALUES

TS TS=SeeNL FO=1269CH FO0=3+:949AA PV=0.633NS PV=630

SIMULATE

b) Simulation Program Input Data

g

Figure 9.3-1 Fresnel Lens Model Input Data
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and heat exchange to the coolant fluid. The collector parameters are
chosen for a lens concentration ratio of 25 and series connéCt1un¢of the
output from each array. At maximum output the array co]]ects abo e 20k, of“
solar radiation and produces about 1.7kw of e1ectr1ch.=;;;:: TH&-uservw
should be especially careful in specifying the input parameters to the
collector and array components FO and PV, since inadvertant parameter
errors can lead to physically inconsistent configurations, e.g., collec-
tor area smaller than the total lens area.

fﬁe model schematic produced by the model generation program is shown in
Figure 9.3-2. The collector thermal loop is formed by the connections
between the collector FO the thermal storage TS and the multiply and add
component MA. The MA component is used to convert the thermal storage
outlet temperature from degrees fahrenheit to degrees centigrade. The
output temperature from MA is supplied as the inlet temperature to FO. The
total thermal power gathered by the coolant fluid is computed in FO and
supplied to TS. Similarly, the thermal load fluid loop is represented by a
power request from the load component TL to TS and by thermai power de-
livered from TS to TL. The electrical output of the array is computed by PY
and supplied to a load component LO which monitors the electrical energy
collected.

Results of the first week simulation run are summarized in Figures 9.3-3
through 9.3-6. The weather was fairly constant during this run and solar
insolation was fairly strong all week. Figure 9.2-3 shows that with water
cooling cell temperature was held to less than 70°C at peak insolation. In
fact, about 60% of the solar energy incident on the array is exchanged to
the coolant fluid during peak insolation. The electrical output of the
array is shown in Figure 9.3-4. The fluid flow rate of the pump and
thermal energy collected exhibit very simiiar daily patterns. The thermal
load for this week is shown in Figure 9.3-5. This load is dependent on
both time of day and ambient temperature which yields the complex load
pattern shown. Figure 9.3-6 shows the temperature of the thermal storage
vessel resulting from the collector and load thermal loops. 'Thehdai]y

e i
W
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cycles are predominant with the periods of strong insolation providing

- sufficient energy to satisfy the load and compensate for thermal losses.

Average load is fairly well matched to solar generation during the week
since the temperature remains within a 15% channel and does not have an
apparent trend away from this range. |

One of the most important measures of performance for a solar energy system
is the levelized cost of energy, i.e., the life cycle cost to produce one
unit of usable energy including generation, storage, transmission and con-
version subsystems. Energy cost may be used to size components and select
most promising system alternatives, i.e., minimum energy cost is used as a
selection or optimization principle. Although SIMWEST does not provide
user optimization capability, optimal sizing of a few key parameters, such
as the ratio of solar to utility generation and the size of storage rela-
tive to generation, is possible and may be accomplished quickly using the
concept of incremental energy cost. The idea is to compute the incremental
change in levelized energy cost per incremental change in capital cost, for
the system parameters of interest. Given an initial system configuration
and M sizing parameters to be selected, optimization proceeds as follows:

1) Perform M+l back to back simulations to compute the cost and energy
performance of the baseline configuration and M incremental configu-~
rations from the baseline.

2) Calculate the incremental energy costs for each parameter variation.
Then select a new baseline configuration. Since the incremental
costs are equal at the minimum cost point, increase or decrease the
Sizing parameters so as to equalize the new baseline incremental
costs.

3) Go to 1) and continue adjusting subsystem parameters until either a
performance limit is reached or until the incremental costs of the
remaining parameters are equalized. (If two incremental costs are

unequal, one can always lower the system energy cost by increasing the
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TR T T A g

s

No
=



subsystem with the smallest incremental cost at the expense of the
other subsystem.)

