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FOREWORD 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 enharL;ements were developed under

NASA contract DEN3-42 "An Expanded System Simulation 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 pro ect

managers.
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1.0 INTRODUCTION

Energy storage systems for the utilization of intermittent power sources

have received increased study over the past few years. The analysis of

storage requirements for optimal utilization 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 	 4

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 hydra, battery, thermal, flywheel, and

pneumatic. The SIMWEST program version described in this document 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

fatal 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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E
obtain convergence of implicit variables. The combination of these two

F	 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 l ibrary is listed in Table .1.2-1. 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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y\	 4	 iTable 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 Output

•	 Multiple, Back-to-back Simulation Capability

•	 Printer Plotter Output of Time Histories and Crossplots

l

4
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e 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 environmental

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

e ,	 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,p y, 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 SINWEST Library Components

ENVIRONMENTAL
BATTERY STORAGE

WIND WD
INVERTER

AMBIENT TEMP TP
RECTIFIER RE

TMY WEATHER TAPE ED
BATTERY BA

ADMITTANCE AD

WIND POWER GENERATION
FLYWHEEL STORAGE

• TURBINE/GENERATOR WP

WIND TURBINE WT
AC MOTOR MO

FIXED RATIO TRANSMISSION GR
VARIABLE RATIO TRANSMISSION TR

AC GENERATOR GE
FLYWHEEL/CLUTCH FL

SOLAR POWER GENERATION
HYDRO STORAGE

SOLAR ORIENTATION (TRACKING) so
HYDRO PUMP PU

FLAT PLATE COLLECTOR FP
HYDRO TURBINE HT

FOCUSING LENS COLLECTOR FO
HYDRO STORAGE HS

PHOTOVOLTAIC ARRAY PV
PNEUMATIC STORAGE

UTILITY GENERATION
COMPRESSOR CO

UTILITY UT
TURBINE TU

ADIABATIC HEAT EXCHANGER HX,HY

LOGIC
BURNER BN

PNEUMATIC STORAGE CS

POWER DIVIDER PD

POWER ACCUMULATOR PA
THERMAL STORAGE

PRIORITY INTERRUPT PI

SWITCHES SW,SX
STORAGE VESSEL TS

SY,SZ
SUPPLEMENTAL

LOAD
SATURATION SA

ELECTRICAL LOAD LO
RANDOM NUMBER GENERATOR RN

THERMAL LOAD TL
TEST FUNCTIONS AF

TABLE LOOKUPS FU,FV

TRANSFER FUNCTIONS IT,LA,LL,TF

ARITHMETIC ELEMENTS KA,MB,MC

COST MONITOR CH

HISTOGRAM HG

TAPE READ TA

TIME CONVERSION TI

6 BCS 40280-2 Rev.



simulated demand and compute the value of the energy delivered to the load.

Like the environmental components, these components maybe computed from

actual measurement data or from randomly generated data based on user

furnished 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 particular existing hardware.

Instead, they are idealized components that allow the user flexibility in,

modeling a wide variety of system and control logic for operational evalua-

tion:of energy storage systems. In practice, the control function might.be

performed by a control room operator using a predefined 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 1.2-1 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.	 7
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Figure 1.2-1 Pneumatic Storage Subsystem
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P	 THERMAL	 LD	 THERMAL
STORAGE	 LOAD
TS	 I	 TL

LD = LOAD DELIVERED

Figure 1.2-5 Thermal Storage

Table 1.2-2 Partial List of Component Inputs and Outputs

SYMBOLS

P POWER

RE POWER REQUEST

MP MAXIMUM POWER

RS ROTOR SPEED

T TEMPERATURE

TA AMBIENT TEMPERATURE

M MASS FLOW RATE

H RESERVOIR HEIGHT

LD THERMAL LOAD DELIVERED

WV WIND VELOCITY

'	 GR GEAR RATIO

EF EFFICIENCY

INT INTERRUPT FLAG

PR PRESSURE

PS PRIORITY SEQUENCE

WY WEEK OF YEAR

DW DAY OF WEEK

TO TIME OF DAY

SP SURPLUS POWER

BCS 40180-2 Rev.	 11
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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 a1-? requests of equal priority, the power

is divided between them in proportion to the user specified weights.

The power accumulator is similar to the divider except that instead of

distributing power from a single input port among four output ports, it

E:
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
u	

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 fO ., m 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

_t

F
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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 library component is associated with a number of output variables.

Prior to simulating a given system the user may select any of these 0utpL'1ts

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

variables 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.

14 BCS 40180-2 Rev.



SOLAR/WINO ENERGY STORAGE COST SUMMARY

20 YEAR LIFE CYCLE

0 YEARLY SYSTEM COSTS

CAPITAL COST	 5260 S
IINCLUOING FIXED CHARGES)

FIXED 0 • M COST	 1070 S

OPERATING • FUEL COST	 140 S

TOTAL	 6460 $

6 ENERGY DELIVERED

ENERGY DELIVERED	 74450 KWH

•arrarr•e••rrrarr••••ar•aa^^rrraaararaaa•ar••aa•••
x	 a	 •

•	 ENERGY COST PER KW"	 96.8 M !LLS •

•••r^•a•aaaaaaerraa•••a^•ar••aaaaa•ra•ra••a•••a••a

VALUE OF ENERGY DELIVERED 	 372 S
(VALUE OF FUEL SAVED)

ENERGY VALUE PER KWH	 5000 MILLS

COST PER VALUE DELIVERED	 1074

r	 0 LOAD FACTOR

`	 PERCENT OF LOAD SUPPLIED 	 10000
I	 BY TOTAL SOLAR SYSTEM
r

PERCENT OF LOAD SUPPLIED	 000
BY UTILITY

PERCENT OF SOLAR ENERGY	 0.0
SURPLUSEO

COST TO MEET LOAD	 6600 MILLS
(SOLAR + UTILITY)

t

Figure 1.3-1 Cosa Monitor Output For Fresnel Lens Model
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1 4 TESTING

Reference [11 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 so 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 l i 5 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) illustrates 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 when 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 complex 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.

BCS 40180-2 Rev.
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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

limit 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 montri to the next.

16C
	

BCS 40180-2 Rev.



Revision Pages

Section 3.6

Replaces pages 49 - 52 of the original document.

f

xx-5

M ECEDING PAGE BLANK NOT FILMED



-- 1•- An o	 —	 -n

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

DISPLAYI

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

REKO, VS, TIME

DISPLAY3

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

s

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 maybe 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 vales,

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,

50
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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 >O. If DLINES < 0 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.

Ti STORAGE 1E4PERATURE	 59,099 OUTSIDE MINIMUM 60.000 

_	

AND MAXIMUM 212,000

--is $100469 TEMPERATURE	 -	 39,T31—•`OUI
SIDE 

- MIMIPUM 60.000 • --AND MAXI MUM 212,000•	 -

1104t.	 0$.40
--- --	 P2 MT	 MOMCUNVEP6L%Ctb-OLD-VALUES 31.913 - NE W VALUt+-----• i0i309- -- -- - -

P2 GE	 NONCONVERGENCE. OLD VALUE• 30,630 MEN VALUE• 29.09$
PL GE	 NONCONVERCLNCE, OLD VALUE4 1.275 NEW VALUE, 1.211

NO RESERVOIR VOLUME	 77210.404	 DROPED 6ELOM MINIMUM $0000.000

-1$-410RAGE TEMPERATURE -- - - Sb.6sr - — OUTbiD! MINIMUM 60.000'-" AND MAXI MUM- — °212.000 `--

TS STORAGE TEMPERATURE 	 S8,964 OUTSIDE MINIMUM 60.000	 AND MAXIMUM 212.000

TS $TOR46E TEMPERATURE	 S9.936 OUTSIDE. MINIMUM 60.000	 AND MAXIMUM 2120000

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 <_ 0 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. All

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 R1, 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/,

/CXDOT/, /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 H2O

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

K
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4.0 JOB CONTROL PROCEDURES

In this section, we describe job control procedures for running and maintain-

Ing the SIMWEST 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 the component 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 library

Is updated, and is thus described in the next section. The user input data

for the model generation program is put on a file called EASYCARDS. A proce-

dure file called XQTEASY is then used to generate the model 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

reiocatable 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:

u -	 GRUN .. .
4DELETE,C EASYCARDS.
OkSG,UP EASYCARDS.
GDATA,IL EASYCARDS.

INPUT DATA DECK
FOR MODEL

41END
OASG,A XQTEASY.

BCS 40180-2
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EASYCARDS

M18.	
SIMWEST	

CRTCH9.*
PRECOMPILER

19

NONSIM CARDS

*SCRTCH9 IS FORTRAN SOURCE CODE OUTPUT

n
N	

_

O

co0
N

a ^,

FIGURE 4.1-1 SIMWEST PROGRAM EXECUTION STRUCTURE



@ADD,PL XQTEASY.
@DELETE,C NONSIMCARDS.
@ASG,UP NONSIMCARDS.

k:

	
@DATA,IL NONSIMCARDS.

INPUT DATA DECK
FOR ANALYSIS

ASG,T 2,U9B., Reel No.*
@END
@ASG,A XQTANALYSIS.
@ADD,PL XQTANALYSIS.
@FIN

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 also relatively 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.
OUSE 7,M7.
®ASG,T SCRTCH8.
®USE 8,SCRTCH8.
®DEL.ETE,C SCRTCH9.
®ASG,UP SCRTCH9.
@USE 9,SCRTCH9.
®ASG,T SCRTCH10.
@USE 10,SCRTCH10.
®ASG,T SCRTCH11.
@USE 11,SCRTCH11.
®ASG,T SCRTCHI2.
CASE 12, SCRTCHI2.
®ASG,A EASYCARDS.
@USE 5,EASYCARDS.
@KQT MGABS.EASY
@ASG,AX ASRO.
@ASG,AX ASSI.
®ADD,PL 9.
@FREE 18.,7.,8.,9.,10.,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.
@AASG,UP SCRTCH26.

r	 ®USE 26,SCRTCH26.
i. @ASG,AX NONSIMCARDS.

@USE 5,NONSIMCARDS.
@XQT ASABS.NONSIM
®XQT ASABS.NSMPPT
WREE 11.,12.,25.,26.

FIGURE 4.1-3 XQTANALYSIS,JOB'CONTROL FILE
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9. 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, V0, 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
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FLYWHEEL KINETIC ENERGY xxxx EXCEEDS CAPACITY xxxx

FLYWHEEL KINETIC ENERGY xxxx FALLS BELOW MINIMUM REQUIREMENT xxxx
	 ^t

GE: GENERATOR OUTPUT EXCEEDS RATED POWER

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

THAN MAXIMUM xxxx

HS RESERVOIR VOLUME xxxx EXCEEDED MAXIMUM ALLOWABLE xxxx

HS RESERVOIR VOLUME xxxx DROPPED BELOW MINIMUM xxxx

HT: HT TURBINE CHARACTERISTIC PARAMETER OUT OF RANGE

HT INLET MASS FLOW RATE xxxx GREATER THAN MAXIMUM DESIGN VALUE

HX: HX EXIT TEMPERATURE xxxx GREATER THAN MAXIMUM ALLOWABLE xxxx

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

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

MO: 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

t
d

PV: WARNING: INSOLATION OR TEMPERATURE AT CELL EXCEED RANGE

RE: 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

TA: 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

68
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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 numbers 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

writeups. 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 P1.

Another convention in the name lists is that the alphabetic symbol 1 0' is

shown as 0 to distinguish this symbol from a zero. Elsewhere in the text

symbols such as VO may be referred to as V0.

7b. INPUT PARAMETER SPECIFICATION

All 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. All 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 1Okw 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. All 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

it efficiency of all components in the distribution subsystem up to and in-

c ud i ng the g  ven component, and 1 01P i s the mix imum power del i verab 1 e 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.
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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 pow,Qr 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, S0,

FP, F0, 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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FIGURE 7.0 SAMPLE CONNECTIONS FOR LOGIC COMPONENTS
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c CM
7.5 COST MONITOR1

}

a

SYSTEM COST INPUTS

• CAPITAL COSTS

• MAINTENANCE COSTS

• OPERATING COSTS

UTILITY INPUTS

• UTILITY ENERGY DELIVERED

• VALUE OF UTILITY ENERGY

• SURPLUS ENERGY SUPPLIED

COST PER KWH

COST PER VALUE DELIVERED

PERCENT OF LOAD SUPPLIED

wnv ant v  r
• SOLAR ENERGY DELIVERED

• VALUE OF ENERGY DELIVERED

• 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.

Ilk

The total energy delivered to the loads plus surplus energy is then summed

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

BCS 40180-2 Rev.	 117
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then given by

CM
System cost/kwh = TC * 1000./TED

Similarly, the value of energy d elivered 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 calculations, 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 	
F

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/Portrameter/Port

CR

LE

Description

Capital charge rate

System life expectancy

Units

%/year

years

t
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Common Block
Inputs Description Units

"r CC Total yearly capital costs

CM Total yearly maintenance costs $

CO Operating and fuel costs over TMAX $
i

TMAX Simulation time interval hr

VDE Value of energy delivered (including surplus) $

TDE Solar energy delivered (including surplus) kwh

TLD Total load demand kwh

UTV Value of utility energy $

UTD Utility energy supplied kwh

SPD Surplus energy supplied kwh

Outputs

Total yearly costs (TC) $

Yearly energy delivered (TED) kwh

Cost of energy per kwh mills

Yearly value delivered (VED) $
r=

` Cost per value delivered -

r
Percent of load supplied by

`-
f

Storage (PCW) -

Utility (PCU) -

Surplus energy load factor (PCS) -

Total load cost per kwh mills

Printout only occurs when simulation is completed. 	 Thus no output

t
variable symbol is required.

,F
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Moen
0'10000
010000
00000'9
000000
OOODOO
000000
OOGOOD
aIu^00
or-0113D
01000^
olonco
0 n0'►00
DOOM
0110000
0^Un00
0^u^00
07u000
07000
C ICC00

A r. a

C"03

__iNO
SUBROUTINE CM	 ENTRY POINT 000213

STORAGE USEDt COOE111 000226; DATA101 000332; BLANK COMMON121 000000
^p 63

COMMON BLOCKS9 8
0003	 COST	 000011
6004	 CIMPL	 000001
LOOS	 CTIME	 000001 C
0006	 CSIhUL 000010 a

EXTERNAL REFERENCES /BlOCN, NAME) U

CCJ7	 NWOUS
0010	 N10c1
uCll	 NERRJS

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

CCJ1 000020 IDOL 0000 000016 20OF 0000	 000035 30OF 0000 000106 40OF
0033 R OJOL00 CC GOOD R 000003 CCY 0003 R 000001 CMA 0003 R 000002 CO
&CUD R COOLIS CPKWH CO00 R 000C11 CPV 0006	 000000 DUM 0000 R 000005 EVE
CC^0 CLO315 INJPS COCO 1000006 IVDE 0000 1 030001 LLE OVCD R COU112 PCD
CQJO R 0.0013 PCU LOC•3 R 090010 SPD 0003 R OCCO04 TOE -6005 R DOC300 TIME
GOu6 R O OLoDl TMAX 0000 R 000000 TMAXI COGC R OCUO04 TOY 0000 R 000907 TOYN
0003 R 000006 UTV 0003 R ODOU13 VDE COLD R E10nO10 VOEN

00100 1* COST
00101 2* SUBROUTINE CMfDUMM,FCR,LES

C3 00101 3* C
N 00301 4* C	 PURPOSE SUMMARIZE WIND ENERGE STORAGE COSTS AND LEVELIZED

JO101 5* C ENERGY COSTS PER KWH•4^b
C) 00101 6* C

00101 7* C	 YRITEN BY A.W. WARREN VERSION i t MAY 1977
0 OOI01 8* C

00101 9* C	 INPUT PARAMETERSro
U0101 10* c
CCIDI 11* C FCR	 - FIXED CHARGE RATE FACTOR INCLUDING DEPRECIATION,
D0101 12* C MONEY COST, IN.SURANCE 9 AND TAXES, PER YEAR
CC101 13* C LE	 - SYSTEM LIFE EXPECTANCY 9 YEARS
001 111 14* C TMAX - SIMULATION TIME, HR
OD101 15* C CC	 - TOTAL YEARLY CAPITAL COSTS, S
UOlol 16 * C CM	 - TOTAL YEARLY MAINTENANCE COSTS, S
uC1]l 17* C CO	 - TOTAL OPERATING AND FUEL COSTS OVER TMAX, S
U0191 1B * C VDE	 - VALUE OF ENERGY DELIVERED OVER TMAX, S
A' Glol 19 * C TOE	 - 70TAL ENERGY DELIVEPED OVER TMAX, KWH
UO101 20* C TLD	 - TOTAL LOAD DEMAND OVER TMAX, KYH

vet

0000 000211 SOOF
0000 R 000002 COY
0004 I 000000 IMPL
0000 R 000714 PCs
0003 R DOC305 TLD
OOD3 R 000007 UTD



co
C-)
(A

O_

00
O

N

rn

Na

00101 21* C UTV	 - VALUE OF UTILITY ENERGY SUPPLIED LESS SURPLUS VALUE• S 000000
00101 22* C UTD	 - TOTAL UTILITY ENERGY DELIVERED. KWH 000000
00171 23* C SPD	 - TOTAL SURPLUS ENERGY SUPPLIED TO UTILITY, S OrjOnCO
00101 24* C 010900
JCI03 25* COMMON /COST/ CC, CMA,CO,VGE,TDE,TLO,UTV,UTD 	 ,SPD 070110^

26* COMMON /CIMPL/IMPL	 /CTIME/ TIME /CSIMUL/ OUM17),TMAX 010('00
ocl!)S 27* REAL LE 0'.]01100
CO105 28* C INITIALIZATION OOUCaO
60115 29* C 000000
00106 30* IFIIMPL*GT,3)GO TO	 100 01LIOD
00110 31* OUMM=O*0 G1C.1102
JClll 32* CC = 0 * 030(103
ziCl_12 33* CMA = zo 07C104
00'i-3 34* CO = 0* 0^GCO5
00110 35* VDE= 0. 000106
0^^115 36* TDE= D* MOD?
GG116 37* TLO= D* Cl ullo
J0117 38* 1rTV=0a D1Cnil
OC12 Z 39* UTD=O* 01UC12
OU121 40* SPU=G* 010^13
i.C122 41* TMAXI= TMAX*•99999 0110%4
OGl'2 42* C 31011	 14
C012E 43* 100 IF4T1 M E *LT * TMAX11RETURN 01029
0012: 44* IF(IM.PL*LE*i)RETURN Q.%;D25
II0125 45* C 0'Q^26
50125 46* C COST SUMMARY OUTPUT 13^6(126
U0125 47* C 61026
00127 48* LLE = LE 010140
00130 49* 6RITE169200)LLE 0001147
00133 50* 200 FORMATIIH1 9 35X * 39H SOLAR/MIND ENERGY STORAGE COST SUMMARY // 0'.10'755
00133 51* 1 IN

	
9 4GX 9 I2 9 17H	 YEAR LIFE CYCLE 1 OVL-355

00133 52* C OOGO55
00134 S3* COY = CO*8760. /TMAX D10.":55
00135 54* CCY = CC*LE*FCR* * O1 01`061
0%36 55* TOY = COY + CMA + CCY 011OC66
J0137 S6* MRITE16,30u1CCY9CMA,COY,TOY 01OU^71
50145 57*	 • 300 FORMAT(//// 3OX922HO	 YEARLY SYSTEM COSTS/ 1H* 9 29X,IH*/ 1H- 9 42X, C10102
20145 68* 1 12HCAPITAL COST,l2X,F8 * J,2H S / IN 9 42X, 17H(INCLUDING FIXED , 000102
60145 59* 2	 SHCHARGES) / 1H0,42X 9 16HFIXED 0 * M COST, BX,F8 * 0 9 2H S /1N0 , 010102
O0145 60* 3 42X,2:HOPERATING + FUEL COST,	 3X,F8 * D,2H S / 1HG,42X,SHTOTAL, 010102
00145 61* 4	 19X,F8 * C,2H S	 1 010122
x0145 62* C 010102
00146 63* EDE	 = TOE * 8760 * / TMAX 07C102
00147 64* IVDE = VDE * 8760 * /TMAX J ^13136
00150 65* TOYN = TOY*IOVC * / EDE D^C120
3-:151 66* VDEN = VOE*1JOD * / TDE OOii124
6]152 67* CPV	 = TOYN / VDEN 31,0130
OG152 68* C M130
00153 64* WPITE (69400)EPE,TOYN,IVDE,VDEN,CPV	 - 0'10132
3C152 7C* 400 FORMATt//// 3OX 9 16HS	 ENERGY DELIVERED	 I IH*,29X,1H* / 1H- 9 0^6144
00152 71* 1 42X,16HENEPGY DELIVERED, 	 7X,F9 * 3,4H KWO / 1HV,33X,SG/1H*) / 010144
00152 72* 1	 IN	 933X,1N*,49x,1H*	 / 0?13144
00162 73* 2	 IN	 ,33Y,IH*, 8X,19HENERGY COST PER KYH, 	 7X,F6 * 1 9 9H MILLS	 * / 0'10144
J0162 74* 2	 IN	 ,33X,IH*,4RX,IH*	 /	 IN	 , 0116144
J0162 75* 3	 33X,1U(tH*****1	 /	 1H0,42X,7" 5HVALUE OF ENERGY DELTVERED 9 I7, Or-0144
CC162 76* 4	 2H S / IN	 ,42X,i2H4VALUE OF FUEL SAVED)	 / IH0942X,2VHENERGY VALUE O^U144
00162 77* 5 PER KkH,	 6X,F6 * 1,6H MILLS / 1H0.42'X,24HCOST PER VALUE DELIVERED, OMC144

cm)

L
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Or
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:1;

10162 780 6 2X,F6.21 090199
w	 10162 790 C 0'10196
IV	 10163 800 PCD= ITDE-SPD)0100•/TL0 00#0199

10159 810 PCU= UTD$I009/TLD 0^0150
10165 82t PCS= SPD$ 100./TLD DjC1S9
10166 eat CPKYH= ITOYNOITDE -SPOT • UTYi2000.1/TLD 0^0160

j0157 e40 kQITE16,50C)PCD	 ,PCU,PCS * CPKWH DIM?
j .1G135 850 500 FORNATI 1111 3CX 9 31H0	 LOAD FACTOR / 1H* 929X 9 OFNuVt0

:0175 860 1	 1H•	 /	 1H-942X9 00000
•.175 E7t 1 26HPEPCENT OF LOAD SUPPLIED 	 , F6•l, 2H / 1" 9 12X, 28HSY TOTAL S 016200
.017; es* 20LAR SYSTEM,	 / IH0042x 9 24HPERCENT OF LOAD SUPPLIE0,2X,F6.1 / C-1009

^s COS 89: 2	 IN	 9 41x,11" PY UTILITY	 / 0,1020C
0175 9C• 3	 IHO,42X,26HPERCENT OF SOLAR ENERGY	 , F6.1 / 01C209
017S 910 3	 IN	 ,QkX,9hSURPLUSED	 / 030230
0175 920 4	 1H5,42x,Z3HCOSi TO MEET LOAD	 , 3X,F6,1,6H MILLS/ 0'10200
C175 930 S	 IN	 9 42X,29HISOLAR	 • UTILITY) /	 1"11 a-0?30
4175 94t C 0^#0290
0176 9:0 RETURN O'1(:?n0
t0177 960 END 0'1G22S
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X1,X2,...X8

DATA (TMY TAPE)

Day-of-Year (DY;

Time-of-Day (TD

Ed

^j

This component reads data values from the Typical Meteorological Year

(TMY) tapes or data with a similar format structure such as the University

f	
of Wisconsin insolation and environmental data tape or the SOLMET tapes.

Only one ED component is allowed per model. (U ►iit 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:
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ED
1) Time information is decoded in integer month (1-12), day (1-31), and

t
hour (0-24) format.

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

k	 integer format.

3) Where data is missing, fill in with 9's is assumed. The code checks

for certain 9 fill values, namely 99., 999., 9999., and 99999. If any

one of these values is read, then the corresponding data input is

replaced with 0. 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 start 	 -

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>O sets missing data = 0

IND<O sets missing data = previous value

For 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-13	 otherwise

r
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Inputs/Port
cont'd	 Description	 Units

TS*	 Time shift of data (default = -0.5) 	 hours

TD	 Time of day (0-24)	 hours

DY	 Day of year (1-365) 	 -

M1	 Units multiplier for X1 (default = 1) 	 -

M8	 Units multiplier for X8 (default = 1)

Al

-

 Units addition factor for X1 (default = 0) 	 -

A8	 Units addition factor for X8 (default = 0)

*Compensation term since solar radiation data is an integrated total over
the observation interval.
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Outputs/Port	 Des

X1	 1st output

(IND =±1:
X2	 2nd output

(IND = ±1:

X3	 3rd output

(IND = ±1:

X1	 4th output

( IND = ±1:

:ri tion	 Units

variable	 -

beam radiation in w/m2

variable	 -

global horizontal radiation in w/m2)

variable	 -

dry bulb temperature in oC)

variable	 -

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

1 72H' and followed by ')', and NN = the number of characters per data

record.

j
h

G

14OD

LOW
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The format specification must corgi; rm 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,	 A2,3I2,11X,	 MO ,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.

a
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BRAN
STN

SOLAR
TIME

LST
TI4E

ETR
KJ/a2

AR	 j^/._ti0aS RRVA T 1 0 
RADIATIO,%LrES KI/oI S

U
—4;

A 13

DY Ma I I E I NORS BSG S D

R t T L CDR YR S
E T T COR H
C D L I
T S 0 N

! E

N
I
N

,E2= ,)a XX XX XECOC !O= ECDOt lILCYX XX

a

FIELD 002 003	 004 101 102 103 104 105 106 107 108 109 110 111
V 

S U R FACE M E TEORO LOC I CA L O R S E R V A T

O C SKY VSRY WEATHER PRESSURE TEMP MIND Is

i E COND ha kPa 'C T O N
SEA STA- DRY DEW- D SI O P O

T L LEVEL TION RULR PT. I P T A W

I I R D A Q

N N L U C

E C dog a/s E 0
V

L dam E
S R
T

XX X70CEf iX%XX XXXX X7CCX7C7IXX XXEOIX XXEOIX XXXA X`QQC XXX XXXX XX EL'S
e.

140F

SUL LUL	 LUJ	 6V9	 GVa	 aVV .V•	 -r.	 ---	 ---

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 44-48 GLOBAL RADIATION ON A HORIZONTAL SURFACE-
OBSERVED 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 ADDITIONAL RADIATION MEASUREMENTS

111 69-70 MINUTES OF SUNSHINE

201 71-72 TIME OF COLLATERAL SURFACE OBSERVATION
(LST)

202 73-76 CEILING HEIGHT (DEKAMETERS)

203 77-81 SKY CONDITION

204 82-85 VISIBILITY (HECTOMETERS)

205 86-93 WEATHER

206 94-103 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 SNOW COVER INDICATOR

Figure 7.7A TMY Tape Format
BCS 40180-2 Rev.
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ED
K	 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

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

Calculation Sequence

If IND = 0 Return

1) INITIALIZATION (first pass only)

•	 Set defaulis 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 Output (DY = DYF)

0	 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) = TBLU1 (TD, TO, C(1,I),0,24)*M(I)+A(I) I = 1,...NX

•	 LTD = TD

•	 Return



ED
3) Read One or More Data Blocks (DY > DYF)

•	 Read DY-DYF data blocks. (Error exit or EOF exit to 6))

4) Decode Using Specified Form0,11.,

•	 Decode day-of-year (DYF) and time information (TO) and put

output variables in array C(I,J) I=1,24 and J=1,NX. Check

for missing data values in C(I,J).

i	 Go to 2)

5) Backspace the File (DYF > DY)

0	 Backspace and read first data block

•	 Decode day-of-year (DYF)

e	 Go to 4) if DYF: DY. Otherwise print diagnostic and stop.

a
6) Read Error or EOF Encountered

•	 Print diagnostic and stop.

