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PRECEDING PAGE BLANK NOF FILMER

FOREWARD

This report presents results of work conducted by Boeing Computer Services
Company under NASA Contract NAS3-20385, "Wind Energy Storage Model Develop-
ment." This program was conducted under the sponsorship of the Advanced
Physical Mathods Branch, Office of Conservation, ERDA, under the direction of
Dr. G. C. Chang, and was administered by the NASA-Lewis Research Center Ther-
mal and Mechanical Storage Section with Mr. L. H. Gordon as Project Manager.
This report is in three volumes.

I. Technical Report
II. Operation Manual

ITI. Program Descriptions

The Boeing Program Manager for this work was R. W. Edsinger, and A. W. Warren
was the principal investigator.

For completeness, the summary sections 1.1 and 1.2 of Volume I have been
repeated in the Operation Manual, Volume II.

BCS 40180-2 ‘ x1id
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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., However, the type and degree
of storage required for optimal utilization of wind energy and the total costs
and utility of the resulting wind furbine/generator/storage system have not
been thoroughly analyzed. The purpose of the SIMWEST (Simulation Model for
Wind Energy Storage) program described in this document is to provide a tool
for performing fthis needed anaiysis. It is a tool to aid in the design of

an optimal wind energy system for a given application and to allow the result-

ing system fo be evaluated and verified through realistic simulation.

SIMWEST consists of a library of system components and a precompiler program
which allows fhese components fo be put together in building block form. The
present library contains components for five types of energy storage systems,
They are pumped hydro, battery, thermal, flywheel, a7id pneumatic. The SIMWMEST

program, as described here runs on the UNIVAC 1100 series of computers,

Other computer programs exist for the simulation of wind systems and vari-

ous forms of energy storage. However SIMWEST is the only program capable of
simujating total wind systems containing any one or combination of the above
types of sftorage and at the same time having the flexibility and depth required

to perform thorough and meaningful parameter studies.
1,1  GENERAL APPROACH

The structure and much of the software for the SIMWEST program is based on

a computer program called EASY, whizh was prevously developed by Boeing Com-
puter Services, Inc, (BCS). SIMMEST consists of two basic programs, ‘and a
library of system, environmental, and load components. The first program,

the Model Generation Program, is a precompiler which generates computer mod-
els (in FORTRAN) of complex wind energy generator/storage/application systems,
from user specifications using SIMMEST library components. The second program

exercises the resulting computer model to perform cost and potential utiliza~




tion analysis. It handles inpuf, output, integration of system dynamics,
and iterates fo obtain convergence of variables involved in implicit loops.
The combination of these two programs provides a powerful tool for analyzing

alternate storage system designs.

Figure 1-1 shows the general organization of the SIMWEST program., In addi-
tion fo the two programs described above, there is a third which performs
file maintenance. |t is used to incorporate user suppiied data for new sub-
system models. Ajthough the program is shown to be made up of a number of
subprograms, it can be executed as a single batch program by supplying the
mode| description control cards and the confrol cards describing the desired

analysis to be performed and the desired fabuiar and/or plotted oufput.
1.2 SIMWEST LIBRARY
1.2.1 QOverview

The SIMMEST tibrary is listed in Table 1-1. |f is made up of five types of

components: physicai, environmental, load, logical, and utilify.

Physical components encompass such things as mofors, generators, iransmis-
sions, flywheels, etc, These components model actual physical hardware which
might be used in a wind energy system. The selection of fthe particular SiM-
WEST library set of physical components was based on the requirement that

it be capable of modeling five types of energy storage sysftems mentioned

previousiy: thermal, flywheel, batfery, pumped hydro and pneumatic.

The degree of detail in the component models is based upon two design cri-
teria. First, all models should contain sufficient detail to simulate atl
physical characteristics and constraints having significant impact on the
systems overall cost effectiveness. Second, the models should be designed
to minimize computer time and required user specification. |t Is assumed

that a typical SIMWEST simulation might cover a time span of one year. Thus

BCS 40180-2
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TABLE 1-1 SIMWEST LIBRARY COMPONENTS

PHYS I CAL ENV |IRONMENTAL
WING TURBINE WT WIND WO
TURB | NE /GENERATOR WP AMBIENT TEMP TP
AC INDUCTION GEN. GE
FIXED RATIO TRANSMISSION GR LOAD
RECTIF IER RE  ELECTRICAL LOAD L.O
BATTERY BA  THERMAL LOAD TL
INVERTER v
ADMI TTANCE AD LOGIC
COMPRESSOR (PNEUMATIC) CO  POWER DIVIDER PD
ADIABATIC HEAT EXCHANGER POWER ACCUMULATOR PA
(INPUT CYCLE) HX ~ PRIORITY INTERRUPT Pl
ADIABATIC HEAT EXCHANGER SWITCH SW, SX, §Y,SZ
(OUTPUT CYCLE) HY
PNEUMATIC STORAGE VESSEL CS UTILITY
BURNER BN COST MONITOR M
TURBINE (PNEUMATIC) TU  SATURATION SA
INDUCTION MOTOR MO  RANDOM NUMBER GENERATOR . RN
VARIABLE RATIO TRANSMISSION TR~ TEST FUNCTIONS AF
FLYWHEEL /CLUTCH FL TABLE LOOKUP ' FU,FV
PUMP (HYDRO) PU  TRANSFER FUNCTION IT,LA,LL,TF
TURBINE (HYDRO) HT  ARITHMETIC ELEMENT MA, MB,MC
HYDRO STORAGE HS ~ HISTOGRAM HG
THFRMAL - STORAGE TS TAPE READ TA
UTILITY UT  TIME CONVERSION Tl
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from a computer run time and economic impact polint of view a simulation step

size of between 15 minutes and one hour seemed reasonable.

As a result of the above two design criteria many physical components, such
as the electrical components, were modeied mainly in terms of power fiow
and steady state response. This tack of detaiil is consistent with the 15 :

minute fime step and with the concept that the 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.
I f short electric transients were to be modeled, much detail would need to
be added to the component models which would greatly increase the user's
task of specifying the model. Further, the simufation time step would have
fo be reduced to a fraction of a second so the model would not oniy be much

jarger but computer runs would be much costlier,

Environmental components are those which simulate environmenta! conditions.
In the present SIMWEST library these conditions are wind speed and ambient
temperature. These variables are generally used as inputfs to physical com-
ponents, Environmental component outpuf can eifther be compufed from measure- 3
ment data provided by the user on a data tape, or from randomly generated

data, based on user furnished profiles,

The load compohenfs in the SIMMEST library are used to simulate various types
of power demand., They also monifor how well the system meets the simulated
demand and compute the value of.fhe'energy delivered by the wind -energy sys-
tem to the load. Like the environmental components these components may be
coMpufed from actual measurement data or from randomly‘generafed data based

on user furnished load profiles.

The library's logical components are the powér dividers, power accumulators,
switches and priority interrupts. Although physical hardware could generally
be built to serve the function of the logical components, they are not meant

to represent any particular piece of existing hardware. Instead, they are

BCS 40180-2 5



Ideallzed components that allow the user the flexibllity of modeling the
wide varlety of contrel loglc which a wind enargy sterage system would re-
quire. In practice, the control function mlight be performed by a control
room operator using a predefined control strategy or by use of a minlcom=
puter.

Finally, the utility componants include such things as the tape read, the
histogram and the cost monitor. These componants serve only o help the user

run the simulation and analyze Its results.

l.2.2 Storage Subsysiems

Figures 1-2 through 1-6 glve example configurations of the five ftypes of stor-
age subsystems which can be modeled with the present SIMWEST |[lbrary. For
ITlustrative purposes the number of variables shown passed between companents
Is 1Imlited. A description of the variables belng passed Is given In Table

1-2,

A total wind energy system will generally be made up of elements from a num-
ber of different subsystems (see Figure 1-8). In addition, the SIMMEST pro-
gram can be used for models which Include networks of storage subsystems

of the same type or a network of wind generators.

1.2.53 Loaic Components

The capabillity for modeling complex system control logic is provided by tha
power divider, power accumulator and priority Inferrupt_components. Both the
divider and accumulator operate on a priority basis. The priority Interrupt
Is used by other system components to chﬁnga the priority setting of the di-=
vider and accumulator. -

“The power divider has one ihpuf powar port and four output power ports (not
all oufput ports need be used for a glven simulation). The divider also has

BCS 40180-2



TABLE 1-2 PARTIAL LIST OF COMPONENT INPUTS AND OUTPUTS

SYMBOLS

P POWER

RE POWER REQUEST

Mo MAX IMUM POWER

RS ROTOR SPEED

T TEMPERATURE

TA AMBIENT TEMPERATURE
M MASS FLOW RATE

H RESERVOIR HEIGHT

LD THERMAL LOAD DEL | VERED
W WIND VELOCITY

GR GEAR RATIO

EF EFFICIENCY

INT INTERRUPT FLAG

TSO MINIMUM AIR TEMPERATURE
PR PRESSURE

PS PRIORITY SEQUENCE
WY WEEK OF YEAR

DW DAY OF WEEK

™ TIME OF DAY

P SURPLUS POWER

VAR FILE READ VARIABLE

BCS 40180-2
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12

an input request associated with each of its output power poris. These power
requests generally come from a component with which the output power port

Is directly or indirectly connected, The user specifies priorities of either
0,1,2,3, or 4 to be associated with each of the outpuf ports. |f the input
power to the power divider exceeds that requested ot the port with highest
priority (priority 1) fthen the excess power goes to the port with the next
Jower priority. This process continues until either all power is distributz
or all requests of non-zero priority ports are met, A port with zero (0) pri-
ority will never receive power, Such ports are included so that the port may
be connected to a component but transmit power only in critical situations,
say, when a battery has been in discharge state for a critical amount of time.
In these situations, the connected component would have to change the zero

priority sefting 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 pori. Then if there is not
enough power available to satisfy all 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 dis-
tributing power from a single input port between four output ports, it ac-
cumulates power from four input ports and sends it out through a single out-
put pert. The power accumulator also accepts output power requests from the
component connected to its single output power port and it outputs requests

for eagh of its input ports in order to service the output power request.

in addition to the actual power delivered to each input port, the power ac-
cumulator also accepts information as to the maximum power that can be de-
livered to that port. These values are used by the accumulator to determine

how to distribute its power request between its four input ports. |f the in-

~ put power request exceeds the maximum deliverable power for the port of high-

est priority, then the remainder is shifted to the port with the next [ower
priority. This process continues lnti| either the power request has been com-
pletely distributed between the highest priority input poffs or all input

BCS 40180-2



ports have requests equal to thelr maximum deliverable power. An example
illustrative of the use of power dividers and power accumulators is given

in Figure 1-7.

Here the wind turbine distributes power first to satisfy the request from
foad 1, If there is power left over, it then fries 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 is connect-
ed fo the wind turbine and also has a priority zero connection to the util-
ity. Thus, if the battery remains in a discharge state for more than a spec-
ified amount of time, it can change the utility priority (from 0 to 1) to

receive the needed power.

Also in Figure 1-7, we see that load 2 prefers to draw power from fthe fly-
whee! before turning to the battery. This configuration tends to keep the
fiywheel as discharged as possible, using it primarily as a means fo absorb

large influxes of power,

Figure 1=7 is a rather simple configuration used for i|lustrative purposes.

- A more complex configuration is shown in Figure 1-8.

1.2.4 SIMWEST Qufput

BCS

There are three basic forms of SIMMEST output to facilitate the analysis

of wind energy storage sysfems; line printer plots, histograms of system
variables and time sequenced output of variable values. To enhance the use-
fulness of these outputs each SIMMEST library component is associated with
a number of output variables, Prior to simulating a given system the user
specifies which of these variables he wants plotted. For plotted output he
may select to have the independent variable be the plot time or any of the
other Variables. For example he may want to plot the energy of pneumatic
storage as a function of time and/or as a function of sfdrage versus tem-—

perature. |f the user wants s time sequenced |isting of all variable values

13

40180-2




14

UTILITY

NIND
HODEL

TURBNE/

LOAD]

GENERATOR 3

MOTOR

FLYRHEEL

GENERATOR

UTILITY

FIGURE 1-7 EXAMPLE OF POWER DIVIDER & ACCUMULATOR USE

RECTIFIER

BATTERY

INVERTER

L0AD2 |

BCS 40180-2



2~-0810% Sd4

¢l

Wind

Wind
Turbine

Alternate

Source

| Utility %

Generator

Load2
'a_‘ 1
2 2
HERE

Controls

L _Lights
Inverter }——— z—jE

1
0 g
Z 11 —————1 Rect1;1er}———{ Bat}‘i?{ﬁf
4 3
5P ;
3
(E] Thermal Thermal
— 0! Storage Lead
beility

FIGURE 1-8 PLUMBROOK CONFIGURATION FOR PARAMETER STUDY



16

he just specifies the time step between printouts. The listing ot all vari-
ables has proven fo be a useful tool in understanding the performance of
the storage system under consideration and a valuable aid in validating the
system design.
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2.0 MODEL GENERATION

The Model Generation program design is based on the assumption that the sys~
tem analyst will begin by constructing a schematic diagram of the system

he wishes to analyze. This schematic will be comprised primarily of standard
SIMWEST |ibrary components. Standard library components include wind turbine,
wind models, AC induction motors, inverters, rectifiers, etc. If a particu-
lar system cannot be modeled with existing standard components, the analyst
may construct the model by including appropriate FORTRAN statements in his
system description.

All interconnections befween standard components are accomplished by the
Mode| Generation program. The analyst merely specifies each standard compo-
nent in the schematic diagram and all of the components that provide inpufs
to that component. The Model Generation program then generates names and
the proper infterconnections between the specified components. This is accom-
plished by matching the input quantities required by each standard component

to the output quantities of the specified input components.

After processing the complete system model description, the Model Generation
program generates a schematic diagram of the mode! showing the interconnec-
tions between standard components and the quantities such as power, pressure,
temperature, mass flow rates, etc., that pass fhrough each interconnection.
This schematic is produced on the lineprinter to provide a rapid graphic

check on the program's interprefation of the model description.

In addition, the program produces a list of input data that will be required
by each component to complete the model description. Both the scalar param-
eters and tabular data required for fhe analysis are included in this list.
The program assumes that any quahfify not supplied by another component will
be supplied as a fixed paramefter by the analyst. Thus requests for non-param-
eter items in the input data list will reveal any connection that was omitted

from the system model description.
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2.1 MODEL DESCRIPTION

The Model Generation program is a precompiler program which accepts model
description instructions and from these instructions generates a FORTRAN

mode! of a system. These instructions, referred to as '"program commands, "
are made up of one or more words. In additlon, the system model descrip-

tion contains numeric values, standard component names, and standard in-

puf and output quantity names.

The Model Generation commands may be best introduced with a simple example

of thelr use to describe a wind turbine system. Figure 2.1-1 shows an ana-
lyst's schematic of a wind furbine model that has been constructed using
standard componehfs on a SIMWEST schematic form. The standard component names
used in this sample are:

WD - Wind Model
- Wind Turbine
Tl - Time Conversion
Hc - Histogram Generator
GR ~ Fixed Ratio Transmission
LO - Electrical Load
GE -

AC Induction Generator

The SIMWEST description of this model would be as follows:

Example 2.1
LIST STANDARD COMPONENTS
MODEL DESCRIPTION WIND TURBINE TEST CASE
LOCATION=15 T ' ’
LOCAT |ON=11 WD INPUTS=TI
LOCATION=31 .~ WT INPUTS=WD
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Example 2.1 (Cont.)

LOCAT LON=35 GR INPUTS=WT

LOCAT LON=51 He INPUTS=WT(P =FIN)
LOCAT [ ON=39 GE INPUTS=GR
LOCATION=19 LO INPUTS=GE, Tt

END OF MOQEL

PRINT

Fhe medel description consists of a statement as to the lacation af vach
component in the schematle and a Ilst of all components that provide Inputs
ta that component, The locatlon of the somponent in the schomatic Is used
for a linc printer drawn schematic of the model, such as shown Tn Flgure
2al=2< In the Hne printer schematlc the fnput and output quantitles such

as powers (P2 WT, P2 GE, P2 GR) are shown on the varlous connpecting lines.

2.1.1 Phrases and D

The system madel description [s Interprated by the Model Generation program
as a serles of "phrases", which can appear [n a free fleld format In any

position on a dota card. Phrases must be separated by any one of the delimi-

ter symbals shown In Table 2.1-1.

Mode! Ganeratlon Program Language Dellmltars

1

equal sign

,  Golma

{ left parenthesls

) right parenthesis
three or more blanks
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2.1.2. Command Phrages

The Mode! Generation command phrases are described in this section in a lo-
gical sequence similar to that in which they appear in system model descrip-

tions.
MODEL DESCRIPTION

The MODEL DESCRIPTION command phrase indicates the start of a new system mo-
del. This phrase may be followe?, (on the same card), by a title of up to

60 characters. This title will be used to identify various program output
schematics, lists and program listings. In Example 2.1, the title was "Wind
Turbine Test Case."

LOCATION

The LOCATION command phrase indicates the start of the description of a new
component in the system model. This command must be followed by a numeric
value phrase that specifies the location of the new component on the model
schematic. Thus in the example of Figure 2,1-1, the location number of the
i wind model WD was 11 and the wind turbine WT was 31, etc. To be a valid com-
‘ ponent location, the last two digits of this number must comprise a number
between 1 and 80. The hundreds column is used to specify additional pages

as needed for the schematic. Thus the numbers:

i ' 1, 13, 51, 80

would be valid location numbers for components on the first pége, (PAGE 0),
of a system schematic. These same locations on the second page of the schema-

tic, (PAGE 1), would be:

i01, 113, 151, 180
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The location number phrase Is followed by the name of the component at that

location. Component names are discussed in Section 2.2.

A LOCATION statement should be given only once for each component. That s,
once a LOCATION statement Is started for a component the complete descrip-

tion of all inputs to that component should be given.
INPUTS

The INPUTS command phrase indicates that the following phrases contain the
names of the components that provide inputs to the component at the speci-
fied location. Thus In the example of Figure 2.1~1, the electric load at lo-
cation 19 which receives Inputs from generator GE and the time source Tl was
described as:

LOCAT 1ON=19 Lo INPUTS=GE, T

In this example the command phrase INPUTS is fol lowed by two component names.
As many component names as are necessary to specify the Inputs to a particu~

lar system component may be -included in each component description.

For some system components there are multiple input and/or outputl ports. For
example, a power divider has four input power ports. When specifying the con-
nections between such components, it is advisable to specify which ports are
to be connected. This is done by adding the port numbers to be connected after
the name of the Input component. Thus, the wind turbine to transmission con-

nection could have been more explicitly described as:
LOCAT |ON=35 GR INPUTS=WT (2,1)

This says that port 2 of the wind turbine (WT) drives port 1 of the trans-
mission (GR). Any quantitlies which have no port numbers are consldered "uni-
varsal ports" for Input connections. Thus, the GR Input of GR is connected
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up to GR WT, and the RS input of WT is connected up to RSIGR by the above
command. |f the port designaftions are omitted, as they were in example 2.1.,
the connections will be made fo the first available input port starting with
the minimum port number. Once a connection has been made fo an input porft,
those input quantities that are ccinected are unavailable for further connect-
ions. An exception is made when the physical quantities of both input and
output are specified. This method of specifying connections is described in

the fol iowing paragraphs.

For certain components, such as control elements, the ‘inputs to the compo-—
nent can be any physical quantity in the model. For these components, the
input component names must be supplemented by the name of the particular ouf-

put quantity that is to provide the input.

As an example, consider a component that represents a linear first order lag

transfer function. If the transfer function component's input, FIN, was to

be the rotor speed of the wind fturbine WT in example 2.1, then the statement:
LOCAT ION=53 ‘LA INPUTS=WT (RS=F IN)

would indicate to the program that of the outpufs of the wind turbine; the

output rotor speed, RS, was to be used as the input, FIN, to the transfer

function, LA.

To summarize, there are three levels of connection specification:

1. Default (only ¢omponenf names are specified)

Connections are made between all unconnected inputs and outputfs for the

first ports for which a match of physical quanfify names occurs.
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2. Ports Specified

Connections are made between matching physical quantities for all uncon-
nected inputs and outputs of the specified ports.

3. Physical Quantities Specified

Connections are made between only those quantities specified. Previous
connections can be over-ridden, providing the three character physical
quantity name of the previously connected variable is used. For example,
the phrase

LOCATION=19 Lo INPUTS=GE ,GE(P,2=MP2),TI

will replace the input parameter MP1LO by MP26E and then override the con-
nection MP2GE and substitute P2 GE as the LO input.

END OF MODEL

The END OF MODEL command phrase indicates that model description has been com-
pleted and that the Model Generation program should proceed with the generation
of the model subroutines.

PRINT

The PRINT command phrase causes the program to: (1) draw a schematic of the
system model, as shown in Figure 2.1-2; (2) print a list of input requirements
for the model; and (3) print a source listing of the FORTRAN subroutines that
were generated for the model. The Model Generation program then terminates.

PUNCH

The PUNCH command phrase has the same effect as the PRINT command, but in
addition a FORTRAN source deck of the system model is produced.

BCS 40180-2
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FORTRAN STATEMENTS

The FORTRAN STATEMENTS command phrase allows the system analyst to supple-
ment the library components witl FORTRAN statements. Using this feature,
the analyst can infroduce his own program logic, DO loops, etc., as necessary

to model any system feature nof obtainable with standard |ibrary components.

One of the common uses of the FORTRAN STATEMENTS command is fo input large
tables into the model. Two function subprograms TBLUL and TBLU2 are provided
for this use. They perform linear interpolation from one and two dimension

tables, respectively. TBLUL is in general cailed in the form
F = TBLULIX,TAB(4),TAB{4+N), |,#N),

where F is the infterpolated value at the desired point X, TAB is a one di-
mension table with dimension N, TAB(4) is the independent variable and TAB
(4+N} is the dependent variable list, | = 0 for equal spaced data, | =1
for unequal spaced data, and the dimension N is specified as the last vari-
able if linear extrapolation is desired, and -N is specified if fruncation
is desired ouftside the table limits. Similarly, TBLU2 is in general called

using the form
F = TBLU2(X,Y, TAB(4+M) , TAB(4) , TABL4+MENY, 1X, |, 4N, 4M,N,M)

where X and Y are the values of the primary and secondary independent varia-
bles, N and M are the dimensions of the primary and secondary variable arrays,
IX and |Y are indicators for equal spaced or unequal spaced data as above,
and the sign convention on N and M is positive for extrapolation, negative

for truncation.
The FORTRAN STATEMENTS command would normaily be used only when some portion

of the system cannot be modeled with |ibrary components. Then using this fea-

ture of the program, the analyst must perform many of the detail connections
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and naming of variables, that are normally accomp!ished by the Model Genera-
tion program. In return for these added fasks, the analyst gains a great deal
of additional freedom and flexibility in forming details of his system model.
Non-executable code such as common blocks must precede the first component

definition and executable code should come after a component has been defined

for the iteration logic to work properly.

ADD STATES
ADD VARIABLES
ADD PARAMETERS
ADD TABLES

The ADD commands may be used in conjunction with the FORTRAN STATEMENTS to
add states, variables, parameters, and tables that occur within the FORTRAN
statements, to the system model. Quantities that are not specified by one

of these commands cannot be accessed or manipulated by the Analysis Program.
Before discussing these commands, a few definitions of terms are In order.

States: States are those quantities in fhe system model
that are described by first order differential
equations. The state variables are the result
of integrating the set of first order differ-

~ential equations that comprise the dynamic sys-
 tem model. The number of states equals the or-
der of the system model. The states are dynamic,

time varying quantities during most simulation

studies. The initial values, (inltial conditions),

of the states must be input as part of the sys—

tem mode! description.
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Variables: Variables are all other dynamic time varying
quantities In the system model that are not
states. In general, variables are related to

states by algebrale relationships.

Parameters: Parometers are constant scalar quantities In
the system model. Parameters can be manipula-
ted by the snalyst to alter the system model.

‘ All parameter valuesi should be input as part
ﬁ of the system model description.

Tables: Tables are consfant nonscalar quantitles in the
system model. Tables are used to represent alge-
braic functional relationships with one or two
Independent variables. All table values must
be Input as part of the system model description.

1 5 The format for the ADD commands is that the command is followed by one or
more phrases that contain the names of the states, variables, parameters,
f or tables. In addition to each table name, a number, specifying the amount
, of storage to be allocated for that table must be given. This number is posi-
Pl tive IF the table is two dimensional and negative if one dimensional, with

{
e
i i absolute value determined by the formula:
1
| N=3+1+J+0

the total storage required by the table,

=2
i

in words.

# For certain components, default values are provided for some parameters.

v
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I = the number of data points in the primary
independent variable fable.

J = the number of data points in the secondary
independent variable table. (J=0 if there

is only one independent variable.)

D = the number of data points in the dependent
variable table. (D=1 if there is only one
Independent variable. D=I%#J if there are

two independent variables.

The following example illustrates the use of FORTRAN STATEMENTS in the par-
ameter study mode!:

Example 2.2

MODEL DESCRIPTION PARAMETER STUDY

ADD TABLES = WIND,802

LOCATION = 41 Tl

FORTRAN STATEMENTS

C READ WIND VELOCITY DATA
WVIWD = TBLU2(TD T!,DY TI ,WIND(35),WIND(4),
1 WIND(59),0,0,24,-31,24,31)

LOCATION = 71 WD INPUTS = TI
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In this model, Fortran is used to Input wind velocity date. The wind table,
denoted WIND, consists of up to 31 days of hourly wind speeds. Hence, as
described previously, the total storage required is 3+24+31+21%31=802. The
Fortran is inserted after time of day and day of the year are computed in

Tl. In this case, N=24, M=31, the data is equal spaced, and extrapolation

Is used to provide velocity data over each 24 hour period. The variable WIWD
is the name at the wind input to WD generated by the precompiler. Foriran
insertion in the mode! ends when the LOCATION=71 ... command is read and

a call to the subroutine WD is then generated.
LIST STANDARD COMPONENTS

The LIST STANDARD COMPONENTS command phrase causes the program to peint a
list of all standard components. For each standard component, lists of in-
puts, oufputs, and tables for that component are provided. For each input,
the physical gquantity name and port number is given. For each output, the
physical gquantity name, port number, and the letter S, if the quantity is

a state is given. For each table, the toble name, the number of independent
variables and the maximum amount of storage allowed is provided. This command
Is usually given as the first command of a model description and wil! result
in a list of all standard component information as the first output from the

Mode! Generation program.
2.2 NAMING CONVENTION

All standard components are given names consisting of two characters, the
Flrst of which is alphabetical. Thus we have WT for wind fturbine, GE for gen-
erator, WO for wind model, etc. Where multiple components of the same type
are Eequired, the second character is used to distinguish between the differ-
ent models of the same basic component type. A specific component in a model

can be distinguished from other components of the some type by adding one
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more character to the standard component name. This character is usually nu-
meric but can also be alphabetical or blank. Thus a given mode! can contain
up to 37 different components of the same standard component type. For exam-
ple, a model with ten different wind turbines might have these components
designated as:

WTl,WTz,WTS, “sew .,WTS,WTQ,WTA

2.2.1 Variable, Parameter, and Table Naming Conventions

Al'l of the input, output, and tabular quantities required by cach component

in a system model must have unique FORTRAN names. These quantities are given
names consisting of up to three characters that describe the physical quanti=- |
ty they represent. %

Since a single component may have several inputs or outputs of the same phys— %
ical quantity, the program adds the port number fto the second or third char- |
acter of the physical quantity name to prevent such a duplication.