This procedure is recommended as more efficient and economical than using a
series of parametric trade studies for subsystem optimization.

The process of computing incremental costs is illustrated for the Fresnel
Lens model. In the first simulation the baseline system'performance and
costs are computed. The second simulation differs from the first in that
thermal storage capacity has been increased by 10%, and the third simula-
tion differs from the first in thet the solar collector and photovoltaic
array area have been increased by 5%. Table 9.3-1 summarizes the incre-
mental cost and simulation results for these runs. Column 1 shows the
initial capital cost of the baseline system and the incremental capital
costs for the thermal storage and solar array increases. (These costs are
meant to be illustrative rather than representative.) Column 2 shows the
resuits of a 20 year levelized cost analysis of the three systems, includ-
ing maintenance and operating costs, e.g., the change in thermal storage
increases costs by $9.10 per year. Column 3 shows the energy delivered to
the loads in a year as estimated from the one week simulations. (Note: the
change in storage capacity lowers the average coolant temperature, thus
increasing output power.) Column 4 shows the Tevelized energy costs of the
baseline system and of the increments in storage and generation. This
column shows that the levelized energy cost will decrease as thermal stor-

. age or generation are increased, and that thermal storage is undersized

relative to generation since a fixed $ increase in storage will Tower the
system energy cost more than the same $ increase in array area. Column 5
shows the % change in levelized energy cost given a 1% increase in capital
investment. This column contains the same basic information as column 4
but provides a better quantitative measure of the economic value of in-
creased storage capacity.
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Table 9.3-1 Incremental Cost Calculations
cc LC ED EC NIC
Baseline 7392. 1272. 7829. 16.2 —-——-
10% Inc. in Thermal 61. 9.10 110.5 8.2 -.84
5% Inc. in Solar 319. 47.90 365.0 13.1 -.21
NOMENCLATURE: CC = Initial Capital Cost in $
LC = Levelized Total Cost/Yr. in $
= Capital Cost*Life Cycle*Charge Rate +
Maintenance Cost + Operating Cost
ED = Useful Energy Delivered/Yr. in KWH
= Electrical Load + Thermal Load +
Net Change in Thermal Storage
EC = Levelized Energy Cost in ¢/KWH
= LC*100/ED
NIC = Normalized Incremental Costs

432
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% Change in EC Per % Change in CC

(ALC/LC - AED/ED)/(ACC/CC)
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APPENDIX: UTILITY SUBROUTINES

This section provides a short description and source code for the utility
subroutines called by the SIMWEST library components. These routines are
also availabie to the user and may be called by FORTRAN statements in the
user's manual. (See also page 26 of section 2.1.2 on the use of sub-
routines TBLULl and TBLUZ2.)

e FUNCTION AINR

AINR computes the current of a photovoltaic cell given 1light current AIL,
cell voltage V, and temperature T. Newton-Raphson iterations are used to
solve the implicit equation (1) for current I:

I = AIL + BIO (1. - EXP((V+I*RSi*QBK/(T+273))) | (1)

e SUBROUTINE CNVC

CNVC computes the convection coefficient HC and Reynolds number RE for air
blown over a flat plate (ref. 1).

Inputs: TA - air temperature in O

TP = plate temperature in O

CL = length of plate inm
V = velocity of air in /s
Equations:’
Ty = (Ty + Tp)/2 (mean temp.)
VI = 9.0 x 10"8*TM -1.115 x 107 (viscosity)
GR = 1.386 x 103 - 2.91*Ty, (Grashof's no.)
C0 = 7.25 x 1075%1, + 4.325 x 1073 (conductivity)
RE = V*CL/VI | (2)
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_ .333
Hepgp = -116%CO*GR*|T, - TPI
_ .5 5
Hurnp = [~597*CO*REE-5/cL RE<5 x 10
.032%Co*(RE*8 - 23000)/CL otherwise
HC = H

FRee * BwInD (3)

e SUBROUTINE CUBIC
CUBIC finds the roots of the cubic equation

x3 + AAX + BB = 0 (4)

and selects the real root X with largest value.

e SUBROUTINE FLUC

FLUC computes the heat transfer coefficient HF from a collector plate into
a fluid coolant. The empirical equations used are for water cooling
(ref. 1).