140H	 BCS 40180-2 Rev.
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TABLE 73A TMY TAPE STATIONS AND LOCATION

STATION	 WBAN
NUMBER	 IDENTIFIER	 STATION	 LATITUDE

	

1	 3927	 Fort Worth, Texas	 32050'

	

2	 3937	 Like Charles, Louisiana	 30007'

	

3	 3945	 Columbia, Missouri	 38049'

	

4	 12832	 Apalachicola, Florida 	 29044'

{	 5	 12839	 Miami, Florida	 25048'

	

6	 12919	 Brownsville, Texas	 25054'

	

7	 13880	 Charleston, South Carolina	 32054'

	

8	 13897	 Nashville, Tennessee	 36°07'

	

9	 13985	 Dodge City, Kansas	 37046'

	

10	 14607	 Caribou, Maine	 46052'

	

11	 14837	 Madison, Wisconsin	 43008'

	

12	 23044	 E1 Paso, Texas	 31048'

	

13	 23050	 Albuquerque, New Mexico 	 35°03'

t	 14	 23154	 Ely, Nevada	 39017'

	15	 23183	 Phoenix, Arizona	 33026'

	

16	 23273	 Santa Maria	 34054'

	

17	 24011	 Bismarck, North Dakota	 46046'

	

18	 24143	 Great Falls, Montana 	 47029'

	

19	 24225	 Medford, Oregon	 42022'

	

20	 24233	 Seattle-Tacoma, Washington	 47°27'

	

21	 93193	 Fresno, California	 36°46'

	

.22	 93729	 Cape Hatteras, North Carolina 35016'

	

23	 93734	 Washington, D.C.	 38°59'

	24	 94701	 Boston, Massachusetts	 42022'

	

25	 94728	 New York, New York 	 40047'

	26	 94918	 North Omaha, Nebraska 	 41022'

ED
d-:

LONGITUDE

97°03'

93013'

92°13'

84°59'

80016'

97026'

80002'

86°41'

99058'

68001'

89°20'

106°24'

106°37'

114051'

112001'

120027'

100°45'

111022'

122°52'

122°18'

119043'

75°33'

77028'

71°03'

73°58'

96°01'

BCS 40180-2 Rev.	
140I
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A
Co
v	 SUBROUTINE ED	 ENTRY POINT 000644

'	 STORAGE USED: COOE111 000704; OATA101 001624; BLANK COMMON(21 000000

a COMMON BLOCKSt

0003 READER 000015
0004	 CIMPL 000003

EXTERNAL REFERENCES 1BLOCK, NAME)

GODS NTRAN
0036 NDCODS
UC07 TULUI
4@10 N103S
4011 NIO2S
0012 Ni4DUS
6013 NS70PS
0014 NERR3S

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

V

CD
n
to

4^b
O

00
O

N
m

OOJ1	 OLD240 IDOL
0101	 CCO24C 200L
:.OJ1	 OLD312 300L
GGCO	 061516 548F
i:OCO R OC1351 6
0000 R CLI50C DYF
a0i0 I OL1344 IB
cno I OL1471 INX
COto 1 061502 11
0CJ3 I OLOLUZ N
40i0 R OL1371 TO

0001	 000101 1476
0001	 00015C 2016
006. 0	 001506 306F
66011 ".00614 6rLL
COCO R 000024 C
uVC-3 R Ot;DLnl FMT
QOC4	 _̂OCJ01 ICNT
Mrin I 1101475 IREWIN
MO 1 0015nS L
4000 I OU1474 NO

0001 000125 1636
0001	 000270 2406
0001	 000345 400L
000C 001530 608F
0000 R C01504 CIJ
GrOO R rC1435 FMTP
UCOC I 001501 ID
0004	 i' .̂ _•OD02 ITEST
CCOC R 00147!] LTD
OOOP I (1 0147b N1

0001	 000141 1736
0001	 00036S 256G
4001	 DOOa12 SOOL
LOCO R 000370 A
COCO R 001361 CL
LCDO R DUC310 FRMT
L004 I QO^JCO IMPL
G007 I 001513 I 1
6007 I 001477 L1
CCOD R 001452 OFFSET

0001 000132 2L
0001 000424 270G
0001	 000605 507L
0001 R 000324 AA
J071 R OC1421 OM
U001 I OC1472 I
D^_0i	 00' 1571 IVJPS
DWI I 001473 J
0301 R OL1463 M
0007 R OL0000 TBLUI

00100 1* CEO 000000
00103 2* SUBROUTINE EDIX,X2,X3,X4,X5 9X6 9 X7,XB,NST,NX 9 IND,TS,TD,DY, 073000
00101 3* 1M1,M2,M3,M4,M5,M6,M7,M8,A1,A2,A3,A49AS,A6,A7,A8) 0^0000
0 131 ,01 4* C MOOD
00101 5* C PURPOSE	 THIS COMPONENT READS THE TYPICAL METEOROLOGICAL 07000
00101 6* C YEAR TAPE WITH A STRUCTURE	 SIMILAR TO THE 0^OR00
.001.11 7* C SOLMET DATA	 TAPE * USLR MAY SPECIFY FORMAT FOR NON- 07Drt79
07191 8* C STANDARD TAPES 011u^DO
LClal 9 * C OOCclQO
CO101 10* C WRITTEN BY Y.K.CMAN,	 1u-5-7P, VERSION I D3Cr100
x0131 11* C 0^-0^00
.,0101 12* C METHOD	 TWENTY FOUR HOURLY RECORDS	 ARE READ INTO CORE C^1:07?
uclal 13* C AT A TIME AND LINEAR INTERPOLATION IS USED TO 0110S00

m

k



1

00101 14* C OBTAIN THE OUTPUT AT CURRENT SIMULATION TIME• 000000
00101 15* C 070000

O° 001/11 16* C CALL SEQUENCE 010000
can 00101 17* C OUTPUTS 0^G^00
,p, 00101 IB* C Xl too •rX8	 -OUTPUT VARIABLES AT CURRENT TIME 073000
o 60101 19* C X1	 -BEAM RADIATION IF I40= 4-1 9 M/M2 0^0(!00OD

00101 2L'* C X2	 -GLOBAL RADIATION IF INO= • -1 9 Y/M2 0^u730
00101 21* C X3	 -DRY BULB TEMPERATURE IF IND=t-1, 	 C O^C'r0f1 ti

tv L3101 2210 C X4	 -WIND SPEED IF IND=+-1 9 M/S r^c7'► ^%0 ;!
00101 23* C INPUTS 0 V a fj z

CD 60101 24* C NST	 -NUMBER OF PLOCKS TO SKIP AT START 310000
00101 25* C NX	 -NURSER OF OUTPUT VARIABLESIDEFAULT=4,f4AX=81 01`0000
U0101 26* C IND	 -INDICATOR FUNCTION D'?G^00 3
DOle71 27*. C_ D=NO READ 07u^00

s	 ,

&0101 28* C •-1=STANDARD FORMAT	 AND UNITSIDEFAULT) 07J400
00101 29* C •-2=USCR SPECIFIED FORMAT AND UNITS 0^64'00 a.
GGl^l 3C* C &,SETS MISSING DATA TO	 n 0!JQO^ 4
00101 31* C ?O,SETS MISSING DATA TO PREVIOUS VALUE DOGROD
03101 32* C TS	 -TIDE SHIFT OF GATA(DEFAULT=-!oSI G	 i?Df)

OC301 33* C ICOMPENSATION TERM SINCE SOLAR RADIATION D^LR00
L'C101 34* C DATA 1S AN INTEGRATED TOTAL, USUALLY OVER 1 HOUR) 0?:1^f'0 z
G0131 35* C TO	 -CURRENT TIME OF DAY(O-241 Oirni0
U0101 36• C DY	 -CURRENT DAY OF YEARII-3651 wnrn. 0
3 0101 37* C M1,•••,M8	 -UNITS MULTIPLIERS FOR X1,.••,X8 310900 =:i
J0171 38* C DEFAULT M1=•••=MR=1 070^_DO
Dalai 39* C Alr•••rAb	 -A7CITION FACTOR FOR X1,•••r XB 070^00 Z	 :^
50101 40* C DEFAULT A 1=• • * =A8=D 0110110.q :.
Dalai 41* C 3?Gfl00
03303 42* DIMENSION X181,A181rFRMTIIZI,FMT(12),C(24,61,AA(528),18151,8181, G"C"J0
0c173 43* 1	 CLISI,TO124)rDM(12),FMTP(13),OFFSI:T16) 026^00
3014 44* COMMON /READER/N,FMT p^;;r•^0
00195 45* COMMON /CIMPL/IMPL,ICNT,ITEST 0^ODJO
G1106 46* REAL NX,IND,M1 rM2,M3,M4,M5,M6,M7,M8,M181 rLTD,NST CDU!130 7
00107 47* DATA FnMT/72HAS,A293I2911X,F4 * 0,26X,F4.0,45X,F4.1r7X,F4.11 OiC1300
OC1•17 48* 1	 / DIC100 4
G0111 49*. DATA DN/L'.,31.,59•,9G•r120•,151•,181•,212•s243•, O%i^70
OC111 50*	 • 1	 273•,3e4• 9 334•/ 0^iiCCO ^'
00113 it* DATA OFFSET/6H/	 96"11X,	 ,6H1.2X,,6H/3x 9	 9 6HI4X,	 9 6H(SX 9	/ 0^0 00
00113 52* C U'fDC00
MIS 53* IFIABSIINDI•LE•91)RETURN 01!7000
00115 54* C 0^G^00
GC11S 5S* C INITIALIZATION DIJ700
00115 56* C 0'li.^00
00117 57* LFIIMPL.GT.GIGO TO 160	 '^ ^ 0'`10;006
00121 58* IFINX•EO••99999)hX=4 010% 1
J0123
0C12a

59*
6010

IF(TS9EO.•99999)TS=-•S
INX=NX*.1	 O

070716

-' YJ32b b1* "111 =M1
010123
010134

p 60127 62* MIZ)=M2 q OnCO36
00130 b3* M13)=M3 o^^n4o
u _̂131
00132

64*
65*

M141=M4	 a
M(5T=M5	 W)

000042
Of!Jn,44 v

00133 66* h16)=M6 010046 j.
GC134 67* M171=M7 000050
20135 6e* 11(B)=M8 C"UR52
&^,136 b9* A11)=A1 G^U^54
OC137 70* Al21=A2 C']C756



OC140 71* A13)=A3 0(f0O6O
00141 72* A14)=A4 03ri062
00142 73* A15)=A5 VW64

CD JcI%3 74* Afb)=A6 CQOM66
00144 75* A17)=A7 G0D070
00145 76* A(d)=A8 000t'72
00146 77* DO 11	 I=1 9 INX on-in1
.30151 78* IFfm(I).E0..99999)MfI) =1. 6113131
00153 79* 11 1F (Al11.E0*.99999)AfI)=O. 070105	 a
00153 d0* C 0^L ICS
00153 el* C SET DEFAULT TAPE RECORD FORMAT TO STANDARD O'IJ1^5
UC156 82* IF(ABS1IND)oGT.l.C11GO TO 	 2 0'10113	 s

00160 33* Mill=1./396 0?0117
00161 84* M121=1./3.6 G':i121
UCibi: 85* DO 3 I=1912 GUM 
(10165 86* 3 FMT(l)=FRMTII) DIMS
00167 87* N=132 0]Cl27
3017) 88* 2 CONTINUE 0^::132
5C171 89* FMTPIII=OFFSET111 11^0132
u[172 9G* DO 5	 1=1911 0"0141
JGITS 91* 5 FHTPII•II=FMTfII 0'W141
00177 92* LTG=-i. JOCly3
a 3234:8 93* UO It	 J=I,INX 01:015:1
J02 r,3 94s 10 CLIJ1=^-. 0^c-15n	 i
00203 95* C 0^10150
0 C?3 96* C POSITION THE FILE 0 8C, 150
00233 97* C 070150
OC215 98* CALL NTRAN12 9 101 000151
u02^6 99* NO=NST,.001 OIVJ1SS
:.+1'7 1000 CALL NTRAN12 9 7 9 NO 9 221 C'Ulb6
60277 1G1* C 01!0166
0 17207 let* C READ FIRST DATA BLOCK 030166
002 137 103• C 0%166
CO2 IL. 104* IREMIN=G 070174
:.1211 1ij5* N1=4*N VE1175
Du-ilk IU60 CALL NTRANIi,2,NI,AA,L1,221 0110?:Q
00213 1070	 - IFILI*LT.01GO	 TO 600 011J211
00215 lue* GEC0DEIN,FMTPvAA(1)IIB4O 01::213
OC221 1C9* WRITE(G9*^8)I81il,IB(2) 0^0227

n un225 Ile* 308 F0RMATIIHC ,_'X,15HEDE STATION ID=,AS I IDX,7HVEAR 19 9A21 0'1'_'36
N UC126 111* GO TO 400 09036
4^b u0126 112* c 0'3a?36
O 00226 li3* C 010236

0
E. 0227 114* 100 CONTINUE 0?C?40
OC227 1150 C n%043

N G023L 116* 200 CONTINUE 014240
001 3 u 117* c 0'16	 0	 ^nn^nn^2 4(D

<

C
JC23

0
118* C INTERPOLATION FOR OUTPUT IF CURRENT DAY OF YEAR HAS 610 240

• GC23L 119* C BEEN LOCATED 070240
00231 C 0'16240
00231

I'll*
1.1* IFIOr,GT.IOrF•.111G0 TO 30J G'fL240

uG133 1'12* IF1Dr.LT.10YF-.IJ)GO TO 	 STO DIL?44
30235 123* IFIL7(7.EC.T0IRETURN 0113254
CC237 U4* LO	 25. 1	 I=1,INX O"L?70
:40242 US* 201 X(I) = TFLUIITD , TO,Cl1,I1 9 0 , 24)*M(Il+A1I) 015??77
00244 126* LTG=TD 076104
UC245 117* WETURN 010336



OC245 128* C 010306
3021#6 1290 300 CONTINUE DIC312

n J0246 130* C 010312
CA 0021#6 131* C IF CURRENT DAY OF YEAR HAS NOT BEEN LOCATED, READ MORE TAPE OnO312
42b 3324E 132• C 0^C'12
O 0,1247 133• ID = DY -DYF -,9 DIG'12
00 a325L 134* CALL NTRAN( 2 9 7 9 ID,	 22) 010?23

'	 C 00251 135* CALL NTR-A NI	 2,	 2,	 N1 9 	 AA,	 L1,	 221 0":.'31
ry UO252 136* 1F(	 L1	 .t.T.	 Cl	 GO	 TO	 600 1% 34 1
;o G:y52 1370 C OR%341
rD OC252 1360 C DECODE DATA AND TIME OF DAY O''F^341

60252 139* C 0^:3'41
00254 140* 400 CONTINUE D^.G345
dC:55 141* 00 4C2	 I=1,24 0^5345
00265 102* J1	 =	 III-11*NI/6 D ^C_'71
OCi61 143* I1=1I-1)*N-6*J1 GIC374
00262 144* FFTPl11=OFFSET(I1411 0lu377
,.0[63 145* uECOGEIh,FMTP,AA(J1411)IB,B 0^0402
a026I 146* 0O 401 J =1 9 1NX OIC424

;JC272 147* C(I,JI=°1 J1 0'X424
30273 148* CIJ=C (I ,J ) VtG425
IID274 149* 1F(ICIi.EC.99.).OR.ICIJ.E0.999*IeOR.ICIJ*E0*9999*)eOR• 019426
L.^274 150 * IICIJ . EL.99999 . 1)CII,J)=CL!Jl 010426
OL'276 151* IFIIr.D.LT.O•)CLIJI=CII,JI GOUb51
,031] 152* 1#01 CONTINUE C'!u47n
X03112 1b3* i0(I)=IE(514TS OlCg,70
00353 154* 402 CONTINUE GllL5o7
70315 155* L	 =	 18 11) Olu5i10
30376 156• UYF	 =	 1E141	 +DMILI 003502
003^7 157* co	 TO	 2 1:10 3'0510
373.7 156* C DI)GS10
U •13lu 159* 50C CONTINUE W%512
JC310 160* C VILS-12
GG31G 161* C IF DAY OF YEAR ON TAPE IS PAST CURRENT DAY OF YEAR # J-01512
0331 J 162* C BACKSPACE TAPE • D `r:5I2
JC311 163* IF4IREYIN.GT,D1GO TO 507 D"u^S12
30313 161#* ID=CY-DYF-I.l Z^,:514
JC314 165* CALL	 NTRAN12,7,I0,22) DrIC526
,0313 1660 IREYIR=1 aIL1534
04316 167* CALL	 "1TRANt2,2,N1,AA,Llr22) 0^036
0317 lbe* IFLLa.LT.r)GO	 TO 609 O'1C';46
J0321 lc9* FMTP(11=OFFSETII) V-5551
UO322 170* UECOGE0J,FMTP,AA11)/I898 07J553
iG326 171* L	 =	 IP13) 0^0567
50327 172* DYF	 =	 IP(4)	 • DMtLI OILS-71
00330 173* IF(OYF.LT.(DY4.1l1G0 TO	 40C 0^CS77
50332 174* 507 6FITE16,5^81 0^.0605

_. J^334 175+ 508 FOR-ATIIHC,47HED& INPUT ERROR, DAY OF YEAR DY IS OUT OF RANGE) 0'C611

Ao W1335 176* STOP C^C611
3 34335 177* C c"061 1

00335 178* C IF ERROR IN READ, PRINT DIAGNOSTICS 010611
30336 179* 6ni; 6RITE16,6^dl Q^051V
00345 1bG* 606 FORMAT(3hG,27HEDE TAPE INPUT ERROR OR EOFI O7G62a
D0441 1-1* STOP C^uF27
aC342 1n2* END 0 '0 70 3

v
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00277 last C 00071s
pa G0277 1860 C PRIORITY INTERRUPT 000715 y
c') 00277 1870 C 000715

OC301 inao EC1=EI—ECE 000734

60302 1890 ECO=EOOEOE u00T37

40103 196• IF(IKE.GT.ECOI.ANO.IINT.EO.1.IlINT=O. 000742
co 003cs 191 + IF(IKE . LT.ECII . AND.IINT.EO. -1.11INT=0. CCC760

00307 192+ CCU776
ry :::337 1930 IFIKE.LE.EOIINT = 1. 000776

00311 1940 IF(KE.G7.E1)INT=-1. 001004
00313 1950 If(IKF.GT.ECOI.AND.(KF..LT.ECII)TNT=O. 001012
00315 1900 IFIIMPL.LE*IIRETURN 601031

►. 60.15 1970 C 001.331
00315 1980 C STATISTICS 001031 7
OC315 1990 C 603031
00317 2000 ME=AMAX I WE EKE I COIC40

SC.. 60.23 2010 MPC=AMAX1(MPC,KED1 001C46z OC321 272+ MPD=AMAXIlMPO,-KED) 001054
n 00322 2030 SPC=SPC +TINC+P1 601062

00323 23410 SPO=SPDOTINCsP2 003066
y 00323 2C50 C 001066

OC324 2.60 IFITIPE.LT.TMAXIIRETURN CDIC72
ls7 00326 207+ CCI=CCI*CC 0^1101

GC327 2L80 CMI'=CMI+CM 001104
00327 239,. C C01104
00330 210+ 001107
00330 2110 RETURN 001107

DC %6331 212s END 001332

z
y

d

u

F—+

i

3

Cl7
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v
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Solar Insolation (ST

Air Velocity or Wind (WD

Ambient Temperature (TA

Fluid Inlet Temperature (TFI

Cell Temperature (TC)

Fluid Flow Rate (FMD)

Outlet Fluid Temperature (T2)

Thermal Power Obtained (P1)

The Fresnei lens collector model performs a thermal analysis for a con- 	 T

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].
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FO
1

ATOP 40TETOP
QH

TC

TS

QBOT

QFIN	
QFLU

TA	 TFLU

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

Temperature

I	

TA

^.	 TC-------►

TS------- O C) C) C)

TI— — — — — — —

LENS

^RIR SPACE

CELL
INSULATOR

— HEATSINK

,OPTIONAL
COOLING TUBES

INSULATION

Figure 7.8A-2 Fresnel Lens Thermal Model
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BASIC EQUATIONS

	 FO
1)	 Energy absorbed by the collector per unit area	 ti r^

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:

Qh = QTOP+ QBOT

QTOP = HTOP (TS-TETOP ) = HL(TS-TL)

QBOT = HBOT (TS-TEBOT ) = QFIN + QFLU

QFIN = HFIN(TS-TA) = HI(TS-TI)

QFLU = HFLU(TS-TFLU)

	

3)	
The temperature variation in the insulating bond between the cell and

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

28 2  OT  2
r	 +	 -arTa0,

or	 or	
B

T

with _ 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
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FO
and equivalent temperature of the collector minus bonding. Thus the

cell, bonding, and collector thermal diagram reduces to

QH*AL

TC	 TB	 TE

where

AL = lens area = v b2

TE = (HTOP*TETOP+HBOT*TEBOT)/(HTOP+HBOT)

Input Specification Notes

Minimum input parameters to specify FO are

CM0 =	 Cooling mode option

TFO =	 Outlet fluid temperature (CMO=2)

NT	 =	 Number of cooling tubes (CMO=2)

HI	 =	 Thermal conductivity/thickness of back insulation (CMO=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 (CM0==0)

The user should check inputs for consistency with those used in the

photovoltaic model PV. For example

FO collector area = CL*CW >_AL*NL >_ PV array area

FO concentration ratio = AL /(7r *RC2 ) i PV concentration ratio

FO cell area = n *RC2 ?PV array area/number of cells

BCS 40180-2 Rev.
	 151D
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FO
Inputs/Port	 Description	 Units

ST	 Direct beam solar insolation 	 w/m2

WD	 Air or wind velocity (default = 0.) 	 m/s

TA	 Ambient temperature	 oC

TFI	 Inlet fluid temperature 	 0 
TFO	 Specified outlet fluid temperature	 0 
CM0	 Cooling mode (default = 0.)	 -

0 = natural air cooling

1 = forced air cooling

2 = fluid cooling

AL	 Lens area	 m2

TAU	 Lens transmittance (default = 1.) 	 -

ABC	 Cell absorptance (default = .95) 	 -

EFF	 Nominal cell efficiency (default = .12) 	 -

SPA	 Lens to heatsink space (default = .025) 	 m

EL	 Emittance of lens (default = .9) 	 -

ES	 Heatsink emittance (default = .5) 	 -

EI	 Emittance of the back surface (default = .5) 	 -

CW	 Collector width	 m

CL	 Collector length	 m

NL	 Number of lenses on collector	 -

RC	 Radius of solar cells (default = .025) 	 m

ABL	 Absorptance of the lens (default = .05) 	 -

SPT	 Specific heat of coolant (default = 4184) 	 J/kg-K

HI	 Conductivity/thickness of the back insulation 	 w/m2_K

(default = 109 for no insulation)
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Inputs/Port
cont'd Description Units

FIR Cooling fin to flat plate area ratio -

(default = 1 for no fin)

NT Number of cooling tubes -

MFM Maximum fluid flow rate kg/s

DT Diameter of cooling tubes (default = .015) m

COS Conductivity of heatsink (default = 202) w/m-K

THS Heatsink plate thickness (default = .003) m

DEN Coolant density (default = 980.) kg/m3

COC Conductivity of the coolant (default = .657) w/m

HC Conductivity/thickness of the cell	 insulator w/m2-K

(default = 10 9 for no insulation)

CC Capital cost per unit collector area per year $1m2

CM Maintenance cost per year $

COP Cost of operating power $/kwh

Outputs/Port Description Units

TC Cell temperature 0 
TS Heatsink temperature 0 
FMD Fluid flow rate kg/s

T	 1 Inlet fluid temperature oC

T	 2 Outlet fluid temperature oC

PH Collector energy absorbed kw

P	 1 Thermal energy collected kw

,j

k
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Outputs/Port
cont'd	 Description	 Units

REA	 Reynolds number (air cooling)	 -

	

^EAN "'"'^noWs nu ber ( fluid cooling)	 -

LTI	 Last time at which the collector 	 hr
calculations were performed

0P	 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 = iP = 0 and return

If LTI	 TIME and I TFI - T11 <.I, return

LTI = TIME

2) Convert TA,TFO,TFI to °K

3) Initial Temperature and Flow Rate Estimates

TS = TA + QH/20

TL = (TS + TO)*.5

TF = (TFI + TFO)*.5

TI = TL

FMD = IFLU = 0

If CMO = 2 and TFO >TFI, IFLU = 1

If IFLU = 19

G.
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FO
CALCULATION SEQUENCE (cont'd)

RO = NT*SPT*(TFO-TFI)/(AL*NL)

FMD = MIN(0.5*QH/RO,MFM)

o	 Iterate 4) to 8) three times:

4)	 HTOP Heat Transfer Coefficient and TETOP

TSKY
= •0552*TA1.5

HU
= CNVC(TL,TA,WD,CL) Appendix

REA (2)-(3)

HR1 = RADC(TL,TSKY,EL,1.)* TL-TSKY Ibid,(8)
TL-TA

H1 = HU + HR1

TM = .5*(TL+TS)

HC2 = (7.25x10-5*TM+4.325x10-3)/SPA

HR2 = RADC(TS,TL,ES,EL) Ibid,(8)

HL = HC2 + HR2

HTOP = (1/H1 + 1/HL)-1

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

5) Fin Factoi

HC

HR

FAC

HFIN

6) ;FLU neat

HFLU

and HFIN Heat Transfer Coefficient

= CNVC(TI,TA,WD,CL)	 Ibid,(2)-(3)

= RADC(TI,TA,EI,1.)	 Ibid,(8)

= 4.318 - 4.3375*EXP(-.26795*FIR) 	 (First pass)

= (1/HI + 1/(HC*FAC+HR))-1

Transfer Coefficient to Fluid and REF

= 0.
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CALCULATION SEQUENCE (cont'd)

If IFLU = 0 go to (7)

HFLU
= FLUC(NT,DT,CW,COS,THS, FMD,DEN,TF,COC)	 Ibid,(5)-(6)

REF

7) HBOT Heat Transfer Coefficient and Temperature TENT

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*R0,

FMD = MFM

RA = QFLU/MFM

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

9) Check for QFLU<0

If QFLU <0 set IFLU = 0 and repeat (4)-(8) once

10) Cell Temperature.

ALPH = H/(COS*THS)

X = SQRT(ALPH)*RC
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CALCULATION SEQUENCE (cont'd)

Y = SQRT(ALPH)*RL

BETA = QH*AL/(2 v *COS*THS*X)

A = BETA*I1(Y)/(Kl(X)*I1(Y)-K1(Y)*I1(X))

B = BETA*K1(Y)/(K1(X)*I1(Y)-K1(Y)*I1(X))
r

TB = A*KO(X)+B*IO(X)+TE

_x
	

TC = TB+QH*AL/(v *RC2*HC)

where IO,II,KO,Kl are modified Bessel functions.

I,r

.	 y

v
t
Q,

11) Output Calculation

T2 = 2*TF-TFI

Convert TC,TS,T1,T2,TA,TFI,TFO to °C

P1 = QFLU*AL*NL/1000.