The physical quantities that are outputs of a given component are fdentified
by adding the three character name of that component to the three character 1
name of the physical quantity. In this way, unique six character FORTRAN names §

are generated for all output giuantities of the system model components.

Input quantities to a component that are driven by another component carry
the names «uf the component that drives them. Any inputs that are not driven
by other model components are assumed to be parameters and are assigned the

name of the component for which they are an input.

lf a component should require tabular data as an input, uniqde table names

are generated just as scalar Input quantity names by adding the component
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name to the table name. A pictorial representation of the character assign-

ment in component, variable, and table names is given in Figure 2,2-1.
2.3 MODEL SCHEMATIC

The Mode! Generation program produces a schematic diagram of the system being
modeled. This schematic is crude but is inexpensive and does not have the
flow t'me delays associated with more elaborate plotting methods. |ts purpose

is to provide a means of rapidly locating errors in the model description.

In order to construct a schematic diagram in an efficient manner with a tea-
sonable size program, it was necessary to establish some simple rules for
symbo! generation, component connection paths, and labeling. |f these rules
are kept in mind when laying-out a schematic for the system, the SIMWEST pro-
duced schematic will match that developed by the analyst. |f the rules are
vioiated by the analysf's schematic, the SIMWEST schematic shouid still be
correct, but may contain some unusual component connection paths and some

labeling information may be overwritten.

2.3.1 Standard Schematic Form

The SIMWEST schematic diagrams are produced on a standard 11" by 14" line-
printer page with 80 component locations per page. A standard form contain-
ing only the location numbers can be obtained by executing the Mode! Genera-
tion program with the single program command, PRINT. This form can then be

reproduced and the copies used as forms for drawing sYstem model schematics.
2.3.2 lnput Quantity Labeling

The names of the physical quantities that are input fo one component from

another component are fisted adjacent to the downstream component symbol .
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These labels are placed near the connecting line that jolns the two compo-
nents. Since these names are composad of the physical guantity name and ihe
name of the component that generates the information, the source of the in-
put is evident from the name Itself. Parameter and tabular Inputs to a com-

ponent are not shown on the schematic. These constant inputs are describoed

in the Input Requirements List.

2.3.3 Component Connection Paths

In order to Keep the core requirements and run time of the SIMWEST schematic
drawing subroufine small, it was necessary to [Imit the types of connecting
paths between components to a few basic routes. These paths are shown in Fig-
ure 2.3-1. Connections between components on the same horizontal or verti-
cal line are straightforward. However, connectlons batween components that

do not share a horizontal or vertical |ine require at least & two scegment
path, Thaese paths have been arblitrarily chosen to follow a clockwise route.
It is therefore advisable that components that are on diagonal locations be
placed In a clockwlse sequence. |f counter—clockwise flow between components
is necessary, It can be accommodated by placing the components on the same

horizental or vertical |ines.

The SIMWEST schematic drawing subroutine makes no attempt to go around com-
ponents that get in the way of a connection path. Such components are "run-

over' by the connecting |lne.

2.3.4 Additional Paqes

The SIMWEST schematic diagram may be broken down into as many pages as are
necessary. No attempt is made to draw connectling paths between components

located on different pages. | is therefore advisable to minimize the num-
ber of connecting paths befweén pages. This can usually be done by grouping

 BCS 40180-2

S



BCS 40180-2

\/
POSSIBLE QUTPUT PATHS

POSSIBLE INPUT PATHS

FIGURE 2.3~1 COMPONENT CONNECTION PATHS

35



36

components with many interconnections on the same page and placing page boun-

daries between such groups of components.

2.3.5 Guidelines for Schematic Layout

The following guidelines may help in creating schematic layouts that can be
duplicated by the SIMWEST program.

1. Try fto place connected components on the same horizontal or vertical line.

b

Avoid placing components on adjacent location points.

3. Place diagonal components so fthat flow Is clockwise.

®

Group components to minimize flow paths between pages.
2.4 WARNING MESSAGES

One or more of the following warning messages will occur if the program is
unable to interpret a portfion of the model description or encounters prob-
lems in assembling the system model. These messages will be preceded by: #:t¢
WARNING 4666 or 368 NOTICE ¥96¢, The symbols XxXx and zzz are used to indicate
phfases from the model description that are included as part sf the warning

message. The following messages are |isted in alphabefical order:
1. CAN'T IDENTIFY xxx‘AS A STANDARD COMPONENT

xxXx will contain the first two characters of the phrase which cannot be
identified as a command or standard component. This message will often
fol low other warning messages as the program makes successive attempts

to interpret the given phrase.
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2. CAN'T IDENTIFY xxx AS A VALID INPUT COMPONENT TO zzz

The component xxx cannot be found in the list of components for the cur-

rent system model.
3. CAN'T LOCATE xxx AS AN INPUT COMPONENT TO LOCATION n

This message indicates that the component xxx, which provides inputs to
location n in the schematic, has not been assigned a location number.
Check for a missing LOCATION statement or misspelling of the component

name.

COMPONENT xxx DEFINITION WASN'T COMPLETED BEFORE STARTING THE DEFINITION
OF COMPONENT zzz

p3v
v

The command INPUTS was not given between the component names xxx and zzz.
Check for proper speiling of INPUTS and a valid delimiter after the phrase
XXX i

5. COMPONENT xxx HAS ALREADY BEEN DEFINED
The component xxx was defined in a previous LOCATION statement.

6. LOCATION NO. xxx FOR COMPONENT zzz HAS LAST TWO DIGITS OQUTSIDE THE ALLOW-
ABLE RANGE 1 TO 80. NO SYMBOL WILL BE PLACED IN SCHEMATIC FOR THIS COM-

PONENT

This message will ocecur at the end of the model description for a com-
ponent zzz which has an invalid location number. The system model way

still be valid but the schematic will not contain this component.
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10.

- 11.

NO xxx OUTPUTS MATCH UNSATISFIED zzz INPUTS

Check that it was intended to drive component zzz with component xxx
or that the inputs to zzz have been previously satisfied by other com-

ponent connections.
TABLE NAME xxx MUST BE FOLLOWED BY A NUMERIC DIMENSION RATHER THAN zzz
When using the ADD TABLES command, It is necessary to provide the maximum

amount of storage ta be allocated for the table as well as the table

name. This storage value must be a numeric quantity.

xxXx 1S NOT A VALID [INPUT QUANTITY OR PORT DESIGNAT{ON FOR COMPONENT zzz
The phrase xxx cannof be located as one of the input quantities or in-
put ports of the component zzz. No connections will occur. Check the

list of standard components for the proper spelling or port designations

for this component.
xxx IS NOT A VALID LOCATION NUMBER
The LOCATION command must be followed by a numeric location number.

xxx 1S NOT A VALID PORT DESIGNATION FOR INPUT COMPONENT zzz. ERRONEOUS
CONNECT |ONS MAY OCCUR.

The phrase xxx cannot be located as a valid input port for the component
zzz. Connections will be attempted using the upstream output port that

was identified.
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2.5 MODEL ‘GENERATION LIMITATIONS

Certain limitations exist in the Model Generation program due to array di-
mensions within the program. For most applications these limits should not
be encountered. However, if they shouid be encountered they can usually be
extended at the expense of larger core requirements fo execute the program.

The following table describes these limitations:

Limitation Description

Standard components in library
Components per model

Inputs per any standard component
Outputs per any standard component
Tables per any standard component
Tables per model

Table dimension (words)

BCS 40180-2

Maximum Value

150
200
50
50
15
100
960
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3.0 SIMULATION PROGRAM

Once a modél has been generated as described in Section 2, the user must
describe the simulation he wishes to perform. This involves specifying the
various paramefers defailing the model components and setting the models
initial conditions. |t involves defining input data tables and the type and

guantities of printed output, both tabular and plotted. The user must also

speci fy the number of iterations he wishes to perform at each time step and
the maximum number of component diagnostics, This section describes in de-
tail the commands for specifying the simulation and gives some example out-

put.

3.1 MODEL INPUT DATA

A dynamic system model requires that the values of numerous model parameters,
tables and initial conditions, be provided to complete the model description.
Sections 3,1.1, 3.1.2 and 3.2 describe the methods used to specify parameter

values, tables, and initial conditfions.

3,1.1 Scalar Data

PARAMETER VALUES (Default values = .99999)

This program command allows the numeric values of parameters to be loaded
into the system model. The PARAMETER VALUES command is fol lowed by one or
more parameter names fol lowed by a numeric value, Eéch‘name and its value
are separated by one of the standard delimiter symbols, This command is used
to specify the values of all system model parameters at the beginning of

an analysis, |t may also be used at any point between analyses to modify

the value of one or more model parameters, A default value of .99999 is pro-

vided by the Model Generation program for all parameters not so specified.
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Exampie 3,1-1

PARAMETER VALUES =

CYCLES = 6.01, TO Tl =0, EC W = .2,

CR CM = 15, LE CM = 30, MDEHS = 4,E5, .....

3.1.2 Tabular Data

| f tabular data is required by the system model, it should be loaded before

any of the simulation commands described in Section 3,4 are issued. Tables

may be modified between analyses by loading new values. The fables required

“by a SIMWMEST generated model are specified in the Input Requirements List.

- These tables may have either one or itwo independent variables. All data items

are in a free field format with each item separated by one of the standard

delimiters: comma [,], equal sign =[,]left or right parenthesis () , or

three or more consecutive blank spaces. The data items required for each

fable are placed-on cards as follows:

Card 1 TABLE table name NX NZ

Card 2% Z
Card 33 X
Card 43¢ Y

where: | Table Name -
NX -
NZitt -
Z table ¢ -

X table
Y table -

table values
table values

table values

The six character table name generated by the Model
Generation program.

The number of points in the primary independent vari-
able table,

The number of points in the secondary independent
variable fable.

Table of NZ secondary independent variable values.
Table of NX independent fable values,

1 or NZ tables of NX dependent variable values.

* As many cards as required may be used. Each table must start with a new

card and NZ, NX, and

NX¥NZ points must be given per table.

% These items are omif%ed Foryfables with one independent variable.
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A copy of all tabular input data is printed as it is interpreted from data
cards. The following example shows the data cards for a one and a two in-

dependent variable table.

Examplie 3.1-2

Card 1 TABLE, TABONE, 10

Card 2 1, 2, 3, 4, 5,6, 7, 8, 9, 10

Card 3 11, 12, 13, 14, 15, 16, 17, 18, 19, 110
Card 4 TABLE, TABTWO, 5, 4

Card 5 10.3, 20.4, 30.5, 40.6

Card 6 1, 2, 3, 4, 5

Card 7 11, 12, 13, 14, 15

Card 8 21, 22, 23, 24, 25

Card 9 31, 32, 33, 34, 35

Card 10 41, 42, 43, 44, 45

The printout of these tables would be:

TABLE TABONE
PRIMARY |INDEPENDENT VARIABLE TABLE
1.000 2.000 3.000 4.000 5.000 6.000 7,000 8.000 9,000 10.00
DEPENDENT VAR ABLE TABLE
11.00 12.00 13.00 14.00 15.00 16.00 17.00 18,00 19.00 110,00
TABLE TABTWO
SECONDARY |NDEPENDENT VAR|ABLE TABLE

10.30 20,40 30.50 40,60
 PRIMARY INDEPENDENT VARIABLE TABLE
1.000 2.000 3,000 4.000 5.000
DEPENDENT VARIABLE TABLE
-~ 11.00 12.00 13.00 14.00 15.00
21,00 22,00 23,00 24.00 25,00
31.00 32,00 33,00 34,00 35,00

41,00 42.00 ‘ 43.00 44,00 45.00
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3.2 INITIAL CONDITION AND |INTEGRATION CONTROLS

INITIAL CONDITIONS (Default value
INT CONTROLS (Default value

0}
1.01

i

i

These program commands may be used fo specify inifial condition values and
the integrator status, (either active (=1l) or frozen (=0)). Default values
of 0, for iniftial conditions and 1 for integration confrols are turnished
by the simulation program. However, it is strongly recommended that values
appropriate to the particular system model be furnished tor the initial con-

di tions.

Each of these commands is followed by phrases of the form of a state name

followed by a numeric value,

Example 3.2-1:

{N{TIAL CONDITIONS = MA HS = 1.6E6, E TS = 600, WELO = Q,
INT CONTROLS = MA HS =0, E TS =1, WELO =1, .....

ALL STATES (Default Condition)
NO STATES

These program commands may be used to activate or freeze all system inte-
grators. These commands are normally used together with the INT CONTROLS

command to specify the desired integrator configuration.

BCS 40180-2

o o s b s miars e



3.3 INITIAL CONDITION STORAGE COMMANDS

XIC=X

Xlc=XiC1
Xlc=-X1C2
XIC-XIC3
XIC1-XIC
Xic2-XicC
XIC3=XIC

These program commands are used fto ftransfer data from the current state vec-
tor, X, to the initial condition vector, XIC, and between the XIC vector

and three auxiliary initial condition vectors XICl, XIC2, XIC3.
Example 3.3-1

Xxici-Xlc, XlCc-X, XlC2=XIC
The three program commands shown above would take the current operating point
(initial condition vector) and store it In vector XiCl; then transfer the
current state, X, into XIC; and then store that value of XIC in XIC2,
3.4 SIMJLATION COMMANDS

SIMULATE

This program command initiates simulation operation. Associated with this

command are the program values:

Default Values:

TINC = time increment, hours 0.1
TMAX = ‘duration of the simulation run hours 1.0
QUTRATE = outfput rate 1
PRATE = print rate ' 1

PRINT CONTROL = print control variable 0

1
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These program commands specify the integration time increment, duration of
simujation run, the simulation output rate, the printing rate, and the quan-
tity of printing, at each point in ftime. These quantities should be specified
before the first issuance of the SIMULATE command.

The Time increment, TINC, provides the integrator ftime step size, in hours,
for the inftegrator. TINC also provides the report interval for which data
will be available for printing or plotting. The default value for TINC is
0.1,

The duration of a simulation calculation in hours, is specified by the TMAX

parameter. The default value of TMAX is 1.

The output rate parameter, OUTRATE, determines the sampling rate at which
simulation data is added fo plots. Thus, if OUTRATE is set equal to 10, data
will be piofTed every 10th time increment, TINC. The default value of QUTRATE
is 1., QUTRATE should oniy be set tc positive integer values.

The number of data samples ploftted for a simulation analysis is thus given

by:

No. of Plotted Samples = TMAX +1
TINC*OUTRATE

For most simulation operation, the plofted output specified by the DISPLAY
commands is the primary output and no line prinfer output is used. However,
for diagnosing problems in a simulation, the line printer options provided
by the PRINT CONTROL paramefer aljow l|large amounts of detailed information

about the simulated system to be obtained.

The value of the PRINT CONTROL parameter controls the quantity of data printed
at ‘each print report interval as shown in Table 3.4-1. Options 1 through 4
give “spap-shots" of all states, rates, variables, and parameférs of the

system model at a particular point in time. Option 5 pfovides tabular |ists
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of up to 10 specified quantities.¥ The default value for PRINT CONTROL is
Ol

TABLE 3.4-1

Print Control Values

PRINT CONTROL Resultant Lineprinter Qutput.
0 None (Default Condition)
1 All states, rates, and time
2 All states, rates, variables, and time
3 All states, rates, variables, and parameters
at time =0
4 All states, rates, variables, and parametfers
5 Time and the quantities specified via PRINT

VARIABLES command,

The PRATE parameter determines the sampling rate at which the simulation
data specified by the PRINT CONTROL parameter is presented on the |ine-print-
er. Thus, if PRATE is set equal to 5, data will be printed on the line print-
er every 5th fime it is added to the output plots. The rate of output to
the lineprinter can never be greater than that to the plots. The default

value of PRATE is 1. PRATE should only be set to positive integer values,

The number of data samples printed for a simulation analysis is thus given

by:

No. of Printed Samples = TMAX + 1
TINCHOUTRATEHPRATE

#See the PRINT VARIABLES command description below.
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Example 3.4~-1:

PRINT CONTROL = 2, TINC = .01, TMAX = 10.,
OUTRATE = 10, PRATE = 10, SIMULATE

In the example, the simulation would run for 10 hours. Plotted output would
occur every .1 hour, (10% ,01), and printed output would occur every 1, hour

(10% 10% ,01).
PRINT VARIABLES

This program command allows up to ten variables to be specified for print-
ing under option 5 of the PRINT CONTROL. This command is followed by from
one to ten state, rate, or variable names separated by delimiters. This com-

mand wipes out all previously stored PRINT VARIABLES names.
Example 3.4-=2:

PRINT VARIABLES = MA HS, E TS, VDELO
3.5 PLOT DESIGNATION COMMANDS

DISPLAY1
DISPLAY2
DISPLAY3
DISPLAY4
DISPLAY5
DISPLAY6

These program commands may be used to define the quantities fo be dispiayed
by lineprinter plots for simulation calculations. These commands must be

issued before the simulation analysis is requested. From one to five plots

may be specified per display. Each plot is specified by stating the depen-
dent variable and the independent variable separated by the letters VS, |f
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desired, the independent and dependent axis scale ranges can alsc be spe~
cified. The independent scale range Is specified by the word XRANGE followed
by the minimum and maximum vajues for this scale. The dependent scale simi-
larly is specified by the word YRANGE. |f scale ranges are not specified,
values will be used that span the given data,

S1 MANUAL SCALES
S| AUTO SCALES (Default Condition)

The S1 MANUAL SCALES command allows the plotted output requested by the DIS-
PLAY commands to be plotted on manual scales specltied by the YRANGE and
XRANGE commands. The §1 AUTO SCALES command can be used to return pletting

to the automatic scaling mode. Auto scales are selected so that they span
each plotted quantity. The auto scale optlien is the default used until manual
scales are requested. The PRINTER PLOTS command is also required fo obtain

plats.
Exampie 3.5-1:

S| MANUAL SCALES, PRINTER PLOTS
DISPLAYL

WV2W0, VS, TIME, YRANGE = 10,40
P1 PD, VS, TIME, YRANGE = 0,1000
P2 PD, VS, TIME, YRANGE =

0,1000
DISPLAY2

P2 IV, VS, TINE

RE2BA, VS, TIME

RE1LO, VS, TINE

DISPLAY3

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

The TITLE command allows a title to be placed on all pl!oited output. Up to
74 characters may follow the delimiter that follows the TITLE command. The
TITLE command may be changed before each analysis. Once defined, the title

remains in effect until a new title is entered.
Example 3.5-2:

TITLE = BATTERY TEST MODEL
3.6 ITERATION AND DIAGNOSTIC CONTROL

There are three built-in parameters in any SIMWEST model : CYCLES, DLINES
and RESET. These parameters are specified similar to componenf parameters

using the PARAMETER VALUES command.

CYCLES controls fthe number of iferations through the model to obtain steady

state. |f CYCLES € 0. then only one pass is made through the model. If CYCLES

is a positive integer then the number of iterations through the model is
equal to CYCLES + 1. If cycles is positive, but not an integer, then the
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 simple
models of Section 8 require between four and six iferations per time step

to attain steady state. A complex model with cascaded logic components may

require more.

The task of finding the correct value for CYCLES is facilitated by the pro-
gram printing at each time step all variables which have a greater than 5%

change in value in the last iteration.

Since output statistics are only updated the last iteration, many of the

variables printed indicating nonconvergence are just statistics, and as

such should be ignored.
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DLINES controls the amount of convergence related printout to be controlled

as well as the amount of diagnostic printout put out by the |ibrary components.
If DLINES >0 then the total number of diagnostic prinfouts is no greater

than DLINES. Figure 3.6 shows a typical section of diagnostic printout using
DLINES >0. If DLINES <0 then only library component diagnostics are printed
with no greater than — DLINES of output. Typically, DLINES = 100 is sufficient

to catch most simulation errors per run.

PC3IPA NOMCUNVERGENGE, OLD VALUE= 4,209 NEW VALUE= b.109

SR-UT MONCOMVERGENCE, ULD VALUE= 177,720 NEW VALUF= 264,359

PCIPA NONCUNVERGENCE, OLD VALUE= 6,109 NEW VALUE= 7,084

SR U1 MONCUGNVERGENCE, OLD VALLE= 264,359 NEW VAlLUE= 312,718

FILYWREEL XINFYIC EMERGY 39,875 FALLS RELOW MINIMUM REQUIREMENT 40,000
FLYWHEEL CLUTCRKR LUSS 1217 EXCEEDS DELIVERARLE PRWER L8400

SP MO NONCUNVFRGEACE, GLDN VALUF= 553,569  NFW VALLE= 601,994

SPLFL NONCUNVFRGENGE, GLD VALUF= 543,883 NEW VALLE= 590,798

PC3PA NONCONVERGENCE, 0L D VALUE= 7,054 NEW VALUESs A, 152

SR UT NONGUNVERGEMCE, OLD VALUE= 312, 71R  NEW VaLUE= 370,217

FIGURE 3.6 TYPICAL DIAGNOSTIC OUTPUT

RESET controls the initialization value for the random number generators if
several simujations are run bacii to back., |f RESET >0 (Default) then the same
randbm numbers are used for eacn simulation. |f 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

DEF INE STATES
DEF INE RATES
DEF INE PARAMETERS
DEF INE VAR!|ABLES
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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 sys-

tem models formed by the Mode! Generation program have model related names

generated for all states, variables, and parameters in the model. State varia-

ble derivatives, (Rates), are generated as Rl, R2,... for all models. R1,
R2, ... refer to the ..ates of the first, second,... states respectively.

|f it is desired to replace these machine generated names with other names,
the DEFINE command may be used to substitute any eight character name 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 fol-
lowed by phrases containing the location numeric followed by an alphanumeric
name with one to eight characters the first of which must be alphabetic.

Example 3.7:

DEF INE STATES
1 = PRESSURE, 2 = STROKE, 5 = VELOCITY, 7 = ANGLE

DEF INE PARAMETERS
5 = MASS, 35 = .DCT AREA
DEFINE VARIABLES, 1 = T OUTLET, 2 = LiQ H20

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

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

3.8 EXAMPLE OUTPUT

Figure 3.8 shows a sample of the output print format generated using PRINT

CONTROL = 3, This sample is taken from the Wind Turbine and File Read run
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ANALYSIS AND PLUTTER EXECUTION DATE 072617 PAGE 9
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1 VOELY. - & .0 400000
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1 Ry & 9,0009
VARTABLES 3
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ay LA Ge 8 220000 42°8R Gt @ ,50000%02 43 VU Gk &  40v,00 44 CC GE s 1000,0 45 CM GE @ 200,00 e
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S1 STOLU -~ & &,00V0 S2 vE LU ® +25000«03 53 CYCLES - &  ¢2,0300 S4 DLINES 8 99999 55 RESEY @ 99999
- - ————— . .. _ g
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1 oLy B 3.2 e e o
RATES B9 ‘
1 B _eb51e3 wi ;
VARIABLES 8 E
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1VORLU. - 7 239,05 ‘
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described in Section 8.1, which is a very simple model. At each print time

the output quantities are indexed by number and component name as they oc-

cur in the model. For example, first all the variables for component Tl are
printed, then all variables for component TAW, etc. The parameter values at
time = 0 show both the input values and the default parameters. After T =0
only the states, rafes, and output variables are printed. Since all the model
connection variabfes and output variables are printed, this mode is especially
valuable for program debugging and analysis at a fixed time. The printer
plots, samples of which are shown in Section 8, are useful for monitoring

the time behavior of critical parameters such as energy in storage and percent

of load delivered by storage.
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4.0 JOB CONTROL PROCEDURES

In this section, we describe job confrol 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 confrol cards required.
In Section 4.1, we describe the controlbcards 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 execufe 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 mode!. Similarly, the user input data for the analysis program

is put on a file called NONSIMCARDS, and a file called XQTANALYS!S maps the
relocatable elements into absolute file elements, and executes both the simu-

lation and printer plot programs.

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

by:

@RUN ...

@DELETE ,C EASYCARDS.
@ASG ,UP EASYCARDS.
@DATA, IL EASYCARDS.

INPUT DATA DECK
FOR MODEL

@END
@ASG,A XQTEASY.
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FIGURE 4.1-1 SIMWEST PROGRAM EXECUTION STRUCTURE
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@ADD,PL XOTEASY.
@DELETE,C NONS IMCARDS.
@ASG ,UP NONS IMCARDS.
@ATA, I L NONS IMCARDS.

INPUT DATA DECK
FOR ANALYSIS

@END

@ASG,A XQTANALYSIS.

@ADD,PL XQTANALYSIS.

@F IN
The job confrol 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, fthen 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. |f 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 programs 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 befween

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 fthe FILOAD program to furnish the model generation program com-
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@HDG  SIMWEST MODEL GENERATION
@ASG,AX MGABS.
@ASG,A ML8.

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

@JSE 7,M7.

@ASG,T SCRTCHS.
@USE 8, SCRTCHS.
@DELETE,C SCRTCHS.
@ASG ,UP SCRTCHS.
@ISE 9, SCRTCH9.
@ASG, T SCRTCH10.
@JSE 10, SCRTCH1@.
@ASG,T SCRTCH1l.
@JSE 11,SCRTCH1l.
@ASG,T SCRTCH12.
@USE 12, SCRTCH12.

@ASG,A EASYCARDS.

@USE 5,EASYCARDS.
@XQT MGABS.EASY
@ASG ,AX ASRO.
@ASG ,AX ASSI .

. @\DD,PL 9,

@:REE 18- ’7- )8- 19- ,10- ,11-;12-

FIGURE 4.1-2 XQTEASY JOB CONTROL FILE

@HDG  SIMWEST ANALYS!S
@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.
@A\SG,UP SCRTLHG.
@USE 26,SCRTCH26.
@ASG ,AX NONS |MCARDS.
@USE 5, NONS IMCARDS.
@XQT ASABS.NONS IM

_ @XQT ASABS.NSMPPT

@REE 11.,12.,25.,26.

FIGURE 4.1-3 XQTANALYSIS JOB CONTROL FILE
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ponent input and ouftput name lists. A job control stream to compile a new com-

ponent denoted DC and add it to the component library is given by:

®ASG,T SOURCE.
®DATA, | L SOURCE.
@FOR, 1S COS|.DC,COR0.DC

USER FORTRAN SUBROUTINE DC

@END

@ASG,A COSI.
®ASG,A CORO.
@ADD,PL SOURCE.
@ASG,A CMPLCO.
@D,U CMPLCO,
ADD SOURCE.
EXIT

If an old component is to be updated, then one can edit the source code on
CMPLCO and recompile entirely, or copy tha edited subroutine including the
@FOR, IS control card onfo a new file and recompile. A job stream fo execute

the FILOAD program is given by:

@DELETE,C F|LOADCARDS.
@ASG ,UP F ILOADCARDS.
@DATA , 1L FI1LOADCARDS.