Inputs: NT = number of cooling tubes

DT = diameter of cooling tubes inm

CW = collector width inm
COP = conductivity of mounting plate in w/m-K
THP = mounting plate thickness in m

FMD = coolant mass flow rate in kg/s

DEN = ccolant density in kg/m3

TF = mean coolant temperature in K

COC = coolant conductivity in w/m-K
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Equations:

" NT1 = NT/CW
e HF1 = 12%NT1%+COP*THP (conduction coeff.)
§ VI = (21.7%(TF - 256)70-8 _ .185) x 107®
”g : (fluid viscosity)
PR = (.00518¥TF - 1.25)%*(-1.49) (Prandt] no.)
RE = 4.%FMD/( mr *DT*NT*DEN*VI) (Reynolds no.) (5)
If RE<2100,
HF2 = 4.36*COC* 7 *NT1
If RE >10000
HF2 = .023*COC*RE *8xpR+333% 7oyt
If 2100 <RE< 10000
X2 = 36.5%PR*33 h
D2 = .0029%PR" 33
c A = (4.36-X2)*1.6 x 1078 + D2*1.266 x 107
{ B = D2 - A%2.x10"
C = x2 + A*10° - p2x10%
HF2 = (A*REZ4B*RE+C)*COC* r*NT1
HF = (1/HF1 + 1/HF2)"} (6)
e FUNCTION HTGLAS
HTGLAS computes the top surface heat loss coefficient Ht for a collector
with 1 to 3 glass covers (ref. 2).
Inputs: N = number of glass covers (1,2,3)
TA = ambient temperature in %
TC = mean cell temperature in O
HC = convection coefficient for air blowing over a
heated flat plate in w/mz-k
{ ' €cr€g = emittance of cell and g]a§s covers
TLT = collector tilt from horizontal in degrees
BCS 40180-2 Rev. 435
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Equations:
Hy = (N(TE/0)/((Te=Tp)/ )03 4 17~
+-a(T§+T§)(TC+TA)/(A+(2N+f-1)/eg-N) | 9l
with = 5.688 x 1078 w/m-k*

365.9 (1.-.00883*TLT+.0001298*TLT2)

1]

g
C
f (1.-.04*HC+.0005*H§)(1.+.091*N)
A

1/(ec+.05*N(1-eC))

e SUBROUTINE IMPLIC

IMPLIC controls the iteration Togic which determines convergence of im-
plicit variables in the user's system model, and prints convergence diag-
nostics. (See section 3.6 for a discussion of the iteration and diagnostic
control logic.)

e SUBROUTINE RADC

RADC computes the infrared radiation coefficient HR between two bodies
with surface temperatures Tl and To. (See section 7.4 of Duffie. and
Beckman, ref. 3.)

Inputs: Tl,T2 = surface temperatures in %
€1,y = emittances for surfaces corresponding to Tl,T2
A - 2 - -
He = 5.688 x 1078 (T2475)(1)+T,)/(e]! + €5} -1) (8)

e FUNCTIONS TBLU1l, TBLU2

TBLU1 and TBLU2 perform one- and two-dimension linear interpolation. A
binary search is used to locate the nearest grid points for unequally
spaced data. See section 2.1.2 for subroutine usage within model genera-
tion FORTRAN statements.
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e SUBROUTINE UNIF

UNIF generates uniformly distributed, pseudo-random number sequences in
the range [0,1]. This routine may be used to obtain random number
sequences with a specified distribution function. (See for example the
coding for WD in section 7.47.)