TKP = 5.E-4*CL*CW

0.	 if CMO 0

OP=TKP+ .0742*(CW*CL) •2835*WD .567
	if CMO = 1 and WD >0

7.85x10 -11 *FMD
2 ' 855*DT(-4 ' 702)*NT*CL	 if CMO = 2 and FMD >0

REFERENCES FOR FO

1. J. K. Linn, "Photovoltaic System Analysis Program- SOLC EL, " 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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MCI 63* C OT	 -DIAMETER OF COOLING TUBES ,!+s1DEFAULT-.0151 D"Moo
00101 64* C COS	 -CONDUCTIVITY OF HEAT SI4K,Y/M -K,10EFAULT=2021 0130000

rn MCI 65* C THS	 -HEATSINK PLATE	 THICKNESS,M,(DEFAULTc.003) 000QJ0

3 00101 66* E DEN	 -COOLANT DENSITY 9 KG/M3,IDEFAULT-9901 000000
001J1 67* C CDC	 -CONDUCTIVITY OF	 THE COOLANT,M/M-K,(DEFAULT =.65 71 01000
JOIGI 68* C HC	 -CONDUCTIVITY/THICKNESS OF	 THE	 Cc LL INSULATOR, 010 nOg
30101 69* C M/M2-K,IOEFAULT=IJ**9 FOR N: INSULATION) 01J00.0
00191 70* C CC	 -CAPITAL COST PER UNIT COLLE CTOR AREA PER YEAR S /M2 07^^DO
00101 71* C CM	 —MAINTENANCE COST PER YEAR 011(1•^a0
00171 72* C COP	 —COST OF OPERATING POkER,U/KwH 0"G^0l
031?1 73* C 0 7;: 879
OOl:i.? 74* COMMON /CIMPL/IMPL,TCNT,ITEST 0^0^00
U01J4 75* COMMON /CTIME/TIME /CSIMUL/DUP(7),TKAX 07000
30105 76* COMMON /COST/CCAP,CYA,CPO 0'1J100
00106 77* REAL NLshT,-FM,LTI 016^00
00107 78* DOUBLE PRECISION	 M p8SIR 9 MHBSI1,MMdSKO,MMBSKI OnDS00
U01.1U 79* DOUBLE PRECISION X,Y 01:1^03
L0110 dJ* C 01utiCO
00110 bi* C INITIALIZATION 01C!^00
0':110 82* C 030^0'J
00111 83* IF(IMPL.GTe1;GO TO	 Iu0 030%11
00113 84* IF(MD.EQ..99')99J6D=: * 010102
Z) Z! 63* IFICMO.EQ..9'. 999)CM0=0s J^;,306
03117 66* IF(ALsE0.*995'99)AL=.u9 C-10712 J

00121 87* 1F(TAU*EQ**99999)TAU=10 0^uCl17
OC123 b8* IF(ABC*ECa*9999'9)ABC =s?5 	 Q 01024
J0125 89* IFIFFFsEC9.999991EFF=.l2 0,10031
00127 90* IF13PA*E4.s99999)SPA=o02S 01.^36
00131
J0133

91*
92*

IFIEL*L0**999991GL=.9	
ZiF1ESmEC*.999991LS=.5

01043
On.^50

30135 93* IFiEI*EO*.99999)EI=*5 010[55
00137 94* 1F(RC*E0**99999)RC=.025 	 go

010862
30141 95* 1F1ABLsFar.*99999)ABL=.05 	 C a 010867
00143 96* IF1SPTsFG**99999)SPT=4184	 , ,) 01(in74
C014s 9i* IFIHI.E0**99999)hI=1.E9	 )' H1 01%ilJ1
OC147 98* IFIFIR*EG**a9999)FIP=1. 0'1•.0106
00151 99*	 • 1FIDT^EQ**99999WT=*, IS	 y 0110113
00153 IL-3* 1F4COS.EC**999991COS=Z02 01G120
00155 1;;1* IFITHS*EG**99999)ThS=.003 O'1U125Co

c^ 00157 lu2* IFIDEN*EL**99999)DEN=980 010132
N 07161 1030 1FICUC*EC**99999)000=.657 013137
P 07163 lu4* IF(HCsE0**999991HC=1.E9 016144

1:0165 1L5* kL=SLRTIAL/3*141j926) 010151
00 00166 lu6* FAC=4,318-4*3375*EXP1-•26795*FIR) 07::150
CD 00167 lu7* TMAXI=TMAX*.99999 010171
iv 4'.3167 108* G 010171

00171_ lu9* 100 CONTINUE D'G175
CD uC17J 110* C 0^0175

0017L 111* C SOLAR PO41R ABSORBED BY THE COLLECTOR 0?ti175
DOM 11Z* C 0^0175
00171 113* GH=ST*TAU*(A8C-EFF1 070175
J0i71 114* F`N=OH*AL*NL/I000s GIC782
0.01173 115* 1F(	 QH	 aGTs Vol)	 Ca	 TO	 201 310206
u .317S 116* TS=TA 0iG'12
D0176 117* TC=TA CQG214
00177 118* OPQ_J* 0107IS
00230 119* Fr:D=O. D'L216



Now

w

00201 i2C* PI=O. WWI?
00202 1214 GO TO 920 010220co

n 00203 122* 201 I F (ILTI.EC•TIME).AND.IASSITFI-TII.LT•,111GO TO 920 000222to 00295 123• LTI=TIME 010241
4Ab OC20S 124* C 0902400 00205 L25* C CONVERT TA,'FO,TFI	 FROM CENTIGRADE TO KELVIN 01u240
m 07205 126* C 0'I6243 

0020b 127* TA=TA*273 JOU242
N 70207 128* TFO=TF0*273 000?45

ii0211; 149* TFI=TFI.273 67::250
00210 137* C 010250
00110 131* C INITIAL TEMPERATURE AND FLOW RATE ESTIMATES 003250
00210 132* C of)J?50
30211 133* TS=TA•GH/20. D'iD253
u0212 134* TL=ITS*TAI*.5 :7lCzb7
UO213 135* TF=ITFI+TFO)*.S OOG?62
0214 136* TI=TL OIL26S
00215 137* IFLU=O. 1390266
0:1116 138* FMD =Q6 0'10267
00217 1394 IFItABsJCI*0 -2.)*LT..I).AND.ITFO.GT.TFII ) IFLU= 1 030270
70221 140* 1FtIFLU.hE.1)GO TO 301 D00*12
13C123 141* kO=NT*SPT*ITFO-TFII/IAL*NL) olC'31S
00224 142* F POD =MF m, 0^0325
DOZ25 1y3* IF(RO . GT.C.)FMD=AMINlf *5*OH/RO,MFMI ORC3311
03227 144* 301 CONTINUE C?7344
J^227 145* C O9J'44
07c27 146* C ITERATE HEAT COEFFICIENT CALCULATION THREE TIMES 0 Ul44
6C227 147* C 0?0344
0-"23J 146* LOOP=O - +0 • ^ ,44
00231 149* 400 CONTINUE DIG345
Q02% 15G* C 070345
:.t3Z31 151* C HTOP, HEAT TRANSFER COEFFICIENT, AND TETOP ,TOP EQUIVALENT TEMPERATURE 0100-+45
OD232 152* TSNY=.0552*ITA**I*SI 0.0345
L•0233 153* CALL CNVCIHCI * REA,TL,TA,WQ,CLI 01G352
CC234 154* CALL RADCIHPI,TL,TSKY,EL,1.1 0^;;;362
00235 155* HQ1=HR1*fTL-TSKY)/ITL-TA) 0f'0371
09236 156* H1=HCI4HF 1 0^-3407
73237 157* TP=.5*ITL{TS) 0^•Jon2
OJ240 IE8* hC2=17.25*1.z-5*TM*4.325E-31/SPA 00;1406
00241 159* CALL RADCIHR2,TS,TL,ESsEL) QOJ412
00242 16C* hL=HC2+Hn2 G10421
00243 161* hTOP=1./(l./H1*1./HL) DIC424
00244 162* TETOP=TA+ST*IABL•(1-TAUI*TAU*ABC)/H1 310434
SC-2 144 163* C 00434
Z:'244 164* C HEAT TRANSFEP COEFFICIENT HFIN DIG434
30245 165* CALL CNVCIhC29RE,TI,TA,RD,CL) Cnc%45

c 60246 lt6* CALL	 QADCIHP,TI,TA.E1,10) U^6455
-+ 13G147 167* hFIN=1./11./HI*l./IHC2*FAC#FIR)) 013G464
Z CCZ47 16b* C C^0464

ODd .+7 169* C FLUID HEAT TRANSFER COEFFICIENT HFLU AND REYNOLDS NUMBER REF 000464
6025C 170* hFLU=O. 0?C477
90251 171* IFIIFLU.EO.?)GO	 TO	 7,jP1 C^0500
OC253 172* CALL FLUC(HFLU,REF, NT ,DT,Ca,COS,THS,FMD,DEN * TF,000) Jl)D502
OR153 173* C 01532
00253 174* C EQUIVALENT EOTTOM TEMPERATURE AND MEAT TRANSFFR COEFFICIENT 0NGS52
00254 175* 700 CONTINUE 0^520
00255 176* HBOT=HFIN*HFLU 076520

O



002S6 177* TEBOT=IHFIN*TA#HFLU*TF51H8OT C IDS22
r, 00256 178* C DIDS22

00256 179* C UPDATE TEMPERATURE AND FLOW RATE OICS22
a 002ST 180* H=HTOP4"BOT 0^0531

010266 181+ TE=IHTOP*TETOP•48OT*7ESOTI1H O^:S33
X0261 182* TS=TE0C-H1H pn6sol
UO26i 183* TL=TS-HTOP*tTS-TETOPI/HL olu545
OC263 la" TI=TS-hFIN* ITS-TAI/HI 00CSS2
00264 165* CFLU=HFLU*ITS-TFI DIDS63
50254 166* C NRITEtb, l0e$HFIN,HBOT,TEBOT,14TOa,TETOP^M^TEeTS,TLelloOFLU900 0')!.'SbO
017264 167+ ' 108 FORMAT(IH	 ,*FC& *,8E10.2,1,SX,8E10.21 o"i560
j0i.6 1162* FM0=6. 010S64
DOZ66 189* IFIOFLU.LE.J9160 TO SOU DILSSS
30[75 19.0* IFIOFLU.GT*IMFH*RO))GO TO 799 30,10f 67
uG272 191* F`+D=GFLU/RO 0%.S74
30273 192* b0 TO t%nu 0'!0577
002T4 193* 799 FVD=MFM O%sal
00275 194* kA=CFLU/MFM i1-110602
50276 195* TF=TFI+RA*AL*NL*05/ISPT*NT) Oni.S.]S
x10277 196 * 80J CONTINUE 010416
00277 197* C OOG416
0039c 198* LOOP=LGOP+1 01%elb
J0331 159* IFILOOP•LEs2160 TO 400 01:,5?0
00371 zC* c oll.;o-29
00311 1 201* C CHECK FOR EFFECTIVE FLUID COOLING 0^ob20
OC301 202* C 0110R29
00333 2103* IFfCFLU.GE.O.)GO TO 900 DgU623
0 13305 21;4* IFLU=O. DIX626
Q03 41a 2C5* 60 TO 4 ^_u DIL'627
G0317 206* 900 CONTINUE 310631
00307 2C7* C 0 .̂10631

J0397 2C8* c CELL TEMPERATURE OI)L651

OC337 2u9* C 0^0631
43031J 210+* ALPH=h/iCOS*TF;SI 0110631
OC311 211* X-SORTIALPHI*RC. 41`C63S
iil312 212* Y=SORTIALPh1*RL 0'75545
GC313 213* BETA=01-*AL/t2.*3.14159*COS*THS*X) 010650
i.C314 214 * 8IlY =MrRSI111,Y , IER) 010643
00315 215* bK1X=MMPSKIII,X,IER) OQC672
00316 216* LIIX=MMFSI1(1 , X,IER) 10135731

cWY 00317 217* bK1Y-MMRSK111,V,IER) Qa0710
N J132ti 218* bK3X=MMRSK:(1,X,IER) 010717
p 04321 219* LIJX = N!+HSIJII,X , IrR1 01726
O 50322 220* A=BETA *PITY / IBKIX *8[IY -BKIV *811x) OIC73S
OD X10323 221* b=BETA*8hIY/IPK!X*8IIY-SKIY*BI IX) 0^0746

30324 222* TR=A*PKOX46*8IGX *TE 0'10752
tv :0325 223* TC=TP4QH*AL/13.14159*RC*RC*HC1 416TS7

00325 214* c 011.757
J0S24 225* C OUTPUT CALCULATION 0^0757
00325 2ZE* C 00757
X70326 27.7* TC=TC-273 0"7077^
a3327 228* TS=TS-1273 01101772
00330 229» 11=TFI-273 01075
00331 2310* 72=2.*TF-7FI-273 0141730
J0332 231* TA=TA-273 1011•^1.5
30333 232* TFI=TFI-273 0111:1
07334 233* TFO=TFO-273 0111711

C



00335 234* P1=OFLU*AL*NLJ10G0•
00336 235* REl-O*

00n 00337 236* IFIABSICMO- I*)*LE** 1)RE1= *0742*IICM*CLI***283S)*YD***S67
N 00341 237* IFIFMD*LE*J*)GO TO 909

-Ab 00343 238* IFICMO*GT*I.11RE1-7* 65E-11* (FPD**2.A5S)*IOT**1-4.7C2)1*4T*CL
O JC345 239* 909 LOATINUE
00 00340 24G* TKP=s*E-4*CL*CM

'	 O OQ347 241* IFIIOP.NE*ir)OPO-TKP*REI
N 00351 242* 92C IFITIME *LT *TMAxl)RETURN

JC353 243* IFIIMPL *LT* ?)RETURN
G•"I55 244* CCAF=CCAP+CC *AL* ►.L
G035b 245* CPA=CMA*CM
60357 246* CPO=CPO*COP*OP

E 04360 247* kE1URN
00361 248* ENO

0111014
0'11 "21
001E+22
0^147
U^1 (IS 2
0^175
041^7S

0^11:0
0^llil6
C',1114
01127
Q7I134
0?1133
011137
DIMS

m ,

c

	 T
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7.8B FLAT PLATE SOLAR COLLECTOR

Solar Insol ation (S

Collector Tilt (TL

Fluid Inlet Temp. (TF

Air Velocity or Wind (W

Ambient Temperature (T

d y

1 Temperature (TC)

id Flow Rate (FMD)

let Fluid Temperature (T2)

id Cooling Power (Pl)

i

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.

•	 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 [41, 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

i

TANG`—'	 GLASS COVER(S)(OPTIONAL)

I	 s	 -	 AIR SPACE
SOLAR CELL

INSULATION

TCELL ----
MOUNTING PLATE

TPLATE	 INSULATION (OPTIONAL)

T INSUL-----	 LUID COOLING (OPTIONAL)

IAMB	 --

	

Figure 7.86-1	 Physical Diagram of Flat Plate Collector

ATOP

TAMB

QH

QBOT

	
TCELL

1

	 -._..	
TPLATE

1

	

QFIN	
QFLU

TAMB	 TFLUID

Figure 7.8B-2	 Equivalent Thermal Network for Flat Plate Collector
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BASIC EQUATIONS

The basic thermal eq
uations for the model are the heat balance equations

for the network of Figure 7.8B-2,

QH = ST*TN (AB - EFF) = QTOP + QBOT

QTOP = HTOP (TCELL - TAMB)

QBOT = HBOT (TCELL - TEBOT ) HC (TCELL - Tp	 )

	

LATE	 .

- QFIN + QFLU

QFIN = HFIN (TPLATE - TAMB)	 H I (TPLATE - TINSUL)

QFLU	 FMD*P(TFO - TFI) = H	
(T	 T	 )FLU PLATE - FLUID

where HTOP, 
HBOT, HC ••• denote heat transfer coefficients, and

TN = transmittance of the N-covers

AB = collector cell absorptance

EFF = nominal cell efficiErncy

TEBOT = equivalent bottom temp. (= TAMB 
with no fluid cooling)

P = fluid specific heat/unit cell area * No. of cooling tubes

TFLUID = average fluid temperature = (TFO + TFI)/2.

Input Specification Notes

Minimum input parameters to specify FO are

CMO =	 Cooling mode option
TFO =	 Outlet fluid temperature (CMO=2)NG =	 Number of glass covers
HI	 =	 Conductiv

ity/thickness of the back insulationCW	 =	 Collector width
CL	 Collector length
NT =	 Number of cooling tubes (CMO=2)
FIR =	 Cooling fin/collector area ratio (CM&O)

The user should check the c
onsistency of these inputs (e.g., collector

area) with those of the tracking component SO and the 
photovoltcomponent PV.	 aic

159
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Inputs/Port	 Description	 Units

k	

ST	 Global solar insolation	 w/m2

TLT	 Collector tilt	 Deg

WD	 Air or wind velocity (default = 0.)	 m/s

TA	 Ambient drybulb temperature	 oC
	 x,,

I
TFI	 Inlet fluid temperature	 oC

TF0	 Specified outlet fluid temperature 	 oC

MFM	 Maximum fluid flow rate 	 kg/s

RE	 Tracking power request	 kw

CM0	 Cooling mode (default = 0.) 	 -

0	 natural air cooling

1 = forced air cooling

2 = fluid cooling

NG	 Number of glass covers (default = 0.)	 -

TN	 Transmittance of the N-covers	 -

AB	 Collector cell absorptance (default = .9)	 -

EFF	 Nominal cell efficiency (default = .12)	 -

EC	 Emittance of cell (default = 0.5) 	 -

EG	 Emittance of the glass covers (default = .9)	 -

EP	 Emittance of the back surface (default = .9)	 -

CW	 Collector width	 m

CL	 Collector length	 m

SPT	 Specific heat of coolant (default = 4184.)	 j/kg-K

!	 NI	 Conductivity/thickness of the back insulation 	 w/m2K

(default = 109 for no insulation)
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Inputs/Port
cont'd Description Units

FIR Cooling fin to flat plate area ratio -

(default = 1. for no fin)

NT Number of cooling tubes (default = 1) -

DT Diameter of cooling tubes (default = .015) m

COP Conductivity of mounting plate (default = 202.) w/m-K

THP Mounting plate thickness (default = .003) m

DEN Coolant density (default = 980.) kg/m3

COC Conductivity of the coolant (default = .657) w/m-K

HC Conductivity/thickness for cell 	 insulation w/m2-K

(default = 109 for no insulation)

CC Capital cost per unit area per year $/m2

CM Maintenance cost per year $

CPO Cost of operating power $/kwh

Outputs/Port Description 06 its

TC Cell temperature oC

TP Mounting plate temperature oC

FMD Fluid flow rate kg/s

T1 Inlet fluid temperature 0 

T2 Outlet fluid temperature oC

PH Collector energy absorbed kw

Pi Thermal energy collected kw

OP Operating power used (state) kwh

REA Reynolds number (air cooling) -

REF Reynolds number (fluid cooling) -

LTI Last time at which the flat plate array hr
calculations were performed (used internally)
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FP
CALCULATION SEQUENCE

1) Solar power absorbed by the collector

QH = ST*TN*(AB - EFF)

PH = QH*CL*CW/1000

If QH < 0.1 set TC = TA, FMD = P1 = OP = 0 and return

If LTI = TIME and ITFI	 < .1, return

LTI = TIME

2) Convert TA, TFO, TFI to OK

3) Initial temperature and flow rate estimates

TC = TA + QH/20

TI = (TC + TA)*.5

TF = (TFI+TFO)*.5

TP = TI

FMD = 0

IFLU = 0

If CMO = 2 and TFO > TFI, IFLU = 1

If IFLU = 1,

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

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

o	 Iterate 4) to 8) three times:

4) HTOP heat transfer coefficient and REA

TSKY = .0552*TA1.5

HC1^- CNVC(TC, TA, WD, CL)	 See (2)-(3) in Appendix

REA)

If NG = 0,

BCS 40180-2 Rev.	 152E
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FP
CALCULATIONS (cont'd)

HR1 = RADC(TC,TSKY,EC,1.)*(TC_TSKY)	 Ibid,(8)
A

HTOP = HC1 + HR1

If NG > 0,

HTOP = HTGLAS(N,TA,TC,HCI,EC,EG,TLT) Ibid,(7)

5)	 Fin factor FAC and HFIN heat transfer coefficient

HC2 = CNVC(TI, TA, WD, CL) Ibid,(3)

HR2 = RADC(TI, TA, EP, 1.) Ibid,(8)

FAC = 4.318 - 4.3375*exp(- .26195*FIR) (first pass)

HFIN = (1/HI + 1/(HC2*FAC + HR2))-1

6)	 HFLU heat transfer coefficient to fluid and REF

HFLU = 0.

If IFLU = 0 go to	 7)

HFLU
= FLUC(NT,DT,DW,COP,THP,FMD,DEN,TF,COC) Ibid,(5)-(6)

REF

_	 7)	 HBOT heat transfer coefficient and equivalent temperature TEBOT

HBOT = (1/HC + 1/(HFIN + HFLU))-1

-	 TEBOT = (HFIN*TA + HFLU*TF)/(HFIN + HFLU)

8)	 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)
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FP
CALCULATIONS (cont'd)

FMD = ^8.	 if QFLU _50.

QFLU/RO	 if QFLU >0.

If QFLU > MFM*R0,

FMD = MFM

RA = QFLU/MFM

TF = TFI + RA*CL*CW*.5/(SPT*NT)

9) Check for QFLU <0

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,TFO to 0 

P1 = QFLU*CL*CW/1000

If CMO =O

jP = RE

If CMO = 1 and WD>O

^P = RE+.0742*(CW,*CL).2835*WD.567

If CMO = 2 and FMD>O

OP = RE + 7.85 x 10-11*FMD2.855*DT(-4.702)*NT*CL

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, Princi les of Heat Transf er , 3rd Edition, International
Textbook Company, 1973. 	 ^!
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OCIDO L* CFP 0!2G^CO
00101 2* SUBROUTINE FP(TC , TP,FMD , TI,T2,PH , PI,OP,OPD , IOP,REA , REF,LTI, 0^0000
00101 3* 1 ST,TLT tUD,TA,TFI,TFO,MFM.RE ,CP.O,NGSTN,A$, 01030
00101 4* 2 EFF,EC ,EG,EP , CW,CL ,SPT,HI , FIR,NT ,DT,COP , THP,OEN, 09G^00
30101 5* 3 COC,HC,CC,CM,CPO) 010000
00171 6* C 000000
00131 7 * C PURPOSE	 THIS COMPONENT PERFORMS A THERMAL ANALYSIS 090^CO
OC131 $* C ON A NOACONCENTRATING PHOTOVOLTAIC ARRAY * O^OMO
J0101 9* C THREE TYPES OF COOLING MAY BE USEUE 03Or',00
00301 10 * C FRONT SUPFACE COOLING USING NATURAL OR FORCED AIR 07DP00
00131 11 * C BACK SUR FACE COOLING USING NATURAL OR FORCED AIR 0707130
UC131 12* C iITH OR WITHOUT FINS. 0^0^00
001?1 13 * C FLUID COOLING USING TUBES ON THE BACK AND NG O'OiUO
uC101 14* C GLASS COVERS	 4NG=0,1,2,3). 01EirjO0

On
N

O
00
O

N
fD "PE

---

J
Nx	 SUBROUTINE FP	 ENTRY POINT 000741

STORAGE USED: CODEI1I 001270: OATA10) 000111: BLANK COMMON421 000000

COMMON BLOCKS:

OC33	 CIMPL 000001
UM;4	 CTIME OOOOJI
DOGS	 CSIMUL 00O310
uO06	 COST 000003

EXTERNAL REFERENCE'S (BLOCK, NAME)

C00 CNVC
6010 RADC
0011 HTGLAS
0012 FLUC
0013 EXP
iu014 XPRR
CO15 NERR3S

STORAGE ASSIGNMENT ISLOCK, TYPE, RELATIVE LOCATION, NAME)

0031 DLi0146 130L 0001 000173.2111 DOOl 000315 3CIL 6001 000316 400L
0031 CLD472 4C2L 0001 000444 7VCL 0001 DODS30 799L 0001 000545 BROL
i50O1 0+.0667 9C9L OOG1 000674 920L 0OJ6 R COE'DI0 CCAP 0006 R 000331 CMA
0005 CUO&^OV GUM GCCr:t R M0001 FAC COCO R 00021 HBOT 0007 R 000311 NCI
GCOD R CLO C117 HFIN 0000 R 000020 HFLU CO C O R OCOO12 HR1 0000 R 000016 H02
L003 P. OLCJ13 HTOP Dn;C I C00005 IFLU OOJ3 I O00000 IM.PL 0000 000363 INJPS
MiD R COOL23 OFLU 00:0 R r00G 1 2 ON OC-00 R CO3024 RA 0000 R 000315 REN1
0j3 R CCOCOa RO 00.}0 R JCOG22 TEbOT OCLO R 030004 TF COOJ R 030303 TI
0035 R OLOCO7 TMAX UOLD R 000000 TMAX1 0000 R 000010 TSKY

0001 000360 %OIL
0001 000560 900L
0006 R @00002 CPOS
3000 R 000014 HC2
0311 R 000300 hoGLAS
0101 1000007 LOOP
0301 R 000325 REI
0004 R OC3000 TIME

E.	 ...	 .	 `.	 ^..:.	 . ^.. ., ..may	 ^_.^b,.,..:^y.Yeo.'1lLYNi^ .: ^- ,...:. 	
^^11h41AA$i^&1RZ °'•'.'
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00
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00101 15* C 000000 i
00101 16* C WRITTEN BY Y.K.CHAN,	 11-6-789 VERSION	 1 00DfJ00 J
00101 17* C 000000
OC101 18* C 0.10m00
00101 19* C METHOD BASED ON THE .FLAT PLATE THERMAL MODEL IN SOLCEL, 0^Gn00
00101 20* C EXCEPT THAT AN EMPIRICAL EQUATION DUE TO KLEIN IS USED 010000
U01D1 21* C TO COMPUTE THE	 TOP LOSS COEFFICIENT FOR 1 TO 3 0"CQ00
00171 22* C GLASS COVERS 09003(1 1
00131 23* C CALLING SEQUENCE O-nOnon
A0101 24* C OUTPUTS 01000
DO101 25* C ST -GLOBAL SOLAR INSOLATION,W/M2 0?0100
OC1D1 k6* C TC -CELL TEMPERATURE,C C'1onn^
00101 27* C FMD -FLUID FLOW RATF,KG/S 090000
00171 28* C TI -INLET FLUID TEMPERATURE,C 0110000
UJIJl 29* C T2 -OUTLET FLUID TFMPERLTURE,C D'IL00'!
00101 30* C PH -COLLECTOR ENERGY ABSORBEO,KW 0^OCCj
00171 31* C PI -THER MAL ENERGY COLLECTEO,KW Onanoo
00101 32* C OP -OPERATING POWER USEDISTATE),KWH OID^00
001C1 33* C REA -REYNOLDS NUMEER(AIR COOLING) O^f?OCO
Jai 01 34* C REF -REYNOLDS NUMBER(FLUID COOLING) OICO30
00131 35* C LTI -LAST TIME AT WHICH THE FLAT PLATE ARRAY OOCOOO
00101 36* C CALCULATIONS WERE P[RFORN.E0IUS£0 INTERNALLY) aiOr.OD *
00101 37* C INPUTS 01C'1J0 f
001 ?1 38* C TLT -COLLECTOR TILT 9 0EGREES ODu00D q-
LC1 !?i
00101

39*
4G*

C
C

WD
TA

-AIR OR WIND VELOCITY,M/S,/DEFAULT=O.) O Z
-AMBIENT DRY6ULB TEMPERATURE,C 	 a

0ionao
DIL100:0r f

::C101 41* C TFI -SPECIFIED INLET FLUID TEMPERATURE,C DIG900
00101 42* C TFO -SPECIFIED OUTLET FLUID TEMPERATURE,C	 -0 cr'Lnoo
00131 43* C MFM -MAXIMUM FLUID FLOW RATE,KG/S 	 C b O'1Jn00
01:171 413* C RE -TRACKING POWER hECUEST,KW C O''ii000
00131 45* C CMO -COOLING P'GOEIOEFAULT=01 OOCOJO
00101 46* C D=NATURAL AIR COOLING 	 w 0']G^00
G01 .31 47* C 1=F0RCED AIR COOLING 0^0^DO
60101 48* C 2=FLUID COOLING Ono(=
001 11!1 49* C NG -NUMBER OF GLASS COVERSIOEFAULT=O) oni:no0
00101 50* C TN -TRANSMITTANCE OF THE NG CLASS COVERS 010000
00101 51* C AB -COLLECTOR CELL ASSORPTANCEIDEFAULT=.91 07in00
60101 52* C EFF -NOMINAL CELL EFFICIENc Y(DEFAULT=.12) 01000
00201 53* C EC -EMITTANCE OF CELLIDEFAULT=.51 V0009
00101 54* C EG -EMITTANCE OF GLASS COVERSIDEFAVLT =99) G'10n00
60301 55* C EP -EMITTANCE OF THE BACK SURFACEIDEFAJLT=*9) 0.10r_O0
00101 56* C CW -COLLECTOR WILI TH,M 07G1100
Gel -]1 57* C CL -COLLECTOR LENGTH,M 010noo
00101 58* C SPT -SPECIFIC HEAT OF COOLANT,J/KG-K,IDEFAULT.41841 aICI00
00101 59* C HI -CONDUCTIVITY/THICKNESS OF THE BACK INSULATION,W /M2-K, 01000
DO101 60* C IDFFAULT=I.E9 FOR NO INSULATION) 07Gft00
00101 61* C FIR, -COOLING FIN TO FLAT PLATE AREA RATIOIOEFAULT =19 FOR NO FIN) OryC^OR
60101 62* C NT -NUMBER OF COOLING TUPESIDEFAULT=1) 0^G1.00
OOi01 63* C DT -►?IAMETER OF COOLING TUBES,M,(DEFAULT=015) a Ile El00
30101 bit* C COP -CCNDUCTIVITY OF MOUNTING PLATE 9 k/M-N 9 /DEFAULT=2021 010000
OC1!!1 65* C THP -MOUNTING PLATE	 T4ICKNESS,M,IDEFAULT=.0' 13) DIU900
JC101 66* C DEN -COOLANT DENSITY,KG/M3,I0EFAULT=9831 010inu0
00101 67* C COC -CONDUCTIVITY OF COOLA4T,W/M-K,IDEFAULT=.607 aqun00
510101 69* C HC -CONDUCTIVITY/THICKNESS FOP. CELL INSULATION,tr/M?-K, 010n00
ut)1Ql 69* C (DEFAULT=I.E9	 FOR NO INSULATION) 090000
60171 70* C CC -CAPITAL .OST PER UNIT AREA PER YFAR,S/M2 DIUMOD
00101 71* C CM -MAINTENANCE COST PER YEAF,S 010800



72*	 C	 CPO	 —COST OF OPERATING POWEReS /KWH	 0!10000
73*•	 C	 010000
74*	 COMMON /CIMPL/IMPL	 010!100

, 75*	 COMMON /CTIME / TIME /CSIMUL /DUM17)v7MAX	 070004
76*	 COMMON /COST/CCAP 9 CMAvc pOS	 010000
77*	 REAL LTE * MFF 9 NGvNT	 Dm030
78*	 c	 I,1(jn00
79*	 C	 INITIALIZATION	 0icr,"))
.80*	 C	 Og0r00
81*	 1FIIMPL.GTe(JGO TO	 100	 OIL030
62*	 IF1WD . EOee99999 ) YD=7e	 orlurW
83*	 lF(CMO eEQ a * 99999 )CM0=0e	 U%D06
84*	 IF(NGeC09-*99999)NG=0e	 OSUP12
85*	 1FIAbeEQe*9999:9)AB=e9	 Onl?16
66*	 IFIEFF*EQa*99999)E=F=*12 	 G!'L123
874	 IF/FCeECee99999)EC=95	 0700?0
88,*,	 IFIEGeE0*e99999)EG3*9 	 olon135
89s	 IF(EP*LC*e99999) EP=e9 	 0!'0?42
90*	 IF(SPTeEC*.q94991SPT=4164	 Of!01- 47 -
91*	 IFIHI.ECe999999)111=1.E9	 -	 Of1cr54
92*	 IFIFIP.eEC*.99999)FIR=1*	 O''G0'61
93*	 Ir(fiT.ECe.99999)NT=2	 I	 010r66
94*	 IFIDT9EC.e99999 ) 4T =elil5 	OU173
95*	 1FfCCP * EC * .99999)COP=2J2e	 070100
96*	 IF (TFP eEO * * y 9999) THP= * 00 3	 0%!195
970	 IFI'OEN,EC*699,999)OEK=98C 	 ,	 O	 0112
98*	 IFICOC.EG*e99Q99)COC=*657	 010117
99*	 1FfPC * E0**99999 ) NC=l*E9	 Onu124

lu0*	 T !JAX 1 = TM.Ax * * 99999	 onG231
lul* 	 FAC =4931E —%.3375*EXP(—.26795*FIR1	 011u134
112*	 10C CONTINUE	 010246
173*	 C	 010146
104*	 C	 SGLAP PUUEP AbSOREED BY COLLECTOR	 03]146
105*	 C	 010146
lu6*	 OH=ST*TN*(A6—EFF)	 OlU146
1u7*	 PH=CH*CL*C4/1001*	 0^r.153
ID8* • 	IF(	 CH	 eGT.	 0 * 11_	 GO	 TO	 201	 016157
109*	 TP=TA	 010163
I1G*	 OPO=u.	 000165
I11*	 TC=TA	 0^6366
112*'	 FPU=ue	 000167
113*	 p1=0e	 000170
114*	 60 TO 92U	 010271
115*	 201	 1F((LTI&EOeTIME ) *ANOe(AES ( TFI-T11 * LT ** l))60 TO 920	 39C273
116*	 LTI = TIME	 CIE-211
117*	 C	 010?11
118*	 C	 CONVERT TA97FOsTFI TO KELVIN 	 C7U2ll
119*	 C	 D IU211
12C*	 1A=7A+273	 01013
121*	 TFU=TF0+273	 01^)216
122*	 TF1=TF1+273	 013221
12?*	 C	 07L,1121
U4*	 C	 INITIAL TEMPERATURE AND FLOW RATE ESTIMATES	 O^C-721
1;r5*	 C	 C')0221
1^6*	 TC=TA4CH/'2Ue	 0^L224
l27*	 TT=ITC+TA)*,5	 OfJO?3n
IZ8*	 TF=(TFI+TFO)**5	 0!10233