USER INPUT DATA
FOR FILOAD

.

@END ‘
@ASG,A XOTF ILOAD.
@ADD,PL XOTFILQAD.

BCS 40180-2
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"RECEDING PAGE BLANK NO¥ FILMED

@ASG,AX FSRO.

@PREP FSRO.

@ASG ,AX MAPFSS .

@ASG,AX FILOAD4.

@WAP, | MAPFSS!.FILOAD,F|LOAD4.
IN FSRO.F1LOAD
LIB FSRO.

END

FIGURE 4.2-2 MAPFILOAD PROCEDURE FILE

@ASG ,AX MGRO.

@PREP MGRO,

@ASG,AX MAPMGS |,

@ASG ,AX MGABS.

@ASG,AX FSRO.

@PREP FSRO.

@MAP, | MAPMGS | . EASY ,MGABS .EASY
IN MGRO, EASY
L1B FSRO.,MGRO.,FSRO.

END

FIGURE 4.2~3 MAPEASY PROCEDURE F ILE

@ASG,AX FSRO.

@ASG,AX ASRO.

@ASG ,AX CORO.

@PREP CORO.

@PREP FSRO.

@PREP ASRO.

@ASG,AX MAPASS!.

@ASG,AX ASABS.

@WAP, | MAPASS | .NONS IM,ASABS . NONS IM
IN ASRO.NONS IM
IN ASRO.BLOCKDA
IN ASRO.MODEL
LIB  FSRO.,ASRO.,FSRO.,CORO.
END .

FIGURE 4.2-4 - MAPANALYS1S PROCEDURE FILE

BCS 40180-2
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@ASG,AX FSRO.

@ASG ,AX ASRO.

@PREP FSRO.

@PREP ASRO.

@ASG ,AX MAPASSI .

@ASG,AX ASABS.

@WAP, | MAPASS ! ,NSMPPT,ASABS .NSMPPT
IN ASRO.NSMPPT
LIB FSRO.,ASRO.,FSRO.
END

FIGURE 4.2-5 MAPNSMPPT PROCEDURE FILE

40180-2
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, FILMED
o eCEDTG PAGE BLATE wE

CAN'T IDENTIFY xxx VALUE WiLL BE JGNORED,

This will resulf in not setfing the quantity intended by xxx to its new

value., Check for spelling of xxx or for missing delimiters.

CAN'T INTERPRET xXXx

The phrase xxx cannof be recognized as a valid program command, program

name, or program value, Check spelling of xxx or for missing delimiters,

nnn EXCEEDS THE ALLOWABLE INDEX RANGE FOR xxx TH!S QUANTITY WILL NOT
BE DEFINED

The number nnn was outside the allowable range of states, rates, vari-
ables, or parameters. Therefore, the name Xxx cannot be assigned as a

name for the nnnth state, rate, variable or parameter,
NON-ALPHA NAME ON THIS CARD —-—- xxx. WILL IGNORE THiS CARD.

The table inputs routine expected an alphanumeric table name but encoun-
tered a numeric valwz on the data card printed. Check the sequence and
number of tabular data cards to assure that they match fthose required

by the model's tables and table input formafts. See Section 3.1.2 for

correct formats.
NON-NUMER IC DATA ON THIS CARD —= . xxx. WILL READ NEXT TABLE

The table input routine expected a numeric value but encountered an alpha-
numeric name on the data card printed. Check that the sequence and number
of ftabutar data cards matches the model's fables and tablie inpuf formats.

See Section 3.,1.2 for correct formats.
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nnn PRIMARY and xxx SECONDARY {NDEPENDENT VARIABLE POINTS EXCEEDS THE
zzz WORD STORAGE LIMIT FOR THE FOLLOWING TABLE. SOME DATA W!LL BE LQST.

The maximum amount of data allowed for each table is given In the lnput
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 parameteirs may

be necessary.

In component alphabetical order, these diagnostic messages are:

AD:

BA:

BNz

CO:

CS:

FL:

INPUT POWER xxxx TOO HIGH RELATIVE TO ADMITTANCE xxxx AND RATED VOLTAGE
XXX
ADMITTANCE POWER LOSS xxxx EXCEEDS INPUT POWER xxxx

POWER REQUEST xxxx EXCEEDS BATTERY CAPABILITY. CHECK VC, VO, AND RT.
BN INLET AIR MASS FLOW RATE xxxx GREATER THAN MAXIMUM ALLOWABLE xxxX

MAX I TERATIONS FOR COMPRESSOR EFFICIENCY. NP, XNP, RS = xxxX, XXXX,

XXXX

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

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

BCS 40180-2 - 67




GE:

HT:

 RE:

TA:

68

FLYWHEEL KINETIC ENERGY xxxx EXCEEDS CAPACITY xxxx
FLYWHEEL KINETIC ENERGY xxxx FALLS BELOW MINIMUM REQUIREMENT xxxx

GENERATOR OUTPUT EXCEEDS RATED POWER

HS INLET MASS FLOW RATE xxxx OR OUTLET MASS FLOW RATE xxxx |S GREATER
THAN MAXTMUM xxxx

HS RESERVOIR VOLUME xxxx EXCEEDED MAXIMUM ALLOWABLE xxxx

HS RESERVOIR VOLUME xxxx DROPPED BELOW MINIMUM xxxx

HT TURBINE CHARACTERISTIC PARAMETER OUT OF RANGE
HT INLET MASS FLOW RATE xxxx GREATER THAN MAXIMUM DESIGN VALUE

HX EXIT TEMPERATURE xxxx GREATER THAN MAXIMUM ALLOWABLE xxxx

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

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

MOTOR INPUT POWER xxxX «GT. RATED INPUT POWER xxxXx
MOTOR SLIP xxxx EXCEEDS RATED POWER SLIP xxxx
STATOR RES|STANCE xxxx OR DAMPING xxxx TOO HIGH FOR MOTOR

RE POWER LOSS xxxx EXCEEDS INPUT POWER xXxxx
RE, AC INPUT. POWER xxxx TOO LARGE IN RELATION TO TRANSFORMER REACTANCE :
xXxX AND RATED AC VOLTAGE xxxx -

FILE DATA OUT OF RANGE. INITIAL VALUE = xxxx ON UNIT xx
TIME POINT PAST TABLE RANGE. LAST VALUE = xxxx ON UNIT xx
READ ERROR OR END OF FILE ON UNIT xx
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TR: TRANSMISSION POWER LOSS xxxx EXCEEDS [NPUT xxxx >
TRANSMISSION POWER LOSS xxxx EXCEEDS MAXIMUM INPUT POWER

TS: TS WORKING FLUID FLOW RATE xxxx GREATER THAN MAXIMUM ALLOWED xxxx
TS INPUT POWER xxxx GREATER THAN MAXIMUM ALLOWED CHARGE RATE XxxXX
TS STORAGE TEMPERATURE xxxx OUTSIDE MINIMUM xxxx OR MAXIMUM XxxX

Dasretsi s st g sl

TU: TURBINE BACK PRESSURE xxxx GREATER THAN STORAGE VESSEL PRESSURE xxxx

BCS 40180-2
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6.0 CREATION OF NEW LIBRARY COMPONENTS

The addition of new standard components to the SIMWEST |ibrary involves two
steps. The first is the design of the component. This design must conform

to certain design conventions if the new component is to be compatible with
existing components. Section 6.1 discusses these design conventions and the
addition of the component subroutine fo the SIMWEST |ibrary. The second step
involves the addition of the new componenf's input and output description

to the SIMWEST file M18, File M18 is used by the precompiiler fo generate
subroutine calling sequences for the |ibrary components. Section 6.2 discuss—

es the use of the FILOAD program to accomplish this task,

6.1 LIBRARY COMPONENT CODING

6.1,1 Component Cail Seguence

The items in the component subroutine call sequence must be arranged in the

following order: .

1., Tables
2, Output Quantities
3. Input Quantities

Tables or inputs may not be present in the subroutine call sequence. However

those items that are present must follow the sequence given above.

Dummy argument names for the call sequence quanfities that are used within
each subroutine should be chosen to match the physical quantity names placed
in the input, output, and table name lists. Exceptions to this policy may
be made when integer names (names starting with | through N) must be avoided

or when additional letters will clarify the name.

The subroutine name must contain only two characters and must not duplicate

the name of an_existing standard component.

BCS 40180-2 | | L




Tables

i The table arrays must be dimensioned within the component subroutine. They
I must be dimensioned with only one subscript; e.g. DIMENSION TABLE (1). When
table data is passed to the component subroutine, the first word in the ar-
ray contains the name of the table, The second word contains the number of

values given for the primary independent variable. The third word contains
the number of values given for the secondary independent variable. Both of
these numbers are stored as REAL quantities and must be converted to INTEGER

before they can be used as a subscript. This can be done by a statement such

as.;

| NX = TABLE (2) - number of primary independent variables

NZ = TABLE (3) -~ number of secondary independent variables

If there is a secondary independent variable, the secondary independent vari-

able array will begin with the fourth word in the array, Thus if this array

is designated as z{(1l), z{(2),...., then:

o z(1)

i = TABLE (4)
: 2(2) = TABLE (5)
' z(3) = TABLE (6)
%} B The primary independent variable array begins with word NZ + 4, Thus if this

array ‘is designated as X (1), X(2), ..., then:

§ X(1) = TABLE (NZ + 4)
é X(2) = TABLE (NZ + 5)
B . .

’ .
3‘ s e L
72
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The dependent variable array begins with word NX + 4 if there is no second-
ary independent variable. Thus if this array is designated as Y(1), Y(2),...,
then:

| Y(1)
i Y(2)

TABLE (NX + 4)
TABLE (NX + 5)

H

| f there is a secondary independent variable array and this array was desig-
nated Y (!,J), with 1 | <€NX and 1< J< NZ, then Y(l,J) would be related to

the table array as:
Y(1,d) = TABLE(NX+NZ+3+ 1+ ( J=1)¥NX)
Normally fthe individual elements in the table are not used directiy but are

passed to a table look-up routine. In this case the starting address of the

X, Y, and Z fables would be referred to as:

3

Z{1) = TABLE (4) | secondary independent variable table
X{1)

Y(1,1) = TABLE (NX+NZ+4) - dependent variable table

i

- e ps b b bt

TABLE (NZ+4) primary independenf variable table

| f more than one ftable is used by a component subroutine, the table names
must appear in the same sequence in the table nam:z !ist stored in M8 file

) as in the subroutine call sequence.

Example 6.1: Given a component, HA, that requires the fables TPH and TPC

i as an inputs. The call sequence of this subroutine would appear as:

SUBROUTINE. HA(TPH, TPC, ...
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Qutput Quantities

E The term "output quantity" refers to information fthat is calculated and fthen
"output" by a particular component subroutine., This is not fo be confused
with the "outlet quantities'" of the component. The outlet quantities are as-
{ sociated with a particular component port as a result of assigning a posi-
tive direction ot power or information ftlow through the component. Some ouft-
let quantities may be calculated by the component subroutine and thus become
output quantities of that component. While other outiet quantities may be
furnished to the component subroutine and thus become input quantities to

that subroutine.

The output quantities should be grouped together by port. That is, all ouflet,
(port fwo quantities), then all inletf, (port one quantities), etc. If a com-
ponent has multiple outlet portfs, the output quantities associated with each
outlet port should be grouped fogether and listed before any inlet port ouf-

}’ put quantities.

: Certain output quantities may be internal fo the component and not associated
with any port. In other cases the same output quantity may be associated

with several ports. In such cases, no port designation is assigned to the
output quantity. Such quantities are referred to as "universal port" quanti-
ties. As such, they are allowed to connect to any other similfar physical

j;i, quantity regardless of the input quantities port number. This is not the

g case for quantities with specified port numbers. Once a connection has been
made befween‘an input and output quantity with given port numbers, only con-
nections of mafcﬁing physical quantities with those port numbers occur. Man-

ual override of this provision can be made by specifying particular physical

quantity connections,

Three quantities are required for each state variable output. The first is

‘the state variable, the second is the state variabie derivative, (rate),
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and the third is an integer quantity, the integrator control variable.

Example: Given a component, HA, with the following outputs:

Physical Quantity Port No,
T 5 Ouftfef Ports
T 4 ‘
P 1 (State Variable) Inlet Ports
P 2 (State Variable)

The call sequence arguments for these oufputs would be:
SUBROUTINE HA(TPH,TPC,T3,T4,P1,P1DOT, |P1,P2,P200T,1P2,..,

Input Quantities

The ferh "input quantity" refers to information fthat is provided fo a par-
ticular component subroutine. This is not be be confused with the "inlet
quantities" of the component. The inlet quantities are associated with a
particular component porf as a result of assigning a positive direction of
power or information, fthrough the component. Some injet quantities may be
calculated by the component subroutine and thus become oufput quantities

of that component, while other inlet quantities may be furnished to fthe com-

ponent subroutine and thus become input quantities to that subroufine.

The input quantifties should be grouped together by port. That is, all inlef,
{port one quanfities), then all outtet, (porf two quantifies), etc. Port
designations for two porf components which have the same physical quantity
ot both inlet ‘and outiet will be: port 1 for upstream or inlet port and
port 2 for downsfream or outiet port. It is important that the inlet port
quanfifiés be listed before any outtet port quanfifies. | f a component has
muitiple inlet porfs, the input quantities assocfa*edeiih each inlet port

should be grouped together and listed before any outlet port quantities,

75
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Certain input quantities may be internal to the component and not associat-

ed with any port. In other cases the same input quantity may be associated
with several ports. In such cases, no port designation is assigned to tne
input quantity. Such quantities are referred to as "universal port" quanti-
ties. As such, they are allowed to connect fto any other simiiar physical quan-
tity regardless of the output quantities port number. This is not the case

for quantities with specified port numbers. Once a connection has been made
between an input and output quantity with given porf numbers, only connections
of matching physical quantities with those port numbers occur. Manual over-—
ride of this provision can be made by specifying particular physical quantity

connections,

Example: Given the component HA described in the above example, with the

fol lowing inputs:

Physical Quantity Port No,
T 1 Inlet Ports
T 2
P k 3 Ouflet Ports
P ; 4 :

AKH (universal port quantity)

The call sequence for these inputs would follow the output arguments, giving

the compliete call sequence:
SUBROUTINE HA(TPH,TPC,T3,T4,P1,P1DOT, iP1,P2,P2D0T,IP2,T1,T2,P3,P4,AKH)

The call sequence for standard component subroutines should follow the or-

der shown in Table 6.1-1.

6.1.2 Additions and Modifications to Component Library

Section 4.2 describes the job control procedures to add a new component to
the component library, compile the source code that describes the new compo-

nent and add the relocatable binaries to the component Iibrary CORO.
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TABLE 6.1-1

COMPONENT SUBROUTINE
CALL SEQUENCE ORDER

1. Tables

2, Outpuf Quantities
2.1 All Outlet Port Quantities¥*
2.2 All Injet Port Quantities¥® (feedback variables)
2.3 All Other Output Quantities

3. Input Quantities
3.1 All Injel Port Quantities#

3.2 All Outlet Port Quantities® (feedback variables)

3.3 Afl Other Ipput Quantities

* Group quantities with the same port number together. |f multiple iniet

or outlet ports exist, arrange port quantities in order of increasing port

numbers,
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5,1.3 Coding Convenf{gns

There are several coding rules which apply to any component coded. First

of afl, the calling sequence must be ordered so that it agrees with that
constructed from the Fiload program. Hence the calling sequence begins with
table arrays, is foliowed by output variables, and then by input parameters.
State variables require three sequential parameters in the calling sequence:
the state variable, the state derivative, and an integer valued integration
control. With the exception of the latter, all parameters in the calling
sequence are real valued. In general one cannot use any local variables or
arrays to staore information from call fo call since there may be several
components in the model which call a given subroutine, In other words, local
variables can only be used for scratch calculations, unless the computed
information is based on CUMAON block inputs.

Most of the coding conventions and techniques used are illustrated in Fig-
ures 6.1-1 and 6.1-2, Figure 6.,1-1 shows the code for the simple power curve
component WP. Following the call sequence are a number of comment cards in-
cluding the component purpose and calling sequence. The table PW is freated
as a single dimension Fortran array. Power output is obtained from the table
interpolation subroutine TBLUl., (Use of the fable interpolation routines
TBLU1 and TBLU2 is explained in Section 2.1}. The rest of the code shows

the conventions used to compute output statistics and add costs for the cost
summary. IMPL is an integer variable which indicates the iteration control

status:

3
]

0 the first time in a simulation that the model (EQMO) is

called

il

1 if more iterations and hence subroutine calls are expect-
ed at a given time step
>1 the final fteration through the model.

Hence when IMPL = 0, subroutine variables are initialized, default values

are assigned, efc. The statistics are only updated at the final iteration
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POOR QuaLTy
00100 .. ... 1t LCWP A e e e
- notot 2 SUBROUTINE WP ( PH,BI,POsAMI,AMP,SP/CO, VO, WVO, WV, WV,CCI, CMILEC)
E 00101 I ¢
. 0010y .. 4% _ . __C.. PURPOSE.... .MODEL. YHE wIND TURBINE AND GENERATOR USING A POWER CURVE.. o e
notog 5% [+
00101 6% € WRITTEN BY A.w. WARREN VERSION 1, MARCH 3 1977
- Doloy e TR O e s aee o e tbnn o e e e wemmn e v e e
00101 B4 C  CALL SERUENCE
{ potot 9% c TABLES
L. Dol01 . 10#.. . .Cimoeee ... PH..» WIND GENERATIDN POWER IN KW VERSUS WIND VELDCYTY_IN MPH.... .
: 05101 11x [«
0010¢ tar c ouUTPUTS
aotot T, SOV SRR Bl w DUTPUT BUS CURRENTs AMPS o 0 e e e o
00101 1l ¢ PO = POWER DUTPUT, KW
00101 15% c AMT » MAX, OBSERVED CURRENY, AMPS
L0010 e 16%. e B e - . AMP @ MAX, OBSERVED PODWER, KW. . .. . S
L 0010t 17* ¢ SP -« TOTAL OUTPUT ENERGY,KkH
i 0010t 184 o CO =~ DPERATING CDS8T, $§
LOo00101 .- 19k LB e e e e e e e e e
i og0tot 20% c INPUTS
00101 21# ¢ VO = RATED BUS VOLTAGE, VOLTS
200101 . . 2R B e WVO @ PORER CUTIN VELDCITY s MPH oo e et e e eacesire o
00101 25% ¢ WVE = POWER CUTOUT YELOCITY, MPH
vo1nt 24w c WY w wIND VELOCITY, MPH :
200308 - v 25K e G e mwms oo CCY @ CAPITOL CO8T / YEARp § ~moroimem mmmm e s i o e e e
00101 26 ¢ CMI = MAINTENANCE COST / YEAR, 8
00101 27 * c EC = CONTPOL ENERGY RATE, s/ua
00101 - 28%. .. Bomomm me e e Lo em e e e i ek e e o e e ¢ 5ot
00103 29 DIMENSTON Pu(i)
00404 0% COMMON / CIMPL / IMPL
00105 ... 3 K cn o o COMMAN/ZCO8T/ CCyCMyCOP /CTIME/ TIME /CSTMUL/ DUMCH) pTINC ) TMAX - mromimmicmms oot
00108 32w ¢
00105 334 c PDWER OUTPUT CALCULATIONS
- Datos . 3dw R e am——— pm—— e reiime e e e = e e
00106 35 PD s o
' 00107 6% IF (WY, Lr WV0 ,OR, WV,GT, wva) GO TO 10
L0018t e 3T el N B PW(2) - e i i 4 mt St n o a et et St e e e
Lo00112 384 PO = TBLUl(NV;PN(Q);PN(U+N) 1, %N)
i 00113 394 10 BI 3 PO*lOOO/VO
003113 w . dox . Lo e o e e GTATIOT LG v immr o veim s o o o e+ e e e
00113 dyw c
00ty 42 IFCIMPL,GT.0) GD TO 20
T 00316 o BEM s i BOR Dy or m e o o et o s ot oot o o 0 ettt e+ o+ 2o —
Sio00147 SLLE AMI = 0,
1 00120 USw AMP ® 0,
LL008R21 .. BB .. §P B Dy e e e e e i e i+ e e = e b i oo bm e en s - e e
00122 e TMAXIZTHAXS, 99999
| oo123 ugw 20 1F(IMPL,LE, 1) RETURN
L0012 - e— U9k e AMI = AMAXI(AMILBI) -~ e e -
1 oat2e 50 AMP = AMAXCAMP,PU)
g 901RY Stw SP a SP ¢ PO*,S5aTINC
L 00E30 CS2R e ei o ol CDB CU ¢ ECKGSRTINC - oo DR S FU A -
F oats0 53w ¢ CNST SUMMATION
con0isy SUn -~ IF( TIME.LT,TMAX1) RETURN
So0n133 S5S%x_. . een. ... CC 8 CC + CCI i e e e e e v s <ot ot Ao it L 4n | e womt 1 2 e e e e ot e
1 oot3y 564 CM = CM + CMI
J 00135 57# coPz COP +.C0 ,
" 00136 58% CRETURN o o e i e e e e e e
©ope13Y 59 END
. FEND FOR
P FIGURE 6,1-1 SAMPLE COMPONENT CODE
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00100
oolol
noluy
20101
0210}
00109
0o0l01
00101
00101
00101
00iol
00101
ootot
00101
[1317)
000t
00101
00101
00101
00101
00101
00101
03104
05101
00101
[F2Y:3°
001014
oolo1
00108
o0lol
ool01
gsotos
oolol
oolo0t
oolol
00101
golos
oolou
09104
00104
ootlos
0cto7
oollo
00ttt
00113
001158
ooit?y
00t21
oot}
oot2s
00126
oat2r
0oiso
00130
00130
00830
00134
0oL}
0o013aq
00135
00156
[T3R 1}
00137
00140
00tdg
0otu2
00143
003148
001de
00147
[ 1251}
00152
001S3
oo0i5a
00136
00154
00185
00157
do1e0
00180
00180
0otet
001}
Qoles
0oted
00109
00iss
END FON
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(2]
~

oo
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ORIGINAL PAGE =
OF POOR QUALITY

SUHPOUTINE GE(RE,LE,RS,PL,EFA, P 2, PN, SP, P, HaP, RSY,RAS,Di, 5K, ¥N,
P EF1aPHLCCT,C4])

PURPNSE vIDEL AC INDUCTION GENERATOW
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FIGURE 6.1-2 SAMPLE COMPONENT CODE
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when the model has presumably attained steady state values. Finally, the costs
are added up when the simulation has reached the maximum time point. Capital
costs, mainfenance costs, and operating costs are stored in the first three

locations of common block COST.

Figure 6.1-2 shows the code for the generator component GE. The program auto-
matically assigns default parameters = ,99999, Hence, when IMPL = 0 component
dependent default values are assigned whenever the ,99999 default is assumed.
The code near Format statement 100 shows a typicaf dlagnostic printout. The
diagnostic is only printed if IMPL = 2 since we need only diagnose errors

at the final iteration. Note that a counter ICNT is updated each time a diag-
nostic is printed. It is stored in the second location of common bjock CIMPL
and is monitored to see if diagnostic print lines exceeds DLINES. |f so,

IMPL is set to 3 the final iteration, so that no further diagnostics are
printed. The last convention observed here concerns the use of the maximum
power and product efficiency variables denoted PM1, EFl, PM2, EF2, These
variables are used to communicate information to the logic components PD

and PA, The efficiency variable EFF is defined as the ratio of output power
to input power except when Pl = O. In this case the old EFF value is used,
but in any case EFF = O must be avoided since this would communicate a zero
efficiency to a logic device Which would then generate an infinite request.
It is seen that EF2 and PM2 represent the joint efficiency and maximum power
at the output port as a consequence of the rated generator power and computed

input/output efficiency.

Storage devices have in addition to the above, certain conventions to com-
municate with the logic components. An input parameter RE1l for port 1 request
is used to initiate power discharge from storage. An oufput variable RE2 for
port 2 request is used to communicate a maximum charge rate request and is

usually computed by

RE2 = MIN (MP1, RAP)/EF1

where MP1l and EF1l are the input maximum power and inputf product efficiency,
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and RAP denotes the maximum storage charging rate. A priovity Interrupt INT
should alse be defined so that INT = 1, when storage Is empty or at a minimum,
INT = Q. 1f no Interrupt Is required, and INT = -1, at full storage capacity.
The state of storage s normally a stafe variable so fthat the code computes
fhe state derivative at each time paint and lets the integratar update the
state at each Yime point.

.2 FILOAD PROGRAM

In additlion to placing the subrautine representing the new standard compo~
nent In the component |ibrary, doescriptions of the inputs, oufputs, and tables
required by the new component must be added fo the permanent file, MLB. These
lists are used by the Moade! Generatlon program to direet the connection of
component inputs and outputs. The progrem FILOAD is provided to pertform any

of the fellowlng tasks:

1. Add new Input, outpul, or table nama ilists.

0

. Replace existing Input, output or table name llists.

%

. Remove all name lists tor specltlied companents.,

=

Dump contents of M8 ti1le onto Tape 9 In input tormat.

6.2.1 FILOAD Program Commands

The FILOAD program will recognlize the foliowing commands,

LIST STANDARD COMPONENTS
The LIST COMPONENTS command causes the program to prinf the Input, output,
and table }isfs for all components modifled or added to the MIB flie. Lf this

command Is not given the program wilt meroly give a message stating the name
of the new components belng added to the fife.

PURGE

BCS 40180-2
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The PURGE command can be used to remove a component from the M18 file. The
PURGE command is followed by the names of the components fo be purged. The
command and the component names must be separated by one of the standard de-
limiters; i.e. [ ]three or more bianks, [ ,] comma, [ =] equal sign, [ ()] left

or right parentheses.
Example 6.3: PURGE = CM, TB, OB

This command would remove all lists for the CM, TB, and OB components from

the name list file.
SYMBOL

The SYMBOL command may be used to designate the type of symbol that is fo
appear for each standard component in the lineprinter drawn model schematic
diagram. The SYMBOL command is followed by the names of the components each
fol lowed by a symbo| number. The symbol numbers and thelr associated symbols
are shown In Figure 6.2-1. The SYMBOL command, component names, and symbol

numbers are separated by standard delimiters.
Example: SYMBOL, CO = 100, SH = 200, TU = 300, OC = 400

If a symbol number is not specified for a component the default symbol of

‘a square box will be used.