REFERENCES

1. F. Kreith, Principles of Heat Transfer, 3rd Ed1t1on, International
Textbook Co , 1973.

2. S. A. Klein, M. S. Thesis, "The effects of Thermal Capacitance Upon
the Performance of Flat Plate So]ar Collectors", University of
Wisconsin, 1973.

3. J. A. Duffie and W. A. Beckman, Solar Energy Thermal Processes, W11ey,
1974,

BCS 40180-2 Rev. ' 437



CAINR

OO

R

438

.

FUNCTION AINRGALLsBIOGBL9VsRS,T)

NEWTOR-RALPHSCN TO COMPUTE PHOTYO-VOLTAIC CtLL CURRENT

FUA) TA=AIL~BLO*( 1 .~EXP {GBK*(V+A%RS)Z{T+273)))
FPIA)=Le+BIOFEXP (WBK*(V+AZRS )/ (T+273) ) *CBK*RS/(14273)
A=D. /

e st AR R

ANCW=A—F(A)/FPLA}

IF({ ANEW=A) oL e «0O000L) 6O TO 2 .

A=ANcW
AINR=ANEW
RETURN -
£ND
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CNVC

dNaNeleN ol Eal el el

SUSRGUTINE CNVC(HC Rz, TP,TA,V,sCL)

COMPUTES CONVECTION COEFFICIENT HC AND REYNOLDS
NUMBER R FGR AXR olLUWING CVZR A FLAT PLAT:c.

CALLcD BY CCMPCONENT FQ.

InFOTS TA —AIR VTEMPERATURE 4K
TP —PLATE TEMPZRATUREZ 4K
v ~VcLCCITY OF AlR,M/S
CL  ~LENGTH OF PLATEM

TM=(TA+TIP )% .5

VI=9 .£~-8%TM—1ed1idc~5

GR=1 366 e—2913TM

COzT aSE=S¥TMT4 o 325E-3

Re=V#CL/V1

HFREE=a 1l 10*CU¥SR®X( (ADSITA-TP) ) %% {,333) )
HWIND=.397*COXSCRTI(RE)ZCL

IFIREeGT a5 eESIHAINL = 032%CO¥ (REX*(3)~23000.)/7CL
HC=HFREE+HW IND

RETURN

END

OW“NN 3
OF ﬁﬂfELF?Gf IS

LS
AL~
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SUBRUUT It CUBIC(AA,BByANS)

TER=AA*%¥5/27« :

TERM=pbB**2/4.+TLR

EF(ABSITERM) .6T..GOCL)IGE TG 1O

F(IX VBB LU RS EERX BB R RN EBR BIRE R B BU VKRS A EEB R ERSERE R RS R ERB FRKES B 3355
THREL RLAL KUOUTS,y TWO tQUAL

XXX XS R0 PER K EBEFIRNZBRSRTABBE P R RRREE TR AR Rk R R e B %3k KK ok o ko
Ab=2 . ¥CeRTU-bB/2e )

ALS= —AB/7c.

B4 388D rIEBL S S8 384 5445V ESFEERREEXSE RS FR R ST RE S I X TR EH KA Rk X I
SzlelT PCSITIVE ROOCT

BRXFIGE KU ER IR R GRS X R KB R R AR R KRR R Rk o e oo ok o ook o g i ok ook ok Xk
AN>=AMAX 1(AB,aE8)

RETUxN

IF{TcRMe2.0. )60 10 20

CFI BN VEDFI I3 o545 R3S EF L EF X FEESEN R EIEEEERAE SRR R FE R FRE XS R RED
CNz REAL ROCTg¢ TWC CONJUGATE IMAGINARY RUOTS

PEXEEERERPEAE S EERE R IR SR EX RS RB AR FERIER KRR IR AR TR AR B R XEE KL X G KB X ER
STERM=SORT( TcRM)

AAA=CLRTI(—bo/le +5TcRM)

£33=CARTL-Bo/ Lo =STcRM)