00101
00101

i. ...+	 JC1Q3'
L,	 00104

c^	 00105
UC1C6
00106
00116
00106
00107

'`' 04111
ì U1113

00115
X0117
00121
y0123
0012
00127

>>' 00131
00133

` OC135
00137
^IC141

4g '	 G+J14 5
03143

00147'
1	 `	 u015I

^;.	 0015 3'
JC155

1^	 OC157
^	 I Z;01 .5 7

`.j	 0 015 7
00151

_ 00157
0016
JOle.
OC162
0616,4
UC165

-	 W	 00160
F;	 N	 06167

^.	 0017J
o	 OC171
000	 ;)rl72
0	 00174
N	 00174

J0174
(D`	 C, 017 w

Uui75
2,0176
00177
1iC177
uC177
G0177
G020G
00201
00202

14	 11

3

n'

F

mv

r
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00203 129* TP=T1 090236
UO204 130* FMD=Co

w 00205 131* IFLU=D 000740
U) 00206 132* IFIIAPS(CMO-2o)oLTool)*ANDefTFO*GT*TFIIIIFLU=I 0 024uallo 133* IFITFLUeNE*1160 TO	 101 0001263
CD 09212 134* WO=NY*SPT*iTFO—Tfl)/ICW*CLI

00 002U 135* FMU=MFM G"0.277
C) 00214 136* 1F(POoliT*09)FP'D=AMINIIMFM,*B*OHIROI OR0301

30216 137* 301 CONTINUE 07)315
00216 138* C DID 315

rD 00216 139* c ITERATE HEAT TRANSFER COEFFICIENT CALCULATION THREE TIMES 010315
:c aC216 14G* C Ork. 315

GLI Z17 141* LOOP=n Oluils
00220 142* 400 CONTINUE 01016
352 11G 1434 c onij!j 6

14k-* C HTOP, HEAT TRANSFER COEFFICIENT AND REA, REYNOLDS NUMBER 010316
0091 20 145* C 030316
00220 146* c 0rG316
00221 147* T5KY=9O552*(TA**1#51 030316
00222 148* CALL	 Ct'VCIHCI,REA,TC,TA,WD,CL) 010323
OC223 149* IF(F%'G*GT*C*)GO 	 TO 401 0103713
00225 150* CALL RADC(HR1 9 TC 9 TSKf 9 ECvls) OrJG336
G0226 lbl* hPl=HRl*fTC—TSKY)/(TC—TA) 010345 -4
OC227 152* HTOP=HCI*HRI 0ICJ354
00234' 153* 60 TO 402 00J356
00231 154* 401 HTOP=HTGLASING I TA,TC,NCI,EC,EG,TLT) 010360
02-32 155* 402 CONTINUE 010372
J7232 156* C C10372
30232 157* c HFIN	 HEAT TRANSFER COEFFICIENT O'lj372
00232 158* C 010372
ac233 159* CALL CNVC(HC2,RENI,TI I TA t WO tCL) 010372
0023-1 lbo* CALL	 RADCfHR2 9 71 9 TA,EP,I.l 0%401
0 Ce 3 5 Ibl* HFIN=lo/il@/Hl*1o/IHC2*FAC*NR2)1 0^C41f)
UO235 162* C 000413
00235 lb3* C HFLU, HEAT TRANSFER COEFFICIENT TO FLUID	 AND REF,REYNOLDS NUMBER 010410
00235 164* c GfIJ410
00236 165* HFLU=Co WIE023
00e37 166* IFIIFLU@EQol1GO	 TO	 760 0%424
GC241 167* CALL FLUC(HFLU,REF,NT,D7,CW,COP,THP,FMD,DEN,TF,000I DIU426
00241 168* C 000426
00241 169* C EQUIVALENT BOTTOM TEMPERATURE TEBOT AND NEAT TRANSFER COEFFICIENT HBOT	 070426
)0241 17G* C 0'10426
0 0.242 1715 700 CONTINUE 010444
OC t.43 172* HE0T=1.111./HC+I,!,lHFIN+HFLU)) 010444
00244 173* TEBOT=IHFIN*TA+HFLU*TF)IIHFIN*HFLU) 000455
30244 174* C 0I0455
J0244 175* C UPDATE TEMPERATURE AND FLOW RATE 0001455

N) 00244 176* c OlU455
;;qz 00245 177* TC=(QH4HTOP*TA+HEOT*TEBOT)JIHTOP*HBOTI 070464

00246 178* 7P=TC—HBOT*1TC—TEBOTI/HC D-D475
00247 179* 71=TP—HFIN*(TP—TA)IHI 0-11'502
992513 lbo* r. FL Ll =H FLU* ( TP — TF G?0507
60251 181* FMD=L• 070513 
00252 182* lF(0FLU@LE&1o)G0 TO	 800 f,"7G514
00254 Ib3* IFfCFLU91)Te(M.FM*RO))GO	 TO	 799
00156 164* FPD=(FLU/PO 0:l4523
0025 7 185* 60 TO	 ECO OnC526
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00260 286• 799 FP'D=MFM
J0261 187* RA=QFLU/MFM

Ln UC262 189* 1F=TFI+RA*CL4CY4.3/ ISPT*NT)

rte-
0OZ63 189* 80U CONTINUE
00263 190* c
UO264 191* LOOP=LOOP+1
V0265 192* 1FILOOP.LEo2)GO 70 400
u -ad 65 1934 c
UO2 1.1 5 194 • 0 CHECK FOR EFFECTIVE FLUID COOLING
uOs 65 195* C
00267 19bs 1FIQFLU.GE.0.)G0 TO 900
OCt71 1974 IFLU=fl
U3272 198* GO TO 40C
30273 1994 900 CONTINUE
uC273 2jr,'* C
GC2l l 2v1; C OUTPUT CALCULATION
UO273 2u2* C
00274 2P3s TC=TC-2739
i:n275 204* 7P=TF-273.
UCZ7b 265* T1=TEI-273.
03277 2G6* 72=2.*TF-TFI-273•
j03?7 207* TA=TA-?73.,
.103n1 2j8 * TFI=TF1-2'73.
L0332 2j90 TF0=7FO-273.
Od373 210* P1=C' L6*CL*CW/1ODO•
]3'14 2.11 * REF='.
00315 212» IF/ ►fS1Cn0- T.I.LE. • Y1RE2=•D7v2 * IICYeCL )**.2835) * IVO**•567i
OC-3 337 213* IFIFrO.LE.0.)00 TO 909
j0311 214* IF14E;S(CPO-?.).LE.•I)RE1=7.85E-31*(FMO**20855)*IOT**1-497921)
03311 215*, 1	 *NT*CL
00313 216 * 909 CONTINUE
P.0314 217* IFI,ICP'.NE@UJOPO=RE+RE1
u0316 218+ 920 IF(TIME .LT*TMAXI ) RETURN
03320 219* 1F(IMPL.LT.2)RETURN
01322 216* CCAP'=CCAP + CC*CL*CW
10323 221* 0'A=CMA+CM
00324 222* CPOS=CPOS+CPO*OP
UO325 223• RETURN
00326 224* LNO

W
C-)

-

O

CD

N

O
eN

010530
070531
0^053%
0'10545
0-rrc45
0^C445
OlUS47
01,0547
0^0547
0'1 04 7
033552
0^C-c55
010056
O'1CS60
0170560
0110560
CILS60
JiLF560
Of) L562
0'10565

ju57O
D:1G57S
COL570
0nCSoA
G'_t7fC4
0^0611
0^0:612
0-"L637
Q1:642
OOf•642
C'10667
OC`0667
00[[674
0''0702
0-go711
000716
010721
C",x725
011267
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7.9 ONE DIMENSION TABLE LOOKUP

FIN	 FO 
k-1111^	

FO

FIN

71-

Outputs

Variable/Port
	FG	 Output quantity

Calculation Sequence

FO	 FTA(FIN)

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

Tabular values of function

I nl2uts

Parameter/Port

FIN
	

Input quantity

AN
	

ABS(AN) S 0.5 for equispaced interpolation

(AN < 0 prevents extrapolation)
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4b- C0173 790 4C8 FORMATI1H0,19H STATOR RESISTANCE	 9 F12.3,12H OR DAMPING
O 00173 s00 XF12.3,20H TOO HIGH FOR MOTOR 	 100

00174 &1s IF/IMPL.E0.21TCNT=ICNT#1
r ^ 00174 820

IV 00174 830 C EFFICIENCY AND MAXIMUM OUTPUT POWER
C0174 840 C
50176 as* -409 CONTINUE
00177 860 P2=00
L:c200 a70 EF2=Erl
00201 ass MP2=ArINiIMPI,RAPP
00202 89s GO TO sea
00203 900 400 EF2=EF10P2/Pl

L
n 00204 910 11I12=AMIM1111P1,RAPI*PZIPI

00205 920 3F1PS.NE . G.1T0_P2473796/OMEGA
C 00205 930 C

' Z 0C237 944 SOO IP4IMPL.LE.IIRETURN
C} 00207 950 C

00207 960 C STATISTICS
OC207 970 C

n 00211 gas MT2AMAXI110,MT1
h 00212 990 MPN=AMAXIMMAPOPN1

CG213 lazo SPZSP+P24TTNC

r 00213 1010 S

9 002'14 1C2* TF(TIKeLT.TMAXI)PETURN
Z 00216 1030 CCI=CCI+CC

00217 1040 CMI=CMI+CM
' 00217 loss C
.,

ZO
00220 206* RETURN
00221 107• END

^f n7

A' r

d

000172
600172
MGM
000172 y
000172 r	 '{
COC172 y

~'OG0201
000201
000201
004203
001,211
000213

Y

000216
ODG226
000226
000235

r	
r

000235
00O23S
00023S
006243 k
CCC251
OCG260
006260
COG264
COC273 _.
G00276
000276
000301
000433



MAX. OUTPUT POWER (MPO)

w-POWER REQUESTS
(RE1,RE2,RE3,RE4)

+°POWER OUTPUT (PO)

POWER REQUEST (REO)

INPUT POWER
(P1,P2,P3,P4)

PRIORITY SEQUENCE
(PS1,PS2,PS3,PS4)

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

^.	 ec 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 7c for

further discussion.)
.r
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	 x	 ;a

i* PA
n

Inpu tŝ 1
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 = 0.),	 kw	 -;

PS	 1,2,3,4	 Priority sequence (default = 1,2,3,4)	 -

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

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

Outputs

Variable/Port

MP	 0	 Maximum deliverable power (E 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 (,

(Power deficit	 RE  - E MPi)

Statistics

SRE	 Sum of energy requested	 kwh

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

delivered by port i

r	 ^

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

s
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CALCULATION LOGIC	 PA
a	 • IF PS(k);( 0 'SET MP(k) = 0 k	 1,2,3,4

• MPO r-'EMP(k)

YES	 • RE{k) = MP(k)/EP(k)
{	 MPO_ REO ?

• SP REO-MPO

NO	 * GO TO ^5	 x T,

• INITIALIZE REQUEST LOGIC
SP = REM '0. K=1,2,3,4	 #

RL = RE0

NQ

I=1	
s

f
YES

1	 I>4?	 4

• SUM MAXIMUM POWER SMP FOR	 I = I+Z	 ^.,	
a

PORTS WITH PRIORITY I
h

ES
SMP = 0?	 2	 J

0

SMP4 RL ? • GO TO FAIR SHARE ALLOCATION
x

03 (NEXT PAGE)

Y'ES

• SET EACH PRIORITY I REQUEST

AT MAXIMUM POWER

RLRL —SMP

v GO TO	 -

246	 BCS 40180-2 Rev.



PA
a

o BOLD = RL

• DETERMINE THE SUM SW OF WEIGHTS F(k)
FOR PRIORITY I PORTS NOT PREVIOUSLY ALLOCATED

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

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

• IF FR(k) >, MP(k), THEN SET RE(k)	 MP(k)

AND RL	 RL - MP(k)

NO
L BOLD?

YES

o 111ILLOCATE FAIR SHARE OF REMAINING REQUESTS
TO PRIORITY I PORTS NOT PREVIOUSLY ALLOCATED

RE(k) = FR(k)

RL = 0

FO RE(k)	 RE(k)/EF(k) k	 1,2,3,4

5

=*COMPUTE STATISTICS SRE, PC1,PC2,PC3,PC4

EXIT

f.	 BCS 40180-2 Rev. 247
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N
00

SUBROUTINE PA	 ENTRY POINT 0005.14

STORAGE USED2 CODE111 000746; DATA(0) 000107; BLANK CO MM.ON(2) 000000

COMMON BLOCKS.

0003	 CIM.PL 000001
0004	 CSIMUL 000010

!^2
-V0
®z
0 r
ev
^G
!C to

(6LOCK9 TYPE, RELATIVE LOCATION, NAME)

cool 000375 2090L 0001 000231 234G
COC1 000321 3n5G 0001 030357 325G
6001 nOO275 60EL cool 000312 7OC;L
DOC4 COCDnU DUM ODUO R OCCO30 FR
Coco 000054 INJPS OCCO I 000341 K
00v0 R ^,GCGO y PR 070^ R CJODOG R
DOUG R C;0000 SW OOG4 R 000006 TINC
DODO R MC U40 XI

001.00 1* CPA 00000]
00101 2* SUBROUTINE PA(MPO, O'1000c
ccI01 3* 1	 R1,	 R.2,	 R3,	 R4, 030003
00131 4* 2	 PO,SP, Olaf=
00101 5* 3	 SR,PCI,PC2,PC3,PC4, 000000

W 00101 6* 4	 R0, 070.000
C-) 00101 7* 4	 EF1, EF2,	 EF3, EF4, otiev00
N . CO301 8* 5	 P1,	 P2,	 P3,	 P4, 0130Q00
o JO101 9* 6	 PR1,	 PR2 9	PR3, PR4 9 000030
C) 00131 10* 7	 W1,	 W2,	 Y3,	 W4, 07u^)0

r	 00 x0101 11* 8	 MP1,	 MP2,	 MP3, MP41 0061100
I	 CD Ga101 12* G O^G^70

N' 00171 13* C PURPOSE*	 MODEL POWER ACCUMULATOR 07i!!10D
ga101 14* C 0?Q000

(D 00101 15* C METHOD.	 PRIMARY REQUEST ALLOCATION RESULTING FROM PRIORIT-T 7nC000
110101 16* C ASSIGNMENTS*	 SECONDARY REQUEST ALLOCATION RESULTING DOJCCO
0'0101 17* C FPOM WEIGHT ASSIGNMENTS. 0^0000
02101 18* C THAT IS, REOUESTS ARE ALLOCATED ACCORDING TO% J^0030
331:11 19 * C *	 PORT PRIORITY	 ( HIGHEST PRIORITY =	 11 0^01Q0
00101 2G* C *	 PORT WEIGHTS	 (IN CASE OF	 ECUAL PRIORTIES. 	 ) Dlu!!JD
30101 21* C onc. ;D0
U0101 i2* C FORMAL	 ARGUMENT DEFINITION. 0901UO

' 00101 23* C R10*+*9 R4	 2	 POWER RECUESTS	 IN Kk	 (OUTPUTS) 0')0!100

D i

I'

7	 ,
i{

EXTERNAL REFERENCES (BLOCK, NAME)

0005	 NERR3%

STORAGE ASSIGNMENT

U001	 DZiO372 IOOOL
0001	 CG03V2 2736
cool	 000413 SOOL
0001	 CLO366 9GOL
00O3 I GCOGCC IMPL
0000 R GOOi+14 MP
VCO3 R DijDG43 SRO
00.0 R OJOQIO W

0001	 000240 2416
0001	 000103 40L
cool COC155 80L
6000 R 000342 FRU
0000 R 00033 9) LL
0000 R 00024 SMP
60G0 R OJC1] 36 TINC.1

0001	 OUO260 25i.G
0001 DOOM 403L
D401	 000347 BOOL
0100 I 000037 I
OOO-?^R 000035 LOLD
030 .1 R 000044 SRI
000 ti	 00D C.  TMAX

.:<`o



00101 24*
00191 25*
00101 26*
U0191 27*

N 00ial 2S*
.70301 294o

..., U0101 30*
'	 co fiCl01 31*®

00101 32*
N O0101 33*

00101 34*
c U0101

..
35*

OCID3 3b*
0010 14 37*
DeI05 38*
GOIC5 39*
DO1 p 5 40*
UC1C5 41*
001^a 42*
00105 43*
U01 06 44*
00176 45*
GC106 46*
011 1 :1 7 47*
GO1 "7 48*
GJl37 49*
Dollu 5G*
0011.0 51*
0011) 52*
00111 53*
aoill 54*
00111 55*
00112 56*
G01.12 57*
J0112 58*
i:C113 59*
40113 6G*
U0113 61*
0!?113 62*
0c113 63*
JCl14 64*
Del 14 65*
00114 66*
00115 67*
001 IS 68*
GE'l15 69*
00116 70*
11012 G 71*

^p UC121 72*
J0123 73*
02125 74*
OC127 75*
UC131 76*
U0133 77*
OP.135 78*
00137 79*K
G0141 60*

mr

C MP0 i 	TOTAL MAXIMUM POWER	 (OUTPUT) OMNI
C SP	 I	 SURPLUS REQUEST	 (OUTPUT) OC1C000
C Pp	 t	 TOTAL LOAD	 IN KU	 !OUTPUT) On0000 f

C SR	 I	 SUM OF ENER6Y REQUESTED, 	 KWH	 (OUTPUTI D^0n00 s
C PC190649PC4	 PLRCENT PF CUM LOAD DELIVERED	 (OUTPUT) 010170
C 1%P i	 TOTAL POWER P.EQUESTED,KW 	 IINPUT) Onu000
C P1,.**, P4 2	 INPUT POKER	 IN 	 KW	 !INPUTS) 0%DO0
C PR1,.,.,	 PR4 I	 PORT PRIORITIES	 (INPUTS) 010 ►100
C 61,..,,	 W4 X	 PORT	 WFICHTS	 I INPUTS I OnC^01] 1
C MPI,	 ,.,,	 MP4	 X	 MAXIMUM	 POWERS	 (INPUTS) 0nUn00
G EF1,	 ..., EF4 3	 EFFICIENCIES	 IINPUTS) 070100
C COMMON STORAGE 07:000

COMMON/ CI MPL / IMPL 0li1^0n G
COMMON / CSIMUL / DUM('6),	 TINC,	 TMAX O'^^J^CO

k£AL MPQ,MPI,MP2,MP3,MP4 0^G^L'0
C 0 7J^.D^
C
C

LOCAL	 VARIAP.LES
C %n00
C1c^00.

y;	 .
C 07000'
C 1;IK)	 IS THE POWER REQUEST	 AT PORT K 01110000 r

REAL	 R(4) 07COOD
C ore^ov
C PRIX)	 IS THE PRIORITY ASSIGNED TO 'PORT K DOU100

REAL PR(4)	 = 0'1u^.On
C 0^.v^00

iC MIK.)	 IS THE WEIGHT ASSIGNED TO PORT K 000n00
REAL W(4)	 - 07U'l00

C MP(K)	 IS MAXIMUM POWER TO LE ALLOCATED TO PORT K 0'?0^00
REAL MP14) 07CnOl a

C 0^0n?0
C SW(I) IS THE SUM OF THE WEIGHTS ASSIGNED TO PRIORITY-I PORTS O IC^00

REAL SW(4) C7u.109
C rj%oc0
C SP? f l)	 IS THE SUM OF THE MAXIMUM. POWER AT PRIORITY -1 PORTS OnOD30

REAL	 SMP14) 000:100
C OnGrCn

FPU IS	 FAIR SHARE	 UNIT FOR PRIORITY-I PORTS Oyu^.DO
C 0^C^00
C FRIO)	 IS THE COMPUTED	 FAIT SHARE	 REQUEST FOR PORT N'

PEAL FR ( 4) 010^00
C OCU0J0
C LL IS THE LOAD LEFT AT EACH POINT IN THE ITERATION 000^30

REAL LL.LOLO UIL-100
C 0'0300
C- IF IMPL IS ZERO, THEN ASSIGN DEFAULT VALUES OlJ?OD

IF	 (IMPL	 . GT.	 0) GO	 TO	 40 alano-
RE = 0.0 D%t,02
IF	 tPRl	 .EC. 0.99999)	 PR1	 = 1#3 070DD3
IF IPR2 .EQ. 009999)	 PR2 = 2.0 O^C^30
IF	 IPR3	 .EQ.	 C.999991	 PR3	 =	 3.1; 07P^.15
IF	 IPR4	 .EQ. 009999)	 PR4 = 4 * 0 0IC122
IF	 IMP1	 .EQ.	 C.99999)	 MP1	 = 0 OnLR2?
IF	 IV.P2	 .EQ *	P. 9 99991	 HP2	 =	 C 0^0']33
IF	 (MPS	 .EC.	 0.99999)	 M P 3	 = C Ulu-137
IF	 (MP4	 .E(;.	 C999999)	 MP4	 = U 0''0043
1FIP1	 .LO.	 .99959)	 P1 -C.D DOCC47

_ ,.	 , _r	 -._	 ..	 ._. u.... J_4;	 J. ^^...xn_.ul 1hYiM..nJ rYlax:i^^Z^A•dYeY^c'L`•^i1'ti^Su^^uY2G(:S1xblt



00143 61* IF0,	 0EQ0 099999) P2=0o1 000053
" 00145 82* IF 9^a	 oEQ *	o999991 P3Z U00 DIC^57

rro
to 00147 83* IF P4	 ,EOo	 x999991	 P4=0*0 070063
0 00151 84* SR=Oo 070067

00152 85* PC1=D* 0130^70
00153 86* PC2=U',	 - 010n71
60154 87* PC3=U, 000972

' SJC155 88* PC4 =Uo 010073
t J0156 89* TIhC1= 005*TINC 0'10074

OGI57 90* 40 CONTINUE G7Cj100
00157 91* C GiLllo0
OC157 92* C IF THE TOTAL MAXIMUM POWER IS 	 oLEo TOTAL POWER 010100

'. 00157 93* C kEQUESTEDt THEN SUBMIT REQUESTS AT MAX -POWER, SET REQUEST 0,10110
OC157 94 * C SURPLUS EQUAL TO THE DIFFERENCE, AND RETURN 030100

C 30160 95* PC = PI + P2 + P3 + P4 07J100
00161 96* 1FIPR1*LE.0.01	 MPI=O, 0"3104
3C163 97* lF(PR?.LEo0eC) MP2=mo9 D')(;I11)
00165 98* 1FIPk3.LE,J*D)	 MP3=C, 070114
00167 99* IF(PR49LE.U.U)	 MP4=0, 0:1U120
00171 lOC* MP;i = MP1	 + MP2 + MP3 + MP4 0^0,124
C+ rl72 IG1* IF	 (hP,;	 .GTo	 RD)	 GO	 TO	 80 G?0131

` 3017q 102* R1	 = MPIJEFI 070134
U0175 12'3* k2 = MFi / EF2 010137
0617b 104* R3 = MP3>EF3 0%142m
GC177 1L'S* R4 = MP41EF4 O'10I45
J!!2 1) IU6* SP _ R z - MPC 00_)150

!'-.. 702'31: IEJ7* 60 TO E^v GIU153
00272 1,18* 80 CONTINUE 01055
OC202 1:,9* C 0^OI55
0022 2 110* C PROCEED WITH ALLOCATION ALGORITHM SINCE THE SUM OF 00155

r° 0e232 111* C ALL MAXIMUM POWER INPUTS EXCEEDS THE TOTAL REQUEST RD 0^0155
G0202 112* C G10155
UO2CZ 113* C INITIALIZATION 010155
002'13 114* LL	 = R ; u 1G 155
J02 014 115* R1	 =	 Dec) 000-156
00235 116* R2 = 0.0 G^0157
17020)6 117* R3 = 0.0 010160
uG.217 118* R4 = 0.0 Diols1
OC21u 119* SP = 0,0 OnD162
0021U 121* C 0n,L1-L=?

C-) 00210 121* C IF THE TOTAL REQUEST IOR LOAD) IS ZERO, 	 THEN RETURN CLIG262
V) 00211 122* IF	 lR0	 .LEO 000)	 GO	 TO 500 C'1U163

:+0213 123* RI1)=R1 C30165
o 00214 IZ4* R(2)=R2 OIC-167u

co 01.215 125* R(3)=R3 0,10171
10 U0	 16 126*, R14)=R4 anD173
N) 00217 12 7* PR(I)	 = PR1 D^0175

00220 128* PR(2)	 = PR2 DIC177
^221 129* PR(3)	 = PR3 070201

C GOr?2 13C* PR14)	 = PR4 010203
GG223 131* 3311	 ='W1 0^0205
00224 132* 6(2)	 =	 W2 119G207
OJ225 133* W ( 3)	 = W3 0%?l l
1,0226 134* 6(4)	 =	 W4 0^0213
00227 135* NP(1)	 =	 MP1 0':0315
00231 136* MP(2)	 =	 MP2' 0^,U?I7
JCZ31 137* VP(3)	 = HP3 0^0221

n

o



r	
j.

r.

d^AaF!

' 0023Z 138* MP(4) o MP4 010223
00232 139* C 000123

w 00232 140* C O^D,23
` N 00232 141* C ITERATE ON PRIORITY I FOR I = 	 1* 2, 3. 4 Dn0223

L0232 142* C 010223
t o 00233 143* DD	 IGC;O I	 = 1, 4 040231

co
00233 144* C DIC231

C) JC236 145* XI =	 I	 - D^U731
c N J0236 146 * C OPTAIN SUM OF MAXIMUM POWER FOR PORTS WITH PRIORITY I oiu231

60237 147* SMPII)	 = Don 0.7J7.34	 —t	 =` m 00240 148* GO	 1Gi? K	 =	 It	 4 OOG?40
7C°°Z43 149 * IF	 IPR ( K)	 oEQo	 XI)	 SMPII)	 = SMP(I)	 + MPIK) 710240
OC245 150* 100 CONTINUE 0^.^7.47

ii
0024 5 151* C 070?47

,• 03245 152* C IF NO PRIORITY-I MAXIMUM POWER EXISTS, THEN PROCEED WITH 070247
UU245 153* C THE NEXT HIGHER PRIORITY 0,+u?47
33247 154* IF ,I.SMPIII	 oEQ*	 000)	 GO	 TO	 IC00 0')0?47
00247 155* C 	 - UnO247F
UC247 756* C IF THE SUM OF ALL PRIORITY -I MAXIMUM POWER *GT * LOAD 0 ^.0x247
OC-241 157* C LEFT*	 THEN GO AROUND 0?0247

` 30251 158 * IF ISMP ( I1	 oGT * a v_u0	 TO 400 OQJ2E1
J0251 159* C 310251
00251 160* C THE SUM OF ALA PRI0R1,TY-I	 MAXIMUM POWER	 eLE * LOAD O'1G2S1
OC251 161* C LEFT, SO SURAIT EACH PRIORITY - 1 REQUEST 0JL'?51
JC253 162* 4O 200 K	 =	 It	 4 DID767
DP256 163*' IF	 (PP,IK)	 *EQo	 XI)	 RIK)	 =	 MP(K) 0'.I! ?60

x 002511 164* 200 CONTINUE DIC266
OC26j 165• C 01'266
00260 lb6* C UPDATE LOAD LEFT 0130266
ODi52 IE7* LL = LL - SMPII) Gn0266
00662 168* C 070266
0J0Z52 169• C IF THE REMAINING LOAD IS ZERO, THEN EXIT THE ITERATION 0^066
00263 J70* IF	 ILL	 .LE& 0,U')	 GO TO	 2000 071;271
OOZ63 Ii C' G'1C?71
00x6; 172* C OTHERcWISE, PROCEED WITH NEXT HIGHER- , PRIORITY 0^0271
0[%263 173* 60 TO	 1000 010?79
00,165 174* - C 01.16273
0026b 175* 400 CONTINUE 030?75

f GG266 176* C 010275s GG26b 177* C THE SUM OF THE PRIORITY -1 MAXIMUM POWER EXCEEDS THE 070275
00266 178* C LOAD LEFT, SO COMPUTE AND SUBMIT FAIR SHARE REQUESTS 010?75
L025b 179* C TO EACH PRIORITY-1 PORT 0^,.x275
u026b 15f* C 0[!0275
00667 361* 600 CONTINUE 000275
00267 182* C G.IU275
G0267 lb3* C SAYE LL FOR .LATER REFERENCE 0010275
00270 Ir4 * LOLD = LL O^C?75

N 00270 185* C DIC775
OG270 186* C DETERMINE FAIR SHARE UNITS FOR ALL PRIORITY -I 0'0775
u027,i 167* C PORTS TO WHICH NO REQUEST HAS BEEN SUBMITTED 0010775
@,0271 188* SW(I)	 = coo DnC276
.1[1i72 189* DO	 70C: K	 =	 1,	 4 716302
0OZ.75 190* IF	 IR(K)	 * NE *	C * JI	 GO	 TO	 700 000302
30277 191* IF	 IPRI()	 oEQ * 	XI)	 SW/Il	 =	 SWII ► 	 +	 WIK) DIJ333
,30,371 192* 700 CONTINUE D'?L313
0703 ,33 1934 FRU	 =	 10 G 	 I	 SW(I) 0M0313

0 00303 194* C L30313

f:.. _	 __._.__._'-.___^...._-..... ._....,,.....,...r:..,._.,n.__. ^..^,...-.,	 -..-..	 1.:.:-^. 	 ..._7._'ra,.^.;,^.:r+^-•!.^r.,K:^!a^48ltrweddx—: e.;eeear,



00303 195 * C FIRST, SUBMIT FAIR SHARE REQUESTS TO PORTS FOR WHICH THE _ CD0'13
30333 196 * C FAIR SHARE REQUEST EXCEEDS THE MAXIMUM POWER *	C04SIDER ONLY 0X31!