DUMP FILE

The DUMP FILE command causes the FILOAD program to dump the contents of the
M18 file onto DUMPF9, in the input format of the FILOAD program. Thus for
each standard component, a tist of inputs, outputs, and tables will be pro-
duced. This data will be preceded by the command NEW FILE desciibed belaow.
This file may be edited to modify the Input, output or tables description

of any existing standard component or fo derive a new standard component

BCS 40180-2
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STANDARD SCHEMATIC SYMBOLS

14

34

44

54

64

5 6 7 8
* ¥
x x
x * 00000000
* * 0 Q
x 0 x 0 oc Q
x 15 16 a 17 a 18
* +* 0 0
* x 00000000
x %
*%  SYMBOL = 100 SYMBOL = 400
25 26 27 28
R XK K * KK K kKN Kbk
* * * *
*  SH * * ME *
x 35 % 36 x 37 % 38
X * * *
X KX KKK KEKKKKKKEKRK
SYMBOL = 200 SYMBOL = ANY OTHER NUMBER
45 46 47 48
%
* *
* *
x w
Ty o
x 55 % 56 ’ 57 58
* &®
* *
* ¥ SYMBOL =~ 300
»*
65 66 67 68

FIGURE 6.2-] LIST OF STANDARD COMPONENT SYMBOLS
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description from an existing one. The results of such an editing would then
serve as input data to a subsequent run of the FILOAD program. Unless it is
intended to purge the M18 file and start anew, the NEW FILE command at the
beginning of DUMPF9 should be removed before the subsequent run of the FILOAD

program,

NEW FILE
The NEW FILE command instructs the FILOAD program to construct a new M18
file. This command must occur as the first card in a set of data describ-
ing a completely new M18 file. Any previous components that may have exist-
ed on the M18 file are purged by this command. It is therefore only used
when installing a complete new M18 file.

FILE NAME

This command is used to load the file name to be associated with the M18

file. The current M18 file name is WINDENERGY., This command is used as:
FILE NAME = WINDENERGY

6.2.2 |Input Name Lists

Input name !ists are identified by the letters INPT following the component
name. Thus, the input name |ist for a component DC would be infroduced with
the phrase, DCINPT. This must be followed by a phrase that contains the num-

ber of names in the input name |ist.

The input names are contained on fHe following data cards, 8 names per card,
The names must be left adjusted in fields, 10 characters wide. The names

are placed in Columns 1 through 3 of each field. Column 9 of each field can
be used to indicate a port number which can be attached to the name to dis-

tinguish it from other quantities of the same name that occur with the given
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component. Thus; to Indicate that temperature, T, is an input to port 1,

the input name list would be:

; Columns 1 2 3 4 5 6 7 8 9 10
| tems T 1

! This quantity would then be referred to as Tl.

Example 6.4:

SWINPT = 3 |
INsveooola N, ool W 2.ONT |

(The dots are used here to indicate blank spaces and would not be included

| in an actual data card).

These two data cards would indicate that the component S¥ had 3 input quan-
tity names. A quantity IN appears at port 1, and is to be referred to as
INL. A quantity IN appears at port 2, and is to be referred fto as IN2, A
third input quantity CNT has no port designation. Note that if a port num—

ber is to be atfached to a quantity name, that name should contfain no more

i : than 2 characters.

The sequence of names in the input name |ist must maftch the sequence of in- ‘

put arguments in the component call sequence.

6.2.3 Quiput Name Lists

Output name lists are identified by the lefters QUTP foliowing the component

- e e RTINS T T

negme. Thus, the output name |ist for a component DC would be introduced with
the phrase, DCOUTP. This must be followed by a phrase that contains the num-—

ber of naihes in the output name [ist.

RRS 4N1R0-7



The output names are contained on the foliowing data cards, 8 names per card.
The names must be left adjusted in fields 10 characters wide. The names are
placed in Columns 1 through 3 of each fieid. Column 9 of each field can be
used to infroduce a port number which can be attached to the name to dis-
tinguish it from other quantities of the same name that occur with the given
component. |f the output quantity is a state variable, this must be indi-
cated by placing S in Column 10 of fthe field. Thus, if power P is a state

variable output quantity at port 2, the output name list would be:

Column: 1 2 3 4 5 67 8 9 10
| tem: P 2 S

This quantity would then be referred to as P2,
Example 6.5:

TZOUTP = 3
x---.-n.lSXn-..o.nstUT

| (The dots are used here to indicate blank spaces, and would notf be included
k ~on an actual data card).

i These two data cards would indicate that the component TZ had 3 output quan~
by tity names. A quantity X appears at port 1. This is a sftate variable, and

L will be referred to as X1. A quantity X is also a state variable that appears
at port 2, It will be referred to as X2, The quantity OUT is an oufput vari-
able, not a state variable, and does not have a port number associated with
it. Note, that if a port number is to be attached to a quantity name that

name should contain no more than 2 characters. These two characters plus

N
T SRR NS SO et

P

the port number will reach the maximum number of 3 characters in a quantity
name. '

The sequence of names in the ouftput name list must match the sequence of

{
1
}
i

output arguments in the component call sequence., However, whereas three argu-

BCS 40180-2 87




[

ments are provided for each state in the subroutine call sequence, only one

name is included in the output name |ist.

6.2.4 Table Name Lists

Table name lists are idenftified by the leftters TABS, following the component
name., Thus, the table name list for a component CM would be inftroduced with
the phrase CMTABS. This must be followed by a phrase containing the number

of names in the table name list., The table names are contained in fthe follow-

ing cards, one table name per card. The name is located in the first 3 col-

umns of the card. |t must be accompanied by the maximum dimension that is

tfo be provided for this table. This number must be given in columns 4 through
10 and should have a decimal point given, For single independent variable
fables this number must be negafive. For tables with two independent vari-

abies, this number must be positive,

Example:
CMTABS = 3
TAM 53,
TAB 43,
TCM =27,

These four data cards would indicate that the component CM liad 3 tables.

The first two tables TAM and TAB have two independent variables each, as
indicated by the positive dimension numbers. The fable TCM has oriy one in-
dependent variable, as indicated by the negative dimension number. 53, 43,
and 27 words of storage are to be provided for tables TAM, TAB, and TCM re-
spectively. The maximum sturage is related to the maximum number of primary,

NX, and secondary, NZ, independent variables by:

1

MAX

MAX

3 4 NX+NZ+NXHNZ for ftables with two independent variables

il

3 4+ 2%NX for tables with one independent variable

sl distaasn Lot
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7.0 LIBRARY COMPONENT DESCRIPTIONS

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

variables of each component.

There are a number of feaftures and conventions in the component descriptions

which require some elaboration. These are briefly summarized below.
7a. INPUT/OUTPUT NAME LISTS

A potentially confusing factor is the way port numbers on inputf parameters
and output variables are designated. On the model generation input cards the
name of the physical quantity and the port number is separated by a comma.
For example, the power variable with port designation 1 is denoted P,1. In
defining input to the simulation program, this same variable would be denoted
PL. To empﬁasize the distinction between the physical quantities and port
numbers, they are |listed separately in the name |ists of the component write-
ups. For example, P 1 in the name list denotes the power variable (or parame-
ter) 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 '0' is
shown as @ to distinguish this symbo! from a zero. Elsewhere in the texf sym-

bols such as VO may be referred to as VO.
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7b. INPUT PARAMETER SPECIFICATION

All input parameters are associated with default values. Many of the parame-
ters have default values dencted in the parameter description by the letter

D. For example in the Battery component the default value for fterminal re-
sistance, RT, is D = .001 ohms. All input parameters for which a default value
is not so specified has a default value of .99999. Default values are intended
to enable users fo put models together quickly by specifying a minimum of
input data. Users need only specify detailed parameter values for those com-
ponents of current interest. One must be careful using this approach since

the operating characteristics and efficiency of a 10kw rated device may for

example be quite different than for a 100kw device.

Any user specified input paramefer can be driven by one or two dimension fa-
ble tookups using the FU and FV components. This enables the user fo build
more detailed models using time or other output variables to drive the ta-
bles. 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 inpuf fo UT and specifies load request as an input connection to FU.

The desired function table is then input to FU.

It may be noted that not all of the components have maintenance or operating

cost inputs. Thus, whenever these costs are important, one can aggregate such
costs and input lumped costs fto the model. For example, the maintenance cost

of the hydro storage system may include mainterance costs for fthe pump and

turbine.
7c. COMPONENT LOGIC
In constructing S!MWEST components, we have adcpted several conventions fo

aid communication with the logic components. All physical components disfrib—

uting power are given two input parameters EF and MP (port 1) and two outfput

BCS 40180-2
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variables EF and MP (port 2). The output EF is the product efficlency of

all components in the distribufion subsystem up to and Including the given
component, and MP is the maximum power delliverable at the output of the com-
ponent. 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 in-
terrupt flag dencted INT.

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 compu-
ted by dividing the input maximum power by the input (or pump) efficiency

EF. Hence, the maximum power flowing to HS cann~t exceed RE#EF = MP. Similar-
ly, the input request to HS is computed by the PA component so as not to ex—
ceed the maximum Input power MP divided by EF (turbine efficiency). Hence,
the power that flows to PA cannot exceed REXEF = input maximum power.

When the hydro reservoir is empty, the interrupt flag is turned on and the
priority sequence is changed to 1 so that the reservoir is given access to

power flowing into the divider.

o1
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ps|

PI RE HS
INT

RE

X=X
v

MP
EF

RE

? FIGURE 7.0 SAMPLE CONNECTIONS FOR LOGIC COMPONENTS
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7.1 ADMITTANCE

POWER (P1)

AD

—_—
INPUT EFFICIENCY (EF1)——8>
MAX. INPUT POWER (MP1)—~

AD

- pOWER (P2)
& QUTPUT EPPICIENCY (EF2)
| MAX. OUTPUT POWER (MP2)

The admittance mode! can be used to model transmission lines, transformers,

capacitors or impedance power flows. A primary assumption is that the re-

active parameters dominate the real parameters so that power ftransfer angle

is solely based on reactive values, and power losses are based on the real

admittance parameters and on power angle. The equation for power loss is

based upon the following model:

Where the reactive parameters B

calculations.

BCS 40180-2
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I1

'!f-r—- :5-———ljl

ADMITTANCE

]
_g_

FIGURE 7.1 ADMITTANCE NETWORK MODEL

2)

(

Gl + jBl1

GM + jBM

GM + jBM G2 + jB2

1

) ()

and 82 do not enter info the powér loss
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inputs

Parameter/Port

G1,GM,G2
BM

Vo

P 1
EF 1
MP 1
cc

Qutputs
Variable/Port

P 2
PL
PA
EF
mP

A

Descripti
Real admittance parameters
Reactive admittance parameter *(#O)
Rated voltage magnitude
Input power
Input product efficiency
Maximum input power

Capi tal cost/year

Outpuf power

Power loss

Power angle

Output product efficiency

Maximum output power

and Impedances.

mho
mho
volts
Kw

kw

kw
kw
deg

kw

BCS

o g e e

- See next page for User Input to Model Transmission-lines, Transformers
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rapsmissi Line | :
Gl = G2 = g¥Q
GM = —gith
BM = 1/ (WkL*L)
where g = line conductance per unit length
ﬁ 2 = length of line
! W = frequency in radians/sec = 120W
L = line inductance per unit length

ransformer Input:

GL=62=GM =0
BM = 1/X¥h
where X = reactance in ohms
h'= turns ratio

(No power loss modeled with a transformer)
Impedance lnput: (Includes capacitors and inductors)

Gl = G2 = -GM = R/(R2HK2)

BM = X/ (R%x2)

where R resistance in ohms

X = reactance in ohms

= /WL for an inductance L

| i
we

for a capacitance C

BCS 40180-2
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Calculation Seguence

If PLSO P2=PL =PA =0 and Return

1) Compute power angle

I f P13%1000 >BM*V02, COS 6= 0 and write DIAGNOSTIC

8 = ~SIN”L(P1#1000/BMVP )
PA = 8%180/m

V 3
COoS 8= 1 - (P1¥1000/BM¥VD )

2) Compute power loss and output power
- VO %6(61+G2+2%GM*COS 6)/1000

PL =
P2 = Pl - PL
EFF = P2/P1

If P2>0 go to 3)
write DIAGNOSTIC
EFF = 1.

3) Efficiency and maximum output power
EF2 = EFL¥EFF '

MP2 = MIN(MPL, [BM | @ 21000) * EFF

4) Computfe costs

AD

BCS 40180-2
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SUBROUTINE  AD ENTRY POINTY 000212

STORAGE USED ~ €CODEC 1) GOO0264; DATA(3) DOOCT72; BLANK COMNON(2) (0D000D
COMMON ELOCKS

0003 CimMPL  GODO0D2
0204 CTIME 000C01
J00s - cSIMUL CCOD1O
2006 cost coocol
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o807 NkDUS
0010 H102%
ac11 ASIN
Qo112 SaPT
3013 NEPR3S
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c01C1 3 c i cooocoa

cc101l 4 c PURPOSE MODEL OF TRANSMISSION LINES,TRANSFORKERS, GDLODa

foic S» c CAPACITORS y OR JIMPEDANCE POWER LOSS 000000

€0101 6% c aogooo

£0101 1 c METHOD OUTPUY POWER AND POWER LOSS COMPUTED FROM scgoco

cc101 &» C INPUT PONER CCO000D

L0101 9% C tCcgoo

coi01 1Cs c WRITTEN BY Y.K.CHAN VERSION 1, JULY,1977 J0L0oos

20101 11» c pCcoo00
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40101 19s C INPUTS goccoo c
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22%

239

24
25%
26%
271
28%
26»
30
Ile
32¢
33»
Iy
359
3t
37
3be
39s
40
41%
42e
43
gy
ys*

1L

47
4gs
49e
5C»
Sis
52e
53s
S4s
5S»
56%
STs
58%
S9%
&G»
61
62»

63%

4w
6
6t
6T*
6Ex
69
100
T1»
12#
T3
Tus
75
T6%

AOONOON

X Xz)

ann

VO ~RATED VOLTAGE MAGNITUDE,VOLTS
P1  -INPUT POWER KW

EF1 ~INPUT PRODUCY EFFICIENCY

MPl -MAXTHUM INPUT POWER,KVW

CC  ~CAPITAL COST/YEAR,S

COMMON /CIMPL/IMPL ICNT/CTIMEZTIME/CSTHUL/DUMNITY o THAX
X /COST/CCI
REAL MP2,MP]

P2=0.

TPAX1=THAX® ,99999
IF(P1.67T.Co260 TO 10
P20,

PL=Cw

PA=C.

HP2 =MPl

EF2ZEF]

60 Y0 400

COMPUTE POWER ANGLE

10 RRz=P1*1000./7(BH*VO*VO)
RP2 =RR&RR
IF(RR2.1E+1,)G0 TO 1ICO
PAZ-9%. '
RFC=D. )
IFCIMPL.EQ.2IURITF(6,108)P1,BN,V0

108 FOPMATEIHC,13H INPUT POWER ,F12.3,33H TOO HIGH RELATIVE TO ADMITTIA

XNCE 4Fl2.3939H AND RATED VOLTAGE +F12.3)
TFCIVPLEQe2)ICNTTICNT*]
60 10 220
100 THETA=-ASINIRR)
PAZTHETA®183./3.14159
RRC=SORT(1.-RR2)

COMPUTE POWER LOSS AND OUTPUT POVWER

200 PL=VO*VO*(G1+G2+2,.,*GH*RRTIFig00.
P2=P1-PL
EFF= P2/P1
IFt{P2.6E.0.)60 YO 300
P2=Q.
EFF=1.
IFLIMPL.NEL21G0 TO 300
WR1TE (6,308)PL,P1

308 FORMAT(IHC,24H ADMITTANCE POWER LOSS ,F12.3,21H EXCEEDS INPUT POUWE

XR  4F12.3)
ICNT=ICNT+1

300 €EF2=EF}
JFAP2.CY e JEFRZEFI*EFF
MP2ZAMINItHP ] JABS{BM)»Y¥0+V0Q/1000, )+EFF

400 JFUINPL.LE.Z)RETURN
IFCTIME LT THAXTIDRETURN

e e e

coooag
cooooo
0ocoooa
003000
cooooo
goooce
ccooca
caucoo
cooeod
0GLOJ0
cocooo
cocoog
000000
Loecos
CGLnge
00c007
GoCco1e
LCoc11
cocol1s
090915
CCoGa1s
oouo1s
tecals
0ocory
onco02s
Coca27
toco32
pCcGcOo34
80035
LCCoSo
COCCSG
GLacsa
0CG0Sé6
G0GOo60
coute3
e{a)orel ¥ 3
QCCIl66
coCCe6
oooees
£aog076
c0Ci10
cGo112
CColls
S
cCaG120
coc122
C0G125
000134
0CO134
oCG134
000134
c0G14g
N LD
Lecia7
oco0147
00C162
coultc
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Z0171
20171
c0172
00173

79%
80w
81*
82%

ccr=ccrece

RETURN
END

000177
620177
cQgo2c2
€00263

av

oy

et

R

T urrTy
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7.2 TEST FUNCTION GENERATOR

AF S,

Inputs

Parameter/Port Description

Cad Specifies which analytic function is calcu-
lated. (See equations below for use of these
inputs) |

C1L

c2

C3

C4

Ch

Output

Variable/Port

Fo

Output variable

Calculation Sequence

_CeD =

1
2
3
4
5
6

FO = CL + C24SIN(C3¥T + C4)

FQ = CL + C2%COS(C3¥T + C4)

FO = CL + exp (-C5¥T) % SIN(CI*T + C4)
FO = CL + exp(—C5¥T) % COS(C3¥T + C4)
FO = Cl + C2¥T _

FO = CL + C2¥exp (~C3¥T)

where:»T = TIME

AF

BCS 40180-2
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SURROUTINE AF

STORAGE USED

camrMOoN ELOCKS

0003

CTINE

ENTRY POINT 000143

CODE (1) D00166; -DATACD) 0DCO14; BLANK COMMONCZ) 00O0CCO

000001

EXTERNAL REFERENCES (BLOCK, NAME?

0904
Do0s
acae
00C7
0010

STORAGE

0D0Q1
gool

£0100
20101
00101
¢c101
gol1e1
coi101
L0101
©0101
no1o01
goi01
56101
cecin1
coial
20101
Goiol
00101
ccl1o1
JC101
0Q101
o101
w010l
<0131
w010l
tc1o1
co101
colo1

NERR23
SIN
cgos
EXP
KERR3S

ASSIGNMENT

cGco22 10L
C092116 50L

1s
2
I
4
Se
6%
T%

9%
1o»
11*
12=%
13
149
15»
16
17
18»
19#
2G»
21»
224

234

24
25
269

CAF

MO NAANOAARAMAANOANOA

(ﬁLDCK. TYPE, RELATIVE LOCATION, NAME)

oco1 GOD13R 100t pool 0a0035 20L [as1v3 % 000CSG 30L
‘0001 000123 6CGL 0000 000001 INJPS 0000 I 000OCO NCODE

SUBROUTINE AF(F0,CO0B,C1,C2,C3,C%,C5)

PURPOSE = TO0 SIMULATE ANALYTICAL FUNCTIONS

METYHOD - SEE CODING
WRITTEN BY ~— ADAM LLOYD LATEST REVISION FE8 76
LIMITATIONS =  NONE

INPUT/0UTPUT L1IST

FO OUTPUT VARIABLE ANY OUTPUT VAR
coo CODE IDENTIFYING ANALYTICAL FUNCTION =--- INPUT P ARAM

CODE= FI )

1 CleC2oSINICI*TIME+CY)

2 CI+C2%COSIC3I*TIHEACYY

3 Cl19C2*EXPI=C59TIME)*SIN(CI*TIME+CY)

4 CleC24EXP{~CSATIME)I*COSICI*TINE *Cy )

5 Cl+C2*TIME

6 CleC2#EXP(~CS*TINHE)

QCo1 Co007T3 40U
0GC3 R COOD0J TIME

coGono
Jocooc
ooccoo
[slefs)sbale]
OCCGOO
ccaoas
0Cc0ca0
aooeoo
cgoooo
GCCO0oo
gooroo
cocooa
stajapstefel
gcogcaoo
conase
£00032¢C
[stslslshhle]
C0Cnos
casoco
c0acoc
4ogoac
voLoae
Cecaas
coLooo
cocaan
£ccoao

>
=y
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c0101

c0101 .

G101
cC101
£0101
60103
0C104
00105
c0106
20107
60110
20111
iic112
20113
col11s
£Qo11s
L0116
co117
¢0120
So121
tol22

27
28e
29%
3De
31e
32
33s
34
35e
3¢
37e
3re
39s
4yue
4le
42e
43
LRI
459
L%
47s

s N aRaNo M)

c1
c2
c3
Cy

10
20
30
a0
SO0

60
100

CONSTANT INPUTS FOR ABOVE [QNS e
CONSTANT INPUTS FOR ABOVE EQNS -—-
CONSTANT INPUTS FOR ABOVE EQNS —
CONSTANT INPUTS FOR ABOVE EONS -—
COMSTANT INPUTS FOR ABOVE EONS -

COMMON/CVIME /TINE

NCODE=cOD .

GO 10 (10,20,30,40,50,60),NCODE

FOSC1+C2¢SINICISTIMESCK)

GO T0 103G

FO=C1eC2%COSICISTINE+CA)

60 70 100

FOSC)+C24EXPE-CSOTIME ) SINICISTINESCH)

GO 10 120

FO=C14C2%EXP{-CSeTIME )9COSICI*TINESCH)

G0 To 1Cd

FO=C14C29TIME

60 1O 129

FOZCL4C29EXF(~-CS*TINE)

RETUKN

END

INPUT
INPUT
INPUT
INPUT
INPUT

PARAM
PARAN
PARAM
PARAM
PARAM

¢00C00
cecouo
coCoQ0o
COGCoo
CCGI00
cocela
ooceGe
cecnge
coloz2
GoGo33
©ogo3s
C0Cou &
c000S0
cooer:
000073
00011
20G116
acol121
coo123
c00134
00G165

U

v ——
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7.3 BATTERY

POWER (P1)
POWER REQUEST (RE1)

INPUT EFFICIENCY (EF1)—*
MAX. INPUT POVER (MPY )=~

RN

STORED ENERGY (PE)

f

-—-—--.

, ‘

BA

— POWER (P2)
= MAX. UUTPUT POHER (MP2)
——= INTERRUPT FLAG (INT)

= POWER REQUEST (RE2)

The battery model is based on the circult Jdlagram shown below. Current flow

is determined by the ouftput power request minus input power. Battery leakage

is proportional to stored energy. Priority interrupt logic is activated when

o minimum or maximum capacity level [s atfained.

"t

M S —

RL
r—VAAA—
N I
AAA { — e
—— VT
c8 l
i

FIGURE 7.3 BATTERY CIRCUIT DIAGRAM

Basic Equations

The output power'PE, stored energy'PE, terminal current |, and capacitor

voltage VC Is computed using the following equations:

P2 = REY
PE

i

(VER 2NV DHVC ) #CB/ 7. 2X10°

(P2-P1)*1000 = (VO+VC) | — [2RT
PE = —{{+VC/RL) (VC+VO) /1000

BCS 40180-2
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Inputs
Parameter/Port Description
P 1 Input power
Vo Infernal voltage
RT Terminal resistance (D = 0.001)
cet Battery capacitance (D = 2.88x10°)
RLL Leakage resistance (D = 0.05)
RAP Rated input power
EF 1 Input product efficiency
MP Maximum input power
El Maximum energy storage
RE 1 Power request
EDE Energy deadband for priority resequencing
DT Down time for priority resequencing
cc Capital cost/year
M g : Maintenance cost/year
Oufgufs/
Variablp/Port
P 2 Output power (=RE1)

Stored energy (state of charge)

Terminal current (+=out,-=in)

Capacitor voltage

Terminal voltage

Power loss

Time when battery was discharged

2 Maximum cuiput power
Priority interrupt flag
2 Maximum charging rate request

D - Default values supplied

1 - Battery leakage time constanf in hours = CB¥RL/3600

Units
kw
volts
ohms
farads
ohms
kw

Kw
kwh
kw
kwh

kw
Kwh
amps
volts
volts

Kw

Kw

kw

BCS 40180-2
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Statistics

Variable/Port Description
MPE Maximum stored energy
SPC Sum of charging energy
SPD Sum of discharging enerygy

Cadculation Seguence

1]

2

t
A-D)

<a

3)

4}

5)

Compute VC

VO ox Vf 7.0X0M%PE/CB + VD~ - \O

Solve for terminal current |

It {P2-P1)¥1000 2’(VC+V®)2!4*RT, GO TO 27

2
| o= (Vo) - \[ (VC+V@) © — 4#¥RT¥(P2-P1)%#1000

2¥RT

Go to 3)

I = (VCHVO)/Z2%RT and write DIAGNOSTIC

Compute VT

VT = VCHVO-[3RT

Potential energy balance and power loss

PE = —( |4+VC/RL) (VC+V@) /1000.
PL = (12%RT + VC2/RL)/1000.

Maximum charging and discharging rates

RE2 = MIN(MP1,RAP, (EL-PE)/TINC}/EF1
MP2 = MlN(RAP,(VC+VQ)2/(4OOO*RT),(PE—EDE)/TINC)
where TINC = integration step size

BCS 40180-2

Kkwh
kwh
kwh

BA
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Caiculation Seauence Cont.