FIXELEREPTRES TSIV ELBBEIITITI AL IR XD VARG R A EE N R ERRE TR LR RX A RE KD XX R KK
SELECT REAL RCOT

BEE R R R GG R R KRR F R KK R AR R ok ok K X X kol kR ok Rk ok kK Rk k%
AN3=4AA+EBB

RETURN

FEREREERERFREE TR ERERBREE R RERRE R AR IR EEBIRT IR RN ET R R EEREXD SRR R FLES
THREEZ REALy UNEQUAL ROCTS

¥ FFFER B KR R R R TR R o R o Rk o ok o ok ok oo okl ok ok i ok o ok kool kol ol o ok
STek=SQRT{-TER)

THETA=ALOS{-bB/Z2./5TER)

TE=2 *SQRT(—AA/ 5.}

THETA3=THEVA/ 3.

X4i=TE*COS(THETAL)

X2=Tc*LOS{THZTA3+2.09439) N

X3=TE*CUS(THETA3+4,.18879)° N

¥ F PR EXE T HFX RS FTF XA ok xR R ok 3 ok oo 0 oK ok ok ok o o o ok X ook ol 3 sl ook ok o
SELELT SMALLEST PUSITIVE ROOT .
*+$**¥*0¥**###&**¥##4¥**%*3#***#**iii;;%*4***#####*‘#***#*********

e ANS=AMAX L {X L9 X2 9 X 3)
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RETUAN
END
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CFLUC

OO OOOOO0O0C OO

N el

C 1G9

SUBKGUT INE FLUCIHF yREyNT 4DToCW oCTSy THSyFMU9OENy TF9COC)

COMPUTES HEAT TRANSFERXR COEFFICIENT HF TO FLUID
ANJ RzYNULUS NUMBER.
CALL=D BY COMPCNENT FOC
NP UTS Nl —aMUMoER OF COOLING TubES
0T -—ulAMETER OF COCLING TUSES
CW  —CUOLLECTUR WIDTH,M
<C> —CONDUCTIVIIY OF MOUNTING PLATL,W/M—K
ThS —MOUNTING PLAT: THICKNzSSoM
FML —LCOLANT MASS FLOW RATeEsKG/S
Ui —COOLANT DENS1TYRKG/M3
TF  —McAN COOLANT TiEMPERATURE,X
CUC —CUULANT CONODUCTIVITY,W/M-K

RoAL NTeNT1

ARITE{GCo 08 )FMULEN,TFLCLL
FGRMAT LRIy 5X 9 *FilUL 1I8PUTS *94F10.2)
PK={ «00518%TF-lac>)*3(—1.49)
hFl=NT/CW

HFL=12*NTL*JTL3CCS*THS

VI=(zl. T3 {TF-250b.)*%{—=.6)-olbE)*lac—6
RE=4 ¥FMD /(5 141D TENT1#DENSY ] )
IFIREGT=2180a)GU TO 1
HF2=4.363L00C*3.1416%NT1

LU TU b

IF(RL e Tai000C06)GL 10 £
Xd=36e 5% {Pk**(.32))
D2=.0029*(PR**{ .33))

A= (4650=X2)V ¥ ] a0bE~34Dc*¥lecb66E—4
B=DZ—-A%2.r.%

C=X2+A¥%]1 . E6-U2*%1.E4

HF2= (A¥Re*Re+B*Re+C ) *%COC*3.1416%NT 1

60 TO 5

LONT INUE

HF 2= o0Z3%COCH(REFX*L.5)) ¥ (PR¥*¥({a333) ) *¥3.1410%NT1
CONT INUE

HFz=1lo/ (1l e/HF1+1./HF2)

WRIT:(69109)HFsRE

FORMAT (L 1HUOy X o*FLUL OUTPUTS *,2F10.2)

RETURM

END
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CHTGLAS
FUNCTION HIGLASING9TAoTCoHULECYEGHTLY)