N OC333 1973 C PORTS	 TO WHICH 140 REQUEST HAS	 BEEN	 SUPMITTED 0110313
N Gc1 1) 196* Dc 6^ n K	 =	 1,	 4 3116,121

003,17 199* IF	 IR( ►,)	 aftE.	 Cad)	 GO	 TO	 P40 0^0121
00.7 11 2`vL* IF	 (PR(K)	 . ►1E.	 XI)	 Go	 TO	 8aO 01022
00311 2t.1* C U^0322
00311 2024 C COMPUTE FAIR SHARE
0.1313 2u3* FPIK)	 _	 (W(K)	 *	 FRU)	 *	 LL 0?0725
,,CSI: 2L 4* C L E;!25
JC313 2uss C IF FAU SHAPE EXCEE65 MAXIMUM POWER, THEN SUBMIT REQUEST O'L325
OC314 2u6t IF (FR Ili)	 9 G.• "V1 K) )	 R(K)	 = MP(K) 0^7.'.31
DE314 207* {' - - - AND .REDUCE LOAD LEFT TALLY 0^U331
iJN16 2U6* IF	 IFP. ( K)	 .GEa	 0-?(K))	 LL.	 =	 LL	 - M. PQK1 010?37

Ou32L' 2x94 $00 CONTINUE clG35D
6T0320 210• C u%-?50
uc32a 211* C IF LL	 . NE. LOLD, THEN LL WAS REDUCED DURING THE ulta?5n
v'032u 212 * C GPOCLSSING IN THE	 DO HCu	 LOOP ARONE9	 THIS CHANGES O^?354
u3 12S 2213 * C THE FAIR SHARE CC wPUTATIG!).	 IT IS	 THEREFORE 0-OU3^o
00120 214* C hFCESSARY TO GO SACK THROUGH THE	 DO 630	 LOOP IN O IL-1;0
I,i32L 215Q C OXUER	 TO RECONSIDER ANY PORT WHICH MAY NOW 010353
.0320 216* C SATISFY THE	 RECUIREM ENT	 THAT F rill()	 .GE,	 HP(K).	 ONLY 03[350
x!'320 21 , 7* C PPICFITY - I PORTS TO WHICH NO FEQUEST HAS 	 PEEN Ono354
303?C 2 : E*' C FADE	 ARE ELIGIBLE FOR	 AECONSICEPATION LC3352
OC122 219 • IF	 tLL	 . LT.	 LOLD)	 GO TO	 6^, CnL''SO

OC322 2ZD* C 0'1035 ►)
GC 122 221 * C FINALLY,	 SUPYIT	 REQUESTS	 TO THOSE PORTS FOR WHICH THE FAIR SHARE OnO75?
jC322 ?c 2 * C .LT.	 THA N 	THEIR MAXIMUM POSER. 	 CONSIDER	 ONLY 011.̂350
00322 223* C PRIOkITY-I POPTS TO WHICH NO PEOUEST HAS	 BEEN SUBMITTED 3nC350
LC324 224* LO	 9L1	 K	 =	 ),	 4 000357
,30327 2c5* IF	 (P.IK)	 .NE.	 01 .0)	 GO	 TO	 96,0 OnU'157
OC33'1 2Z6* IF	 (GR(M)	 .l.'E.	 XI)	 GO	 TO	 900 0%360
ur,333 2`7• k (K)	 =	 Fk IK) Oqu!63
,4C334 226* 900 CONTINUE +310367

) 1233o Zt9* LL=C*O O"C367
OC337 230* LO TO	 ZDLO 010370
JE337 231* C 000371
0034,L 2:2* 1000 CONTINUE CIC375
OC34.J 233* C Ono?75

cn OC342 234* 200G CONTINUE 017075

N ,,0342 235* C V 0375
wE342 236* C FINALLY,	 ASSIGN OUTPUTS TO NON-SUBSCRIPTED FORMAL PARAMETERS, 010375
00342 231 + C ALSO,	 MODIFY ALL REQUESTS ACCORDING TO THE INPUT EFFICIENCIES COC375
01343 232* R1	 =	 PIl)	 /	 EFI 070'•75

Co C:344 239* R2'=	 R'(2)	 / £F2 Zn::377

1 CC345 24C* R3	 = P(31	 /	 EF3 0:'=.402
N -2346 241* R4 =	 R'(41	 /	 EF4 ^.	 435

0C347 242* SP = LL 0 

< La.55 L 243* 500 LE ( IY.PL . LE.1)	 RETURN 0'0413
' 70352 244* SRO= SF O:'C421

OC353 24!* SP=SR+	 PL.*TINC1 O^.3423
LC354 2146; IF (SP..LE.-,.')	 RETURN 00L427
00356 247s SRO=SPG/SP. 0nZ;435
L035 24E* SPI = 	 TI1:C1 * 1L4./SP J"L:440
03350 249* FCi = PCIOSFO +	 P1*SPI 0%444
U IS61 2.iCs PC2 = PC2*SRO + P2*SPI 113:450
02362 251* PC3= PC?*SF.O	 +	 P3*SP.I 000456
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INPUT POWER (PO

POWER REQUESTS
(RE1,RE2,RE3,R

PRIORITY SEQUEN
(PS1,PS2,PS3,P

MAX. INPUT POKE

INPUT EFFICIENC'

POWER ALLOCATIONS
(PI P2,P3,P4)

17AX. OUTPUT POWER
(MPl,MP2,MP3,MP4)

TOTAL POWER REQUEST (REO)

3U RPLUS POWER (SP)

PD
7.28 POWER DIVIDER

i

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, a,id a weighting F i >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 MPL .... MP4 are necessary for direct

I	 2$4	 BCS 40180-2 Rev.
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PD
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 arameter/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	 Output maximum power based on MP	 kw

Statistics

SP	 Surplus power	 kw

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

SCS 40180-2 Rev.	 255
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'	
CALCULATION LOGIC

'

Gi
NO 	 0 GO TO

e INITIALIZE ALLOCATION LOGIC

NO	

7-.-4?

SUM REQUESTS SR AND WEIGHTS

WT FOR ALL PORTS WITH PRIORITY 7
	

8	 '
MP(k)- = M9A*F/kl/WT

	
l	 ^/

\	 1MPA = MAX / MPA-SR,O. 1	|

RE2^!OO OR	 YES

NO

YES

• FOR EACH PRIORITY I PORT, SET

• UPDATE POWER AVAILABLE PL

GO TO FAIR SHARE

ALLOCATION (I

(NEXT PAGE)

^
^
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7 PD
4

PD FAIR SHARE ALLOCATION

POLD = PL

• DETERMINE THE SUM SW OF WEIGHTS

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

• DETERMINE FAIR SHARE FR(K) FOR PRIORITY - I,

NON-ALLOCATED PORTS.

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

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

IS PL = POLD?	
id0	

3

YES

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

4

SP = PL IF IMPL>1

REO = MIN(REO,MP)/EF

EXIT

1	 BCS 401.80-2 Rev.	 257
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SUBROUTINE Pp 	ENTRY POINT 000453

STORAGE USED: CODE M OU06316 OATAf01 000105. BLANK COMMON121 000000

COMMON BLOCKS:

UOU3	 CIMPL DOOD01

EXTERNAL REFERENCES ( BLOCK, NAME)

6C04	 NERR3S

STORAGE ASSIGNMENT IBLOCK, TYPE, RELATIVE LOCATION, NAME)

U[31 Ci;G402 103OL DO01 000156 2^6G DOC1 000176 2146
0001 OLC333 275G OOL1 100370 315G DOC1 000033 4OL
CO31 DLO307 6COL vocl X00324 736L COOL 090077 8DL
UDJO R G.Oj% FR 6njO R ODOL43 FRU OQGD I 0x0036 I
w060 Y CL•O341 K GOGQ R COCO% P GCOD R Cu^034 PL
UC00 R OLC•i10 PR- 0000 R DUDu04 R cola R C00024 SR
0000 R CLO34U WT LOCO R 000037 XI

0001 000274 246G 0001 000314 2636
0001 000307 4^OL 0701 000105 60L
0001 0OC351 80CL 0001 000377 900L
0003 I OUC300 IMPL 31an 000052 INJPS
0000 R OD0j35 PMA 0000 R 000042 POLD
0000 R 00n020 SW 070^ R OLD014 Y

00100 1* CPO 0^G_^.00
30101 2* SUBROUTINE POf +?^3nQ0
OOlal 3* 1	 P1,	 P2,	 P3,	 P4, Q^0^00
00101 4* 2	 F.O, 070000
OL1'*1 5* 3	 SP,PMI,PM2sPM3,PM4, 000^0!:
00191 6* 4	 P0, D ►'L^JO
JC1.31 7* 5	 &1, R2,	 R3,	 R4, OrlCCOg

co 00131. 8* 6	 PRI, P R29	 PR3 9 PR4, 0^0;107n Orl^1 9* 7	 H19	 U2 9 	War	 W4,	 PMeEF) 0^0100

.4^*
0C!I I I lc* C :110noo

O 0^1':1 ll* C PURPOSE,	 MODEL POWER DIVIDER UOjP09
00301 12* C 0 ^r ^CO

00 00171 13 * C METHOD.	 PRIMARY FLOW ALLOCATION RESULTING FROM PRIORITY or'0000
OC101 14* C ASSI6NPFNTSe	 SECONDARY FLOW ALLOCATION RESULTING 0^CCUQ
00101 15* C FROM WEIGHT ASSIGNMENTS * 91^:;n00
OS11D1 16* C THAT IS,	 TOTAL AVAILABLE POWER IS ALLOCATED 0^G^QO
GJ1U1 17* C ACCORDING TOT O^;ROD

° J0101 18* C *	 PORT REQUESTS 090^D7
OOIOI 19* C *	 PORT PRIORITY	 IHIGHEST PRIORITY =	 1) C^G LJ
09171 2u* C *	 PORT WEIGHTS	 47N CASE OF	 EQUAL PRIORTIE51 07u-quD
0c1.?1 21* C 01Cr00
CG101 22* C ALLOCATION SCHEME. 0170r00
3C101 2 3* C. IS SUM OF ALL REQUESTS	 .LT, POWER	 AVAILABLE P _̂•\ C, 10
U0101 24* C YES. 01U^70
UO101 15* C FULFILL EACH REQUEST 0`D^JO

k	 -	 ,..	 . - .	 •.:.:i.1ild.f. 	 'K•"ff3..._...,t01.- .Ya.r..a u.^ Y.ii..^	 i v...Ld. .A+:n:..'".R.G.iJIDU'Jrn a.. :s:.::M111'.^rtH...to.tt^ .^L.,re..wL6:utf,^_v+1c.v.Ytl.-^3Y.4<.LS.AtL1::.'1#.^^ ^2C+t!.^I'd91e;'• 	 .^zr$.i^a#:f+^.'SER^3i % `}3:.'2'"^.^ǹLNI'k'S}S^J'.'t'^n11Q:•^'.(¢^ Y



Doanon
07Gn00
DIGOOn
030033
0!'0!00
anoci 0
0^000
0n ono o
0 ^iur0ri
QOcio!)
0I0^QO
310:10!0,
C70r'On
OnLono
0120900
000"00
010000
0!4L-POO

0^0000
0°:0000
01000n
OIC000
070?00
00ccco
oc:DCOo
0f?0^00
3POr00
OOcroO
00000
0'1000
lace."a
O1CenG3
Deoco
ofic^:0
DrUO30
0 ^13n00
oncnco
070430
DIOPOO
J10^Jo
0^Gf'00
0^0000
OriG^o0
010^CO
DIDP00
0 _̂ Onaa
0 Ili POa
OaGr00
0 ^0^OD
D^L•^0a
0^0(100

Oior3s0

012000
Ono r150
0!?lMO
0"1 0 non
0'$0900

"v
0

tFaFi

ca

70101	 2b*
00131	 27*
00131	 28*
GO101	 29*
30101	 3c*
00101	 31*
acl11	 37*
00101	 33*
00101	 34*
00101	 35*
00101	 36*
00101	 37*
00101	 38*
UOIOL	 39*
00101	 4C*
U0101	 41*
0011	 42*
60101	 43*
aclel	 44*
UC101	 45*
00101	 46*
00101	 47*
Oc101	 48*
00101	 49*
colol	 5C*
00131	 51*
00101	 52*
GU101	 53*
DC1"3	 54*
00103	 55*
00103	 56*
UC103	 57*
cool 03	 58*
a0i.34	 59*
00104	 b 0*
(DOIC4	 61*
00105	 62*
00105	 63*
0®175	 64*
JOL06	 65*
o01ab	 66*
0010b	 b7*
00107	 68*
u01`?7	 69*
OOIC7	 70*
U0110	 71*
Cal 10	 72*
00110	 73*
30111	 74*
00111	 75*
00111	 76*
OCill	 77*
Gal 11	 78*
OC11.2	 79*
:.01.12	 180*
Cal 12	 61*
u3113	 s2*

C	 UPDATE POWER AVAILABLE
C	 EXIT
C	 NO*
C	 IS 'SUM OF ALL PRIORITY - 1 REQUESTS *LT * P0%
C	 YES.
C	 fULFILI EACH PRIORITY -1 REQUEST
C	 UPDATE POWER AVAILABLE (TO PL)
C	 60 ON TO PRIORITY -2 REQUESTS
C	 NO*
C	 ALLOCATE FAIR SHARE TO EACH PRIORITY-1 PORT
C	 EXIT.
C	 IS SUP. OF ALL PRIORITY-2 REQUESTS * LT * PL
C
C	 AND SO ON AND SO FORTH
C
C	 FORMAL ARGUMENT UEFINITION*
C	 Piv* **e P4 Y	 POWER ALLOCATIONS IN KW ( OUTPUTS)
C	 RC 2	 TOTAL POWER REQUESTED	 $OUTPUT)
C	 SP 3	 SURPLUS POWER	 (OUTPUT)
C	 PMly ,*. vPM4t PORT MAXIMUM OUTPUT POWER IN KW 	 ( OUTPUT)
C	 PO %	 TOTAL P06ER INPUT IN KW ( INPUT)
C	 PM Z	 MAXIMUM INPUT POWER IN KW (INPUT)
C	 EF !	 INPUT EFFICIENCY (INPUT)
C	 Riv...v R4 X	 PORT REQUESTS IN KW	 (INPUTS)
c	 PRl98 *8 9'PR4 Z PORT PRIORITIES	 (INPUTS)
C	 lov e.*, W4 2	 PORT WEIGHTS	 ( INPUTS)
C
C	 COMMON STORAGE

COMMON / CIMPL / IMPL
c
C	 LOCAL VARIABLES
C
C	 P(K) IS THE POWER ALLOCATED TO PORT K

kEAL P(4)
c
C	 RIK) IS THE POWER REQUEST AT PORT K

kEAL R141
C
C	 PR(K) IS THE PRIORITY ASSIGNED TO PORT K

REAL PR(4)
c
C	 W$K) IS THE WEIGHT ASSIGNED TO PORT K

REAL W141
C
C	 SWII) IS THE SUM OF THE WEIGHTS ASSIGNED TO PRIORITY -I PORTS

REAL SW(4)
C
C	 SRII) IS THE SUM OF THE REQUESTS LIT PRIORITY -I PORTS

REAL SR (4)
C
C	 FRU IS FAIR SHARE UNIT FOR PRIORITY-I PORTS
C
C	 FR(K) IS THE COMPUTED FAIR SHARE ALLOCATION TO PORT K

REAL FR(4)
C
C	 PL IS THE POWER LEFT AT EACH POINT IN THE ITERATION

REAL PL

r^
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low-

3=100
0'10700
070660
OOu!)22
310n03
Gr1Cn04
0?P1105
D^0476
016"013
0^;1020
006n25
0%,,25
O'► G'933
D^L'?33
0n0^33
0^.0']33
3^0733
0lot!33
0-10(136
0%jT42
0VO446
D00052
0^U:;57
Oau^62
0^0^64
OQO?66
DILC7^
01CC72
O f%07 5

^q,177
CIL^77
3'30^77
0'30^77
OnOG77
0^0!177
070077
0^0100
0'10131
04U102
DID103
000103
Or:C105
070105
DnG122
DIC124
DC-L126
010130
0'10132
0^0134
011;136
0 130 140
0'!4:142
Of! Z1
000146
070154
010152
Q-U154

^a
v

00113 83* t
00113 84* C IF IMPL IS ZERO, THEN ASSIGN DEFAULT VALUES
00114 85* (IMPL oGTs 0) 60 TO 40_IF

C 00116 86* RI = 0*0
00117 87* R2 = 0.0
00120 88* R3 =,0.0
00121 89* R4 = Coo
U0122 90* IF	 (PR1	 * EQ* 0 *999991 PRl = loO
LIC124 91* IF 4PR2 oEQ. 0 * 99999) PR2 = 2*0
0012b 92* IF	 IPR3 * EQ * Do999991	 PR3 = 300
00134 93* IF	 IPR4	 *FQo 0999999)	 PR4 = 4e0
J013u 94* C
GC132 95* 40 CONTINUE,
60132 96* C
00132 97* C IF THE TOTAL POWER REQUESTED IS oLE* TOTAL POWER
00132 98* C INPUT, THEN SATISFY REQUESTS, SET POWER SURPLUS
00132 99* C EQUAL TO THE DIFFERENCE,
GC133 IL•L* IFIPRI.LE*U*01	 RI =D *G
00135 1L1*- IFIPR2aLEe6&Ol R2=0 @U
00137 102* IFIPR3.LE*Oe01	 R3=Oo(J
30141 IU3* 1F(PR4.LEoa*0l	 R4=0*L
00143 1^;4* RC = R1 * R2 * R3 * R4
J0144 liu$* IF IRV	 o6T * P01	 60 TO 80
00146 1i 6* PI = R1
00147 IL7* P2 = R2
0015]: 1rj8* P3 = R3
00151 IG9* P4 = P4
30152 110* PL = PI) -RO
00153 111* GO TO 60
00154 117* 80 CONTINUE
0'154 113* C
06154 114* C PROCEED WITH ALLOCATION ALGORITHM SINCE THE SUN OF
00154 115* C ALL REQUESTS EXCEEDS THE TOTAL AVRILABLE POWER PC
00154 116* C'
0015 11 117* C INITIALIZATION
30155 118* PL = Pc,
UC256 119s. - P1	 =' c,n
00157 1ZC* P2 = Oo0
OC16J 121* P3 = 0.0

n
00161 122* P4 = 0*0
OC161 123* CN .
30152 124* 60 PMA= PM O

o 00163 125* IFI PM	 * EQ * 0 * 999991	 PMA _ PO
—+ 40165 1.:6* P111	 = P1
co 011166 1Z7* PIZ)	 = P2 r,

2
00167 148* PIS) = P3

 00173 129$ PI41	 = P4
m 00171 136* Rill	 = R1 a taY(D 00172 131* R(21	 = R2 r d^

003173 132* R13)	 = R3 .^
30174 133* R141	 =' R4
u0175 134* PR(l)	 = PR1
J31 ,70 135* PR121	 = PR2
00177 136* PP(T)	 = PR3
00ZI C0 137* PR(4)	 = PR4
UO23i 138* 6111 = Ni
OC202 139* WIZ)	 =	 Y2

E_
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00203 140* Wt3b	 - W3 070156
00204 141* k14)	 = W4 010160
00204 142* C 010160

to 00[74 a43* C 0^0160
4^b OC204 144* C ITERATE ON PRIORITY I FOR 1 = 	 1, 2,	 3, R 013160
0 00214 145* C 316160
00 00205 146* DO 1003 I = i t 4 010166
o 00215 147* C V066
ry u321G 148* XI = I DIDIE6

0021a 149* C OBTAIN SUM OF REQUESTS FROM PORTS WITH PRIORITY I 010166
00111 150* SRIL1	 = G * U 01-3171
OC212 251* WT=C.0 0'16172
50213 152* 00	 1t'O K	 =	 1,	 4 010176
0021L 153* IF	 (PRIK)	 sEQ * XI)	 SR1I)	 =	 SR11)	 +	 RIK) DIL1176
OG22u 154* 1FIPR(h)	 .EQ*	 XI)	 WT=	 SIT •	Y(K) D?a2J3
00222 255* 100 CONTINUE DIC213
CC222 156* C 0113213
(j422'1 157* 1F( "PR1	 eE0 * 	 XI)	 PM1= PMA * WI/WT 0%213
OC226 158* IF(	 PRZ * EQ *	XI)	 PM2= PMA*W2 / WT VC222
00231 159* 1F(PR3	 *EQe	 XL1	 PM3= PMA*W3/WT 070231
aCZ32 1bC* IF ( PR4	 eEQe XI)	 PM4 = PMA*W4 /WT OIL243
00234 L51* PMA = 	 AM.AXI(	 PMA- SR ( I),Co) 0'10247
36235 162* IF(PL*LE*Oe)GO	 TO	 irQD D'1^256
00235 163* C OnC256
'3CZ'35 1644 C IF NO PRIORITY -I REQUESTS EXIST, THEN PROCEED WITH C^0?56
31!23 5 165 * C THE NEXT HIGHER PRIORITY Dle?56
SC2'37 166* IF	 (SR(I)	 * EQ * 	1 * 01	 GO	 TO	 1000 070261
00241 167* IF(RUeLEeP(j)	 GO	 TO	 100 010263
OCZ4i 168* C 0IC163
DT,Z41 169* C IF TV.E SUM OF	 ALL PRIORITY-1 REQUESTS * GT* POWER Ui0263
07241 1T0* C AVAILABLE,	 THEN GO AROUND OrG?63
00243 171* IF	 ISR(I)	 eGT*	 PL)	 GO	 TO	 430 ar*265
302433 172* C CIJ265
(JJ243 173* C THE SUM OF ALL PRIORITY -I RFOUESTS	 * LE * POWER 010265
00243 174* C AVAILABLE, SO FULFILL EACH PRIORITY -I REQUEST G^IU255
JV245 175* 00 206 K =	 I t 	4 0^0274
L;S25u 176* IF	 IPR(K)	 * EQ *	 XI)	 PIK)	 =	 RIK) 0130274
00254 177* 200 CONTINUE 01)u102
00252 178* C 000302
DO152 179* C UPDATE POWER AVAILABLE O^0302
00254 180* PL	 = PL - SQtI) 010132
07254 181* C O1, G=:!2
00255 182* GO TO	 10LO 07:,?05
00255 183* C 0?03a5
OCZ56 184* 400 CONTINUE 090307
00456 185* C 010307
00256 165* C THE SUM OF THE PRIORITY-I REQUESTS EXCEEDS THE 070307
00256 167* C POWER AVAILABLE, SO COMPUTE AND ALLOCATE FAIR 07,^,367

--- 0025E 188* C SHARE TO EACH PRIORITY-I PORT 090307
a OZ 56 189* C 030307
JC257 190* 60C CONTINUE 070377
00257 191* C G1)93-37
00257 192* C SAVE PL FOR LATER REFERENCE 013307
00263 193* POLO = PL 0X3-7
3.2SG 194* C VOC307
:10256 195* C DETERMINE FAIR SHARE UN17S FOR ALL PRIORITY - 1 0IG?07
00266 196* C PORTS FOR WHICH NO ALLOCATION HAS BEEN MALE 010377

v
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00261 197* SW(I)	 = 0 *0 000310
00262 198• DO 700 K = 19 4 0^0314

ro 00265 199* IF	 ( PIK)	 eNEe	 0 * 01	 GO TO 700 090314
00267 200* IF	 (PRIX)	 eEQe	 XI)	 SWII)	 = SWII) •	 41X) 010315
00271 201* 700 CONTINUE OD0325
00273 202* FRU =	 1 * C / SWiI) 090125
40273 ?;,3* C- C1025z
G0273 2L4* C FIRST, ALLOCATE FAIR SHARE TO PORTS FOR WHICH THE J IU325
00273 2P.5* C FAIR SHARE EXCEEDS THE REQUEST.	 CONSIDER ONLY PRIORITY—I

.
000725

00273 206* C PORTS,	 AND CONSIDER ONLY PORTS TO WHICH kO ALLOCATION 0'103..5
00273 2L7* C HAS YET BEEN MADE OIG325

t JC274 2L8* D0, 860 K	 =	 1,	 4 0^U333
00,77 209* IF	 (P(Nl	 eNEe	 0e0)	 60 TO 80C 0IUMN
OC301 210* IF	 IPRIK)	 eNEe	 X11	 GO TO 800 OTL334
00301 211* C 010334
003:11 212* C COMPUTE FAIR SHARE DIC134

'
3 0303 213* FR(K)	 =	 (W(K)	 *	 FRU)	 *	 PL OnL337
CC303 214* C 010337
00303 215* C IF FAIR SHAPE EXCEEDS REQUEST, THEN FULFILL REQUEST VIC337
G03^4 216* IF	 ( FP(K)	 eGE e 	RIK))	 PIK)	 = RIK) 0'10343
0^3,14 217* C — — — AND REDUCE AVAILABLE POWEP. 070343
J03C16 218* IF	 (FPIK)	 * GE * 	R(K))	 PL	 =	 PL	 — PIK) D7C351
30310 219* 800 CONTINUE 0'20362
JCS1J 22C* C D?u362
G^31U Z21* C IF PL	 .NEe POLD, THEN PL WAS REDUCED DURING THE 010362
66316 222* C PROCESSING IN THE	 DO 800	 LOOP ABOVE *	THIS CHANGES 0'10362
UO31C 223* C THE FAIR SHARE COMPUTATIONe	 IT IS THEREFORE 0,30'62

} 0031:! 224* C NFCESSARY TO GO BACK THROUGH THE	 DO 800	 LOOP IN a'?D?62
+ 4Q31G 225* C ORDER TO RECONSIDER ANY PORT WHICH MAY NOW U%362

UO31J 226* C SATISFY THE REQUIREMENT THAT FR ( K)	 eGEe	 R(K)e	 ONLY OnC362
C^Fc 0031u 227* C PRIORITY—I PORTS FOR WHICH NO ALLOCATION HAS BEEN 010362

0033u 228* C MADE ARE ELIGIBLE FOR RECONSIDERATION 010362
t=: 00312 229* IF	 (PL	 eNEe POLD)	 GO TO 60U OOL362

00312 230* C DOU362
4031[ 231* C FINALLY, ALLOCATE POWER TO THOSE PORTS REQUESTING 030362{
aC312 232* C M04E THAN .THEIR FAIR SHARE. 	 CONSIDER ONLY M5362
00312 233* C PRIORITY — I PORTS FOR WHICH NO	 ALLOCATION HAS BEEN MADE 0%362
06314 234* GO 9CG K	 =	 1, 4 OiO370
07317 235* IF (P(K)	 eNEe	 0@01	 GO	 TO	 9.;!i 0"U 370

w OC321 236* IF	 (FR(K)	 •NE * 'KI)	 GO TO 9j.1 0^0371

N J0323 237* PIK)	 =	 FR IK) Ut'(.1.74
00324 238* 90U CONTINUE OnUa70

z o. ..00326 2.39# FL	 =	 DoC. D^0,400
__a 00326 240* C 0104]0
00 00327 241* 1000 CONTINUE 070404CD

Gn3?7 2bZ* C 01C4'4
00327 243* C 074404
40327 244 * C FINALLY, ASSIGN OUTPUTS TO NON—SUBSCRIPTED: 070404

(D 00327 245* C FORMAL PARA METERS 0^0404
00331 246* PI	 _ P(1) O'1G404

00'331 247* P2 = P12) 0'10406
00333 248* P3 = P(3) 0^.041D
UC334 249* P4	 = P(4) G?0412
:rc^335 2c, i1* IF(	 IMPL	 aGTe	 1)	 SP	 = PL 000414

[;.t 40337 251* RD=APSINI(RQ,PMI/EF CILIU22
} G"4j 252* RETURN 0'9[1431
I 00341 253* END 01%630
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PI
7.29 PRIORITY INTERRUPT

INT	 PS2

P S 1	 PI

PS3.	 PS4

I.

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

power requests when minimum or maximum capacity is approached.