6)

7)

Priority interrupt logic

I f
I f
T0
I f
I f
£

Compute

PE € EDE and TQ = 106, TO = TIME

PE < EDE and TIME - T® 2 DT, INT =1 and go to 7)
= 10°

PE > 2%EDE and INT =1, INT =0

PE 2 E1, INT = -1

PE < E1 - EDE and INT = =1, INT =0

Statistics and Costs

i
;
IE!“‘!‘\ |
;
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SUBROUTINE BA

ENTRY POINT 000372

STORAGE USED CODE(1) 0CCS37; DATA(OD) DDOLCS: BLANK COMMON{(2) COOCCO

COMMON BLOCKS

poo3
0ocH
415191
agefs]

CIMPL  COOCO2
CIIrE  0O00OL
. CSTruyl 0COO10
cosy

cooso2

EXTERNAL REFERENCES {BLOCK, NAHE)

aepT
Q010
02311
3012
anLs

STORAGE

2001
coel
0360
4005
slelel]

30103
0161
vT1G1
©o101
ool
oCL1al
0p101
So101
£o101
o101
£Ciol
20101
Zp101
Zo1ot
~Cipl
criol
coigl
R ¢ 3

cgiol
rgipl

0o

SGRT
DSQRT
HKoUs
H102S8
HERR3S

ASSIGHNMENT

Goecle
002274
gooroe

pocoas

coageo

1%

ok

3
4»

Cge

6

T

A%

£ J
1°#
Ile
12
13«
14«
15#%
1t
17¢
1E€%
19%
2C+

icoL
g

bum
TInE

Ccea

anNoNAaAnNANNNaA0OAAOND

401t

e

(BLOCK,; TYPE, RELATIVE LOCATION, HAMEY

onol
GCal
Gnoao
BGGo
alalods]

s}
R
R

000111 200L 0g03o BOQO15 208F js]s]sd ] 00C136 300L
DOJ231% 4D3L OCCO D DG0J00 AA 0000 R 0DOD10 AP]
ogeeos B2 0000 R pOOG12 C GCCé R 0000CO CCI
0gno13 ED2 gCcp3 1 00C0D01 ICNT 0003 Y Q00000 InPL
00g0Be TIWCY 0005 R C£O0O0OT THAX QCon R GOOODOT THAX1

SUBROUTINE BACP2,PE PEDIPEyIVCy VT PL,TO (MP 2, INT,RE2, HPE,SPC,SPD,

1 P1,VO,RT,CByRL,RAP ,EF1,HP1EI,REL4EDE s BT,CC 4CH)
PURPASE  RATTERY MODEL
ME THOD COMPUTE STORED ENERGY AND POMER OUTPUT AS
FUNCTIONS OF POWER INPUT AND POWER REQUEST.
» A RESISTOR/CAPACITOR NETWORK 1S USED ‘70
KODLL BATTERY STORAGE.
WRITTEN BY Y.K.CHAH VERSION 1, JUNE 3,1977
CALL SECUENCE
oUTPUTS
P2 -OUTPUT POWER, KW
PE ~-STORED EHERGY (STATE) ,KWH .
PED —-STORED EMLRGY DERIVATIVE A

1P
1

E -INTEGRATOR CONTROL
~TERRINAL CUPRENT (+=0UT,—=IMN),AMPS e

ocol 000316 a0OL

0CO0 R COD011 AP2
ggcas R 000001 CMI
gcso £3cos3 INJ
GLOD R 0OUOOl4 WAT

60GGao
cooolg
coCcoan
jricjchib i of
couooa
Cogcooo
036000
0G0a350
coCcoco
copeeo
Ceoana
006000
ggccoo
GOcoad0
gcecoe
coLone
coccocl
GoLGol
LCLo0G
£gcoeec

Ps
T

Ve



80T

2-0810t S24

Co101
co101
coi0l
£o101
co101
<0101
40101
.e1cl
50101
20101
Z01G)
0101
0101
00121
00101

£0101

coiG1
cO1G1
Lglo1l
013}

00101

£G101
£01901
Gei0l
<10}
cec10}
c0101
50103
co104
00135
€D136
c01i06
20147
cCcl1l11
co113
G115
ceilr

50123

w121
£o122
cp122
cg123
00124
0G124
GO124
co124
£ol1zs
Colas
20125

. Cel12s

Cll2e
0127
30130
00131
GG132
00134

rnyre

21
22
23
24s
25%
26"
2T
28%
29
30w
31w

32«

33%
Iy
35
36%
3I7%

38

399
4e
41
42
43e
4y e
45s
new

a7

3R
4G
St
Si»
52%
53
Syx»
55
S6%
57%
Se
29%
6Ce
tle
62%
63»
6us
6S%
6%
6T»
GLE®
69 %
Tus
71w
T
3%
T4
TEe
TE

]

OO0 NDOONN0AOOMNMOO0N

anoe

000

180

VC  -CAPACITOR VOLTAGE, VOLIS

VY ~TERMINAL VOLTABE, VOLTS

PL -POWER LOSS, KW

Y0  TIME WHEN BATTERY WAS DYSCHARGED, HR

MP2 -MAXTMUM QUTPUT POWER, KW

INY -PRIORITY INTERRUPY FLAG

RE2 ~MAXIMUM CHARGING RATE REQUESTY, Ku
STATISTICS

SPC -SUM. OF CHARGING ENERGY, KWH

KPE ~MAXIHUM STORED ENERGY,KWH

SPD ~suM OF DISCHARGING ENERGY, KHW
INPUTS

P1 ~INPUTY POWER, Xi

VO  ~INTERNAL VOLTAGE, VOLTS

PT -TERWINAL RESISYANCE, OHMS

CB ~BAYTERY CAPACITANCE, FARADS

RL ~LEAKAGE RESISTANCE, OHMS

RAP -RATED INPUT POJER, KXW

E£F1 -INPUT PRODUCT EFFICIENCY

EPY -HAXTMUM INPUT POVER, KW

£E1 -~MAXIHUM ENERGY STORAGE, KWH

RE1 -POWER REQUEST, KW

EDE -ENERGY DEADPAND FOR PRIORITY RESEQUEHCING, KWH

DT ~DOMNTIMF FOR PRIORITY RESEQUENCING, HR

CC ~CAPITAL COST/YEAR, S

CH. -MAINTENANCE COST/YEAR, $

COMMON /CIMPL/IMPL JTCRT/CTIME /TIMEZCSIMUL FDUNITY s THAX/COST/CCICHX
REAL JToMP2,MPEMP1,INT

DOUBLE PRECYISION AA,B,.B2

TINCLZDUNMLT¥*.5

IF(IMPL.GT.0) 60 TG 1CC
IFIRT.£Q..99299)RT=.001
IFICB.£Q0.+999991ICRT2.58E8
IFIPLJEQ.499999IRL=,D5

10=1020020«
INTZU

TRAX1=THAX%,99999

MPEZD.
SPC=0.
sPD=0.

CAPACITOR YOLTAGE

VCZSORT((T2E6)*PE/CB + ¥VO%%23 ~-VO

TERPKHINAL CURRENT

P2-RE1

AAZ(P2-Pl)*4000C.*RY

B=VC4VO
B2=E*R
IFLAA.GT.B2)

GO 70 200

I= B-DSORT(B2-AR)

IRES S ArIS I ARN

tocoon
£Ccooono
cooaot
6eGo03
00Cost
3090800
ceceonn
aoceoo
GCeoo0
pooooa
coooac
00C000
£co000
£00000
£0G080
L36000
0oGoog
cegeon
cocooe
60CGoo
406000
a0co00
008500
0GOG3G
seccaon
COCL00
656000
00C0SS
000003
cocong
000093
Loonoo
o0cGooz2
£96005
tooe12
0cGo1T
coGR2Y
GOCOZe
COC0Z7?
GOLD32
opco3z
000033
Co0034
GOLD3Y
330034
£o003y
acGo36
00co3e
G0C036

-B0U036

cacosy
S0C053
gocdez
coones
CeGo70
GQCo73
cocio3

AL
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60T

30136
00136
20137
d0143
00X4H
COl4k
00145
C0145
t0145
L0145
00147
0Q147
06147
00147
00150
c01%2
ze1s2

20152

aClise
cci1ss3
30154
0155
Z0156
J21s7?

C01S57

30157
L0187
Z0160
w1l
tp162
0016%
cOl66
.C167
0017}
0172
co173
70175
00177
RGOl
GC202
0czo3
00224
oC2c4
cg20s
q026s
J0p2us
coeos
aozav
00210
ag211
00211
gce12
00214
00¢15
ogzis
00216
Q0217

78
19
8C»
Gle
82
B3
8us
85s
.86
87»
R
899
YUs
Sl

- 92%

92s
‘948
95
96

97».

9gs

99s
133
1Cls
102+
103+
1Cus
135
106»
1CL7*
1Ge=

159+

110
111»

112

113
114
115
11¢%
11 1*
11¢»
119»
12Cs
121%
122
123»
124
125%
12
1279
12t
129
130s
121%
132»
1=
134

(g Nalal aonn

[aBaNal

(s Xs}

00N

60 Y0 300

200 IsB/7(€2.%RT)

ZQB FORMATIIHD, 154 POVWER REQUEST ,F12.3,50H EXCEEDS BATVERY CAPABILITY

IFCIMPLLEQ.2RWRITE(6,2080P2

1. CHECK VC,VO, AND RT, )
IF (IYPL.EQ.2)ICNTZICNT+]

TERMINAL VCLTAGE

300 VIZVCVO-I»RT

Q01

403
800

POTENTIAL ENERGY BALANCE

AND ENERGY LOSS

IFCIPENECOIPEOZ(~I~VC/RLI={VC+VD12/71000.

PLZ(I*IeRT+¥CsYC/RLYIS1000.

MAXIMUM CHARGING AND DISCHARGING RATJES

API= AHAXLI(Q.,¢ELl-PE}/7DUNITN)

RE2-AMIN]I (MPI RAP,AP] )
REZ2=RE2/EF )

AP2= AMAX]1 (04 LPE-EDE »7DUNMI(T))

HP2ZAMINIA(RAP B2/7(40C0,*RT) AP2)

PRTIORITY INTERRUPY

C=t1-EDE

EDZZEDESEDE
IFIPE.GTLEDFIE0 TO 401
IFUT0.67.999799.)TO-TINE
WALY=TIME-TO

IF (WAIY.GT.DY)IINTY=]
60 10 413

T0=103u3l0C
IF(PELLELED2)GO TO AOOQ
IF(PE.GY.E1)G0 TO &03
IFIPE.GT.CIGO TO 40O

INTZ=D

Go TO0 4C0
INTZ~}
CONYINUE

IFCINPLLLES1DIRETURN
STAYISTICS
MPEZAMAX]1IMPE PE)
SPC=SPCATINC1#P1
SPD=SPO+TINCI#P2
IFCTIME LY. THAX I DIRETURN
CCI=CCI+CC
CMIZCHI+CH

RETURN
END

ce0107
co0107
coo111
cagile
cogia21
cog121
2006127
gooi27
cgoiz7
260127

cool3e

00G136
20136
Lo0G13e
000144
uculsy
£oC154
peeisy
000154
CG0165
cco1rs
ooL26G7
reczit
€cc221
02G2z21
corz21
gouz21
cccasl
CoL244
coG2u7
400253
L0G26)
toC2e64
cccz12
020274
a0G27s
coo30t
200365
Goc31l
goe3iz
030334
600316
ooo31e
000316
Loesie
GOG316
uoo3le
00C324
00332
000336
L0336
COG342
GC0351
0OC3S4
600354
DOG3ST
oCus3e

a1 gV TVYNIOIHO

XIFTVAD ¥00d J0

vd

N -

SU—
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7.4 BURNER

MASS FLOW RATE (M1) ——p»

TEMPERATURE (T1)
INPUT POWER (P1)
MAX Il‘éPU{ POWER

MP
INPUT EPPICIENCY
(EF1)

e
e

—— it
—

BN

MASS, FLOW RATE (M2)
= TEMPERATURE (T2)
=~ OUTPUT POWER (P2)

f——s= MAX. OUTPUT POWER (MP2)
t——= OUTPUT EPFICIENCY (EF2)

The burner model computes the amount of fuel required to be burned in the

inlet airstream to raise the air ftemperature from the given inlet ftemperature

to the specified outlet temperature. The fuel mass flow rate when integrated

over time allows calculation of the cost of burner fuel.

Bagsic Equation

The mass of fuel consumed, F, is computed from the equation:

MIXCPI(T2-T1)

NUH*HF

BCS 40180-2




lnputs

Parameter/Port

M
cP
T

.
NU
HE
CF
FDM
cB
LE
MDM
EF
MP
P

Qutputs

Variable/Port

1

F
EF
MP
T
FD
cco
co

b

duuﬂNAi,PAGEIﬂ
O POOR QUALITY

Degcription

Inlet air mass flow rate ‘

Air heat capacity (D = 72x107%)
Inlet air temperature

Outlet alr temperature (specified)
Combustor efficiency (D = 0.98)
5.58)
0.094)

I

Fuel heating value (D

i

Specific fuel cost (D
Maximum ol lowable fuel mass flow rate (D=17800)
Burner cost coefficient (D = 1.683)

Burner |ife expectancy

Maximum allowable air mass flow rate (D=27000)
[nput product efficiency

Maximum input power

Input power

Fuel mass consumed (state)
Output product efficiency
Maximum output power

Outlet air temperature

Fuel mass flow rate

Burner capital cost/year
Fuel cost

Outlet mass flow rate (= M1)
Output power

Maximum fuel mass flow rate

D - Default values supplied

BCS 401B0-2

L o o 1

Units
Ib/7h
kwh/ 1b-°F

kwh/ b
$/1b
tb/h
$§/1b/h
years
Ib/h

b,

kw

Kw

kw

fb/h

Ib/h
kw

1b/h

111




The calculation sequence and default values are based on a burner sized using

first principles to mainfain the outlet temperature at 600°F assuming an inlet

temperature of 120°F and a mass flowrate of 2.7x104

Ib/h. These conditions
represent the extreme conditions expected and should satisfy all burner require-
ments. No. 6 fuel oil is assumed to be the fuel type. Cost and heating values
were obtained from References 1 and 2. Cost estimates for the burner were

estfimated from the results of Reference 1.

Calculation Sequence

1) Capital Cost
CCO = CB¥WDM/LE

2) Maximum air mass flow rate allowed

lf ML =0 set EFF =1, MP2 = MP1 and go to 3)

. NUSEHE £ DM
MM = min {CP*(TB-TI) ’ MDMJ

If T1 > T3, MM = MDM

3) Efficiency and maximum discharge power

EFF = 1 + ML¥CP¥(T2-TL)/P1L  (if P1>0)

EF2 = EF1%EFF |

MP2 = min { MPLXEFF, P1 % MIWML}  (if ML > O)
P2 = PL¥EFF

1. "Preliminary Feasibility Evaluation of Compressed Air Storage Power Sys-
tems," United Technologies AER 74-00242, December 1976.

2. Steam, 1ts Generation and Use, Babcock and Wilcox, New York, NY, 1972.

112
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Calculation Seguence Cont.

4) Fuel mass flow rate

ML¥CP#*(T2-T1)
NUSHF

T2 = MAX(TL, T3)

’If ML > MLIM write DIAGNOSTIC

5)  Compute Staticrics and Costs

CO = CF *F

BCS 40180-2
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SUBROUTINE BN

ENTRY POINTY 000270

STORAGE USED CODEC1) COO411; DATALD) 000DS52; BLANK COMMON(2) DOOCOD

COMMON BLOCKS

9003
0004
Qoos
00066

CIMPL
CIInE
CSIMUL
cosy

200002
aggnel
coonio
cooco3

EXTERNAL REFERENCES (BLOCK, NAME)

0007
ag1o
o011

STORAGE

ag0l
0006
0003
80GS

00100
0101
50101
00101
ao101
£0101 .
co1ail
¢C191
50161
£o101
zol1al
Go101
00161
501C1
00101
£0101
£0101
£0101
£0101
50101
©0101
Colol
co101

B mtD

NWOUS

NIO2S

NERR3S

ASSIGNMENT  (BLOCK, TYPE, RELATIVE LOCATION, NAME)

000056 100L 0001 000237 1000L 0000 000003 1010F 0001 000121 200L
-000030 cCI1 - cooe 000431 CMI 0006 R 000002 COP Qcos 000000 DUM
£ocool ICNY 0003 I CODOOO IMPL o000 000034 INJPS 0C00 R 000000 MIM

QOCO0T TMAX

1%
2%
I
4
5%
6%
7%
8w
9%
10»
11%
12»
13»
14w
15+
16%
17%
18s
19»
20#
21%
22

23%

CBN

OMOOD OO0 0O00

0GUD R CO0OCY TMAX]

SUBROUTINE BN(F,DF JIF JEF2,MP2 3 T3,FD,CCoCO,M2;P24FOUMN],CPeT1,T2
1 oNU HF JCF sFDOM,CB,LE,MDM,EF1,MP1,P1)

PURPOSE COMPUTYE FUEL REOUIRED YO RAISE THE AIRSTREAM

TEMPERATURE A GIVEN INCREMENT.

ME THOD INTEGRATE THE FUEL MASS FLOW RATE OVER TIWE

WRITTEN BY F.0.
CALL SECQUENCE

OUTPUTS

IF -

MAHONY VERSION 1y MARCH 22 1977

FUEL MASS CONSUMED SINCE TIME=C (STATE), LB
FUEL MASS DERIVATIVE
STATUS INDICATOR

- OUTPUT PRODUCY EFFICIENCY

MAXTHMUM OUTPUT POWFR, KW
OUTLET AIR TEMPERATURE, DEG F
FUEL MASS FLOW RATE, LB/HR

BURNER CAPYTAL COST/YLAR, $

ccol 0C02107 3C0L
0CO0 R 0DCGO2 EFF
0CC4 R 000COQ TIME

GoC0con
coocna
ppoacc
coooco
cecocso
£00000
gocooc
cecoog
eocodo
Locaoo
oeGoog
coLaoc
cooocto
00o0Go
LoGeoo
copasc
000000
goocaa
GCLGGa
cooooa
GCo0a0
Speoco
000000

E Na




2-0810v SJ4

g1t

0101
o101
0101
£01301
o101l
cci1o1
0C101
0101
co101
0101
£ec1o1
201C1
Co101
u0101
tolol

o101

CoLyl
¢0101
tciol
£0101
2C101
£o103
00104
Go1os
¢0135
ceics
{C1llo
co111
00113
£0115
Co117
coi21
co123
£o12s
co12s
ro127
00130
00131
00132
00134
£B13s
Co13s
00135
oei3s
00137
Go137
ge1sd
20142
oe142
00142
ao143
CO143
00143
06145
.014s
SO146
oO147

289

25*
26
27"
28
29
30%
31s
32
33
34#
35%
It
37
38
39
4yce

4y

42
43
(TR
45
L1324
47
48

.49

Sue
Sl»
52#
53
S4»
55»
56
ST»
58%
59%
6C*
61%
624
63
64»
65
66 ¥
67
6En
69
Tl
T1#
T12%
3%
4
75s
76%
17
18%
79
8C»

OO0 NN O0N

a0 0n

100

300

200

Co - FurL cos7, s

K2 - OUTLET MASS FLOW RATE, LB/HR

P2 - OUTPUT POWER, KW

FOU - OBSERVED MAXIMUM FUEL MASS FLOW RATE, LB/HR

INPUTS
M1 ~ INLEY AIR MASS FLOW RATE, LB/HR
CP — AIR HEAT CAPACITY, KWH/{B-DEG F
Tl = INLET AIR TEMPERATURZ , DEG F
T2 = OUTLET AIR TEMPERATURE, DEG F
NU - COMBUSTEPRP EFFICIENCY
HF  ~ FUEL HTATING VALUE, KWH/LB-DEG F
CF - SPECIFIC FUEL COSY
FDM - MAXIMUM ALLOVARLE FULL MASS FLOW RATE, LB/MR
CB. =~ BURNER COST COEFFICIENT
LE — BURNER LIFE EXPECTANCY, YEARS

MOM - MAXIMUM ALLOWABLE AIR MASS FLOW RATE, LB/HR
EF1 - INPUT PRQDUCY EFFICIENCY

MP1 - MAXIMUM InpUT POWER, KM

P1 = INPUY POWER, KW

COMMOR/CIMPL/TIMPL,,ICNT /CTIMEZTINE /7CSITMULZDUMET) (THAX
COMMON/COST/CCI ,CHI,CCP
REAL MP2 M29yM)oNULEMDMMP1,M1IM

JFCIMPL.GT.0) 60 TO 100
TMAX] “THAX$.99999

IFECP EQs 499999) CP = T72.DE-6
IFENU +ECe 499995} NU = (.98
IFIHF .EQ0. «99999) HF = 5,56
IFLCF .EQe. 99999} CF = Q.C%%
JF(FOM.EQe «99999) FDM=1.T78E+nN

CIFICB «EQe «959991) CB =1.683

JFEMDM.EQe 6999991 MDMZ2.7E+4

“FOU = 0.0

CC —CR#MDM/LE

EFFz1.0
IFtM1.tQ.0.0060 VO 200
MIMZHON

IF(Y1.67.7T2) GO VO 200

MAXIMUM ALLOWABLE AIR FLOW RATE
MIMZAMINIL(NUSHF *FDM/CP/{T2~T1 ), HON)

IFIN]1.6T.M1M)» GO TO 1000
CONTINUE

EFFICIENCY AND MAXIMUM DISCHARGE POWER
IF(P1.EQ.C.0)GO0 TO 200
EFF = 1.0oM13CP2{T2-T1)/P1

EF2 = EF1*EFF
MP2ToHPl

goaoot
oecoooo
[eiede]shole
GOG0CO
20C000
poocCe
ceQose
aocooo
cNoOCGo
wecoag
£00500
200000
gccooo
nocaco
goeaoo
cogpgoeg
coocong
ccuooa
S00003
ocozeo
C0CGOo0
coucec
ccunoo
LoCGac
coeonce
€oco2e
cceooe
cpacos
50Cc012
cCpo1?
cocazs
300031
ceunle
COUQu 3
GGunu3
coceso
0650651
gaoese
000057
Gocoél
006063
oto063
GCOL63
copne3
co00067
cCale?
co00103
ceci1o7
cacip?
oot
aGGI07
D0Ci107
pooioy
ccclic
CoG11U
Ccoc1z21
peo1z23
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00159
coisz
00152
c01s82
cCc1s52

00153

C015%
20157
cl1s7
T0157
col1e0
nCcisl
cGle2
cole2
00162
0Cl1e63
00163
G0165
Goiles
£0166
<G170
coiTl
cerrz2
coi1r2
060173
.co200
L0200
0c201
00203
00204

8ls
82
83
8us
8S»

66%

87%
ERe
89
9C»
91
92
93

9us

9%
96"
97
98's
99
10C»
101»
102»
1C3s
13use
1GS»
106
107«
108e
109
11Ce

[ X2 X2 ]

c

IFIM1.GT0e) MP2-AMINI(MPLISEFF,P1*MIMN/H])
P2=P1#*EFF

FUEL FLOW RATE

IFCIF.NEO) DF= MISCP#{T2-T1)/NU/HF
IF(T1.67.72) DF=0.0
FOZDF .

COSTS
CO = CFsF
T3 AMAX1(T1,T2)

.‘nz:n{

STATISTICS
JF(IMPL.LE.1) RETURN

FOU = AMAX1(FD,FOU]}

CIFCTIMELLT.THAX1) RETURN
cCl= cCI + cC

ceP= copP + CO
RETURN

10C0 IFC(IMPL.EQ.2)WRITEL6,1010) M1 ,MINM

1010 FORMATEIHO28HBN INLET AIR MASS FLOV RATE oF12.3,
1 X6H GREATER THAN MAXIMUM ALLOWABLE +F12.31%
IFCIHPLEQa2)ICNTZICNT+]
60 Y0 300
END

0go12s
00GC142
Cooli42
DO01472
J0Cc142
CoC145
cea1s?
000164
COGlé4
oDGLleH
Coul166
Goo171
coL177
000177
CCo177
GoC201
coGzo1l
goczic
0G021¢C
caczle
coaz2s
coG230
£0G233
coL233
G0G237
£CG250
600250
006256
£uop?56
030410




Cm

7.5 COST MONI!TORT

WIND_ENERGY INPUTS
o CAPITAL COSTS

o MAINTENANCE COSTS
o OPERATING COSTS

UTILITY INPUTS

o UTILITY ENERGY DELIVERED COST PER KWH
™M > E DELIVERED
o VALUE OF UTILITY ENERGY — | [—> COST PER VALUE DELIVER

b
o SURPLUS ENERGY SUPPLIED PERCENT OF LOAD SUPPLIE

LOAD INPUTS

o WIND ENERGY DELIVERED

o VALUE 9F ENERGY DELIVERED
o 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.

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

The total wind energy delivered to the loads plus surplus energy Is then summed
and yearly energy delivered TED computed. Cost of operation in mills is then
given by

Wind system cost/kwh = TC * 1000./TED

Similarly, the value of energy dellvered tao the loads is summed mlnus the .
utility energy value and including the value of surplus energy, and factored
to give yearly energy value delivered VED. Energy value in milis is glven

by

Load value/kRwh = VED * 1000./TED.
Cost per value dellvered is the ratio of the above two eguations.
In addition to the above cost calculatlons, percent of total load supplied
by wind storage PCW, percent of load suppiied by utilities PCU and, percent
of wind energy surplused to the utilities PCS Is compu*ed: The total cost

in mills to meet the load is then given by

Load cost/kwh = (wind system cost/kwh % PCW + utility cost/kwh
% PCU)/100.,

where

UtTlity cost/kwh = value of utility energy % 1000./utility energy
del Ivered.
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lnputs

Patrameter/Port

TERTE I et & e el s R UER 2 LB T

CR
LE

A i SRR SRR K

T e S T S

Description
Capital charge rate

System |ife expectancy

Common Block Inputs

cc
CM
co
TMAX
VDE
TDE
TLD
utv
uTo
SPD

Qutputs

Total yearly capital costs

Total yearly maintenance costs

Operating and fuel costs over TMAX

Simulation time interval

Value of energy delivered (including surplus)
Wind energy delivered (including surplus)
Total {oad demand

Value of utility energy

Utility energy delivered

Surplus wind energy supplied

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

Total load cost per kwh

CM

%/year

years

o

hr

kwh
kwh

kwh
kwh

kwh

mills

mills

1 printout oniy occurs when simulation is completed. Thus no output
variable symbol is required.

BCS 40180-2
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SUBROUTINE CM

ENTRY. POINT 000213

STORAGE USED CODE (1) D00226; DATACO) 000330; BLANK COMMON(2} 000000

COMKMON BLOCKS

D003
0004
000s

Bags -

cosT
CInMPL
CIInE
CSTHMUL

aoon1l
sijelalr}
0003001
gogelc

EXTERNAL REFERENCES (BLOCK, NAME?

.88101 0

e et o

aooo 000034 300F o000 00U10S 400F
0003 R 000ODY CMA 0003 R 0QOZC2 CC
poos Cgcooo DUH 0300 R 00OO0O0S EDE
0Q000 I 000001 LLE GOCO R 0QCO12 PCD
agc3 R CO20D4 TODE 0Cas R 000000 TIME

1 0000 R NOCOCY TOY GCCD R COCGOT TOYN
0000 R 00CQl0 VDEN

D ENERGE STORAGE COSTS AND LEVELIZED
PER KWH.

VERSION 1, MAY 1977

CHARGE RATE FACTOR INCLUDING DEPRECIATION,
€OST, INSURANCE, AND TAXES, PER YEAR
LIFE EXPCCTANCY , YEARS
TION TIME, HR
YEARLY CAPITAL COSTS, $
YEARLY MAINTENANCE COSTS, $
OPERATING AND FUEL COSTS OVER THAX, $
OF ENERGY DELIVERED OVER THAX, $
ENERGY DELIVEPED OVER THMAX, KWH

ong? NKDUS
0o10 N102%
a011 NERRJ3S
STORAGE ASSIGNMENT (BLOCK, TYPE, RELATIVE LOCATION, NAME)
ool C00020 120L onoo 000016 200F
0363 R CCDCJT CC 0Dpc R 0D00OO3 CCY
00GC3 R DOCO1S CPKWH 0200 R 000011 CpV
008y 0on313 . INJPS 0000 I 000006 1IVDE
0300 R CO0GC13 PCU 0GG3 R DOD01D0 SPO
0906 R GLCUOT THAX G000 R DCO000 THMAX
GCO0C3 R ogercos ury 0003 R 0DOCJC3 VDE
00100 s COoST
co1gi1 2% SUBROUTINE CMIDUMM ,FCR,LE)
coliot 3w (o
00101 4e Cc PURPOSE SUMMARIZE WIN
50101 Se C ENERGY COSTS
20101 ¥ [of
colcy 1* c WRITTEN BY A.W. WARREN
G151 8 [ ’
G010l 9% C INPUT PARAMETERS
20101 1°0% [of
a01al 11% C FCR - FIXED
c0i0l 12% Cc MONEY
C0101 13» [ o LE -~ SYSTEM
L0101 LR C TMAX = STHULA
401301 ios C cc - TOTAL
L0101 1% c CH - TOTAL
'¢0101 179 C co - TOTAL
ce1o1l 16» o VDE - VALUE
G010l 19» o TOE =~ TOTAL
208 ¢ LTLD - YOTAL

L0AD DEMAND OVER THMAX, KWH

nd 900d 4t
d "TVNIOIHO

RIITY
g1 3OV

ocoo gopz210
80Co toceone
GCoa gopeees
glcop Gocotly
GCo3 cteelos
oLos coonoo?