TOP HEAT LOSS COEFFICIENY HY FOR GLAS COVERSy CALLED 3Y FP

INPUTS
NG=NUMBER OF GLASS COVERS (192,3)
TA=AMBIENT TEMPERATURELK
TL=MEAN CitlLl TEMPERATURE,K
HC1=CONVECT ION CGEFFICIENT FOR AIR S8LGWING OVER
A HEATED FLAT PLATE, W/M2-K
cC yES=EMITTANCE CF CELL AND GLASS COVERS
TLT=COLLECTOR TILT FRGM HURIZUNTAL IN DEGREES

(s X aXalaksNsXaRaXaXeXalaky

REAL NG
SIGMA=5,6685—8
C=365a9%(1a—u00083*TLT+0L001L296* TLTSTLT)
Fr{le—e04*HC 1+ 00C5%00 L¥HC L) * (1o + 0L FNG )
8=] o F{EC+o05%No*{1~EC))
6=NG*{TC/CI/LULLTC—TA)/iNG+F} )$*0.33) + 1./HC1
E=STIGMAT(TCXTCH+IASTAIR(TCH+TAI/Z LA+ 2.¥NG+F—1. ) /EG-NG)
HIGLAS=L./G+8
RETURN

& END
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CIMPLIC
SUBRIOUTINE 1MPLAC(CYCLES 9DLINES)
COMMUN/ZC IMPL/ZINMPL, ICNT ZCORDER/ WOX,NOV /ZCOLD/ZVOLD
CCMMON /7CV/ V /UINAMEV/ NAMEV /(TIME/ VIME
DIMENSLIUN V(L) gNAMcVIL) S VOLD(L)
C *kwkix UNIVAC VERSION (OOt ONLY
C IFECYLLES.LEGe ) GC TO 406
C *k%&E¥
IF(IMPL.GT-0)GL 0O 10
SP=0
LITZRS=CYCLLS .
ITERS3= MAXO( LyMINO(ITERS»20C)) W
ILINES= ABS(DLINES) "
ATNG= ©
IMpL=L
OC 5 I=14N0V
5 VOLDI1) = Q.
10 CONTINUL

C XEBIIF CLL VERSIUN CGDE ONLY
IFICYCLES GE212) GG TO 15
iMPL=2
IF(ICNT.GESILINES) IMPL=3
KETURN

L *xk®sd

15 IF(IMPL.GT.1) &GC 10 20
ITNO= 1TNO+1
IF(1INO.GEITERS) IMPL=Z2
iCuN=1
80 306 I=1.NOV
IF(ABSIVII)).LT. 1.E-6) GC TC 30
IF( ABSIVOLD(1)—-V(I)) oGTe 0o03%¥ABS{VII)) )ICUN=0
VOLD(1)= V(I)
30 CONTINUE
IF{ICUN.cUel} IMPL=2
IFCIMPLOEQo2 &ANDo ICNT.GE.ILINES) IMPL=3
RZTURN

g N

20 1TNO=0
IF(IMPL.GTS2) GO 10 40
IF(ICON.EQeL) &0 TG 40
IF(DLINESLT0.) 5O TU 4G
ICK=0
DO 50 1=14NOV
IFt ABSIVII))aLTelaGE~6) GO 7O 58
IFY ABS{VOLD(L)—VI1)) .LT. 0.05%ABS(V(I)) )GO TO 50
IFfICKeEQ.0) WRITE (4y100) TIME
100 FURMAT(1LHOy10X95HTIME=4F9.2)
WRITEC69200) NAMEVII),VOLO(I),yV(I) %
200 FORMAT(1iH »30XyA6928H NONCONVERGENCE. GLD VALUE=9Flee3sy .
1 13H NEW VALUE=,F12.3) i
ICK=1
50 CUNTINUE
IF{ICKeEGal) ICNT=ICNT+1
40 IMPL=4
RETURN
eND
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SUBRGUTINE RADC(HRT1yT2,4EipE2)