Inputs

Parameter/Port	 Description

PS	 1	 Input priority for PS2 output (0 to 4)

PS	 3	 Input priority for PS4 output (default=PS1)

PMX	 Maximum priority for PS2 (default = 1)

INT	 Intierrupt flag (0,-1,1)

Outputs

Variable/Port

PS	 2	 Output priority for charge cycle

PS	 4	 Output priority for discharge cycle

Equations

PS2 = PS1

PS2	 PMX

PS2 = 0

PS4 = PS3

PS4 0

BCS 40180-2 Rev.
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if INT>O

if INT<O

if INT<_0
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000000
000000
0000GO
000^o0
000.^.00 .
000000
070('00
Ol0000
0ll0^09
0'10700
0130n00
OlG^o0
0(70('00
0?0000
030moo
0130000
0"10100
DhUn00
ORUQOD
0'10000
000000
o,?vnD2
070!107
0^U^77
010015
DoG016
010020
0'10025
0 10(131
070035
OCCO71

N
09
44

SUBROUTINE PI	 ENTRY POINT 000043

STORAGE USEDs CODE411 0000725 DATA101 0009105 BLANK COEIMON12) COOOOO

COMMON BLOCKS&

0003	 CIMPL 00€001

EXTERNAL REFERENCES !BLOCK, NAME)

0004 NERR35

STORAGE ASS16NMENT (BLOCK, TYPE, RELATIVE LOCATION, NAME)

0001	 OGOJIS IOL	 0003 2 000000 IMPL	 0000	 000002 INJPS

00100 1* CPI
00101 2s SUBROUTINE PIlPS2,PS4,PSI,PS3 , PMX,INT)
00121 3* C
001 131 4 * C PURPOSE	 CHANGE PRIORITY OF POWER ALLOCATION TO STORAGE COMPONENTS
00101 S* C
00101 6* C YRITTEh BY AsW oWARREN	 VERSION It APRIL 14 1977
UC101 7♦ C
00101 8* C CALL SEQUENCE
0011 9• C PS2 - OUTPUT PRIORITY 10 TO 41
G01D1 10* C PS4 — OUTPUT PRIOR17Y ICOMPLEMENT TO PS21
00101 11*' C PSI - INPUT PRIORITY FOR PS2
00101 12s C PS3 - INPUT PRIORITY FOR PS4
00101 13 * C PMX — MAXIMUM PRIORITY FOR PS2
00101 14s C INT — INTERRUPT FLAG
00101 15• C 0= NO INTERRUPT
00101 16 * C 1= INCREASE ALLOCATION PRIORITY
00101 17* C —1 = DECREASE ALLOCATION PRIORITY
JOlol 18* C
00103 19* REAL INT
DG104 20* COMMON /CIMPL/IMPL
00105 21* IFIIMPL*GTo01	 GO TO	 10
uC10? 22* IF(PS3*EQo	 0999991	 PS3=PSI
J011l 2 3* IFIPMXoEQ ** 99999 ) PMX=1*
00111 24* C
00113 25* 10 PS2=PSI
07114 26* PS4=PS3
u011S 27* IFiINT*GTo0sl	 PS2=PMX
00117 28 * IF(INToL7*0 *) 	PS2=0*
00121 29* IFIINT*GToOI	 PS4= 00
00323 30* RETURN
00124 31* END

F .
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7.30 HYDRAULIC PUMP

INPUT POWER (P1)

MAX. INPUT POWER
(MP1)

INPUT EFFICIENCY
(EF1)

MASS FLOW RATE (M)

MAX. OUTPUT POWER (MP2)
;c

OUTPUT EFFICIENCY (EF2)

The hydraulic pump model is based on a constant speed design. The pump is

assumed to be designed to a nominal operating point and input power. For

off—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	 P1#EFF/ (C1*C2*ti1)

EFF = 1 — (1—EFD)*SQRT(MD/M)

where C1, C2 are conversion constants
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PVY	 7.30A SOLAR-PHOTOVOLTAIC ARRAY

Cell Temperature (TC

Solar Insolation (ST

Input Terminal Voltage (VT

Cell Efficiency (EFI)

Power Output (P)

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.

RS

IL	 VD V	
I	 V

BASIC SOLAR CELL MODEL

Basic Equations

Output current I as a function of terminal voltage V is given by the

implicit relation

I = IL + IO*(1-EXP((V.+I*RS)*QBK/(T+273))) 	 (1)

where

f	 i'R CEDING PAGE BLANK NOT FILMED'
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PV
IL = light current (amps)

I0 = diode reverse saturation current (amps)

T = temperature (oC)

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 I0 is given by

IO(T) = KD*AO*((T+273)**3)EXP(-EGO/(T+273))	 (2)

where

KD = a device constant

AO = a material constant

EGO = band gap at 00K/Boltzmann's constant

Tables	 Description	 Units

EFF	 Efficiency of maximum power tracker versus

fractional load (default table provided)

OP	 Optimum cell power versus insolation and 	 kw

temperature (computed table)

(@U	 Optimum cell voltage versus insolation and 	 volts

temperature (computed table)

272B	 BCS 40180-2 Rev.
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Inputs/Port	 Description	 Units

i	
VT	 Array terminal voltage (default = maximum	 volts

power voltage)

TC Cell temperature °C

TL* Low temperature value (default	 28) °C

TH* High temperature value (default = 120) °C

TR Temperature range (default = TH) °C

ST Collector solar insolation w/m2

SL* Low insolation value (default = 1000) w/m2

SH* High insolat ion value (default = 25000) w/m2

SR Insolation range (default = SH) w/m2

RC Concentration ratio (default = 25) -

AA Total illuminated cell area m2

(default = .00015*NS*NP)

NS Number of cells in series (default = 300) -

NP Number of cells in parallel 	 (default = 500) -

I1* Cell short circuit current at TL,SL Amps

(default =	 .06)

I2* Cell short circuit current at TL,SH Amps

(default = 1.5)

I3* Cell short circuit current at TH,SL Amps

' (default = .06)

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

a

BCS 40180-2 Rev.
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Inputs/Port
cont'd	 Description	 Units

I4*	 Cell short circuit current at TH,SH	 Amps

(default = 1.56)

V1*	 Cell open circuit voltage at TL,SL 	 Volts

(default = .6)

RS	 Cell internal resistance (default = .055) 	 Ohms

A0	 Material constant (default = 1.54E33 for silicon) 	 -

EGO	 Band-gap at 00K normalized by Boltzmann's	 0 

constant (default = 1.4E4 for silicon)

IL1	 Coefficients in bivariate expansion for the	 m2V-1

DS	 light current IL. If not provided, they	
m2W-1

DT	 will be computed from the inputs I1,...,I4, 	 1/oC

DST	 m2/w°C

KD	 Device constant, if not provided will be	 -

computed from I1,V1

CF	 Lens radiation transmission coefficient 	 -
i

QBK	 Device constant (default = 1.161E4)	 oK/V

RAP	 Rated power of maximum power point tracker 	 kw

(default computed)
0

CC	 Capital cost/year/unit cell area	 $/m2

CM	 Maintenance cost/year	 $

Note: Minimum input parameters to specify PV are cell area AA, number of

cells in series NS and in parallel NP, concentration ratio RC, and rated

power RAP. These parameters must be consistent with those for the collec-

tor model FO or FP.

*These inputs may be ignored if IL1DS,DT,DST,KD coefficients are sup-
'	 plied.

^;'	 272D	 BCS 40180-2 Rev.
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Output/Port	 Description	 Units

V	 Array terminal voltage	 Volts

a 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

in

Calculation Sequence

First Pass

1) Compute parameter KD (if not input)

KD	 I1/ AO*((TL+273)**3)*EXP(-EGO/(TL+273))*(EXP(QBK*V1/
a

(TL+273))-EXP(QBK*I1*RS/(TL+273))) 	 s

2) Compute coefficients IL1,DS,DT,DST (if not input) in the light

current bivariate expansion in temperature T and insulation S:

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

Define h

`	
FIL( T) = I-IO(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))

DST = (FIL(I4,TH) - IL1*SH-IL1*SH*DS*(SH-SL)

IL1*SH*DT*(TH-TL))/(IL1*SH*(SH-SL)*(TH-TL)).

BCS 40180-2 Rev.	 272E

^"	 ^::ism.^,.^^r.-.^^::,^.;^^^^_,.^:^-^--^.^^•:.^:_.^.,^,^,=:^:--.,_..=,.,--,n,.__.__ _

rxn 	 . i,x ",?'w;.	 •.:^ .^,au,r.;;ic, 	 . v^c^^cm:.. .mss.., r' 	. _.s'r-.^-^	 .. ^':.il/1!^,.,:.^.a »s?'^..'&i't^t^1;¢21.^.d^` •'`` '^ -	 ,x+a;^'S.i..' ^. "" .̀G .3t ..., ..... ,-,t .,.-	 .,	 , ..	 -	 ..	 -



psi ^'u;i'^--	 ,-:T> t	 .. i.^ ,,^	 ,:.-^.n i.	 ^' ^,^.•.-,	 'yp^^-,.war r r	 s'-

3)	 If a terminal voltage VT is not input, calculate the optimal

PV

 cell

voltage V=OV(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, resulting in a 10 x 10 matrix OV(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/IO)/QBK9

where IL and IO 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	 [O,VOC) . _•t

1	
(ii) Compute a	 numerical	 derivative	 of P	 at	 the midpoint VM	 of J

[VL,VH):

P _ (P(VM+1E-5)-P(VM))/lE-5

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

If P' < 0, set VH	 VM.

.0	 4

272Fr, BCS 40180-2 Rev.
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.-r	 (iv)	 IfVH-VL > 2E-5 and the number of iterations performed is 10,

go to (ii). Otherwise P is maximized and

OV(S,T)	 VM

OP(S,T) = p

The 10 x 10 matrices OV(S,T) (optimal cell voltage) and OP(S,T) (maxi-

mal cell power) are stored for use in subsequent passes.
4..

Subsequent Passes

4) Compute insolation S at the cells

S = ST*RC*CF A

V^

.f?
I

5) If terminal voltage VT.is not input, the cell terminal voltage V and
}

power P are obtained by interpolation from the arrays OV(S,T) and

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

-r

6) If VT is used as an input voltage, then the cell voltage and power are

determined using
,Y

	

_	
9

V = VT/NS

I = IL(S,TC) + IO(TC)*(I-EXP(Q5K*(V+I*RS)/(TC+273)))

P = I*V/1000

	

b`	 7)	 Array outputs prior to maximum power tracker:

V	 V*NS	
{

P	 P*NS*NP',

I = P*1000/V

EF1 = P*1000/ (S*AA)	 if S> 0

L EF2	 1.
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PV
8)	 If the maximum power tracker is used,

EF2 = EFF(P/RAP)
s

P = P*EF2

REFERENCES FOR PV

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

2. L. N. Goldstein and G. R. Case, "PVSS-A Photovoltaic System Simula-
tion Program," Sandia Laboratories, 1976.

s-

I° 272H	 SCS 40180-2 Rev.

Ca°^

L:7=1_7  u _,



rte=	•r

I	 v

W
C-)
N
p	 SUBROUTINE PV	 ENTRY POINT 001350

0
.-a
co
CD	 STORAGE USED: - CODEfI 1 001715: DATA(0) 000175: BLANK COMMON12) COOOOG
N

COMMON BLOCKS.

cD
CV03	 CIMPL 000003
L004	 CTIME -000001
aDC5	 CSIMUL 000010
J006	 COST	 00u0J3

EXTERNAL REFERENCES ( BLOCK, NAME)

' GOUT AINR';

p010 TLLU2
0011 TBLUl
5012

5013

EXP

ALOG

4w

i 0014 NWDUS

0015 NIOS
016 NERR39

.^

.^ STORAGE.ASSIGNMENT (BLOCK, TYPE, RELATIVE LOCATION, NAME) ?!

k' 0001 000772 1COL 0001 000042 ilL	 0001	 000037 1266 0001 000517 223G 0001	 000544 2326

5c a031 003567 2366 coal 009644 2466	 0001	 C00724 6L 0000 DOOJA7 608F 0001	 001050 809L _ r
JODI OL1121 9COL 0001 0x1202 901L	 ODG1	 201273 904L 0000 R GOD330 AIL 0007 R 000000 AINR <`,
:0000 R bi.DJ31 810 OP06 R DOCU06 CCAP	 0005,R LIU3001 CMA 0006 COOJ02 COP 0005 R OLOOUO DUN

090 R Di0Cii2 EFF1 C003 I rUOU01 YCNT	 C000 I UaCD22 II L000 I OU0043 IKJ 0003 1000044 IKJO
60;:0 R OL0 7 az IM GOOD R 00 001 IME	 0603 T 73000') IMPL GCOJ OU0123 INJPS 0003	 CL0002 ITEST

' 30J3 I O0Au24 J CD00 I uUrC25 JC	 OOUO I OCIU26 K 6000 I OOBJ35 M QpO7 I (1C0046 NEF
QCu0 R OLC04U PM 00;10 R 000G41 PME	 0000 R 000042 PMP -000 R 000345 PRAT Of)OO R CL0023 S
0000 R CU9027 T 0011 R 000030 TSLUI	 DCIO R COODOU TBLU2 0004 R 000330 TIME 0307 R 000021 TINC1
0005 R 0L#0u07 TMAX GnOU R 330020 TMAXI	 DOCO R 000034 VH DIDO R 000033 VL 0001 R 000036 VM
0000 R OUOL37 VME 0000 R 000032 VOC

N	 00100 1* CPV 010013
^a	 00301 2* SUBROUTINE PV(EFF,OP,OV,V,P,I,EFI,EF2,SP, D"U913

` 30101 3* 1VToTC,TL,TH,TRPST,SL,$N,SR,RC,AA,NS,NPq OQD^l3
' 00101 4* 2I19I2,I39I4 , VIaRS,Af?,EGC , ILI,OSwDT; DST,KD9 07ai013

e.0101 S* 3CF,ObK,RAP,CC,CM) Q^0.113
0^101 6* C C10C13
00101 7* C PURPOSE THIS COMPONENT COMPUTES THE P06ER AND VOLTAGE 0Ic"n13 a

00171 8* C OUTPUT OF A PHOTOVOLTAIC CELL ARRAY GIVEN THE GOCEI13
00131 9* C TEMPEPATUPE	 AND INSOLATION 010013
00171 1G* C WRITTEN BY	 YOK * CHAN,	 In-?1	 78,	 VERSION 1 010013
JO101 ll* C 600'113

f
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00101 12* C MET1400	 NEWTON RALPHSON METHOD IS USED TO CALCULATE CELL
00101 13 * C CURRENT AS FUNCTION OF INSOLATION, TEMPERATURE, AND

ro 00101 14* C TERMINAL VOLTAGE * 	IF TERMINAL VOLTAGE IS NOT INPUT,

N
00101 15 * C POWER IS COMPUTED AT OPTIMAL VOLTAGEs 	 THIS IS DONE
03101 16* C FOR A RANGE OF	 10 VALUES OF	 TEMPERATURE AND 10
OC131 17* C VALUES OF INSOLATION IN THE 	 FIRST PASS*
LID I F] 18* C AT•SUPSEQUE14T PASSES,
001!71 19* C INTEkPOLATION	 IS USED*
00101 20* C
00101 21* C CALL SEQUENCE
00101 22* C TABLES
GG101 23 * C EFF	 -EFFICIENCY OF MAXIMUM POWER TRACKER
00101 24* C VS FRACTIONAL LOAD (DEFAULT TABLE)
00101 25* C OP	 -OPTIMAL POWER , NW,	 VS INSOLATION , W/M2, AMID
00101 26* C TEMPERATUREsC
00101 27* C OV	 -OPTIMAL TERMINAL VOLTAGE,V,	 VS INSOLATION,W/M2, AMC
00101 28* C TEMPERATURE,C
00175 29* C OUTPUTS
OU101 30* C V	 -ARRAY TERMINAL VOLTAGE,VOLTS
00105 31* C P	 -ARRAY OUTPUT POWER,KW
JO101 32 * C I	 -ARRAY OUTPUT CURRENT,AMPS
Go1C1 33 * C EF1	 -SOLAR CELL EFFICIENCY
OC191 34* C EF2	 -MAXIMUM POWER TRACKER EFFICIENCY
00101 35* C STATISTICS
00101 36 * C SP	 -SUM OF POWER DELIVERED,KW
J .3101 37* C INPUTS
U0101 38* C VT	 -ARRAY TERMINAL VOLTAGE ,VOLTS , IOEFAULT=MAXIMUM
001L1 39 * C POWER VOLTAGE)
00131 4C* C TC	 -CELL TEMPERATURE,C
:J 1J101 41* C TL	 -LOW TEMPERATURE VALUE, C,IDEFAULT=28)
00101 42* C TH	 -HIGH TEMPERATURE VALUE , C,tDEFAULT=1201
U0101 43* C TR	 -TEMPERATURE	 RANGEeC,(DEFAULT=TH)
00101 44* C ST	 -COLLECTOR SOLAR INSOLATION,W/M2
60101 45* C SL	 -LOW INSOLATION VALUE , W/M2,IDEFAULT=10001
06101 46* C SH	 -HIGH INSGLATION VALUE,W/M2,(DEFAULT=25000)
J0101 47 * C SR	 -INSOLATIUN RANGE9W/M2,IOEFAULT=SH)
On101 4S* C PC	 -CONCENTRATION RATIOIDEFAULT=25)
GO101 49* C AA	 -TOTAL COLLECTOR CELL AREA,M2,lDEFAULT=2*5E-3)
60101 50* C NS	 -NUMBER	 OF CELLS	 Iry SERIES ( DEFAUL7=300)

W 00101 51 * C NP	 -NUMBER OF CELLS INPARALLEL ( OLFAULT=SUD)
C7 00101 52* C I1	 -CELL	 SHORT CIRCUIT CURRENT 	 AT TL,SL, AMPS
to	 - J0171 53* C (DEFAULT=*C61

U0131 54 * C 12	 -CELL	 SHORT CIRCUIT CURRENT	 AT TL,SH,	 AMPS
O J0131 55* C (DEFAULT=1*5)

0
00 00171 56* C 13	 -CELL	 SHORT CIRCUIT CURRENT	 AT TH , SL, AMPS

00171 57* C (DEFAULT=*!1E1
ry 00101 58 * C I4	 -CELL	 SHORT CIRCUIT CURRENT	 AT TH,SH, AMPS

D^Ortl'3
D00013
076013
O^D113
GnOV13
0^0013
D?001:
0^0^13
0^^1^13
0nL f)l3
01CC13
GIur,13
0111013
0^Orl3
OOJf?13
Oni.^13
000013
0 % I'll 3
0^Jn.13
OCO1}13
Onur713
0^0113
000013
0nG^13
0^0013
07un1 3
0'100°13
0?0013
0^Gnl3
0?un13
OnOnl3
Dn0^13
010113
07U1113
C:)Ln13
01Un13
000013
010413
O'JD(+13
07Drl3
Dnor13
O1+OQ13
0%4 !13
070'713
OnUnl3
0'10013

U:7i)013
(;0301 59* C (DEFAULT= !*5E) 0061113 `	

x
CD	 00101 60* C V1 -CELL	 OPEN CIRCUIT	 VOOTAGE AT TL,SL, VOLTS 010013
.<	 OC161 61* C (DEFAULT=.61 UnU[!13

00171 62* C RS -:ELL	 INTEahAL RESISTANCE, OHMS,IDEFAULT=sD55) 010113
0 1010 1 63* C AU -MATERIAL	 CGNSTANT(DEFAULT= I.51 4E33 FOR	 SILICON) 010013
GC131 64* C EGO -BAND GA P AT	 Ck NORMALIZED BY BGLTZMANN-S 0700.13
00101 b5* C CONSTANT(nEFAULT=1*4E4	 FOR SILICON) D7unl3
071.,,1 66* C IL1,DS,OT,DST 070013
Ut71a1 67* C -COEFFICILNTS	 IN BIVARIATE EXPANSION FOR THE 07%013
CO1J1 68 * C LIGHT CURRENT IL.	 IF	 NOT PROVIDED, THEY WILL UQLr13

is
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K

3

00101 69* C BE COMPUTED FROM THE INPUTS Il,...,I4e 010413
00171 7G* C THE UNITS FOR IL1,DS,DT,DST ARE RESPECTIVELY 010113

00 00101 71* C M2V-1,M ?Y-1,C-I,M2(wC)-1 010013
Ccn G01 31 72 * C KD	 -DEVICE CONSTANT. IF NOT PROVIDED,	 IT WILL BE 000!113

00101 73* C_ COMPUTED FROM I1,V1 0^0013
4t% 00101 74* C` OBK	 -DEVICE	 COPrSTANT,K/V,(DEFAULT=ELECTP.ON CHARGE/ 0?L1313

00101 75* C+, SOLTZMANNoS CONSTANT=lol61E4) DlorI3cop 00171 76* C CF	 -LENS RADIATION TRANSMITTANCE COEFFICIENT e	 -	 0^0013
0c101 77* C RAP _" -RATED POWER OF MAXIMUM POWEP POINT_ 	TRACKER ,KW 070013 ;

N
LO101 78* C (DEFAULT =LARGEST OPTIMAL POWER FOR THE RANGE 09LRL3
JU101 79* C OF TC AND ST) 0170013

< 10171 8C* C CC	 —CAPITAL COST / YEAR/UNIT CELL AREA, A/M2 0^Dn13 ;
0G1a1 81* C CM	 -MAINTENANCE COST/YEAR,	 1 000013 {'
i]O1J1 82* C `]^L013 = ?
00103 83 * REAL	 I,NS,NP,I1 , I2,I3 , I4,ILI , KD,IL , I0,IM,IME -' 0^0013
00134 84 * DIMENSION	 EFF(l)9EFFlII":) , GP(1),OVl3) D%l13 r
a(i105 85* COMMON /CIMPL / IMPL,ICNT,ITEST	 - DIMS f?'
4301"ao 86 * COMMON /CTIME / TINE	 /CSIhUL / CU°+l7l , TI!AX O'U013
UCl 137 67** COMMON /COST/CCAP , CMA,COP 000013 X

00110 88* DATA EFFl/G.,ol,.29.3904905,10,0338,o44,o53,•61,e7^l, *75,o9/ 076013
:+0112 89* IL ( S,T)=ILI *S*(I.*DS*(S-SL)*DT*IT -TLI*DST *(S-SLI*(T-,-TLII 0%,'j13
00113 90* IOIT)=KD*AG*((T*273)**3)*EXPI-EGO/(T*27311 iLOGS?13
00114 91* FILII,T)=I-IC.(T)*(1.-EXP(06K*I*RS/lT•273)1) 0130013-
60115 92* IFIIMPLo % T,7)CO	 TO	 ICO O'?GP.13
OC117 93* SP=n,	 F

D^0^.16
u012U 94* TMAXI=TMAX*.99999 D^v^17

'i
''

07121 95* TINC1	 = DUM(7)*005 0('0022
00121 96* C O11Ci^22
00121 97* C INITIALIZATION OPL022
J0121 98* C 010022
00122 99* IF(EFFl2).NE*1.99999 )GO TO	 11 000(125
00124 ]CC* EFF121=7 D-C'^3C 3
00125 IGI* DO	 I2	 II=4, 17 0I0C37
10130 1::2* 12 EFF(II)=EFFI(II-3) 010137
011132 163* 11 CONTINUE OnLn42 g.

00133 164* QP12)=1% O^Gn42
00134 1U5*^ OP131=1C. DICC43
00135 lu6* OV(2)=1Do DOL944
[,Ol3b 107* UV(3)=1C. DICC-45 e
QC137 lu8* IF ( TL.EOo.99999 ) TL=28 UIC,146
012141 lu9* IF ( THOEQ,999999 ) TH=12D 000053
J0143 110* IF(TR.EQoo99999)TR=TH 010063 rc -`,

00145 111* IFISL.EC .,99999)SL=1U00 010076
00147 112* IF(ShoE0.o99999)SH=25©00 02ri106
00151 113* IF(SRoEQ.,99999)SR=SH 000113
00153 114* IFIRCoEQ&.''._9-999)RC=25 010123 ?7

N bfl155 115* IF(NSsECoo99^999)NS-	 U7 OT0133
v 00157 116* 1F(NP6EQooi,9999.5NP=5GD 0^0140

R 00161 117* IFIAAeE C „ 979991AA= I * 5E-4 *NS h°^ 073145
00163 118* IFlI19EQ••9999«\)I1	 006 010154 r
00165 119* IF(12 oEQ o 0999991 I2	 1	 5 Q%1161
00167 140* IFlI39EQ999993	 .VD;, 0^[3166
00171 121 * if (I4 e EQ9.99999) I4` a-,. :5 C10173
30173 122* 1F1V10ECoo99999)VI=e6 GOG200
00175 li3* IF(RSoEO9o99999)RS=.C55 0"0205

F06177 124* IFIbw.EO.999999:Au=1.54E33 606712 c
JCZ01 125'x= IFIEG-.EQao54999)EGD=1.4E4 0^.0217
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00203 126*
00203 127* C

N 00205 lia*

N 00205 129*
r 0a215 130*

00207 131*
G0211 132*
UC213 133*
00215 134*
C^215 135*
08215 136*
UC215 137* C
J0215 138* C
00215 139* C
001-15 I-iL* C

U2 15 141 * c
uC217 142*
DWI 143*
00222 144*
00225 145*
00226 146*
00227 147*
00231 148*
00234 149*
00135 150*
00240 151*
00241 152*
00242 153*
ODs43 154*
(,0244 155*
UO244 156* C
UC244 157* C
00244 158* C
UO245 159*
00250 16'V*
C10251 161*
00252 162*
00253 163*
00254 164*

w 00255 165*
C^ OC156 166*
N 0n257 167*

o
A 002.61 168*

u0263- 169*
co 00255 170*

a02E5 171* C
w 00267 172*

00270 173*
N
(D 00271 174*
• JG272 175*

00273 176$
00274 177*
00276 178*
00,277 179*
003au 1t0*
110301 181*
00372 1d2*

t4..