[ DD+ B

oocooce
el elade]s)
coGo00
600900
£06000
200Co0
cooecas
goegan
[sJajalatals)
coogeo
oooeo
cooaco
CGooo0
L0CC00
CcoCoace
slsrialells)
cocooo
coccoc
CaC000
goocoo

S0CF
coy
IrpL
PCS
TLo
1} 0]

sbbichibone

R L T TSRO T FH T T T
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j7AIN

coilol

G010l
00101
<0101

- G103

0C104
201G5
€D19s
ro1o0s
c01ce
celilo
G111
<0112
c0113
CClla

G0115

00116
L0117
£0120
cCizl
gele2
00122
c0123
g0125
€0125
ccizs
Cpi125
£€0127

C0133

00133
G0133
00133
00134
CD135

go13e-

Co137
£D1i4s
CCiu4s
caius
ee145
L0145
gaius
col46
celay
£0150
30151
GC1S2
cnilse
coi1s3
00162
GD1l62
rg162
SCie2
G162
CCile2
cpl62
0162

ras 4
22*
23%

24%

25»
26%
27%
28%
29»
30
31

o
33s
Iyw
35
36%
3T7s
k-3
39
4Ce
4ie
uzse
43
44
4S»
g
47
¥4
498
5C*
S1s
52s

53

S54%

- 55%

56
STs
SA»
59
62%
(Y
&2
63%
Liys
65»
66
W E
68%
69%
T
T1»
12%
73%
Ty
5
T6»
TT%

[a Mg Ne Nyl

o000

100

UTV = YALUE OF UTILITY ENERGY SUPPLIED LESS SURPLUS VALUE, s
UTD. -~ TOTAL UTILITY ZMNERGY DELIVERED, KWH
SPnD - TOTAL SURPLUS ENERGY SUPPLIED TO UTILITY, S

COMMON /C0ST/ CC, CMA,CO,VDE, TDE,TLD,UTV,UTD ,SPOD

cCoMH
REAL

IFt1
DUMM
cCc =
CVa

co =

voeE=

ioeE=-
Tin=
utv:=
uln<-

SPD=
THAX

ON /CIMPL/IM-L /CTIME/Z TIME /CSIMUL/ DURIT),THAX
LE
INITIALIZATION

HPL.GT.0)G0 TO 100
=0.0
[
= 0.
00
0.
G.
a.
U.
Jds
a.
1= TMAX$.99999

TRATIME LT THAXIGRETURN

1FLI

Le

WRITY

MPL.LE+1IRETURN
COST SUMMARY QUTPUT

= tE
£16,200)LLE

200 FORMAT(1H1435X,33H WIND ENERSY STORAGE COST SUMMARY // 1H ,40X,I12,
1 17H  "YEAR LIFE CYCLE ?

coy
ccy
ToY
WRIT

= CO#BT60./THAX

= CCsLE*FCRs.01

= CoY & CHA + CCY
Et6,3CC1CCYLCHA,COY,TOY

300 FORMAT(///7 3CX¢22HO YEARLY SYSTER COSTS/ LH#,29Xs1He/ 1H-,42X,
1 1ZHCAPITAL COST412X,F8.,0,2H S / 1H ,42X, 1TH(INCLUDING FIXED .

2

8H

CHARGES Y /7 1HO,U2X,16HFIXED 0 ¢ H COST, 8X,F8.0,2H S /1HO

3 42X,Z1HOPERAYING + FUEL COST, 3X,FB.0,2H $ / 1HD ,42X,SHTOTAL,
§ 19X,F8.3,2H S }

500 FORMAT(//// 30X,26HC ENRERGY DELIVERED

WA N NN e

EDE
I1vDE
TOYN
VeEN
cPv

P17l

42x

1R

1H
iH
33X

ZH
PER

TDE » 8760./7THAX
VOE # 8760./7THAX
70Y+100Q./ EOE
VOE#*10C0./ TDE
TOYN 7 VDEW

ot ouon

E16,400)CDE ,TOYN 4 IVOE s yDEN,CPY

J 1H,29%,1H% / 1H-,

IGHENEPGY OELIVERED, 7XyF9.0,4H KWH / 1HO,33X,50(1H*) /
W33%y1HE,UEX , THE /

233X, 1H#, BX,19HENEPGY COST PER KWH, 7X;F&ely94 BILLS % 7
$33%, 1H® 48X, 1HE /7 IH ,

JICESHe*4431 / 150,42%,25HVALUE OF ENFRGY DELIVERED,IT,

S / 11 ,42X,22H(VALUE OF FUEL SAVEDY / 1HG,42X;20HENERSY VALUE
KMH, 6X3FbelybH PILLS 7 1HO,42%,24HCOST PER VALUE OELIVERED,

000GCoo
ocGooo
gocaoce
600006
LGCceed
£OoCoc
CoGGoCo
£Toeug
835000
COCLOG
leuGo2
cooco3
COOOCH
«0G005
80806
06GC07
zecoac
204011
€oU312
0goo13
cocors
GCoaly
regpz2c
ooLd2e6
gocoze
CoC228
GCLG26
COCo43
Cogou7T
CCCe5S
£cecaess

CCGLos5s
0000ES
wbidel

COGos6e
0oGo71

c30102
C0C1062

coaiez

60102

£og1C2
cacioz2
gecin2

0GGi0e

cgo0120
oeGizy

cLor3n
coG120
Lvco132
£otl44
€301ua
GCOo0Glyy
CCOo14s8
CCG1l44

cog1luy

658144

0oC1iuy

]
|
i
i
|
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£clez
£0162

£0163.

onlieY
23165
£gls6
L0187

GYTS
Lo15
SL1T8
go175
<0175
L1719
oS
£017s
“E17s
Q0175
Zel7e

oc171.

Tes
T95%
gl
gl
B2
B3
Bis
ES»
E&e®
E7e
&g
E9s

9N

91s
92
938
G4s
95
96%

6 2XyF6.23

LR
1

1
2
2

3
3
™
5

PLO= (TOE~SPD)I*100./7TLD
PCU= UTO#1J3C./TLD
pPCS= SPD*13C./TLD

CPKWH= LTOYHs(TDE-SPD) » UYYs1000.3/TLD

WRITE (6 ,5001PCD ,PCUPCS,CPEUH
FORVATL/ /77 30X,31HO LOAD FACTOR
1H+ / 1H—y 42X,

25HPERCENT OF LOAD SUPPLIED ¢ Fbal,

ND SYETEM
IH ,41%,11H BY UTILTTY /
1HC 42Xy 26HPERCENT OF WIKD ENERBY
IH 42X ,9HSURPLUSED 7/
1H3,42%,23HCOST 10 MEET LOAD
1H 482X, Z7THIWIND » UTILITY)

PETURY
END

r

2H

7 1He429X,

y F&u1 #

3% ,F6 1460 KILLSY
7 1HIY

/ 1A ,N2X,22HBY TJOTAL UINM
/ YTHO,42%,24HPERCENT OF LOAD SUPPLIED,2X,Fé6.1 7

GhO14a4
CaGl44
03514y
LOGIsSS
$00154
DLL16C
Leo1e?
€gozng
CCLZ2eo
c2029%
Lon20o
L3L20C
£nL20c
{oczad
cos2zoC
£oe2a0
coL250
500208
GuC225

N
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7.8 COMPRESSOR (PNEUMATIC)

——3m-NASS FLON RATE (M)

PONER (P1) — S Rl

AMBIENI(‘ TEMP. (TA)  — ——=ROTOR SPEED (RS)

MAX. : ) @ f——s-EXIT TEMPERATURE (T2

MAX. INPUT PONER (MP1)—= . )

INPUT EFFICYENCY (EF1)—3— > MAX. QUTPUT POKER (Mp2)
| [——>-QUTPUT EFFICIENCY (EF2)

The compressar mode! reprasents the oft-desiygn pertormanae ot a typleal axlal
flow compressor. The compressor [g sssumed Jeslgned for a specitled sob af
dosign operating conditlons and per tormance requirements. The mass tlow rate
ls assumed Jdirectly proportlonal to angular veleelty and Iadepondent ot the
provsure rativ across the somproassor. This Ts expected fo hold tor Rih8 ot
the Joslgn mass flow vates The polytrople eftloloaey ot the comproess g
voumad Fo Lo a weak functlon of the angular veloclty. Inltlal cateutations
are made with the design polytrople ettfeloney, and retinements made arter

the oft=dosiygn parameters are caleulated,

The expression for the angular velaslty Is

ne o Py AR e JEFE
" = PN o TPw(Tavioo 1w [ (PROPA TR =11

wharet -
EFF @ [{PROAPAIERIANNPY «» 14 1 TTPRIPANIA w 1)
A= [GAN =1 ) FGANINP)
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lnputs
Parameter/Port Description Units
P 1 Input power kw
RSD Design angular velocity (D = 3600) rpm
MO Design mass flow rate (D = 3000) [b/h
cP Heat capacity of alr (D = 7.2X107) kwh 1b°F
TA Inlet alr temperature (ambient) (D = 70) O
PR 2 Exit pressure (D = 147) psi
PA ’ Inlet pressure (ambient) (D = 14.7) psi
GAM Heat capacity ratlio (D = 1.4) -
EF 1 Input product efficiency -
MP 1 Maximum input power kw
NPD Design polytropic efficiency (D = 0.88) -
PID Design inlet pressure (ambient) (D = 14.7) psi
PaD Design outlet pressure (D = 147) psi
TID Design inlet air temp (ambient) (D = 70) °r
CK Compressor capaclity cost coefflclenf (D =1.0) =~
FO Compressor exponent for cost calculations =
(D = 0.75)

Outputs
Variable/Port
NP Polytropic effliciency | -
EF 2 Output product efficiency : ‘ -
MP 2 Maximum output power - - kw
TO Torque ft=ib
M ’ Mass flow rate Ib/h
T 2 Exit temperature °F
RS Angular velocity ; rpm

- cco _ Cost of compressor/year $
1ok = capital cost (known unit)/(design polnt mass flow rate) 0%

LN {outlet/inlet pressure ratiol¥®tlife expectancy of unlf)
D -~ Default values supplied

BCS 40180-2
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Statistics Description Unlts
MT Maximum temperature °F
M Maximum mass flow rate {b/h

The calculation sequence and the default values are based on the assumption
of an axial flow compressor, nominaliy rated at 125kw, and a pressure ratio
of 10. The equations used relate first order effects among the various phys—
ical quantities and were derived from first principles originally to support
the research work of Reference 1. Cost scaling was also developed in that

reference based on cost estimates obtained from turbomachinery manufacturers.

Caleulation Sequence

1)} Costs (First pass aonly)

CCo = CK 4 (MD)3BFQ = LN (E%%)

If PL>0 go to 2)
= (GAM-1 ) 7 (GAMMNPD )
RAT = (PQD/PID)IHA
EFF = 1, RS =0, go to 3)

g

R

1. "Closed Cycle High Temperature Central Receiver Concepf for Solar Electric

Power, " BEC/EPRI RP 377-1, June 1976.

BCS 40180-2 125
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2)  Angular veloclty lteratlon

A = (GAM-1)7 (GAMENP) Unttlally NP = NPD)
RAT = (PR27PA)IHA
EFF = {(RATHWNP-L )1/ (RAT-1)

Y ¥ — ~
RSD MR CP¥(TAHAG0) 3 (RAT = 1)

LI

Z
&

Polytrople etficlancy

o ‘ sl P1Dw (TA+480) RS0 st
NP = L= (4 = NPOIR[2.0~ U™ oeacor Re 02 ]

f [terato untll NP and RS are conststent
(1t tteration doesn't converge, then write DIAGNOSTIC and exit) :
A 3)  Mass flow rate §

M = NDHRSZRSD

41 ExIt tewmperature

T2 = (TA%460 RAT =460

5)Y  Torque

L P €0, set T8 = 0 and go te 6)
TR = PL¥7R7, 6/ (RS¥2n/60)

&) Eftlelency and maximum powsr

EED = EFLNEFF
MP2 = MINIMPLRERF, L. 5¥MDRCPI(TR-TA))

£} GCompute Statistles and Costs

s 1% | RCS 401807




SURROUTINE €O ENTRY POINT 000820

2-0810% SJd

> Q

o]

STORAGE USFD CODE(1) CO0613; DATA(O) 0000663 BLANK COMMONE2) 000CQD B

; COMHON BLOCKS §§

] opos - CIMPL  GDOODOL -]

: 0004 CIIME 000001 S
. go3s CSTMUL 000010 o
0006  COST  00GO31 gg

KIrv
I

EXTERNAL REFERENCES (BLOCK, NAME?D

0007 XPRR
G010 ALOG
go11 Nk DUS
0012 N]1O02s
0013 NSTOPS
0014 NERR3S

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

2901 . 0GO136 100L opgl . 000375 1000L 0000 000010 101CF gool 000166 200L 0CC1 000271 300t
001 0RC31S 400L 00CO R 00OCDS A 0006 R 006000 CC1 0005 000000 DUM 0CJI0 R COCO03 EFF
b pas3 ¥ CODO0O IMPL 0000 000052 INJPS D000 I 0GO002 ISP 0000 R 0OCO00 PT 0000 R C3NGD4 RATV
i 0000 R 0C0O36 RSNO 0004 R 0D0Q00 VIME 000S R 000007 TMAX 0CCO0 R 0000G1 THMAX1 00G0 R 000007 XNP
: 00100 is cco 000006
¢ c0101 L2 SUBROUTINE COCNP,EF2,MP2,TOM sT24RS;CCoMT MF ,P1 RSO ,MD,CP,TA,?R2, : Goo3a0
i 40101 I 1 PR1,GAM,EF1,MP1,NPD,PID,POD,TID,CK,FO) 000000
8 00161 4 c LOLDOD
g ro101 S € PURPOSE PEPFORMANCE MODEL OF AXTAL FLOW COMPRESSOR $03C00
| 66101 6% c : 000C00
I ta1cl " C  METHOD COMPRESSOR 1S SIZED FROM INPUT OPERATING REQUIREMENTS. pOCGo0
L ~ RO10I 8s c 500000
© 50101 9% c MASS FLOW IS ASSUMED PROPORTIONAL TO ANGULAR VELOCITY 000000
00101 10+ c cocoo0
00101 11 ( AND INDEPENDENT OF PRESSURE RATIO. Geocoe
40101 1:2% c LoG0o0s
CC101 13 €  WRITYEN BY F.0. HAHONY VERSTON 1, MARCH 22 1977 00000
taiol 149 c 06009
LC131 15+ € CALL SEQUENCE cocecct o
Lo {0101 16+ ¢ OUTPUTS LGOO0C
R 011 17+ ¢ NP - POLYTROPIC EFFICIENCY coanoe c
: (0101 13 c EF2 = QUTPUT PRODUCT EFFICIENCY 261000
8 00101 19 c MP2 - MAXIMUM OUTPUT PONER, KN 600000
‘ 00101 20+ c 70 -~ TORQUE, FT-LB c0Gso0
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8z1

2-0810% SJ¢

Co101
ugio1
£G101
GC101

<0101

c3101
o01c1
€0131
GC10l

‘co101
0ol

t0191
cpiol
cplol

‘20101

£o101

Tol01

{Clol
20101
co101
€0101
c01aG1
co1i01l
60101
00101
£2103
00134
c01905
€o1cs
£91es
9c107
L0111
60112
neil2
30113
ao11s
Co117
o121
coi123
£o12s
00127
oo13l
00133
aC135
00137
6ols1
00143
00145
COl47

Colat

CO147
C0147
GG153
c0151
ae1s2
c0152

00152

21l
22
23
2u»
252
26

21e

28¢
29
30»
31
32%
33

J4x

352»
6%
371+
38
39
40
41
42¢
432
4y
a5 e
ug
4T
uns

u9e.

508
Sl
52#
S3s
She
55
S56»
57s
5es
59
60
61n
62»
63»
6o
&5»

669
67

680
69
TCs
71e
T2%
T3
Tus
T5%

AAOAAAOAONEO AN ONANONNNON

[s K2}

[a NaMal

L}

T2
RS
cc
L1
“F

INPUTS
Pl

NPD
PID
POD
TiD
CK

-~ MASS FLOW RATE, LB/HR

- EXIT TEMPERATURE, DEG F

- ANZULAR VELOCIYY, R>M

- COST OF COMPRESSOR PER YEAR, $/YEAR
- MAXIHUM TEMPERATURE OBSERVED, DEG F
-~ HAXIMUM MASS FLOW RATE, LBZ/HR

- INPUT POWER, KW

~ DESIGN ANGULAR VELOCITY, RPHM

- DESIGN MASS FLOW RATE, LB/HR

-~ HEAY CAPACITY OF AIR, KWH/LB-DEG F

- INULET AIR TEMPERATURE (AMBIENT), DEG F
- EXIT PRESSURE, PSI

- INLET PRESSURE (AMBIENT), PSI

- HEAY CAPACTITY RATIO

= INPUT PRODUCY EFFICIENCY

- INPUT MAXTMUM DISCHARGE POWER , KW

— DESIGN POLYTROPIC EFFICIENCY

- DESIGN INLEYT PRESSURE (AMBIENT),PST

- DESIGN OUTLET PRESSURE (AMBIENT), PSI
-~ DESIGN INLFT TFHPERATURE UAMBIENT), DEG F
- COMPPESSOR CAPCITY COST COEFFICIENY

FO = COMPRESSOR EXPOINENT FOR COST CALCULATION

COMMON  yCIMPLZ IMPL /CTIHE/ TIME /CSIMUL/Z70UMET) ,TMAX /COST/CCI
REAL MD o HPL (NPD NP MP2 M, NTMF

OATA P1I /3.

IFUINPL.GT.O
MT = 0.0
Mf = C.0

IF (RSD.EQ.
IF (M0 .EQ.

IFtMPL1.EQ. 99999) MP1

1F (CP EQ.
IF (TA JEQ.
IF (pPR2.C0Q.
IF (PP1.EQ.
1F t6An.EQ.
IF (MNPD.EQ.
IF (PID.EQ.
IF (POD.EQ.
1F (TID.EQ.
IF (CK .EQ.
IF (FO .tQ.
NP = NPD

€CC = CK¥MD*»
THAX] = THMAX
100 CONTINUE

14159/
INITYALIZATION

¥ 60 70 100

«99999) RSD = 3600.0

+99999)IMD = 3.0E3
= 1.E8
«999923ICP = T72.0E-6
«999991TA = 70.0
«99999)PR2 = 147,.0
«99999IPRY = 14.7
«99990)GAHM T 1.4
«99999 INPD = 0.88
+99999)PID = 14,7
«99999)P0N0 = 147.0
+99999171ID = 70,0
«999991CK = 1.0
«999991F0 = 0.175
COosY
FO*ALOG(POD/PID)

*.,99999

SOLVE FOR POLYTROPIC EFFICIENCY

000000
ocozoda
gootoa
copeot
tococeo
CaGooG
0oQ00e
coLeoo
o0peao
cCo000
cecoono
£goooa
ccogoo
coogoL
cpoooo
J060Co
goo0o00
cGoCc0p
coco3o
Cocaoa
CoG30G6
cocaaen
coccac
00Go00
[slegsTs]oxnd
<oocog
ocoul0o0
aocoog
goaooe
gooecog
eacnog
ceoco2
coooo3
ogcaes

CoUGny.

Co0GG1 1L
0CGl16é
60G023
cocoic
tooo3s
a0coa2
cocout
COCLa54
GCL0e1l
0Co066
J6G073
600100
ctolcs
ceo112
cogGl12
LeG112
coli12
0G0114
6C0132
00G136
00G136
Go0136

S1 OVd TVNIDIYO

RIrTVad 9004 40

09
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[

3

£D1S2
co1s2
00153
00153
00154
o0155
06155
L0157
C0160
coi61
colez
00163
Cel63
o164
CO16%
00166
00166

00167

20167
co170
t0170
CC1T71
80171
L0171
re1r2
coir2
00174
qp174
90175
00177
. D017
00177
00177
gc209
002027
00203
co2z
00l01
gce2c2
po262
Dp202
po202
oD204
00204
0o2as
00254
gQ204
0C2G%
0G20s
00205
00zD6
pozce
go206
ogza7r
00211
po212
00213

T8¢
79
80»
81s
82

83v

B4

L BOH*

Bo6*
81s
age
89
93e

.91

92
938
S4e

95

96 ¢
97
98w
99
1CC»
101
102
103
104 %
105%

1C6%

107»
1GE»
109
110
1lls
112
113»
11u%
115=
110
1117
11Re
119%
120%
121%
122#
123»
124
125¢
126%
127%
12ex
129%
132w
131%
132%
133#
13u=»

[z aNaNaXyl ann OO0 [a NNl

©

on

200

3o

400

AND ANGULAR VELOCITY

ISP = O

EFF=1.0
IF(P1.67.0.0160 TO 200

RATZ= (POD/PID)**3 (GAM-1.0)/7¢GAM+NPD))}

T0 =0.0

RS=C.D

NPZNPD

G0 70 300

A = (GAM-1.0)/(CAMSNP)

RAT= (PR2/PPl1Is*A

EFFZIRAT#eNP ~ 1.)1/7(RAT - 1)

RSNO = EFF$P1/MD#%1.0/CP/(TA*360.01/tRAT-1.01
XNP = NP

NP = 1.0-81.0-NPD)#(2.0~{PID/PRI®ETA+860.0)/1ITID+860.03/RSNO)
1 *20.2)

IFtIsP.GT.10) 60 TO 1000
ISP = ISPel

IFCABSUINP-XNP)/NP).6T.0.001) 6C TO0 200
RS= RED*RSNO )

MASS FLOW RAYE
M = MD*RS/RSD
EXIYT YEMPERATURE

T2 = (TA+860.0)*RAT-460.0
IF(P1.LE.D.0260 TO 400

TORQUE
TO = P18737.6/IRS%2.0*P1/60.0)

EFFICIENCY AND MAXIMUM PONER

€EF2

EF1¢ETF

Hp2 AMINL(MP1ISEFF,1.5*MD2CP2{T2~TA})

STATISTICS AND COST SUMMATYION

i

IF (IMPL.LE.1} RETURN

MY = AMAXI(MNT, T2}

MF. = AMAX]IIMF, ¥)
IFUTIME LT, THAX 1) RETURN

000136
£oo136
C00136
CaG136
0CG136
GOGl40
Ggo14
600143
Gpo16d
cooli1e61
CoCle2
CO0164
CO0164
CGGle6
CoG173
otoz2a3
acu203
coc214
GCO214
0Ca224
0pL224
ceca2e6
LaL226
co0226
600250
coD2se
Cee2sy
cor2sy
po2s5?
C00265
C03265
CPL26s
C0G265
£tcaz11
GCo271)
LoL271
00%271
coLz27y
cGoiol
500301
Cop301
Gou361
Qeoo304
ocg304
603304
o030y
00U30u
[shapeAel
coG31s
000315
oco31?
G0G217
apo31?
CoL334
£00343
Qoou3st
000357

g g g~ e Ay s e Log e b p i pe gt Ryt
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cp21s
cp21s
00216
0D216
GD217
00224
0C224
00225
oc226

135
136

131s

138s
1399
140%*
141
142
143

c

c

CCI = CcT + cC

RETURN

1000 WRITE (64,1010} NPyXNP,RS

1010 FORMAT 11HO,40HMAX ITFRATIONS FOR COMPRESSOR EFFICIENCY,

1
sSTOP
END

15SH ~ NP,XNP,RS =

s3IF12.6)

000366
00G366
00371
G00371
000375
0OCu04
0004GCH
oocuon
Goo612

0J
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7.7 PNEUMATIC STORAGE VESSEL {(CONSTANT PRESSURE)

STORED ENERGY (E)
STORED MASS (MS)

!

= OUTPUT POWER (P2)
FLOW RATE (M1) —_— e TEMPERATURE (T2)
TEMPERATURE (T1) —_— o= MASS FLOW RATE (M2)
LOAD REQUEST (RE1) —{ S t——=MINIMUM AIR TEMPERATURE (TSO)
MAX. INPUT POWER (MP1) —f ———=PONER REQUEST (RE2)
INPUT EFFICIENCY (EF1) = = INTERRUPT FLAG (INT)
f——== MAX. OUTPUT POWER (MP2)

The pneumatic storage vessel is based on a constant pressure underground
cavern design as represented in Figure 7.7. A surface pressure-compensation
pond via a water shaft [s assumed to maintain the vessel pressure at a con-
stant value. This model is assumed to be used in conjunction with a heat
exchanger. The energy is calculated as a functlion of the stored gas mass,
the inlet/storage air temperature, and a leakage function proportional to

the stored energy.

Basic Eguation

The rate of energy storage is computed from the equation

ml
i

ML¥CP#(T1-TO) - NUXE, charging

M
ik

= ~M2#CP#{T2-TO) - NU*E, disgharging

mass flow rate during charge g

|/}

where ML
M2

i)

‘mass flow rate during discharge
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PRESSURE-COMPENSATION
POND

WATER SHAFT

COMPRESSED
AIR
|
Mliahs

UNDERGROUND
PRESSURE VESSEL

FIGURE 7.7 CONSTANT PRESSURE AIR STORAGE
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lnputs
Parameter/Port Descripti Units

M 1 Inlet air mass flow rate Ib/h

cP Air heat capacity (D = 7.2X10_5) x kwh/ 1b°F -
T 1 Intet air temperature " °F ;L
TO Minimum air temperature (D = 60) °F -
NU Leakage coefficient (D = 0.0008) ht

R Gas constant (D = 2,009X10™°) kwh/ b
VM Maximum storage capacity (D = 1.2X106) ff3

PR 1 Vesse| pressure (D = 147) psi

LE Life expectancy of vessel years

cv Vessel capacity cost (D = 0.22) $/ ¢t

RE 1 Load request kw

EF 1 Input product efficiency ~

MP 1 Input maximum power kw

MDE Mass threshold for priority resequencing Ib

ND Maximum charge or discharge mass flow rate b

™ Maximum al lowable air temperature (D = 120) °F

TEM Maximum allowable inlet temperature °F

M Maintenance cost/year $
Outputs

Variable/Port

E Stored energy (state) kwh

Mo 2 Outlet mass flowrate o tb/hr

T 2 Storage temperature , °F

v Storage volume ' ; 7 £+°

cco Cost of vessel/year ?V $

MS Mass of air in storage (state) Ib

MP 2 Maximum output power *, kw

RE 2 Max imum charging rate kw

INT Interrupt priority ffag -

TS9O Minimum air temperature (=TO) °F

D - Defauit values supplied
133
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Qutputs Cont,
Variable/Port

PR 2 Vessel pressure (=PR1) psi
P 2 Output power (discharge) kw
MOM Maximum allowable mass flow rate (=MD)

atisti
EU Maximum stored energy Kwh
vu Maximum storage volume £+3

The pneumatic storage vessel calculation sequence and default values assume
a 10atm cavern approximately 340 ft. below ground and sized for storage of
120kw for 24 hours. A maximum cavern wall temperature of 120°F is assumed.
Cost estimates for fthe vessel were estimated from the results of Reference

1, with cost scaling by .05 to account for plant size differences.