COMPUTES 1INFRARED RADIATICM COEFFICIENT HR
CALLED BY COMPONENT FG -

INPUTS Tlele ~—SURFACE TEMPERATURES oK
Elesc2 —LORRESPUNDING SURFACL EMITTANCES

HR=> «OBOE-Bx{ TART1+T2%T12)%(T1+12) /(2 ./7ER+1c/E2-1.)
Re TuRN
eND

%
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CTBLUL
FUNCTICON TBLULIXK e XTsFT¢NDXsNX)

PURPGSE GNE DIMENSION LINEAR INTERPOULATION

T

CALL SEQUZNCL
X — VALUE OF INDEPENDENT VARIABLE
FT — ARRAY OF TABLE VALJUES CCUCRRESPONDING 10 XT
INGX— INLICATOR FCR STeP SPACING

NX — AoSINX) IS VHE ARRAY LENGTH

COMOOCOCOODOC0COCc

DIMENSYON XT(1)sFT{L)
NA=IAES (NX)
IFINAGTL)GE TO &
TOLUI=FT{1)
ReTurn

5 IFINCX.NELCG) GO 1T i00

(RN B g

XG6= XT(1)
H= XT(2)-XT11L1)
X1= (X—=XC)/H +1.
1=X1
iF(l1.5T.G) GC TG 10
TBLUi= FT{1)
IF(¥X2GE-U)TBLUL= FTIL) + (X1-1.)*(FT(2)-FT(1))
KETURN
10 IF({I.LT.NA} GO TL 20
TBLUL=FT(NA)
IF(NX.GL<0) TBLUL= FTINA) + (XI-NA)Y®(FT(NA)-FTI(NA-1))
RETURN
2C TbLUL= FT(Ll) + (XI-1)*{FT{I+1)-FT(1))
RETURN

(e NeNe)

100 IF(X.GE«XT{(1}) GG TO 30
TBLUL=FT (1)

XT — ARRAY (CF LEMLTH ABS(NX) CONTAINING X VALUES

WRITTEN BY A.W.WARREN VERSICN 1,

EQUI-SPACED TABLE INTERPOLATIUN

UNEQUAL SPACED TABLE INTERPCOLATION

IF NDX.EG.0 THEN XT COMTAIMS EQUAL SPACED DATA
iF NDX.NieG THEiN XT CCNTAINS UNEQUAL SPACED DATA

IF NX.LT.0 THEN TRUNCATE OUTSIDE TABLE RANGE
IF NX.GEeO THce EXTRAPOLATE CUTSIDE TABLE RANGE

APRIL 1977

IF(NXGEe0) TBLUL= FT(1) + (X—XT(1))*(FT(2)—rT(1))/(Xi(2)-X1(1))

RETURN
30 IFiXeLTaXTéMAY)) GO TO 40
TBLUL= FT(NA)

IF(NX.GE-C) TBLULl= FT(NA)+(X—XT(NA))*(FT(NA) =FT{NA-1))/(XT(NA)

1 — XT(NA=1))
. RETURN
i 40 I=1
- IGE= NA

50 1lI=(lGe+l)/2
IF(X.LTXT{1I)) GG TO 60

BCS 40180-2 Rev.
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I= 11

G0 TG 70 \
60 I5c= 1I ‘ ™y
70 IF(I+1.LT.IGE) GO TO 50 w )

TBLU1= FTILLI) + (FTUI+1)-FTLId)*(X - XT(I))/(XT(I+1)—X1(1H

R:IU&§

END

T RIS M - v~ cle e I L

I
N L
it
< ™
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R TN
,‘\« v
4 e
/
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CTalLuz
FUNCTION TBLUZ(X3YsXTosYT9FT9IXeIYNXyNYMX,MY)

PURPUSE TWG DIMENSIGN LINEAR INTERPGLATION

METHOU BINARY SEARCH TU FIND NEAREST GRID POINTS.
TBLUL IS USED TG REDUCE THE INTERPOLATION DIMENSIUN.