IF(0BK9EQ*e99999)OBK=3*161E4

IFIKDoEQoe99999 ) KD=I1 / IIITL*2731 **3)*EXPI-EGO/
I (TL+273)1*tEXP(QBK*Y1/(TL ♦273)) -
2 EXP ( OBK*II*RS /( TL+273)) ) 1/A0
IFIILI *E(iae99999 ) ILI=FIL ( I19TL1/SL
IF(DSeEC o e99999 ) DS=(FIL(I ? 9 TL)-IL9 * SH)I(IL1*SH, IS"-SL 11
1F(DTeECoe99999) UT=1FIL l I39TH1 -IL1*SLI /( IL1*SL*ITH-TL1`)
IF(DST * EC*e99999IDST = IFIL . I4,TH1-IL1*SH-
1 IL1*SH*DS*(SH-SLI-IL1*SH*OT*(TH-TL)1/
2 (IL1*SH*(SH-SL)*(TH-TL))

CALCULATE OPTI M AL POWER OP AND CELL VOLTAGE

IF TERMINAL VOLTAGE IS NOT INPUT

IFIVT * NE9 * 599991GO TO 1GO
S=Je
00 33 J=1910
j7=J+3
OP(JZ)=(J-lI*TR/9,

33 OV(j0 =OP(Jo)
00 3 K=1,10
T=7e
GO 4 J=1910
AIL=IL(S,T)
bla =IO(T)
VOC=IT+273b*ALOGil*+AIL/BI01/OBK

VH-VC

BINARY SEARCH FOR MAX POWER POINT

00 5 M=1910
VM=(VL*VH)**5
VME=VM+I.E-5
IM=AINR IA IL98I09QBK9VM9RS9T1
PM=IH*VM
IME=AINR ( AIL9BI09QBK9VME9RS9T)
PME=IME*VME
FMP=PME-PM
IF(PMPeGE.O*)VL=VM
IF(PMPeLTeOe)VH=VM
IF((VH-VL).LE.2.E-5)GO TO b

5 CONTINUE

6 CONTINUE
1KJ=13+K+J*10
OV(I^JI=VM	 -
OPIIK'JI=PM/IGL?O.
T=T+TR/°e

4 CONTINUE
IVJ(,=13#K
LPIIKJf 1=S
OV(IKJI. )=S
S'S+SR/9e

3 CONTINUE

t

i

000224

07C224 r'
GJG231
000231

0110231
000275 k
076334
D^a4a1
0'10443

1G70440
07044D
010440
07u44Q
aIC44r]
0-IL440 s
010447

€	 5
o^^51n
000E13 r

01L517 s	 !=^
0 116517 ±	 r0%.526

07536
0r?u544
DI,C563
010567 e

070575 =^
DIG605
0IGE22
07U637 A.
010,640
01u540
00C,64D
000640
0190644
000644_
C^0650
013652
GrIG567
030,665
010676

010700
0130732
000707

0'10714
C10724
Clu724
0^•.0724
010724
0'16727
0^67.33
0?C740
070745
0'16745
G^0753
0'10755
0^0756
000762

^
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00302	 183*
1 00304 184* IF(RAPoE0eo99999)RAP=OP(33)*NS*NP DIC 762

C-) 00374 185* C WRITE(6,101) ( OP(IK) , IK=24,123) 000762
to 003 '34 166 * C WRITE ( 6,1OI) ( OV(.IK) , IK=24 , 123) 000762

i 00304 187* C 191 FORMATIIH9 9 3HPV:,/, ( SX,10Elna2 )1 COC762
0 003'14 188* C OnO762
00 003,00 189* 100 CONTINUE 000!772

r,

1,0306 19p* C OOu772
ry 00316 191* C COMPUTE INSOLATION AT THE CELLS 010.772'
z 00306 192* C 0	 .,772
rDi'	 I 1303 17 193* S=ST*RC*CF 300772
< 00377 194* C DIU772

00.507 195* C COMPUTE CELL VOLTAGE AND POWER O'IC772
OC310 196* IFIVT*NE..99999)60	 TO 9CO 0130775
00312 197* IF(IMPLcNE*'2160	 TO	 809 0"l ^OO
00314 198* IFIISoGTsSR1.OR9(TC*GT*TR)1WRITE(6,808) a	 001!']3
0113.17 199* 808 FORMAT(1HO,62HPV: WARNING: INSOLATION OR	 TEMPERATURE 4?7 CELL EXCEE 091126
00317 250* 1D RANGE	 ) 0!'1026
OL320 2ul * IF('(SaGT . SRI.OR . ITC.GT . TR1)ICNT=ICNT*1 011n26
uC322 2112* 809 CONTINUE 0^I75f! ."
00323 233* l=TBLU2IS,TC,OV(14),OV(41,OV1241,1,1,10,10,10,101 0.11050
3G324 2.74* P=TRLU4 ( S,TC90P ( 14190P ( 4)90P(24) , 1,1,1Or1O , lO,10) 011n73 !
00325 205* GO TO	 9n1 011117
0032b 2L6* 900 CONTINUE 0:11121
00327 2U7* V=VT/NS 011121'
UO33J 2U8* AIL=IL(S,TC) 0111123
30331 209* BI,i=In(TC) 001145',
00332 210 * I=AINR ( AIL,BIO,OBK ,V,RS,TC) o'13165,
OC333 211* P=I*V/lGi.O. 0^1176'1
00334 212* 901 CONTINUE 0^1:32'
00334 213* C 01,1232
LC334 214 * C COMPUTE ARRAY VOLTAGE AND POWER 011202
UO334 215* C 011202
00335 216* V=V*NS 011702
JC336 217* P=P*NS*NP 071?04
00337 218* 1=0. Ur,1210
00340 219* IF(V.GT.L*)l=P*1OOO./N 0111211
OCS42 220* EF1=1a 071221
aC343 2[1* LF2 =1a 051223
aE!344 222* IFIS.GT.0alEF1=P*10[0/(S*AA1 031,124
00346 223* IF(VToNEaa99999 ) 6O	 TO 904 011234
00353 224* PRAT=PIRAP 001237
00351 225* NEF=EFF(21 011242
G0352 226 * EF2=TBLU1 ( PRA T 9 EFF141,EFF(4 4NEF1,1,-NEFI 0:11251
JG353 227* P=P*EF2 0^1277
00354 218* 904 CONTINUE 011?73
00355 239* IFIIt,PL*LE.IIRETURN 011273
00357 23:* SP=SP*P*TINC1 0'!1301114
003611 231* IF ( TIME . LTaTMAXI )RETURN 011375
JC362 232* [CAP=CCAP*CC*AA C?1314
00363 233* CMA=CMA•CM 001320
00364 234*" hETURN 01132 
00365 2,;5* kkD 001714

-	 -^ e—..
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oy
k !'i

CA

GO105 76• IFEPIN.LT.C6160 TO 20
00107 37s IFIFEN.LT.0.160 TO 30
00111 38• FO=CI*FIN

j r 00112 35t 60 TO 1C0
Pa GO112 4Lt C	 POGITIVE SATURATION

00113 410 10	 FO=C19C3*C2•/FIN—C31
s 00114 42• 60 TO 100

00114 43* C	 NEGATIVE SATURATION
t	 {q i.CI1S 440 20	 FO=C4*C6.CSs4FIN-C61
Y	 = CC116 45• 60 TO 100

U 00116 464 C	 NEGATIVE UNSA TURATEO
VCI17 470 30	 F0=C4sSIN
L.0120 4!t IOC	 RETURN
GC121 490 END

000003
000007
000012
GOCO15
DOOM
006017
OOG02s
COFjP2 S
000027
000035
070035
000637
OOCC4 2
MOTS

.	
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SO
7.33A SOLAR ARRAY ORIENTATION

Day-of-Year (DY

Time-of-Day (TO

Direct Beam
Insolation (SB

Global Insolation (ST

-asking Power Required (RE1)

rray Beam Insolation (SB1)

rray Diffuse Insolation (SD1)

-ray Total Insolation (ST1)

The Solar Orientation model computes flat plate collector insulation for

five types of solar tracking:

• Tilted orientation, facing south

s Tracking about a horizontal EW axis

• Tracking about a horizontal NS axis

o Tilted, tracking about a vertical axis

• Two axis tracking

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

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

dependent incidence factor. The diffuse component is approximated as the
r

product of horizontal diffuse insulation times a geometry factor plus

ground reflectance.



ST1 = SB1 + SD1 + SR1

= SB*IF + SD*RD + ST*RR

SD = ST - SB*SIN(fL)

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 r

Inputs/Port Description Units
.3

s	 LA Collector latitude* Deg

DY Day-of-the-year (1-365) -

TD 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 (MO = 1, 4 inputs) Deg

SB Direct normal beam insolation w/m2

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
Y

Component ED.
IY
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P

t
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li

Inputs/Port.
cont'd) Description Units

AA Collector array area
2
m

SBT Insolation threshold for tracking w/m2

(default _ 100.)
s

Outputs/Port Description Units

SE SIN (Solar Elevation Angle)

SA SIN (Solar Azimuth Angle) * }€

IF COS (Solar Incidence Angle)

T

RE	 1 Tracking power required kw

SB	 1 Collector beam insolation w/m 2

SD	 1 Collector diffuse insolation w/m2

SR	 1 Collector reflected insolation w/m2

ST	 1 Collector total	 insolation w/m2`

TLT Collector tilt angle Deg

( 't

VERTICAL

(UP)
P Solar Orientation Vector

}

EL = Solar Elevation Angle

P
1

EL

AZ = Solar Azimuth Angle

\
AZ

WEST	 \\ 1 SOUTH

* Figure 7.33A	 Solar Orientation Angles

> .
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SO
CALCULATION SEQUENCE

RPD = 7r/180

If SB : O and MO >1 return

1) Solar azimuth ind elevation

W = 15*(12 - TD)*RPD

d = 23.45*SIN(27r*(284 + DY)/365)*RPD

	

LA'
	

LA*RPD

SE = SIN a *SIN LA' + COS d *COS W*COS LA'

CE = (1. - SE*SE)1/2

TAN(AZ) = COS d *SIN W/(COS W*SIN LA'*COS d - SIN d *COS LA'

	

CA
	

1/(1 + TAN 2(AZ))1j2

SA = TAN(AZ)*CA

2) Horizontal diffuse insolation

SD ST - SB*SE

3) Array geometry and tracking power

RE1 = 0

If MO	 1 then

	TLT'	 TL*RPD

IF = SIN TLT'*CE*CA + COS TLT'*SE

If MO = 2 then

IF =	 1. - (CE*SA)2

TLT' = MIN(COS-1 (SE/IF), 7r/2)

RE1 = 3.75 E-4*AA	 if SB > SBT

M,	 BCS 40180-2 Rev.	 283D
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so

CALCULATIONS (contd) l

If MO = 3 then

IF

TLT' = MIN(COS-1 (SE/IF), 7r /2)

RE1 = 3.75 E-4*AA	 if SB > SBT

If MO = 4 then

TLT' = TL *RPD

IF = SIN TLT'*CE + COS TLT'*SE

RE1 3.75 E-4*AA	 if SB > SBT

If MO _ 5 then

IF = 1

TLT' = MIN(COS-1 (SE), 7r12)

RE1 = 5. E-4*AA 	 if SB > SBT

4) Insolation components

SB1	 SB*IF Aµ

i

SD1 = SD*.5*(1 + COS(TLT'))

SR1 = ST*.5*PR*(1 - COS(TLT'))

ST1 SB1 + SD1 + SRI

5) Tilt r

TLT = TLT'/RPD	 $

r -
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1
00

SUBROUTINE 50 ENTRY POINT 000465 ,'x3

STORAGE USED. COOE111 0006056 OATAfOI 000G606 BLANK COMMON121 000000

COMMON BLOCKS:

0003 CIMPL	 OOOOQI

EXTERNAL REFERENCES (BLOCK,NAMED3

0034 SIN
a

coos COS i

0006 SCRT
0007 NERR2S r;
G. ACOS
aril NERR38

STORAGE ASSIGNMENT	 tBLOCK • TYPE, RELATIVE LOCATION, NAMED

00,31 067023 100L 0001	 000052 109L 0001 000175 200L 0001 000224 301L 0001 000244 302L
U001 000306 3G3L 0001	 000350 304L 0001 000376 305L U001 000425 309L 0001 R OOOOC2 ADEL P
UOOC, R CLOU2U BIF COOP R 000013 CA COOP R 11300006 CAOEL 0000 R DOOQ11 CE 030:1 R 000004 CLAP
aVaD R GGOGIU COSW 00 iO R OCCC-12 F 0000 I 000016 IMO 0003 i 000000 YMPL 0000 000043 INJPI
u000 R OCOUO3 PLA 0000 R DODCQO RPO OO(iD R 1100005 SADEL 0000 R OUt10'i5 SD 0003 R 000021 SEI j

GOOD R OG0007 SINPLA 8060 R 000014 TAZ 0000 R 000017 TLTP 1:000 R OG .00D1 W

W
!')
N

0

00
O
tN
m

00100	 1*	 CSO	 000000
00101	 2*	 SUBROUTINE SOtSE , SA,IF,RE1,S81 9 SOI , SRI 9 STI,TLT,,	 000000
00101	 3*	 1	 LA,OY,TD,MO,TL,SB,ST,PR,AA,SSTI 	 000000
00101	 4*	 C	 000007
001171	 S*	 C	 PURPOSE	 THIS COMPONENT COMPUTES FLAT PLATE COLLECTOR	 070000
.C1G1	 6*	 C	 INSOLATION FOR FIVE MODES OF SOLAR TRACKING & 	O^4000
UO171	 7*	 C	 TILTED ORIENTATION, FACING SOUTH 	 000009
00101	 8*	 C	 TRACKING ABOUT A HORIZONTAL EW AXIS	 0013000
OC1C1	 9*	 C	 TRACKING ABOUT A HORIZONTAL NS AXIS 	 QO:,']OQ

a
00101	 10*	 C	 TILTED, TRACKING ABOUT THE VE R TICAL AXIS	 C0'^700
U0101	 11*	 C	 IWO AXIS TRACKING	 QOu ^OQ
(50301	 12*	 C	 090700
00191	 13 * 	C	 WRITTEN BY Y.K .CHAN,	 11-6-78, VERSION	 1	 000rl00
JO101	 14*	 C	 u'^0'170 cn
03101	 15*	 C	 METHOD	 ARRAY INSOLATION IS SUM OF BEAM AND DIFFUSE 	 G7U^00
00101	 16 * 	C	 COMPONENTS. THE BEAM COMPONENT IS THE PRODUCT OF 	 0^U000
G^_101	 17*	 C	 NORMAL INCIDENCE INSOLATION AND A GEOMETRY OEPENOENT 	 010?00
00101	 19*	 C	 INCIDENCc FACTOR.	 THE	 DIFFUSE COM PONENT IS	 0^:,^OC1

P	 XIMA	 T	 R	 F	 R	 FF	 f'	OU1C1	 19 * 	C	 A PRO	 TED AS HE P . ODUCT 0 HO IZONTAL DI USE	 G L ]0

	

Cal -61 1	 20*	 C	 INSOLATION 7IMES A GEOMETRY FACTOR PLUS GROUND REFLECTANCE. 	 0"0000

	

00101	 21*	 C	 OTC^0Q
#	 ^	

ss..	 t



colon 22* C CALLING SEQUENCE o^0000
00101 230 C OUTPUTS 070^00
U0101 24* C SE	 -SINE OF SOLAR ELEVATION ANGLE 00,3000
00101 25 * C SA	 -SINE OF SOLAR AZIMUTH ANGLE 0'70700
ucl3l 26* C IF	 -COSINE OF SOLAR INCIDENCE ANGLE 070000
00101 27* c RE1	 -TRICKING POWER REOUIRED , KW D^0000
00101 28* C SB1	 -COLLECTOR BEAN INSOLATION , W/MZ 0 '.0000
GoID1 29* C SDI	 -COLLECTOR DIFFUSE INSOLATIONvW /M2 000100
OC101 30* C SRI	 -COLLECTOR-REFLECTED TNSOLATION,W/M2 07on,30

00101 31* c ST1	 -COLLECTOR	 TOTAL.	INSOLATIOY t W/M2 0'i,3^^0
00101 32* C TLT	 -COLLECTOR	 TILL ANGLE,DEGREES 09Gn00
03101 33* C INPUTS	 _ M nOU
u01C1 34* C LA	 -COLLECTOR LATITUDE 90EGREES 01003
00101 35* C OY	 -DAY OF YEAR(I-365) 31,3000
60101 36* c 73	 -TIME OF DAY()-24),HOUR O^G^07
00171 37* C M0	 -TRACKING MODE p70100
OCI01 38 * C 1=FIXED GRIEKTATION AND 	 TILT	 (DEFAULT) 000000	 -
6;O1Cl 39* C !=HORIZONTAL EW AXIS TRACKING ORO000
;JG101 40* C S=HORIZONTAL NS AXIS TRACKING'- D?OR30
07101 41* C 4=TTLTED,VERTICAL AYIS TRACKING 010000
0r! IC1 42* C S=TWO 4XIS TRACKIGN 304000
40I C 1 430 C TL	 -COLLECTOR	 TILT IMQ=1,4	 INPUTS) , DEGREES O'tJ40J
OG171 44* C SB	 -DIRECT NORMAL PEAM IWSOLATION,W/M2 . 010')DO
0 17131 45 * C ST	 -GLOBAL INSOLATION ON A HORIZONTAL SURFACEvW /M2 07G700
00101 46* C PR	 -GROUND REFLECTANCE (DEFAULT = 0 * 2) 07fD00
09131 47* C AA	 -COLLECTOR ARRAY AA FA,MZ 0'X000
001%1 48* C SBT	 -INSOLATION THRESHOLD FOR TRA.CKINGgW/M2 096^OC
OC101 49* C (DEFAULT=IPO) 0?:i^0'.1
00101 SC* C 0707^0
00103 51 * COMMON /CIMPL / IMPL D7tiC00
,3x7104 52* REAL IF,LA,MO OiOB00
J0105 53* IF(IMPL *NE*CJGO TO	 100 010000
OO1C7 54* IF(MO*EO**999991M0=1* 070001
OC111 55* IFIPR'9E0**99999)PR=*2 DIGI!06
J011S 56* IFISbT *EO**99999 ) SBT=100 Olcn13
07115 57* RPD=3*14159?6Yl8b* 010127
30116 58* 100 CONTINUE 03OR23
00117 59* IFILSB*GT*L*)*OR*IMO*LT*2*11GO 	 TO	 109 010923
0121 6C* SA= +. 07Cr37
UC122 61* 1F=C* 01004.0
00123 62* RE1=L;* 070041
J012,1 63* SE1=td. 030042
3CL25 64* SDI=u. 010143
0012b 65* SR1=[,* 010.744
03127 66* STI=u* 010745
001311 67* RETURN 0^0046
01131 68* 109 CONTINUE 0'10952
00132 69* FE1=0. 01,0052
00132 70* c 010052
00132 71* C SOLAR. AZIMUTH AND ELEVATION 000052
00132 72* C o00n52
00133 73* 6= Se*(12 * -T0)*RPD 07052
US134 74 * ADEL =23.45*SINI * ,3172142* (284 +DYI)*RPO 03U757
00135 75* PLA=LA*RPD GCO171
JC13b 76* CLAP= COSIPLA) 010^74
00137 77* SADEL=SIA(ADEL) 314100
U01.40 78* CADEL=COSIAVELD 010134
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J fit til
ODIAl2
1414 
001144
UC145

03146
G3147
0 Cis 0
00152
G3153

rCl'S4
00155
00155
071`5
J0155
30156
07156
J0156
03156
(10157
U0163
OC151
90162
00163
00164
OOJ6S
0016o
00161
00171
07173
3017-r
3CI75
00176
007177
00271
J0203
03204
00205
30206
0C21u
OO.Zli
J0212.
Or213
01,214
0.0x16
00216
07220
00222
00221
0^[2J
00221
00222
JC223
03224
00224
01,122,4
OC224

79*
80*
8l*
82*
83*
$4*
85*
B6*
87*
88*
89*
9D*
91*
92*
93*
94*
95*
96*
97*
98*
99*
100*
l01*
102*'
103*
1L4*
105*
166*
IL7*
Ice*
IC9*
110*
111*
112*
113*
114*
115*
116*
117*
118*
119*
126*
1Z1*
122*
12.3*
124*
125*
126*
127*
118*
lc 9*
130*
131*
132*
133*
134*
135*

ry
00w

n
L

C)

00
0
iN

rD

jV

SINPLA=SINIPLA) 000110
COSW=COSIW) 0170114
SEZSGOEL*SINPLA +CAOEL*COSY *CLAP 010120
CE=SCRT(10 — SE*SE) 00127
F=CAOEL*COSY*SINPLA —SAOEL*CLAP 000136

dr
CA=" * 070144
SAeI. 010145
1FIAbS1F).LF.1.E-5)GO 	 TO	 ?OO 0^x147 `
TAZ=CADE,. * S1NtWI IF 006153
CA:i./SCRT(16+TAZ*TAZ) O?G1S1 -
SAZTAZ*CA OnC172

200 CONTINUE OIL-175
000175

000175
0^0175
0I 175
O'101175
0^0175
0^0175	 `	 ?

00O230
x^.0211	 1
0^6724	 '•
OIC226
OCD?42
'V.10244
070255	 z
DIC264	 y
010266
0^0275
000304
V103,16
D13C!17
000:26
073330
000337
0'10346
01ri 350
0!10352
003365
013374
070376
OF1J377
O'104C4
070406
O^0415
076415
C?C425
0^0425

k

IMO=M0+.1
60 TO13VI9332e30393040051+1MO

301 TLTP=Ti*RPD
IF=SIKIITLTP)*CE*CA+COS ( TLTP1*SE
60 TO 309

302 IF=SCPT ( le—CE *CE*SA*SA)
6IF=AMINI ( 1.gSE/IF1
TLTP=7 *57'08
IF(8IFeGToGo1TLTP=ACOSIBIF)
IF(Sbe6ToSBT)REI=3.75E-4*AA
60 TO 309

303 IF =SCRT ( le—CE *CE*CA*CA)
6IF=ANINI11..SE/IFI
TLTP=1.57118
IF(BIFeGT s Uo) TLTP=ACOSIBIF)
IF(Sb96T,S8TJRE1=3.75E-4*AA
6e TO 309

304 TLTP=TL*RPD
IF=SINITLTP)*CE+COSITLTP)*SE
IF(SBeCTeSbT ) RE1=3 . 75E-4AAA
60 TO 3'.9

305 IF=1.
SF1=AM1'N1(SE,l*)
TLTP=1,57Go
IF(SEl@GTeue)TLTP=ACOSISEI)
LF(S6.GTeSBT)P,E1=S.E-4*AA

309 CONTINUE

0'10425

SI?1=SB*IF	
010425
070425

SDI=SD* * 5 *(1. +COS(TLTP))	 0%1427
SRI='ST*e5*PR*(1. —COS(TLTP))	 006441
ST1=SBI+SDI+SRI	 010447

' IC447
TILT	 010447

OrL)447
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00225	 136*	 TLT=TLTP/RPD	 0°10452
00226	 137*	 RETURN	 0110455
00227	 13E*	 END	 070604N

O
cop
N	 aIFIN

fD

y

a



;n.o f!'%	 if7	 :t;	 Ts"F;c	 .x-:i}px,:^-	 4:. ^--	 -;^ 7ZC	 e.:.;	 y	 v	 Y.nxA ,'j	 7"	 X	 d

i

SW
4

7.34 SINGLE POLE SWITCH

VA1

Vol

Vol

Vol	 Vol	 VB1 i

Vol VA1 	 IVAI	 Vol	 VA1	 j

TC1 TIME TC2	 TC1 TIME	 TC2 x

SW1 = 1	 -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,

in uts	 ^^

Parameter/Port	 Description

VAl	 Input to switch]

Vol	 Input to switch	 l

SW1	 Switch control parameter	 ^1

TC1	 Time for first switching (hours)

TC2	 Time for second switching (hours) 	 r
i,

001DU tS
>i

Variable/Port

Vol	 Switch output	 s

a^.

I	 Calculation Sequence

If SWl 0 then
(VAl	 TC1 < TIME < TC2

V01 •_	 ..	 i

VB1	 otherwise
.a

If SW1 1 then
(Volx 	TC1 < TIME < TC2

V01 =
r	 iVAl	 otherwiser	 '
x	

^.

:a
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9.0 SOLAR PHOTOVOLTAIC EXAMPLES

The solar photovoltaic component model's 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 insolation 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 40100-2 Rev. PRECEDING PAGE BLANK NOT FIL,ME 41'1
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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. All 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 	 -.
'F

solar energy simulations and system analyses.

TABLE 9.0-1	 SOLAR-PHOTOVOLTAIC COMPONENTS

COMPONENT SYMBOL PURPOSE

o ENVIRONMENTAL ED READ DOE SOLAR INSOLATION AND WEATHER DATA

DATA (TAPE) TYPICAL METEOROLOGICAL YEAR TAPE

• SOLAR ORIENTATION SO SOLAR	 INSOLATION	 ON	 TILTED	 FLAT	 PLATE

(TRACKING) ARRAY (FIVE OPTIONS)

• FLAT PLATE FP FLAT PLATE THERMAL MODEL WITH FLUID AND

COLLECTOR PASSIVE COOLING OPTIONS

• FOCUSING LENS FO FRESNEL LENS THERMAL MODEL WITH FLUID AND

COLLECTOR PASSIVE COOLING OPTIONS

• PHOTOVOLTAIC ARRAY PV CONVERTS SOLAR	 INSOLATION	 TO	 D.C.	 ELEC-

TRICAL POWER.	 MAXIMUM POWER TRACKER OR

USER SPECIFIED VOLTAGE



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 is ;specified at 25 0C for the first

simulation and 55 O for the second. Figure 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=O), 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 40180-2 Rev.	 413
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Figure 9.1-1 PV Test Case Input Data
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b) Simulation Program Input Data
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MODEL DESCRIPTION	 PHOTO w V0LTAIC CURRLNT VOLTAGE CURVES
LOCATION911	 TI

^-f ORTRAN--STATEMENT-$-,-,-------,----
ST PV z 5000
IF(DY TIvGT * js5)ST PV=20000
3F-(DY--T-1-iG-T-e-2 -iS)-$T-P'VB50,0-00
VT PV=8 9 5*TD TI

LOCATIONP53	 PV

PRINT

a) Model Generation Input Data

PARAMETER VALUES
CYCLESz 0 j T0 TIr-O

TC P025
Rc PVMI

---41-RI -NIER--PLDTS#DISPLA-Yl--
V PVfVSFTIME
I PV I VS F V PV
P P V F-V-S -I-V—P V
P PVtVSoTIME
TINCF P 5•TMAX c 72 P PRATE 8 24 # PRINT CONTROL = 3PINT MODE 2 3,OUTRATEct

-41-TL-EmPHUTDaVOL-TAIC-CELL,C.-URRE-N-T-VOL-TAGE-Z URVE6
SIMULATE
PARAMETER VALUES

--4-G-P-055
SIMULATE

a	 .

A
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1 .

MODEL DESCRIPTION

LOCATION=11 TI
-{OC--ATI(3N=35 -Ea	 .

LOCATIONa53 so
LOCATION 257 FP

--E-1 D-OF---fA O D E L-

PRINT

FLAT PL A TE TEST CASE

INPUTS=TI#EDtX1 =S8#X2x3T)
INPUTS=S0#ED (X4xWDf1'X3xTA)

a) Model Generation Input Data

PARAMETER VALUES
CYCLES=2 9 01#70 7I = 36#TFIFPi 10tTFOFPF30PMFMFP=.02 # CMOFPX2 # NG FP91j

-DL-iNE•5^ 50^ .^ ___--
HI F'PP, 4S
CW FP C IPCL FP=2#NT FP=lO#CC FPs1000 , CM FPa10 i CP©FP=,01rLA 60=299733,

-4L- 80=29;733 i AA-SO=2-	 ---_-._. 	 ----- ---... __ ---- -
PRINTER PLOTS# DISPLAYS
TLTSUP V SP TIME
T C--Ff vV-S-r-Ti-M £

X2 ED,VSPTIME
P1 FPPVSPTIME
IINCO 5vrTMAX=36# PRA TEw6ePRINT--iCONTROL-f3#-1NT-MODFis3#OUTRATEPI
TITLE OPLAT PLATE COLLECTOR TEST CASE.
SIMULATE

-P A R A M E-T-F-R .-V A L-UE•-S-
CMOFP C OPHI FP=1,E9#FIRFP=4
SIMULATE

-PAR AMETER---VALUES
MO SU=2
SIMULATE

--PA-R A M EiEfi-V A L-UE-S
MO 8U>$
SIMULATE
P A R AME 7 E R ---V A LUE 8--------
MO 80=k

	

`.	 SIMULATE
P-A•R-AME-TE-H-VAL-UE3 	 —	 —	 -

	

i 	 M o 80-5

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 component ED. ED supplies direct

beam and global insolation to SO, and ambient temperature and wind speed

to the collector component FP. Based on collector orientation, 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
0
 as the sun approaches the horizon, and remains fixed

at	 900	overnight.	 Comparison	 of	 the	 solar	 insolation	 peaks	 with	 the r

various tracking options showed that horizontal E-W axis tracking gave the t

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 proportional 	 to the solar

insolation received.	 The results with water cooling are quite similar.

9.3 FRESNEL LENS COLLECTOR MODEL AND INCREMENTAL 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 economic design. A variable speed pump is assumed
for the collector fluid loop with the flow rate adjusted so that the outlet
temperature is 5 0C 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,



2 3	 4	 5 6	 7 m' 9 10
uo _

c^ ^	 *
TI	 * ^

--^-'-Y^---r--'----^^^-----------^^ ------'x ^ ^^----------^$--

^^ ^*^***°*^* ^	 l^ ------ ---------1 ------'^----^-----_-''------- ---------------'- --'-----'-'---

21 22 [aa	 24	 125 26	 27 as 29 so
z	 ^0,	 7%	 z^ ------- ----l-----------'----rm-rl'--'x -- ---'-----'--------------'-------'-----------------------------
^	 v
T	 ^*****^^°*

----- -----'---'l-------- -- --^^------- -------- -----------------
°	 ED	 .^

'	 31 32 133	 34	 *	 35	 ^ 36	 37 38 39 40- ^'----'-----------'-------^_^ -_-----^"---'--'-*^^^^^w^^^^^^^^^^^m=^--------------'-----^---- ------'--'------
l	 **^*^****« ^

- --'---------^ --------------------' z-----------------------'-^- -

^+^-------'--*^------'--^"a'-'--------^*^-'-------'I^^---------- *w	 '-	 '141  49 so-
/o TI	 I	 I xn ED	 I

u, T1	 I	 I xo ED	 I—'---------^----^-------^^---^------ RE I SO-
X2 ED	 3 TLTSo	 °*m**^^*w*

+	 * XI	 cu	 J oltso	 *	 *
'-------------------------,^--u'/--*«^^^=*==*^^^^^^^^=^^-- --------' -'^	 '' ^-r p	--+---------------'-' ^'	 ------'-~--- -

51 sa "	 53 57	 * 58 59 aw 
*	 * *	 * _

02	 63	 uu	 65 66	 67	 mm 69	 70

-----7\^	 ^'---------+u----------7^^ .1	 u-

Figure 9.2-2 Flat Plate Model Schematic

^	 ^̀



'
'` \

4'-b

p
m

,̂

`

^
/
^

'

ion J.p  
FLAT pLure unLLccrnn TEST CASE

~~~~°-~ °~~~~+.~~°^~~~~°~~~~+r~~~+~~~~^~~~~^--~~°~~~~~~~.°°~~.~^~~°~+~~~~+~_°~^~~~°^~~~~*~~~~^-~~~+^^~^*

.	
w	

"	 ^	 ,	 ,	 ~	 r 	
x 	 `	 ^

~	 ^
n
p	 ^	 ^

~

.	
^

«	 ^

--_ 
*	 ^

'	 v	 ,~	 ^
^~
	

]

^	 (	 '
.	 .' 

^
'

~	 ^	 [
~~~+~~~~+~~~~+~~~~+-~

0,00	 3,00	 6,00	 *,00	 12.00	 15,00.	 IM"no	 21,00	 e",00	 27.00	 30,00	 33,00	 -36,00
s	 y	 n	 ^^ so	 ^ so	 19.50 	 aa so	 zs sm	 ao so	 nx so	 so mo__--___--'-^,^^ 	 ^^ ^'_. -I"-^-	 ^»^ » .	 "	 ,^^	 ~	 ^	 ^	 '	 -^-	 ----

o°c
79^0ix05,	 10,55.22, 	 o/ww'^,MI oxo pLxY I	 c^oE NO,	 u

Figure 9.2-3 Global Horizontal Radiation Versus Time

°. ..	 '

^
\	 '----------



AN

C-)
Ln

C7
F-+

O
1N

CD

7	 1077

Tilt Angle in Degrees
2.^Qibee^.4e...♦oo.4e..^boeo.0...e}er.o4•ee.}....}....}....}....}....}....Mow.be.......e4.eeo}.e.e4....4 .........b•o•.......

C	 •	 •	 •
t	 ^	 !