1. "Preliminary Feasibility Evaluation of Compressed Air Storage Power Sys-
tems," United Technologies AER 74-00242, December 1976.
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Calculati uence

TINC = integration step size, hr

3
CL = conversion constant = 5.43x10™° Kﬂgéfi-
1) Vessel Cost

CCO = CV*VM/LE

2) Storage temperature

3} Storage volume

R¥(T2+46
_ ey RE(T2+460)
V= M R

4)  Maximum Mass and charging rate

MSM = Ve AERL*CL)

R¥(T2+460)
MD1 = MIN(MDM, (MSM-MS)/TINC)
RE2 = min [MPl, MDl*CP*WTEMpTO)]/EFl

5)  Mass flow out (discharge mode)

Mo = —BEL
CP#(T2-T0)
P2 = RE1
" 6)  Maximum discharge rate 5,
' )

MD = MIN(NDM, (MS-MDE)/TINC)
MP2 = CP#(T2-T@)¥MD -

BCS 40180-2 | 135
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Calculation Seguence Cont.

Stored energy rate

E = CPH(T1-TO)ML - NUXE - REL

Stored mass rate

N'lS=M1-M2'

Priority interrupt

If MS € MDE, INT =1

I[f MS > 2¥MDE and INT =1, INT =0
If MS 2 MSM, INT = -1

I f MS < MSM-MDE and INT = -1, INT =0

If T2>TM write diagnostic and set INT = -1

If MS < MDE or MS>MSM wrife diagnostic

Compute Statistics and Costs

CS
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SUBROUTYINE CS ENTRY POINT 000427

STORAGE USED CODEL1) 000637; DATACO) 0001257 BLANK COMMON(2F 000000

Z-0810Y S8

COMMON HLOCKS

a3Cc3 c1vPL - CO0OD2
00w Ci1Int OOOCO1
apos CSTMUL 00DMD
09ace CusSY cooog2

EXTERNAL REFERENCES (BLOCK, NAME)D
0007 N¥NUS

0010 N1O02%
go1 NERR1S

STORAGE ASSIGNMENY (BLOCK, TYPE, RELATIVE LOCATYION, NAME)

w001 . 0GC326 190 onol 000074 100L 3000 000004 10C0F 0000 00CO21 1D10F 0coo 0oC036 1020F
‘ 0061 o003y 20L 0001 000362 200L 0006 R DOCDOOD CCI DOUS R 000001 CMI CCC0O0 R 0GOOC3 C1
: QD0S R TONOOO DUM 00C3 I 000001 ICNTY 0003 1 000000 IMPL cooo 00C072 INJPS 0020 R 000001 MDI1
; 0000. R 0DOOGCO0 MSM 0CO4 R 000000 TIME 0005 R 0DODCOT7 TMAX 0000 R 00COD2 TMAXL

o peloe 1 ccs IedofolsTs]s]
' co101 2% SUBROUTINE CS{ EoDE2TEyMSsDMS 3 IMSyM2,T2,V ,CC MP24RE2,INT,,TS0,PR2 ccocon
c0101 3 1 P MDM EU VU ML CP T, T0 Ry VM PRI JLE ¢NU, CVoRELSEF14MPY HDE 4HD TH 000000
00101 e 2 JTEM,CM) cocoonan
20101 S c o000DnD
. o101 6 € PURPOSE PERFORMANCE MODEL OF CONSTANT PRESSURE STORAGE VESSEL 000600
} LC10l 7 [ ) cogcao
i 0101 as C  METHOD ENERGY IN STORAGE COMPUTED AS A FUNCTYION HASS AND 00co0c
4 c0101 9% c Gooooo
; o101 10 c INLET TEMPERATURE. LOGAGU
coigl 11+ c 000090
nO1G1 12 C WRITIEN BY F.0. MAHONY VERSION 1, MARCH 23 1977 Ga00ao
z01p1 13% c gcooco
aG101 14+ C CALL SEOQUENCE f coo0Go
L0101 ‘15 c cooeod
o1l 1C» c OUTPUTS LOLOGC
: 20101 17» c E ~ STORED ENERGY (STATE VARIABLE), KWH Cooono
| cgioy 1€ c DE = STORED ENERGY DERIVATIVE, KW Loongoe
k2 ac1a1 19+ c JE = STATUS INDICATOR FOR E Logono
r0101 2C+* c MS - - MASS OF AIR IN STORAGE (STATE VARIABLE), LB £ouloo
Leicl 21» c DMS - AIR FLOW RATE, LB/HR toooee
6e101 22 c INS - STATUS INDICAYOR FOR MS Loocoo
cp1a1 23 o M2 . ~ OUTLET MASS FLOWRATE, LB/HR cocaoo

LT

SJ
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¢-0810¢% So8

zglol
ag101
00101
£01381
C0101

0101
o101
70101

c0101
20101
20131
coiol
£o0101
cci1o1
10101
coi101
co1a1
Zuioy
00101
L0101
£01C21
L0101
oC101
10101
-0101
€0101
Lo1el
cel1o1
00101
¢G101
c0101
¢0101
20101
30101
40101
G0103
uC104
¢010S
G0105
00185
GO106
001ce
co110
Q0112
00114
0p116
ugl20
co1z22
00124
fol2e
co13d
£0139
50131
co132
oe132
00133

00138

24

25»
26
27
28
29
30s
31s
32»
33
Iye

ise

36
317
38

398

4Ce
41
42se
uze
hus

45

Y«
a7
LE:-2
49
EC»
S1we
52
53
Sya
5S»
Sbs
ST»
SRs
59%
&C»
6l
62%

638

b4

65% -

66

6Ts .

68%
65
Cs
71
72

13«
4.

75=%
76
7%
78
79¢

LB
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(oM 2]

e

T2 ~ SYORAGE TEMPERATURE, OEG F
v - STORAGE VOLUME, FTe+3
CC - COST OF VESSEL/YEAP, $
MP2 =~ MAXTMUM OUTPUT POWER, KU
RE2 = MAXIMUM CHARGING RATE, KW
" INT - INTERRUPY PRIORITY FLAG
TSO - MINIMUM AIR TEMPLRATURE, DEG F
PR2 ~ VESSEL PRESSURE, PSI

p - OUTPUT POWER (GISCHARGE), X¥
MDM -~ MAXIMUM ALLOWABLE MASS FLOW RATIE, LB/HR
EU = PAXI“UM STORED ENERGY, KWH
VU~ MAXTIMUM STORAGE VOLUME, FY#a3
INPUTS
, M1 - INLET AIR MASS FLOW RATE, LBZHR
CP  ~ AIR HEAT CAPACITY, KWH/LB-DEG F
Y - INLET AIR TEWPERATYURE, DEG F
YO - MINIYUM AIR YEMPERATURE, DEG F
R ~ GAS CONSTANY, KWH/LB-DEG R
VN -~ MAXIMUHM STORAGE CAPACITY, FT®s3
PRY - VESSEL PRESSURE, PSI
tE - LIFE EXPECTANCY OF VESSEL, YEARS
NU - LEAKAGE COEFFICIENT . , 1/HR
CV - VESSFL CAPACITY COST , S/FTsa3

RE1l - LOAD REQUEST, %W

EF1 - INPUT PRODUCT EFFICIENCY

MP1l = INPUT MAXIKUH POWER, KW

MDE -~ RESERVOIR THRESHOLD MASS FOR PRIORITY
RESEQUENC]ING, LB

MD - MAXIMUM CHARGE / DISCHARGE MASS FLOW RATE, LB/HR

TH  ~ MAXTMUM ALLOWAELE STORAGE TYEMPERATURE, DEG F

TEM = MAXINUM ALLOWABLE INLET TEMPERATURE, DEG F

CH ~ MAINTENANCE COSY /7 YEAR , 8

COMMON /CINPL/INMPL,ICNT/CTIME/ TIME /CSTMULZDUM(T7),THAX
COMMON /COST/ CCI,CHI ,
REAL NUgHMSyHP2, INT DMy M1, LE, MP 1, HDE (MD ,H2 M SH,MD1

IFLINPL.6T.0) GO YO 100

TIFECP LEQ. +99999) CP = T2.0E-6
IFLTH +EQ. +299999) TM= 120.0
IFLT0 £0. .99999) 10 60.0
IFINU JEQ. <99999) NU c.0008
IFIR  .EQ. +99999) R = 2.009€E-S
IFIVH «L0. +99999) VM = 1,2E+6
IFIPRI.EQ. .99999) PR1 = 147.0
IFLCY (EQ. +99999) CV = D,.22
RE1=0.0

it

THAX) = THMAX¥0.99999
1S0=T0

ccC CVSVM/LE
Seu3€-5

C0000C
C50000
660000
CCuLOGG
COCCGC
hl A
£00CGO
C00000
£oL00G
€600G0
c00Co0
cacceo
¢oouasc
cGcoloo0
geocco
CCG0JG
COLODG
£eo000
cocnog
coooee
CoLoDo
pccaoot
£0GOO0GC
Locooo
coG0So
c00060
€0G00C
Loooee
GOGDCO
COGCoo
£0G0G0
£0UD00
C00600
00C0GO
cocaog
coeooo
coL2%0
0000ocC
C0GO00
GOCODG
COGNOG
Cooo0o
Coco02
couoCc?
000014
o6Go21
00C026
£o0033
oocouo
COCOYS
coLos2
coC052
u0Ca53
LOCCS 6
C0Ga56
G00CED
ceoceu

SJ
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6¢T1

00134
co13s
Do13s

00137
00140
‘Doisl

20141
oC141
Cal4}
CClal
colu1
co142
00142
co142
GC142
00143
Go143
BO143
Go143
COl4y
o148
w0146
ac147
co147
00147
o147
¢0150
20181
Leisl
co151
co151
£0152
DB1IS3
00153
£0153
co1s3
CD154
001%4
00154
co154

ab156 -

001%6
30156
20162
a01e2
00164
00166
0170
co0173
£o172
00174
Go176
0CczGOo
00204
ap20s
60201
ao213

81s
82%
83»
84«
8S#
Bo6%
87s
88
89%
oN»
91
92
93

Pus’

95 %
96"
97
S8 %
99%
100s
101
192»
103»
104
1GS»
106
107s
1G8»
109
11C»
11 1=
112»
113
1149
115
1169
117
11g»
119
120
121%
122=%
123»
124
1259
120»
127s
128»
129+
13Ce
131»
132#
133»
1349
135+
13¢»
137+

anon oM ANOeOON

(e NxNal NOM. . 000 ana

L 00

ico

13

INT = Q.
PR2 =PR1
EU= 0.
Yyu= 0.
CONTINUE

STORAGE TENMPERATURE
T2 = E/CP/US+T0
STORAGE VOLUKE
V = MS#R»(72+460.0)/7PR1/C)
HAXTHUM MASS AND CHARGING RATE

HSM = VYM*PR1%C1/R/7(T2+46D.0)

MDM =MD

MD1Z AMINIOIMOM,AMAX] (0., ({MSM~MSI/ZDUMITI))
RE2 = AMIN1I(MPL MD1#*CPSLTEM-TO))I/EF]

MASS FLOW OUT (DISCHARGE)

H2:= RE1/CP/LT2~-T0)
P = RE1

HMAXTHMUM DISCHARGE RATE

MORZ AMINI(MDM,AMAX1(C.,(MS-HDED/DUMIT) I}
HP2 = CP*(T2-TO)*MDM

STORED ENERGY RATE
IFCIE.NE.DU) DE=CP*(T-TO)*M] - NU*E -RE1l

STORED MASS RATE
IFLIMS.NE.O) DMSZM1-H2

PRIORITY INTERRUPY LOGIC
IFIMS «LE. MDE) INTZ1.
IF(MS.6T. 2.%MDE LAND. INT.EQ.1.) INTZ=O.
IFINS GEMSHY INT = ~-1.
JFINS.LT. MSH-MDE LAND. 1"10500‘10, INT=0.
IF('Z lG'o M} INT: ‘l.

IF(IMPLLLE-1) RETURN
IF(IMPL.GT.2)60 TO 200
IFCT2.LT.TH) GO TO0 190
WRITE(6,1C00) T2,TH
ICNTZICNT +1
IF(HS.GT.HMDE) 60 YO 20
WRITE(L,1010)IMS,MDE
ICNYZICHNT +]

coagcew
opn0066
006067
000271
coGar2
oronry
Cooc?y
COGC74
0oGCTN
COUC?4
Co00T4
[sleIssepy X
coos74
ongcre
coGors
000109
000108
000C100
¢aciot
oog110
coo1l1eé
00123
o06133
00133
000133
Cog133
Ga0145S
00L1S3
200153
cpo1s3
cog1s3
00C155
aoo171
204171
00171
£0G171
30174
CoUl74
COC174
CCG174
£0g207
c0u207
ooc207
GCDC21y4
200222
coo241
GCo247
CGC266
0Cu266
006274
0oCc303
coG3c?
GCU313
000322
600326
4306331
gog340

ST @DVd TVNIDIYO
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ovT

2~08107 S28

ao214
oC216
00z22
ggzz22
g0cz22
656222
00223
0p224
00224
0p22s
00227
ue230
60233
gc231
co232
coz32
aG2133

aeess

D523
63234
0023s

138
135
1809
141
142s
143
144
195%
lubs
147
1428
149
150
151s
152»
153s
1%4 ¢
155»
156»
157

1Sg»-

a2 N2k,

26

200

1090 FORMAT(IHO,23HCS STYORAGE TEWPERATURE,F12,3,18HGREATER THAN ALLOU,

1010

1020

IF{HS.LT.MSM} 50 .70 200
WRITEL641020) HS.HSH
ICNTZICNT#}

STATISTICS

EU = APAX1iEULE)
YU T AMAX1EYU,V)

IFLTIME LT THAXL) RETURA
CCY = CCI+CC
CHIZCHRI+CH

RETURN

1 SHABLE , F12.3%

FORMAT(1HO,26HCS MASS OF X1IR IK STORAGE ,F12.3,
1 26H BELOW MININUM ALLOWABLE:7T1Z2.3)
FORMAT(IRO425HCS HMASS OF AIR IN STOGRAGE 4F12.31,
1 z8H EXCELDS MaXIMUK ALLOUWABLE,F12.3)

EHD : '

00034 w
cog3a?
Caulse
C0G356
Gpo356
026356
G0G362
DOC3e?
coo3s?
000375
Co0u0N
goauat
COCU07
Doos12
5006636
onGe36
aoce3s
400636
GoC636
02Ge36
0DC636

SJ



ORIGINAL PAGE IS FL

OF POOR QUALITY,

7.8 FLYWHEEL/CLUTCH

KINETIC ENERGY (KE)

| = POHER (P2)

POWER (P1) — ———==-ROTOR SPEED (RS)

POWER REQUEST (RET) e FL ——w=PWER REQUEST (RE2)
INPUT EFFICIENCY (EFT }m——eed ——==INTERRUPT FLAG (INT)
MAX. INPUT POWER (MP1 )}~ ——=0UTPUT EFFICIENCY (EF2)

f——e=MAX. UUTPUT POWER (MP2)

The flywheel model is a first order differential equation for kinetic energy
which is driven by input power when charging and by a load request when dis-
charging. Power losses include cluftch losses versus shaft speed and torque,
windage losses, and friction losses due to bearing and seals., Shaft speed
is determined analytically from kinetic energy. Priority interrupt logic

is activated 1{ minimum or maximum capacity levels are reached.

Basic_Eguations

KE = k¥t w?
2 . 2.8
S = - - W~ 3% W
KE PlN POUT‘ Clv W 02, ;
where k,CT ,02 are flywheel constants

w = rofor speed in rad/sec

P!N = input power - clutch losses

POUT = oufpuf_ load request

RS 40180-2 ‘ 141



[ables
cLo

CL1

fnpufs
Parameter/Port

PR

HM

RF

SR

WT

KF

ZE

c2

P 1
EF

MP 1
RAP

RE 1
EQ

El

EDE

o)

cC

Outputs

Variable/Port

RS

- KE

142

1

Description
Clutch losses versus rotor speed (rpm)
and torque (ft-Ib), when engaged (Table
dimension = 90)
Clutch losses versus rofor speed (rpm)

when disengaged (Table dimension = 17)

Pressure in vacuum housing
Moment of inertial

Radius of flywheel

Shaft radius

Flywheel weight

Coefficient of friction

Width of flywheel at fip

Windage loss coefficient (analytic default)
Input power

Input product efficiency

Input maximum charging rate

Rated power, charge or discharge

Discharge load request

Minimum allowable storage capécify

Maximum al fowable storage capacity

Energy deadband for priority resequencing
Maintenance cost/year

Capital cost/year

Rotor speed

Kinetic energy (state)

Includes physical drive system.

FL

kw

kw

psi
slug—f’r2
f1

ft

b

ft

kw

kw
Kw
kw
kwh
kwh
kwh

rpm.
kwh

BCS 40180-2



Outputs Cont.

Varlable/Bort Deser{ptlon Unlts
T Input torgue (charging) ti=1ih
Tl Quitput torque (discharging) fr-1h
P 2 Output power Kw
PLO Cluteh losses (charging! Kw
PLL Cluteh losses (discharging) kw
EF 2 Output efficlency -
MNP 2 Maximum autput powar Kw
INT Priority Interrupt tlag -
RE 2 Maximum chargling power roguest Kw

Statlisties

MNE Maximum stored enargy kwh
MPC Maximum charge rate Kw
MPO Maxinmum discharge vate kw
SPC Sum af chargling enerqy kwh
SPD Sum of discharging energy kwh

saleatal Rl b S LT

BCS 40180-2




FL

Calculation Sequence

1) Compute fiywheel constants

Kk = Jé*l*M*/S.?(SSl&‘('lO =7

C, = KFWTHSRY/1.3558%10™°
c, = CO*PRO‘B % RF0 3(1 + 2.3%ZE/RF)  (DEFAULT)
C, =1.0946 107’

If KE < EO or KE > E1 write diagnostic

2) Compute rotor speed

W= VKE/k
RS =Wit(60/2M)

PiIn=0

3) Compute power losses and net power when charging

1f PL =0, set Td = PL@ = Pin =0 and go to 4)
TO = P1¥737.6/W

‘PLO = CL@O(RS,T0)

P PL - PLO

I

IN

I f Pin<O, write diagnostic

4) Compufe power losses and output power when discharging
If REL = 0, set T1 = PL1 = P2 = Py,r =0 and go fo 5)
T1 = RE1¥737.6/W

PL1 = CLO(RS, -T1)

144 BCS 40180-2
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FL

Calculation Seguence
4) Cont.

P2 = RE1 - PL1

POUT = REl

lf P2 < 0, set P2 = 0. and write diagnostic

5) Compute power losses when disengaged

If PL > 0 or REL >0, go to 6)

POUT = CLL(RS)

6) Flywheel kinetic energy rate

y 2.8
= - - HW - W)
KE PIN POUT Cl C2v

7)  Maximum Input (charging power)

TM = MPL1¥737.6/W
MP® = MPL - CL@®(RS,TM)

If MP@ < 0, write diagnostic and go to 8)

EFQ = EFL1¥MPP/MPL

1l

RE2 = MINIMPQ,RAP), (EI-KE)/TINC)/EF®

It

8) Oufpur efficiency and maximum power
RAPL = MIN(RAP, (KE-E@)/TINC), TINC = integration step
TM = RAP1L#737.6/W

MP2 = RAPL - CL@(RS,~TM)

BCS 40180-2 145




Calculation Sequence

8)

9)

10)

146

Cont.

If MP2 < O write diagnostic
EF2 = MP2/RAPL

tf REL > 0, EF2 = P2/RE1l

Priority interrupt logic

lf KES EQ , INT =1
lf KE > EQ + EDE and INT=1l, INT=0
[f KE > EL , INT = -1

| KE < E1 - EDE and INT= -1, INT=0

Compute Statistics and Costs

Rt e 6 o b SR

FL

BCS 40180-2
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LYT

SUBROUTINE FL

ENTRY POINT 001125

STORRGE USED  CODEC(1) CTO1333; DATA(D)

CONMON BLOCKS

0003
J004
agos
goce

CIMPL  DO0002
€TIME 002001
CSIMUL 0NO0010
cosT 000002

EXTERNAL RFFERENCES (BLOCK, NAME)

ooo7
0010
goil1
a012
0013
03014
Cois

STORAGE

s]a)s) ]
ooGo
0oco
oooa
0009
0CCo
slofsle}
2000
ooozr
acoo

£o100
co0101
20101
£0101
CC101
G310l
€a1a1
0101
20101
¢0103
06103
00103
ogi1a3

o m

VD7

TBLU2
TBLUL
XPRR
NWDUS
NIO2S
SQRT
NERR3s

000231

BLANK COMMON(2) 000000

ASSIGNHMENT (BLOCK, TYPE, RELATIVE LOCATION,

£00060 101
GCro60d 208F
0G0110 508F

0C0022 APC
000025 E€CO
503166 INJPS
CGoC1Y Ma .
GUG015  OMEGA
CUCCOD TPLUR
gococy 1TMax]}
1 CFL

2

e 1
LA 2
5% [

6 c

T [

8% [of

9 c
10%

11% C
12=* C

13%

0000
oro1
0001
0Go6
gcoo
0700
0e60
090G
3004

elofalel b4
000412
000STH
R 000000
R DD0OO2%
1 000012
I 0CO013
R 000016
R 1000300

108F
300t
600L
cCl
EC1
BNy
NNNRS
PIN
TIME

0000
0000
0001
2006
0009
a0cg
acao
8200
JG0o

DV DD

NANME)

0aco2e
000074
ooo70S
nooool
cogoz21
qocnol
nocols
£ocol7
8000903

109F
308F
700L
(8. §
EFO
MP A
NNNRSH
POUT
TINC

0001
0001
0000
0060

QCO3
ocoo

QCcoo
gco9o
acoo

D D DX

0001a7
000as0
000125
pocoos
ogcaool
poGo02
8cCcoo7
000C23
006020

SUBROUTINE FLECLO,CLI RS KELKED,INE ,TO,T1,P2,PLOJPLL,CF2,MP2,INT,

REZ2,ME 4MPC ,MPD,SPC,SPD,

wREL,E0,F1,EDE,CH,CCY

PURPOSE

METHOD

MODEL

PRoHM 4RF ¢SR oW T KFyZELC2,P1 . EF1,MP]1,RAP

OF FLYWHEEL CAPABLE OF ARSORBING POMER
AND OF DELIVERING POWER ON REQUESY

OUTPUT POJER AND KINETIC ENERGY COMPUTED FROM

POVER REQUEST AND TINPUT POUER

20L
4COL
108F

ICNT
¥PB
NNRS
RAPT
™

2%
2
23

-

A

29

5001 cop3is
0001 Coosas
0000 £oeoos
(VA3 00nCo0
ocos 0ooo0C
GOGG CG0G00
gGCo (Walele B]
colo gococa
3CCs Go0g07?

DDt Dot B D

300007
opo007?
LGoGoc?
0Qco07?
coceoa?
200037
0GCo07
coceg?
[Safeisish
Loaea7
coooes
A3 sle i}
touoo?

2000
sQoL
AK
puM
InPL
PO
NNT
TRLUL
THAX

14
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ALITVOD ¥00d A0

CCCuye

Col1s °» TPAX1=THAX%.99999

£0103 15 c KRITTEN BY Y.K.CHAN . VERSION 1, JUNE 17, 1977 coana?
o003 16% c . copeny
coin3 17 € CALL SEQUENCE ‘ Gorea7
60133 1 6% c TABLES : £ocso?
3C103 19w c €LO ~CLUTCH LOSSES VS ROTOR SPEEDIRPM) AND TORQUE(FT-(B) k¥ 600067
0103 2C» (o CLI ~CLUTCH LOSSES VS RODTOR SPEED(RPM) WHEN DISENGAGED,XW eaoec?
£01G3 21 c oUTPUTS Cocco?
00103 22 c RS -ROTOR SPEFD, RPM LoOcao7
GC103 23w c KE  ~KINETIC ENERGY({STATE} ,KWH pooGE7
CC133 24 C KED ~KINFTIC EMERGY INCREASE RATE KW £sore?
60133 25w C IKE —-INTEGRATOR COGNTROL : CQ0CST
£01G3 262 c 10 ~INPUT TORGUE (CHARGING), FT-LB ' coceo?
L0103 27T» c Tl =0lTPUT TORQUE (DISCHARGING) ,FT-L8B aocco7?
G0133 28% C P2 -0UTPUT POWER,Ku ooooeoT
¢p133 29 C PLO -CLUTCH LOSSES (CHARGING),KW goGouY
56103 30 ¢ Pl -CLUTCH LOSSES (DISCHARGING) KM oncnG?
£0133 31 c £F2 -0UTPUT EFFICIENCY goLCo7
£0103 32 [ o MP2 -MAXTHUM DUTPUT POWER,KW GDCoo7
0103 33 c INT -PRIORITY TINTERRUPY FLAG goceoy
56103 358 c RE2 -MAXTHUM CHARGING POWER REQUEST GOCGco7
£p103 358 c STATISTICS £0004a7
£o0103 3I6% c ‘ ME  MAXIMUM STORED ENERGY XWH COCLO7?
00103 37s < MPC -MAXTHUM CHARGE RATE yKW aogueot
55103 3gs c KPD ~MAXTHUK DISCHARGE RATE,,KW 200007
L0103 39 c SPC -SUM OF CHARGING POWER  KWH cecon?
0c1a3 4 C SPD -SUM OF DISCHARGING FPONER,KWH soLon?
©0183 4y1s c INPUTS 00ca07?
oCcios 429 c PR <-PRESSURE IN VACUUM HOUSING,PSI €a0607
Cc103 43 c HM ~MOMENT OF INERTTA,SLUG~FT2 000007
Goin3 4y c RF  —RADIUS OF FLYNHEELFY UeGAsT
£o103 §5% c SR ~SHAFT RADIUS,FT Goooo?
L0103 4es c MT ~FLYWHEEL WEIGHT,LB osoce7?
D103 4Te (4 KF  -COEFFICIENT OF FRICTION sogoony
00103 48 c ZE ~WIDTH OF FLYNHEEL AT TIP,FT COLCG7
0133 40 c €2 ~WINDAGE COEFFICIENT CANALYTIC DEFAULT) cocaert
GoLie3 50 c Pl ~INPUT pOWER KW 00uL0GY
colos 51 c EF1 —INPUT PRODUCT EFFICTENCY CeGoa?
cCLas 52 o MP1 ~INPUT MAXIHUM CHARGING RATE ,X¥ Go0307
20163 534 c RAP —~RATECO POWER, CHARGE OR DISCHARGE .XU¥ cocony
00103 5g c RE1 -DISCHARGE LOAD REQUEST KW geeco?
£0103 5%% o EO0 ~-MINTMUM ALLOWABLE STORAGE CAPACITY,XKWH cooon7t
00123 56% c El -HAXIKUH ALLOWAZLE STORAGE CAPACITY,KWH 00ces7
tol1a3 57 c EDE ~ENERGSY DEADRAND FOR PRIORITY RESQUENCING ,KWH 400607
i SG103 58w C CH  ~MAINTENANCE COST/YEAR,S goeep?
i co103 5G4 ¢ CC  ~CAPITAL COST/YEAR,S coooeY
L 0163 (3] c ooeoc?
py 36163 b1 COMMON sCIHPL/IVPL ,TCHNT/CTIME/TIMF/CSIRULZDUNIT) , THAX ocacoy
A £0103 62% X /COST/CCILCHI cocce?
i; 06194 6ln REAL KEyKED,HP2,TNT ME JMPLC,HPD ,KF yHP1,MPO,HPA,MPB £0LLUT
o .£105 £y DIMENSION CLO(LY,CLICI) 8oocoT
5 foios 65% € : coaney

S coiae 66% IF(IHPL.GT.0IG0 TO 18 00007 1
:gd L8110 6T TINC=NUHL(TI*.5 600012

L0111 eFs TF(C2.EQea999993C22(1 O0HEE~T J#{PR2% BIS(RF*%4,642.38ZEF(RES$3.6)) 294015 F
50113 69 © o IMT=a. 08GLYS

Sl AOVd TVNIDINO
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Go1l4
n0115
oo1le
L6117
L0122
S ce12t
0122
00123
CCl124
zo125
G126
00123
gni3s
Co142
3142
BRIG3
ot}
00144
OIS
pol4e
co147
00159
60151
so152
5C153
G154
£C155
60156
aC157
£0165
pC1s6l
L0161
LGiel
porel
L0162
©0163
£0165
60166
CL166

¢Cles

SCte6
ieler
CC171
£p172
CoLr73
ocLr4
Co174
JC175
o117
GBlo1

oe205

06265
832456
ooacs
00co6
00206
‘COCo7

T1e
72
138
T
75"
T6%
T7e
T8
798
als
Ble

82s

B3s
84
8BS
8t e
ET7s
ER s
E9s
90s
91
G2
93s
94
Ste
96
ST
98

998

100»
101
132
133
1L4s
1.5
1L¢n
107
102
1T9»
110»
111
112»
1138
114
115s
116
117»
118
119
12«
121+
122»
123

RYLE

1259
126+
127

(s NaNal

[aNalKal

o0

10

MF=-0.