CALL SEQUENCE
XeY — PGINT AT WHICH INTZRPOLATION IS OESIRzD

FT = TWG DIEMSNION ARRAY GF VALUES SUCH THAT FT(IsJ)
CORRESPONDS TG XT(I),YTiJ).
1X9IY— INOICATORS FOR GRID SPACING
IF IX=0 THEN XT CUNTAINS ECUAL SPACED VALUES

IF NXeLT.O THiNn TRUNCATE OUTSIDE X1 RANGE
IF NXeGTeCG THEN ©XTRAPOLATE GUTSID: XT RANGE
LIKEWISE FUR NY AND YT VALUcS.

MX 9y MY— DUMKRY-"ARGUMENTS.SET EQUAL TG ABS(NX)s ABSINY).

WRITTcN BY A.W. WARREN VERSIGN 1, JUNE 1977

NN RN o N sX o N N ol u¥ o e No N o N SN TR oW ¥ oW ¥ o W o o'

DIMENS1ION XT(1},YT{Ll),FT(1)

NA = 1A3S(NX)

MX = NA

NB = TASBSINY)

MY = Nb

IF(NA.GT .1)GC TO iG

TBLUZ = TBLULIY YT »FT21YeNY)
RETURN

10 IFINB.GT.1)G0O TO 20
TBLU2 = THLULIX9XT9FTyIXgNX)

RETURN

c Y GUTSIDE YT TAdLE RANGE

c

2C 1F{ Y.6T. YT(1))GU TO 1060

E = (Y=-YT(L)IZ(YT(2)—- YT(1))
FFL = TBLUL(XoXToFTLL)y1XoeNX)
T3LU2 =FF1
IFINYoGT.0)TBLUZ =FF1% E*( TBLUL(XsXTyFTINA+L),IXsNX) —FF1)
RETURN

C

100 IF{ YoLTa. YT(NB))IGO TO 2GO
' E = (YTINB)-Y)/(YT(NB)~-YTINB~1))

NBL = NA*(NB-1)+1

FFL = TBLULIX o XT FT(NBL) yIX9NX)

TBLu2 = FF1

IF(NY.GCT.0)TBLUZ = FFL+ EX(TBLUL (X, XToFT(NBL—NA) ,IX,NX) —FF1)
KRETURN

YT GRID SEARCH AND INTERPCLATION

OO

200 IF({IY.NE.QO)GO TO 240
I = (Y — YTLL))Z(YT{2)-YT(1)) + i.
60 TO 300
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XT9¥YT— ARRAYS CONTAINING INDEPENDENT VARIABL: GRID PCINTS

IF IX.NE.O THEN XT CONTAINS UNLQUAL SPACED VALULS
KX gNY— ABS(NX)aB3(NY) ARE THE ARRAY DIMENSIUNS FOR XT,YT



R\

260
270

300

I=1

IGE = NB

il = (IGE+I)/2

IF(YelTe YTUIINIGG TO 260
= 11

60 TO 270

IGE = 11

1F(1+1 .L7. 1GE)GO TO 250

E = AY=YTUI)IZCYTLI+1)-YT(I))
Il= M *(I-1)+1
FFl = TBLUL(XaXToFT(IL1)sIXeNX)

TolUZ = FFL + EX(TBLUL(X9XToFT(IL2#NA) yIXsNX) —FF1)

RETURN
END

448
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CUNRIF

SUBROUTINE UNIF(U4IX)
COMMGN Z0UIMPL/Z IMPLICNTLITEST

{ LATA Y/7253967/
IFTAIMPLLEGQeD «AND. ITEST.EQ.)) IX=431469
IF (1XebQel) iIX = 431409
X= AMOD{ 1X*Yylo7772lo.)
U= X/16T77215.
IX=X
KETUJURN
END
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