^Ea 00+x.:- - ----•-. _.._	 ..	 _	 -	 + .__

t	 1

e	 1

a	 t
c	 l

•0.00+...	 o..+
t	 l

c	 •	 t	 1
- 76.00+..:!

l
t	 l
t	 t

t	 l
t	 t	 •	 t	 l

c	 ^	 !
t	 ,^	 l
t	 •	 t	 t	 1

Z4.00+...	 e.e4

t	 ^	 !

t	 t	 •	 1
•000`....—	 --- ___.—. -- - - ---	 .e+L

56.00} ..4	 ^	 ...♦

'^ . ___ _	 _,.._	 •-.:ate► 	 l

0,00	 3,00	 6,00	 9.00	 12.00	 15.00	 18.00	 21.00	 2,00	 27,00	 30.00	 34,00	 36,00
1.50	 4.50	 7.50	 L0,50	 13.50	 16.5019.50	 22.50	 25,50	 48.50	 31.50	 34,50TIME 

	79/01/05,	 10.55.22,	 SIMULATION DISPLA Y 1	 CASE NU,	 3

Figure 9.2-4 Tilt Angie Versus Time for Horizontal E-W Axis Tracking

S

i

w



'

^^
!
	 `

'

~

4^-b

Cell Temperature In Degrees C

ho 

*	 .	 ^
^	 a,	

-----'------'--'---- -------	 ' - ' 	 -	 ---- '- - '-- ---- --^+-

~

	

w	 '	 ^

	

w	 t 	 _^_.	 ^

	

-Ts-.00°	 -----'-------- - '	 '	 - ' -' - --- ^------	 -_-_-~~~^ -

L

	

n	 ^	 ^
xm°xo°~~^ 	 '	 *^-w^^^ 	 ~^~*

on	 --`w	 --
o
u=	 *

r

9 " 00 ^ ~~~ .
co	^ 	 -
C)	 -' - ^ ------------------------'----'-- '-'— '- 	 -	 '' - ' 	 ' -  - - 	 - '' -----  ^^ -

«

70
_-6,00 +~	 4 W.  	 -

(^	 *"oo	 3"00	 a"oo	 9~00	 xa^oo	 ms,on	 .18,00	 a^oo	 a^,vo	 27,00 	 oo°oo	 33,00	 36°00
.	 1.so	 o.su	 ^.so	 m.so	 ^^.so	 ^a.no	 1*.so	 22,50	 2S.nv	 eo.so	 u^.»w	 s4.so----  -` ---- - - ' -	 '	

,i~s	
- 	 _ .	 .^	 _

79^01/05,	 10,55,e2°	 mn^uL^nMw nzepL^v I	 mnp NO,	 s

. Figure 9.2-5 Solar Cell Temperature Versus Time
^

'

^
	 '



MODEL DESCRIPTION	 FRESNEL LENS COLLECTOR WITH THERMAL STORAGE AND LOAC
a:	 LOCATION=11 TI

LOCATION=71 ED INPUTS,=TI
LOCATION=45 MA INPUT?,S=TS(T=FIN)

t	 FORTRAN STATEMENTS
TFOFO = 'FO MA+5.

LOCATION=33 FO INPUTS=ED(X1=ST9X3=TA9X4=WD)9MA(FO=TFI)
LOCATION=73 PV INPUTS=ED(X1=ST)9FO
LOCATION=47 TS INPUTS=FO(P91=!') •'TL
LOCATION=27 TL INPUTS= TI9ED(X3 =TA)
LOCATION=77 LO INPUTS=PV (P=P919P=L091)
LOCATION=79 CH
END OF MODEL
PRINT

a) Model Generation Input Data

TITLE=FRESNEL LENS COLLECTOR (INCREMENTAL COST COMPUTATION)
PARAMETER VALUES
CYCLES=4.01 9 TO T I=C • CMOFO =29 CW F0=3 .75 •CL FO=:3.9 9 DLI NES=50
NL FO=120,NT FO=21 4 9 MFMF0= 0.5 9 CC FO=6. 9 CM FO=509HI F0-.019RC FO=.06
TS TS=59DH TS=9008799PO TS=12 9 LF_ TS=30 9 NU TS=.019NC TL=0.2
C1 MA= .555569C2 MA=-17.7778 ' COPFO=11.5
CC PV=100 9CM PV=509LE TS=30 9 CR CM=15 9 LE CM=20
AA PV=0.69NS PV=6009NP PV=59RAPPV=1.3
VE LO=.059VE TL=.05
TABLES HT TS=4
. 0 09 79 9.0254919.0473719.064072
90914791479204
TABLE9'TLOTL=4
— 109 0910925
4,291.591
TABLE9TWTTL=4
096918924
.4 91 9 1 9 .4
PR I1ITER PLOTS 9 DISPLAYI
RE TLYVS9TIME
E TS9VS9TIME
P1 FO9VS9TIME
FMDF09VSPTIME
DI SPLAY2
TC F09VSPTIME
P PV9VS9TIME
FO MA 9 VS 9 TTME
INITIAL CONDITIONS=E TS=80
TINC=.59'TMAX=1689PRATE=129PRINT C6NTROL=3sINT MODlE=3rOUTRATE=1
SIMULATE
PARAMETER VALUES 9 TS TS=5.5
SIMULATE
PARAMETER VALUES
TS TS=5. 9 NL FO=1269CW F0=3.949AA PV=0.639NS P,V=630 	 -
SIMULATE

b) Simulation Program Input Data

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 23 and series conn6Ctinn of. the
output from 'each array. At maximum output the array collect's a1 *bft^-I&k..- of
solar radiation and produces about 1.7kw of electrical power. T4L!P -user s

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.

7"rie model schematic produced by the model generation program is shown in

Figure 9.3-2o The collector thermal loop is formed by the connections 	 f

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 F0. 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 A to TS and by thermal power de -

Il ivered from TS to TL. The electrical output of the array is computed by PV
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. -	 shows that with water

- coo'ling cell temperature was held to less than 700C 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

y array	 is	 shown	 in	 Figure 9.3-4.	 The fluid flow rate of the pump and
V_

thermal energy collected exhibit very similar daily patterns. 	 The thermal

loud 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.	 The daily

424
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Figure 9.3-2 Fresnel Lens Model Schematic
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Figure 9.3-3 Solar Cell Temperature for One Week Simulation
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	cycles are predominant with the periods of strong insolation providing
	 i-.. 

I

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 0 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

..t

k'.	
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subsystem with the smallest incremental cost at the expense of the

other subsystem.)

i 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
r

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 M—t 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

results of a 20 year levelized cost analysis of the three systems, includ-

ing maintenance and operating costs, e.g., the change in thermal storage

t	 b	 to 10	 C 1	 3	 h	 th	 d 1'	 d tincreases cos s y per year. o umn sows a energy a were o

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 levelized 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 lower 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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I^

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

% Change in EC Per % Change in CC

(ALC/LC - AED/ED)/(ACC/CC)

S

3

3

it
z
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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 available 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 TBLU1 and TBLU2.)

o FUNCTION AINR

AINR computes the current of a photovoltaic cell given light 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*RS)*QBK/(T+273))) 	 (1)

• 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 OK

Tp = plate temperature in OK

CL = Length of plate in m

V = velocity of air in m/s

Equations:

TM = (TA + Tp)/2	 (mean temp.)

VI = 9.0 x 10-8 *TM -1.115 x 10-5	(viscosity)

GR'= 1.386 , x 10 3	2.91*TM 	(Grashof's no.)

CO = 7.25 x 10-5*TM + 4.325 x 10- 3	(conductivity)

RE = V*CL/VI	 (2)
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i'

116*CO*GR*STA - Tpl •333

.597*CO*REE' 5/CL	 RE <_ 5 x 105

,032*CO*(RE' 8 - 23000)/CL	 otherwise

HC = HFREE + HWIND	 (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 in m

CW = collector width in m

COP = conductivity of mounting plate in w/m-K

THP = mounting plate thickness in m

FMD = coolant mass flow rate in kg/s

DEN = coolant density in kg/m3

TF = mean coolant temperature in K

COC = coolant conductivity in w/m-K

434 BCS 40180-2 Rev.



Equations:

NT1 = NT/CW

HF1 = 12*NT1
2
*COP*THP	 (conduction coeff.)

VI = (21.7*(TF	 256)-0.8 - .185) x 10-6
(fluid viscosity)

PR = (.00518*TF	 1.25)**(-1.49) (Prandtl no.)

RE = 4.*FMD/(7r*DT*NT*DEN*VI)	 (Reynolds no.)	 (5)

If RE< 2100,

HF2 = 4.36*COC*7r*NT1

If RE > 10000

HF2 = .023*COC*RE*
8
*PR*

333
* 7r*NT1

If 2100 :S R E < 10000

X2 = 36.5*PR*33

D2 = .0029*PR' 33

A = (4.36-X2)*1.6 x 10 -8 + D2*1.266 x 10-4

B = D2 - A*2.x104

C = X2 + A*108 _ D2*104

HF2 = (A*RE2+B*RE+C)*COC*7r*NT1

HF = (1/HF1 + 1/HF2) -1	(6)

o FUNCTION HTGLAS

HTGLAS computes the top surface heat loss coefficient H
t for a collector

with 1 to 3 glass covers (ref. 2).

Inputs:	 N = number of glass covers (1,2,3)

TA = ambient temperature in OK

T C = mean cell temperature in OK

H
C
 = convection coefficient for air blowing over a

heated flat plate in w/m2_k

ec2eg = emittance of cell and glass covers

TLT = collector tilt from horizontal in degrees
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r- 1

Equations:

Ht = (N(TC/C)/((TC-TA)/(N+f))0.33 + 1/ H 
0_1

+ a (TC+TA) (Tc+TA)/(A ► (2N+f-1) /e -N)	 (7)	
y	

... ,
ddW

with	 e = 5.688 x 10-8 w/m2-K4

C = 365.9 (1.-.00883*TLT+.0001298*TLT2)

f = (1.-.04*HC+.0005*H^)(1.+.091*N)

A = 1/(ec+.05*N(1-ec))

• SUBROUTINE IMPLIC

IMPLIC controls the iteration logic 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.)

}

® SUBROUTINE RADC

RADC computes the infrared radiation coefficient FIR between two bodies

with surface temperatures T1 and T2 .	 (See section 7.4 of Duffie and

Beckman, ref. 3.)

Inputs:	 T1,T2 = surface temperatures in OK

el ,e2 = emittances for surfaces corresponding to Tl,T2

HR = 5.688 x 10 -8 (T1+T2)(T1+T2 )/(el l + e21 -1)	 (8)

• FUNCTIONS TBLU1, 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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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 Edition, International
Textbook Co., 1973.

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

3. J. A. Duffie and W. A. Beckman, Solar Energy Thermal Processes, Wiley,
1974.
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C. AI.NR t	 -
FUNCTION AINR,(AfiL,BI0vQb4L9VsRSvT)

_	 C
s	 G	 AEWTOD%—RALPHSG.% 10 -- COMPUTE PHDIO —VOLTAIC CELL CNRREMI

C
F(A)=A-AIL-310*(i.—E-XP((Qik*(V+A*RS)/(T+273)))
FP(A)=1. +BIU*€.XP(4i3K *(V+A*RS)/(T+273))*Q3K*RS/11+273)
A=O.
Do 1 i=1910
ANEW =A —F (A ) /FP  I A )
IF((AMEW—A).Lc..0U001)GD TO 2

1 A=ANEW
L AINR=ANEW

RETURN
_	 LflYU
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CNVC
SUdRGUTINE CNVC(HC,Rz,T'P,1A„V,CL)

C
i.	 COMPUTES CONVECTION COEFFICIENT HC AND REYNOLDS
L	 NUMBER RE FOR AIR bLUWING OVER A FLAT PLATc.
G	 CALLED EaY COMPONENT F0.
l:	 ImFu1S	 IA — AIR TEMPERATJRE,K,
c	 TP —PLATE l M PEKATUR=,K
C	 V	 —VLLGCITY OF AIR,M/S
C	 CL —LENGTH OF PLATE,M
C

VI=9.E-8*TM—Y.17i3c-
bR= 136.-2:.5► I^-TM
L3=7 .k 5t —:^*T M+4.32.E-3
RE=V*CL/VI
HFR .E=.llo*C.C,*ZvR *( iA6S(TA—TP))**i.333) )
HNIND 597*CO*SQRT(RE)/CL

IF(RE.GT.5.E5) HWINC=.G3f'-*CO*(RE**(.3)-23000.)/CL
HC=riFkEE+fiWlWD
RETUM
END

MINVAl!;
 4Z,-E ig

a

r
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SU5RCJJl l%L CUBIC (AA,BB,ANS)
TER=AA**3/27.
TERM =6fi**2/4. +TER
IFIAisStTrRM) . vT..0001 ):^i^

 
TO 10

C THREE RLAL kUOTS: TWO tQUAL
c s*as*s*sa##sssssi#ssi►**#s*###ss+as##*t*####*s*##*#***#*s*#****s

C s;i^usssaIF-*sa,:sus . s*¢+^saaasaassss *^*a^**a^*** ##ass*#s;**mss#*#s^r^a^+
C S,LLc LT PCS TIVE ROM
L *s#**s$*s**#s**s#**s*s**#s#*#s#**s******s******x^*#*****#x**s* xs;^

AN.)o=AMAX 1 (A8, AbB )
RETUt"

10 1F(7cRM.L-1.0.160 10 20
;, ^lw^i4a.iia^iiii^^+ti-s.:,#y+►s##^#*s#*#asst****##*#s*#*s#**s#*^R,N^s^c^pC3^k##*#
C C.Nc REAL ROCTv 7WC CONJUGATE I MAGINARY ROOTS 
C ####*s#* #********s+R**#*** *#*s*******#s##s***#*****ss*s*x^ *s.:x*^xxs^a

STig M=SQRT( TERM)
AAA► =CLR I	 +ST cRM )
o^ 7=C3^iT (-8u3 2.-57 tRM )

C s.^*x * a► sssafa.aos^* a^s^ss**ss*a***##s***s**ss***x**^xsx^*#^*mss**
C SELECT REAL RGO7

ANS= AAA+ EB8
RLTU;

G jy yyy	 tt y, yjr	 y	 y	 yy.	 ^^yy	 yy	 y	 yyyo ((.^yT# # # TT* * ^#^ T? ^^ T T T* # # # ^* ^^# *** ^* * ^ *T *^ TT T #* ^^ * * * * * ** *@ *T "s #Y *^ TO T* #
v IHRLc REAL• UNLQJAL ROOTS
C *ssss***#****s*#*##***#*#####*****^a.:s***#**#s*#****#s***s#*spa*^

20 STr- K=SQiZT ( —TER )
THETA=AC,QS(-6B/2./STER)
TL=2.*SQRTt-AA/3.1
THETA3=7HEIA/3.;
Xd=TEsCCiS tTHi`lAS D
X2=TE*CGS(TH7--TA3+2.09439)
X3=T^---*CC1S(THLr--7A3+4.188191,,''.

	 .

C *#**sue*s*s*spa#*#*#*^x*****#****sx^**#****#***s**#*#**mss**s#*^
L SE-LELT SMALLEST POSITIVE 8007---
L ^Pei^k#;i#i^R#iF,i * R#tic## h1#*^s#*##+Rte*^R?k##^k *# ^k*#t, *# g*###,?Q^#i####*
e _.,—'--... ANS=AMAX 1( X 1 s X2 w X3 )

AETUkN
END
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C FL'UC
SU3KOUT1NE FLUE(NF ,RE,N7,DT ,CW,CGS9 1HS,FMJ,OEN ,TF,000)

C
c.014PUTES HEAl	 1RANSFEk COEFFICIENT HF TO FLUID

4 ANif kzYNULOS NUMBED:.
C GALLtD BY COMPONENT FO
C LtP u7 S	 yl	 —mUM csER OF COOLING TUBES
G DT	 — UTAMLTcK OF COCLII46 TU6ES
C CW	 —L0LLECT1JR WIDTHgH
C ZO	 — CONDULTIVIIY OF MOUNTING PLA7E,W/M—K

JHS -MOJNT.ING PLA7t 7HIC.KNLSS,M
C F14L —LOOLANI MASS FLOW RAT E, KG/S
C JEcv —i.00LA141 DEhS1TY,KG/M3
C. TF	 —MtAN COOLANT' TEMPERAIURE,K
C CUC —CuuLA.4T CCJNUUCTIVlTY,W/M—K

KLAL NT,N)1
C WKI7E(t>g108)FMUjLL-NwTF,CLL
C LuL F%3-4MATllki3,5X,*FLU% IMPUIS *14F10.2)

Pfi = (. 00 518 *T F-1. I :,) * 4 ( —1.49 )
ttfl =i*T/CW
HF1=12.*Nl 1*NT1*CCS*THS
VI=(Li.7*(TF-2Sb.)**(—.6)°.1a5)*l.c-6
kE=4.*FM0/(.]^.141C*DT*Nl*DEA!*V4' a
IF(aE.Gt..^jG.,.)GU TO	 1
HF2=4.3b#LGC*3.14 16*Nll
t-t3 T U 5

i iF(Ri.Gl.i0000.)GC 10
X2=36.5*(Pk**(.3))
D2=. UO2v*(PR**( .33) )
A= (4.3b—X2) *I .uE-3+DL*1.266E-4
6=D2—A#2.s.4

=X'2+A* l . E&—UZ* l . E4
HF2= (A*kt.*RE+B*kr+C)*COL*3.1411*NlI
GO TO 5

2 LONT INUE
HF2=.02j*CGC*IRE**l :S)) *(!^R**1 .3 s3)) *3.1411,*^iTl

5 COAT INUc
HF=1./(1./HF1+1./HF2)

C WRIT,c(6,109)HFvHE
C 109 F0R,4A7 (1HU, JX,*FLUL OUTPUTS *, 2F i0.2 )

RETUfkN
END

r.
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CHTGLAS
FUNL TIOa H1 vLAS (NG, TA 9 1 C,HCI v EC t EG„TLI )

C
C	 TOP HEAT LOSS LGEFFICIENT HT FOk GLAS COVERS, CALLED 6V FP
L
C
C	 INPUTS
C	 N6---* AMticR OF CLASS LOVERS ( 1P20)
C	 TA=AM3IENT IEMPERATURF,K
1.	 TL=MEAN GLLL TEMPERATUkE#K
C	 HCI=COfdVECT IOid COEFFICIENT FOR AIR BLOWING OVER
C	 A HEATED FLAT PLATEs N/M2—K
L	 EC,E;x=LMITTANCL OF CELL AND GLASS COVERS
C	 TLT=COLLECIUR TILT FROM HdRIZOMTAL Ili OE6REES
C

REAL NG
SIGMA=5.ba8 E-8
C=365.9*( 1. — .00a83*TLT+.GO01295* T'LTTTiT 1
F= ( 1. — . Gy *HC 1+.000 5*HC.1*NG 1) * t 1. +. 0914NG )
A=I.i t EG+.05*46*4 1. —t:C) )
16=NG*(TC/C) /Iit1'C--TA)/iNU+F))**0.33) + 1./HC1
E=SIGMA*ITC*TC+IA*TAD*1TC+TA)/(A +(2.*NG +F-1.)/EG—NG)
H1 GLAS=1 ./G+ti
RE.TURM
END

5r
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C IMP LIC
SUBROUTINE IMPLIC(CYCLESsDLINES)
CO^.4Mi,N/CIMPL/IMPL,ICNT /LURDER/ NQXvN0V /COLD/VOLD
COMMON /CV/ V /GNHMEV/ NAMEV /(,TIME/ MME
UIMENSIJN V'(1)rNAMcV ( I)9V0LU(I)

C ******	 UNIVAL VERjIUN LOat ONLY
L	 IF(CYLLLS.LE.G. / GO TO 46

IF(IMPL.G1.0)uL 70 10
SP=O
ITRS=CYCLLS
ITERS= MAXO(I,MINO(ITERS920))
ILiNE'S= AdS(ULINES)
IT,40= G
I4PL=1
ac 5 ` 1=IINOV

5 VOLD(l) = U.
10 L,ONTINUE

L ***'x	 CGC VERSIGN LGDE ONLY
IF(CYCLES.GE.1.) G(i TO 15
IMPL=2
IF(IGyT.&E.ILINLS) IMPL=3
RETURN

1.5 IF(IMPL.GT .11 GC 10 20
ITNO = ITNO+1
IF(I1NO.GE.I1tRS) IMPL=2
!C )N =1

ADO 30 I=1,NUV
IF(AbS(V(I) ).L7. 1.E.-6) GAL' TG 30
IF( ABS(VOLU(I)—V(1)) .GT. 0.03*ABS(V(I)) )ICCGN=O
VOLD(1)= V(I)

3(1 CONTINUE
IF(lLUN.LQ.1) IMPL =2
IFIIMPL.E.4.2 .AND. ICNT.GE .ILINES) IMPL =J
RETURN

c
20 ITN0=0

IF(IMPL.61.2) GJ 10 40
IF(ICON.E0.1) GC] TO 40
lF (DLINES.LT.O.) 60 T(i 40
ILK=U
DO 50 I=19NOV
IF( A6S(V(l)).LT'.1.0E—b) GO TO 54
IFS ABS(VOLD(I)—V(I)) .LT. 0.05*A65(V(I)) )GO TO 50
IF CILK.EQ. 0) WRITE (6,100) TIME

100 FORMAT ( 1H0y I0X 9 5H7IME=wF9.2 )
WRITH6 9 200) NAMEV(I)'VOLD(I)gV(I)

200 FORMAT(IH ,10X 9 A6,2'8H NGvCONVERiaENCE. OLD VALUE= ,F12.?,
1 13H	 NEW VALUE.=9F12.:5)
ICK=1

50 CO3T INUE
IFtICK.EG.I) ICNT=ICNT'+1

40 IMPL=4
RETURN
LAD

SCS 401802 Rev.	 443

X0



CRAUC
SUBRUaTI&E ikADC(HKipllwT2vElipE2)

L
C	 COMPUILS INFRARED RANAUUM CUEFFICIEN7 HR
G	 CALLtD bY COMPUmEmT FU
C.	 INPUTS	 T19142 —SURFACE' TEMPLRATURLS.K
C	 ElvEZ —LORRESPUNDING SUkFACL E14ITTANCF-S
C

tiR =5b o 8 6 f- —8 11 * Y 1 +12 * 12 1 * (T I + 12 ) /I I E 1+ 1 E 2— 1.
Rtl,uitN
LND

iE
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CT BL U1
FUNCTION 16LU1(XsXT',FT9NDX,NX)

L.t	
C
	

PURPGSE	 GNE DIMENSION LINEAR INTERPOLATION
c
C
	

CALL SEEQUENCL
c
C
	

X — VALUE OF INDEPENDENT VARIABLE
r.	 XT — ARRAY OF LEA67H ABStNX) CONTAINING X VALUES

FT — ARRAY OF TABLE VALJES CORRESPONDING 7'0 XT
C
	

NDX— INUILAIOR FCR STEP 3PACIN6
C
	

IF NDX.EQ.O TH64 XT CONTAINS EQUAL SPACED DATA
C
	

lF NDX.NL.O THEN XT CCNTAINS UMEQUAL SPACED DATA
C
	

NX — AuS(N X) IS THE ARRAY LENGTH
G
	

IF NX.LT.O THEN TRUNCATE OUTaIDE TABLE RA^^tisL
C
	

IF NX.GE.O THEM EXTRAPOLATE GUTSIUE TABLE RA.vGL
C
C
	

WRITTEN BY A.W.WARREN
	

VERSICN 1, APRIL 1977
C

DIMENSION XT(1),FT(1)
NA=I ABS (NX)
IFtMA.GT.I)GG TL 5
T6LU 1=FT (I )
RcTUkN

5 1FtNGX.NL.G) GO 10 100
L
L	 EQUI—SPACED TABLE I.NTERPULAIIUN
C

XU= XT(l)
H= X1'(2)—X11 1)
XI= (X—Xo)/H +1.
I=XI
!F(I.GT.0) GC TO 10
TBLUi FT(l)
IF(%X.GE.6)T5LJl FT(1) i (X1-1.)*(FT(2)—FT(1))
RETURN

10 IFII.LT.NA) GO TL 20
TbLU 1=FT 0VA )
IF(NX.GE.U) TBLU1= FT(NA) + (XI—NA)*(FT(NA)—FT(NA-1))
RETURN

2G TbLUI FT(I) + (XI— I)*(FIiI+I)—FT(I))
RETURN

C	 UNEQUAL SPACED TABLE INTERPOLATION
C
100 IF(X.GE.XT(l)) GO TO 30

TB LU I=FT (1)
IF(NX.GE.0) TSLU1 FT(1) + (,X-Y.T(l))*(FT(2)—FT(l))/(XT'(2)—X7(11)
RETURN

30 IFIX.LI .XT (N4)) GO TO 40
TB LU I= FT(NA)
IF(NX.GE.0) TBLUI=FT( NA)+(X—XT(NA))*(FT(NA) — FT(NA-1))/(XT(NA)

1	 -- XT(NA-1))
RETURN	 }f.	

40 I=1	 i
1GE= NA

50 II=( IG&+l)/Z
IF(X.LT.X]'(II)) Gi^- T O 60
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GU TG 70
bo
70 IF(I+I.LT.IGE) GU TU 50

IBLUi.= FI(l) + (FT(1+1)-Fl(l))*(X	 XT(I))/(XT(1+1)-XI(I))
RETURN
UID

it

il

lf,



CT6LU2
FUNCTIGN T'BLU2(X,Y,XT,YT,FT,IX9IY,NX,NY,MXtMY)

C
J
	

G`^k	
C

- C.
G
C
G

C
Cr
G
G
Lr
G
G
G
G
C
C
G

PU17%POSE	 IWO UIMENSIGN LINEAR INTERPOLATION

METHOu	 BINARY SEARCH TO FIND NEAREST GRID POINTS.
TBLU1 IS USED TG REDULrE THE INTERPULATICAt DIMENSION.

CALL SEQUENCE

X,Y — POINT AT WHICH INTERPOLATION IS JESIREU
XT, YT— ARRAYS CC141AININv INDEPENDENT VARIABLa GRID POINTS
FT	 — T WO DI EM&I*IDN ARRAY GF VALUES SUCH THAT F1'(I s J )

LORRESPONDS TG XT(I),YT(J).
IX,IY— INDICATORS FOR GRID SPACINiu

IF IX=O THEN XT CONTAINS EQUAL SPACED VALUES
IF IX.NE.O THEN XT CONTAINS UNEQUAL SPACED VALUES

AX I NY— A6s(Nx),A8s(NY) ARE THE ARRAY DIMENSIGNS FOR XT,YT
IF NX.LT.('r THEN TRUivCATE OUTSIDE XT: RANGE
IF NX.GI.G Trii%'Y LXTRAPOLATE GVTSIDE XT RANGE
LI1(,LWISE FOR NY AND YT VALUES.

MX00 — UUN^f-ARGUMENTS. 	 EQUAL TO ABS(NX), AdS(NY).

WRITTEN BY A.W. WARRi^ft
	

VERSION 1 9 JUNE 1577

DIMENSION XT(1),YT(1),FT(1)
NA = .lA3S(NX)
MX = NA
N8 = IA6S(NY )
MY = N6
IF(NA.GT.1)G0 TO iG
TisLU2 = TBLU1(Y,YT,FT',IYt4Y)
RETURN

10 I F (N B. GT'. L) GO TO 20
TBLU2 = TbLUI(X,XT,FT, IXvNX)
RETURN

G	 Y OUTSIDE YT TA6LE RANGE
C

20 IF( Y.GT. YT(1) )GU TO 100
E = (Y—YT(1))/(YT(2)— YT(11)
FFI = TE$LUItXYXTaFTt i)91XPNX)
Ts3LU2 =FFI
IF(NY GT.0)TBLU2 =FF1+ E*( TBLUI(X,XT,FT(NA+1),IX,NX) —FFI)
RETURN

C
100 IF( Y.LT. YT(NF))CO TO 200

E = (YT(NB)—Y)(YT(NB)-YT(NB—I))
NBI = NA*(NB-1)+1
FFI = TBLUI(X,XT,FT(NBL),IX,NX)
TBLU2 = FF1
IF(NY.GT.0)1BLU2	 FF1+ E*(TBLUi (XsXT,FT(NlBI —CIA) ,IX,NX) —FFI)
kETURN

C
G	 YT GRID SEARCH AND INTERPOLATION
C

-	 200 LF (I Y.frE..0) GO TO 240
I	 lY — YT(1))O(YTl2) —YTt1D) + 1.
GO TO 300
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24U I=1
s	 IGE = Nb

250 II = (IGE+I)/2
1F(Y.LT. YT(11) )60 TO 260
1= 11
GO TO 270

260 IGE = 11
_	 270 IF(I+1 .LT. IGE)GO TO 250
_	 C

300 E = (Y—Y'r(I))/(Y7'(I+1)—YI(i))
I1= Nk* ( I—I)+Y
FFI = TBLU1(X,XT,FT( I1)'IX,NX)
TbLU2 = FF1 + E*(TbLU1(X,XTsFT(LI+NA),lXtNX) —FF1)
RETURN
END
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CUNIF
SUBROM INE UNIF ( U, IX )
(GIMMUN /LIMPL/ Il1PL91CNT9ITEST
GA,TA Y/253967./
1F(IMPL.EQ.rj .AND. 1TESI*.EG.1) IX=43X469
IF (IX.LQ.1) IX = 431409
X AMON 1X*Y916777210. )
U= X/16177215.
I X =X
kETJRN
Eli D

^r
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