RE1<=0.

MPC=0

MPO=CTe

SPCTJ.

SPO=1.

CONTINKUE
AKZ.SoHM$3.76616E~7
CIl-KFeWT*SR®] ,3558F~3

CTFUUIKE SGToEQ) o NDG{KELETELID JoORG(INPL.NEL2)YIG0 TO 20

TF(XELELEOIWRITE(G,1081KE,ED
TFIRE GEEYIWRITELE 5 1C9FKE ,E1

109 FORPAT(IHO,26H FLYWHCEL KINETIC EHERGY ,F12.3,

X 1gH FXCEEDS CAPACITY ,Fl12.3)

108 FORMATUINO,24H FLYNHEFL KTRETIC ENERGY F12.3,
X 32H FALLS BELOW MINIKUM REQUIREMENT ,,F12.3)

290

120

ICNTZICNT+1
CONTIHGE
HERS=CLO(2)
HKTZCLG13)
MBY=NETSY
MN4ZHESNNRS
NKNRSZCL1(2)
NNNRSY=MMNNRS+4
T0=C.

Ti=0.

pP2:-0.

PLOZQ .
PL1=C.
RE2=0.

COMPUTE ROTOR SPEED
OPEGAT1.E~b
TFIKE GT+C10MEGATSQRT(KEZAKS
RS= OMEGA®30./3.14159
PIN=O.

COMPUTE POWER LOSSES

IF(P1.EQ.0.160 T0 200
TOZP1sT73IT7.6/0MEGA

AND NET POUWER WHEN CHARGING

PLOZTPLU2(RS,TO,CLO(KE) ,CLOLY I yCLOIMNG) 3191y ~NNRS,~NNT4KKRS yNKT)

PINZPI-PLO
POUT=0.

IFtPIN.GE.0.)G0 T0O 200
IF(INPL.NEL2)G0 TO 2GD
WRITE(6,2C81PLC,P1

208 FORMAT(1HO,21H FLYWHEEL POWER LOSS 4F12.3,

X24H EXCEEDS CHARGING POWER ,F12.31

ICHKTZICNT+1

COMPUTE POMEP LOSSES AND OUTPUT POWER WHEN DISCHARGING

290 IFiRE1.EQ.0.)G60 TO 300

oDGok 6
crsosi
280652
coGo53
ceeoess
LGLOSS
CCLO56
L0366
£O0G6Ce 0
£9GCe3
€OLo7G
£36115
CoG120
C00143
000143
036143
200143
O0GC143
c0c1u?
£806147
00C1s5
a0pléy
cGulee
Co0170
ceui?7
$0G201
CCcz202
cooza3
Gouzoy
Z0G2G5
oGo208
CoC206
ZCo206
cop2ge
£CCC207
Gdoz211
£oe223
coG227
£aG6z27
£80227
copz27
£p0230
500236
cec242
LoL272
ooo27s
00g274
C0G275
co0217
<po302
Goe311
000311
€0C211
ceesll
LoG311
Leo3zll
£50B315

RIITVAD 400d J0
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GL211
tozi2
00213
C0214
u021s
eo217
G0o2213
o223
oc22y

op225

cg2z2s
06225
00225
0D226
BC226
00226
80230
uge32
0ge232
po232
02232

00233 .

£g233
00233
£D233

gpz23s5

00236
00236
09237
00240
gg242
Ga2u7
00247
60250
0C252
0La2s3
00254
00255
00256
002586
0o2sse
00256
00257
0Dzé6d
00261
§oz262
00263
00263
00264
00265
60267
cezey
uoz73
00274
co2715s
€Cc276
uG217?

126+
129
130«
131

132e

133»
134
135s
1269
137#
138»
139
14C#
141
142»
143
lugs

145w

lue e
147
148s
149
150%
1S51#
152#
153»
155
155
156%
157w
158
1599
160U
161»
162
163
164
165%

166 *

167%
l68%

1694

170»

171

172
173»
1749
175
1769
177#
17e#
179%
163
181
182%
18 3%
184%

noo

[a XaXa]

(ol a Nl

NN

3cs

300

4C0 IFUIKEJNEOIKED=PIN-POUT-C1*OMEGA-C2%(OMEGAS*2,.8)

s08

500

600

798

700

T1=ZREI¥T3T46/0MEGA

PL1IZTPLU2IRS,~T1,CLOC(MR),CLOCU}CLOCHNGD 1,1 ,~NNRS ;~NNTyNNRS,NKNT)

P2-RE1-PL1
POUT=RE] :
CIFU(P2.6T 0.s0R.IMPL.NEL2)60 TO 300
WRITEtE,308)PL1,RE]L
FORMATIIHCy 16H FLYWHEEL LOSS ,F12.3,
X2TH EXCEEZDS DISCHARGING POWER 4F12.3)
JONTSICNT+L
P2=0.

COHPUTE POWER LOSSES WHEN DISENGAGED

IFtP1.67.0.360 TO 4GO
IFC(RE1.GT.0.)60 TO 400
POUTZTBLULCRS ,CL18&Y,CLI(NNNRSE )51, -NNHRSY}

FLYWHEEL KINETIC ENERGY BALANCE

HAXTHUM CHARGJIWG POWER REQUEST

THZMP1#737.6/0HEGA

HPASTBLUZ2(RS s TH,CLOINY I ,CLOI4 ), CLOtMNEY 9191y ~NNRS y—NNT,

X NNRS ¢yNNT)
MPO=HP]~HPA
IF(HPO.GT4 04360 TO 500
TFUIMPLLEQ.2)WRITF L6 ,SUBIMPA,HP L
FORMATLIHO,22H FLYMHEEL CLUTCH LOSS ,F12.3,
X I1H EXCEEDS MAXIMUM INPUT POMER +F12.3)
IFUTHPL.EQ.2)ICNTZICNT ]
GO TO 606
EFOZEF1sHPO/HP1
APC= AHAXL (Do {ET-KE)ZDUMETIY
RE2ZAMINI(HPO,RAP, APC)
REZZRE2/EFD

OUTPUT EFFICIENCY AND MAXIMUM POWER

RAPYZIKE-EC)/C(TINCS*2.)
RAPTZAMINI(RAPT,RAP)
RAPTZAMAXI(RAPTRAP/1000.2
CTMZRAPT* 73T H/08EGA

MFB=TRALUZ (RS, =TM,CLO(MY)4CLOCH) CLOIMNGY 5141 y-NNRS,=NNT,

b NNRS NNT)

MPZZRAPT~HPR

IF(FP2.GT+0..0R.IMPL.NE.2)GO TO 700
FORMAT({1HO,22H FLYWHEEL CLUTCH LOSS 4F12.3,
X27H EXCECDS DELTVCRABLE POWER .~ ,F12.3)
WRITE (6,708 JHPB ,RAPT

ICNTSICNTs )

MP2=AMAXI(MP2,RAPZ10004)

EF2=HP2/RAPT
1F{RE1.GTeD¢sAND.P2.6T.0.VEF2-P2/RE]

0go31e
0006322
noo3ss?
00G361
coo3xes
coa3vre
Locs0s
co0u0s
600405
cocul1c
cooslc
Coc410
cooul1c
gocu12
oogst2
Cc00u412
00u41N
goo421
00G421
CcoG421
ooou21l
L0044 G
CCLu4 0
coQ4u0
000440
OCCus56
COC462
cogue2
0CuS16
000520
gous22
000534
G0Us34
COO0S34
cegssyz
COCSu Y
ceo547
Couss?
g0os7l
CGO571
goos7l
0oos71
C00574
cog6e01
apuens
ooCe1sS
cou620
G0062GC
ooo655
Coces?
C0GeT2
C0G672
CCo672
coura1l
ororas
gecovis
DOC715
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16T

oLzT7
50217
03277
£C361
Gp32z
¢gzoz

00355
BLAGT
ReisE vy

Boals
Go313
CD2is

‘6OZL5
“BO3IS

GLils
o037
€0323
[es32;
tozz2
oosz3
GGX23
0G32%

80326

6C327
60327
65333
££i39
CG331

125%
186%

187= .

128%
189

190w
191% .

1928
19%%
194 %
195%
196 *
197+%
198+%
1998
200
2Cl=s
202Zs
20328
204 %
205
256%
287 %
2L e
2G9%
210
211w
212%

(3 XeXal

aon

PRIORITY INTERRUPT

ECIZE1-EDE

ECOZEDsEDE
TF({KELBTECOT AND « (IHTVEQs 1 1IINT =0,
IF(IKE LY ECTY AND W LINTEQ.~L ¥ITHT =0,

IF(RELLE GEQYIRT=.
IFARE LT LELITINTE~1 .

TFLCAF ST ECOY o AHD o AKE JLTLECL VITHTZO.
IFUIMPLGLESIIRETURK

STATISTICS

MESAHAXL(ME ,KE )
MPCTABEXT (HPCLKEDY
MPO=AMAX] (MPD ,~KED Y
SPCESPC+TINCSPL
SPO=SPp+IINCAP2

IFATIYE WL T THAX1IRETURN
cer=Lcisce
CH1=CHISCH

RETURM
END

£ogT3s
£5a718
SGaris
Cog734
«8a727
LopT82
2eLT60
Lei116
LpG77e
GO150%
Zeiciz
£01221
Lp1o3i
s+ PRIED)
Lol10631
toicsn
coicue
GD105%
Lolgez
GO1066
£o0l1G66
p1erz
581101
£01104
Coligs
coi1o7
tG1107
061332

4



7.9 ONE DIMENSION TABLE LOOKUP

FIN Fm‘ : : | Fo0

Y

FIN
Tables v Description
FTA Tabular values of function
Inpufs
Parameter/Port
FIN Input quantifty
AN ABS(AN) € 0.5 for equispaced interpolation
(AN < 0 prevents extrapolation)
Outpuis

Variable/Port

F@ Output quantity

Calculation Sequence

F@ = FTA(FIN)

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

152

FU
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61l

SUBROUTINE FU

ENTRY POINT 000065

STORAGE USED CODE(1) 000075; DATACO)Y 0000185 BLANK COMMON{2) 0000CO0

EXTERNAL REFERFNCES (BLOCK, NAME)

oGo3
00Cw

TeLul
NERPR3S

STORAGE ASSIGNMENY  (BUNCK. TYPE, RELAYIVE LOCATION, NAME)

0000

¢3103
396131
on101
cciol
co101
cg101
ro1ol
Lglely
Gol01
coi0l
£o101
CO0131
£nl1ot
co101
co101
J0101
€0101
criol
00101
£pi101

roioe -

<0101
L0101
c0101
00131
£0101

800103

0104
L010s
ceiase
50107
0Gril
£ori2
00113

coocos INJPS

1s
v
3e
ns
5%
(X ]
1
1.2 3
9
1Cs
118
12+
13
149
15%
le

17

1e»
19«
20%
21s
22%
23
24»
25%
26%
27%
28
29%
3ze
31s
32%
33
3y

CFu

oMo nNoOnNOANOAOONOON

PU
s
LI
WR
™
F1
fo

F1
AN

Q000 I D00DO2 N CO0O I 00DOOO NA

SUBROUTINE FUIFTA,FO,FIN,AN)

RPOSE - TO CALCULATE OUTPUT FO AS AN ARBITRARY FUNCTION OF
INPUT FIN USING TABULAR INPUT FTA GIVING FOZF(FIN)

THOD ~ SELF EXPLANBTORY

MITATIONS - MAXIMUM ARRAY SIZE IS 18

ITTEN BY - ADAM LLOYD LATEST REVISION APRIL 77

PUT/OUTPUT LIST

A . TABULAR INPUT FOZF(F IN) ANY INPUT TABLE
CUTPUT ANY OUTPUT VAR

N INPUT ANY INPUT VAR

SEYT ABSC(AN)«GT.0.5 FOR UNEQUAL SPACED TABLE DAVA--<INPUT
SET ABS(AN).LE.J.5 FOR EQUI-SPACED TABLE DATA

A WEGATIVE VALUE OF AN WILL

PREVENT EXTRAPOLATION BEYOND

TABLE LIMITS

DIMENSION FTALL)

NAZ SIGNIFTA(2)4,AN)

NPZFTA(2) 4y

NT]

TIFCABS(AN}.LE.D.5) N=0O
FO-TYBLUTIFIMN,FTALY4),FTAINB) N ,NA)
RETURN

END

000C 1 0O0OCOl w8

000003
cooco3
G30003
gococs

£00003

co0ooo3
opgacos
ceGaa3
CCGLi3
LoGcco3
coooo3
coGeos
coopGc3
00GNa3
ceLcos
GCGGC3
CGGoo3
cooao3
coocos
COLOGC3
ccpoos
coona3
£ocoas3
gpocas
coooes3
CCGCD3
cGCco3
0ouno3
CC001E
CCO22¢
CLGo30
£0C063s
coLees
[stelshipy L

0003 R 000DOC TYRLUL

Illlrll
e
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7.10 TWO DIMENSION TABLE LOOKI'*®

23
x
FNA o 3 .1
=l {-\\\6 -
FQ
FO ENB’\ -
el
FNA
Tables Descripti
FTA Table of functional relationships (maximum

number of ftable values = 144)

lnputs

Parameter/Port

FNA Input quantity (primary) ;
FNB input quantity (secondary) é
AN ABS(AN) < 0.5 for equal spaced FNA datait g
BN ABS(BN) < 0.5 for equaf spaced FNB datai §
Outputs ;
Varisble/Port |
Fo - Output quantity

Calculation Sequence

FO = FTA(FNA,FNB)

Cominsninm b < pan:

% A negative value for AN or BN prevents extrapolation beyond the table
" boundaries.

By

-

154 BCS 40180-2
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G661

SUBROUTINE FV

STORAGE USED

ENTRY POINT 000161

CODEf1) COO204; DATACD) DD0036; BLANK COMMON(2) 0000GO

EXTERNAL REFERENCES (BLOCK, NAME)

0po03
Q004

TBLU2
NERR3S

STORAGE ASSIGNMENT

‘DoDo
DoOg X

26100
Go101
Gpia1
00101
00101
C0101
00101

- gciol:

GC101
GG101
(0101
00101
GG101
Go101
60101
Jo1a1
20101
901061
ocio
Co101
noliol
20101
CO1G61
Lp101
£p131
ul131
TQ101
00101
Gol101
60103
CC104
Co13s
GoiCe

tBLOCK, TYPE, RELATIVE LOCATION, NANME)

CCR012 INJPS CCO0 I ODCOO06 NAN G000 Y C00207 N8N 0000 1 000000 N1
coeoo2 N3 00C0 I 0CO003 Ng 3000 I DOCOD4 NS 0009 1 000005 N6
1* CFv

2% SUBROUTINE FVCFTALFO,FNA,FNB, ANBN)

3% c

L Cc PURPOSE - TO CALCULATE OUTPUTY FO AS AN ARBITRARY FUNCTYION OF INPUT

5% c VARIABLES FNA AND FNB., INPUY TABLE FTA IS USED GIVING

6% c FOSF (FNA,FNB)

T c

Es [o METHOD. -~ TWO DIMENSIONAL TABLE LOOKUP™

9* c

10» c:
11 c LIMITATYIONS ~ MAX ALLOWABLE SIZE OF TABULAR ARRAY IS 12¥12.

12% c
13 c
14» c WRITIEN BY -~ GEORGE DULEBA LATEST REVISION HAY 76
15 % c

16% [
17+ (o INPUT 70UTPUT LIST

1a» C
15% Cc FTA TARULAR INPUTY ——— INPUT TABLE
2cw [ FO S ouTPUT ANY OQUTPUT VAR
21% (o FNA INPUT A ANY INPUT VAR
22 C FNB INPUT B ANY INPUT VAR
23 s [ AN SET ABSTAN] .GT. 0.5 FOR UNEOUAL SPACED FNA DATA- INPUT PARM
2u* C A NEGATIVE VALUE INDICATES TYHAT THE NEAREST END

25+ c POINT IS 70 BE USED UPON EXTRAPOLATICN,
26% C BN SET ABS{9N) .6T. 0.5 FOR UNEQUAL SPACED FNB DATA- INPUY PARM
27% [ A NEGATIVE VALUE INDICATES THAT THE NEAREST END
28% c POINY 1S 70 BE USED UPON EXTRAPOLATION.
29% c
ket B DIMENSION FTALL})
319 N1=FTA(3)+y4
32+ NZZFTA(Z)+FTAL3)+4
33% N3ITFTAL2)

0C00 1 CONGO01 N2
0C03 R COODOO TELU2

co0003
c00203
c0CGCO03
£ogo03
coooo3
CRO0003
0GCo03
Go00oo3
000003
coccos
SOGLE3
cocoos
cocoo3
coocos
000003
000503
2000203
000G03
CCGoo3
coogal
Looco3
Goooo3
pogoon3
couoc3
cocoo3
gcocac3
coloas
¢00003
oCcu0os
CCGoD3
L3con3
Golelsy
00026

81 #DVd "TVNIOIYO

KIrTvnd 9004 40
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30107
70110
<0111
00112
00113
0G115s
oolie
£LoiIzo
ipi21
00122

349
35
36
3"
lge
39»
4is
4y1»
4uz2e
43

NGZFTA(3)

NS= SIGNIFTAL2),AN)

NE= SIGNIFTA(3I) BN}

NANZ1

IFCABSUAN) JLE 053 NAN=O

NPNZ]

IFC(ABRSIBRN) LLELD.5) NBN=D
FOCTBLUZ(FNAJFNByFTAINL) JFTACR) sFTAINZ] ¢NANyNBNyNS,R6 4N3oNG D
RETURN

END

oo003s
oooo4s
000CS6
LoOCOo70
600072
cooo1?
GGC101
00014
Gpo142
00G203
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7.11L AC INDUCT!ON GENERATOR

—a=POWER (P2)

- ROTOR SPEED (RS)

- OUTPUT EFFICIENCY (EF2)
—a QUTPUT MAX. POWER (MP2)

POWER (P1) ]
INPUT EFFICIENCY (EF1)— GE
INPUT MAX. POWER (MP1)—mm

The induction generator produces electrical power proportional to rotor siip,
i.e. difference between rotor speed and synchronous speed. This relationship
is used fo compute rotor speed given input power and the generator parameters.
Two power losses are modeled: a constant multiplicative term due to resistive
heating and an additive term due to mechanical friction. Default parameters
are based on a conventional squirrel—cage induction motor/generator machine.

This component can also be used as a synchronous generator with RASS.01.

Basic Equations

Output power P2 and rotor speed RS are computed from the following equations:

P2 = EES(P1-C¥RSZ)

P2 _ IRS/RSY-1) . . .
RAP = RAS (Power is proportional to slip!
whare EE = electrical efficiency

constant of conversion

o
it

BCS 40180-2 157
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Inputs
Parameter/Port

? 1

Quiputs
Variakbie/Port
[ s
tL

RS

PL

bF by

AR 2

T

Degeripti
Input power
Rated output power
Synchronous rotor speed (D = 1800)
Rated power siip (D = 0.05)
Mechanical damping (D = 0.0)
internal stator resisfance (D = 6.4/RAP)
Rated bus veltage (D = 400)
Input product efficltency
Maximum input discharge rate (D = 1x10)
Capital cost/year

Maintenance cost/year

Quiput power

Electrical efficiency
Rotor speed

Power loss

Output preduct efficiency

Maximum output discharge rate

Maximum output power/rated pawer

Total outpul energy

= Default values suppiied.

.

Units

kw

kw

rpm
Joule-sec
ohms
valts

Kw

$

$

kw

rpm

kw

kw

Kw
kwh

RCS 40180-2



Calculation Sequence

1) First pass only

EFF = 1
loar = RAP¥1000/VO
EE = RAP2
%
RAPFSR¥| 2 /1000

2} If PL =0 sef P2 =0, RS = RSY and go fo 4)

Compute rotor speed W in rad/sec using

EE(PL#1000 —~ WYHDA ) (Wi - 1)

RAP#1.000 - RAS
with w = RSY¥#(2 T /60)

3} Compute RS and output power
RS = wi(60/2Mm)
P2 RAP(RS/RSY-11/RAS

P2 > RAP [ DIAGNOSTIC

]

EFF = P2/P1

- 4) Cdmpute Iosé, efficiency ferms
PL = P1-P2

EF2 = EF1%EFF

5) Compute maximum output rate

MP2 = MIN{RAP ,MP1*EFF)

6) Compute Statistics and Costs

BCS 40180-2
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SUBROUTINE GE - ENTRY POINT 000253

STORAGE USED COUE()) 000363; DATA(O} 00D0O43: BLANK COMMON({2) 000000

COMMON ELOCKS

K=
2%
0002  CIMPL 000002 )
0004 €TIME ©COCOI e 5
2005 COST ~ ©DOCO4 %
0006 (sInuL 00CO10 = F
2 v
EXTERNAL REFERENCES (BLOCKs NAME) C;é%
0OCT  NDUS C=
0010 NIO2% a -
0011  NERR3S

STORAGE ASSIGNMENT.  (BLOCK, TYPE, RELATIVE LOCATION, (-AME}

19

5001 GCOCey 10L acoo 00000S 100F 0001 0000748 20L o001 000172 30L 00CC R COOCO3 A
0GCO R OCOCO4 B 8005 R 500000 CC 0005 * 000001 CH 0oos gooCco3 Cy coos ccecoz ¢o
0306 CO0000 puM 0003 R 00CGJ00 EFF J003 I 00poo) ICNTY 0003 1 DCOCCO INPL ooce 00CGI2 InJdpes
3000 R 000002 RATI CCa4 R DO0QOO0C YIME 0C06 R 000006 TINC 0006 R 000007 THAX 0OGDO R GCOGD1 TMAX]

ccigoo 1* - (CSE cagogc

c0101t 29 SUBROUTINE GE(P2¢EE RSoPLLEF24PM2 ,PHNSSP;P1,RAP RSY,RAS,DA,SR,VO, 40p000

0101 3 1 EF1,PH1,CCTI,CHI) cgo23c

£0101 49 C GOGUse

20101 5* C PURPOSE MODEL AC INDUCTION GENERATOR gooooe

- 0101 (14 Cc 0co0go0

£0101 - 1= o HETHOD MECHANICAL AND ELECTRICAL EFFICIENCIES ARE USED 70 COMPUTE C0GDGC

coi101 8s [ OUTPUT POWER. ROTOR SPEED IS COMPUTED ASSUMING POWER IS 0Gooac

GD1G1 9 c PROPCRTIONAL TO SLIP. Coco0o

~01G1 10» o ccaoono

101 11s C VRITTEN BY AJW. WARREM VERSION 1, MARCH 16 1977 goceoao

0101 12+ c . 006000

L0131 13» C CALL SEOUENCE CoGOooG

op1o1 1u» C outTPUTS ceccoc

¢o101 15+ c P2 = OUTPUT POWER, KW c000oo0

co101 16 C EE - ELECTRICAL EFFICIENCY CaGooo

to101 17+ c RS - ROTOR SpEED, RPM oGaeoc

coic1 18» C PL - POWER LOSS, X LGeo0Q

©0101 19% [ gF2 - OUTPUT PRODUCT EFFICIENCY £oceng

CO101 20 C: PMZ - MAXIMUM OQUTPUT POWER, K¥ CoLLOo

o101 21% c PMN - KAX., OPSERVED oUTPUT POWER / RATED POMER couooa

00101} 22% [ SP - TOTAL OUTPUT ENERGY, KWH 006000

c

€010} 23» CCCTOO
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9%

c0101
€o101
teioy
60101
cClnl
¢cio1
20191
00131
£o10L
(G101
~010
£01401
ipiotl
~c103
LG1ay
00104
celioy
celgs

0137

(0110
{0111
£o113
ogl1s
“3117
scl1z21
Ge123
cG12s

10126
Co1z7

£0132
£C13D
£o133
CE139
L0131
00133
J0134
60135
0o136
£Cl3e
00137
o140
Lo141
caiu2
00143
00146
CI146
LO147
co151
56152
00153
£a15y4
GG154
40154
L0155

€157
oCleg
ro165

24
25»
264
2T
28 %
29»
3L
31»
32w
33
3y
359

6%

31+
38w
398
4T
41
42
43
44 s
45%
Y46 s
47
yzs
49e
SCe
S1»
52
53#
54
55
SG»
57+¥
S8%
59
60
61w
6Z#
63
bys
€S
66
679
68w
69%
TG
T1»
T2
T3
Ty +
TS5
Tes
T17%
784
T94
BCY

(aNaBalsNaReRoRalaNaNeNaNe)

0N

00

10

23

100

30

INPUTS
P1. =~ INPUT POWER, KW
RAP — RATED CQUTPUY POUER, KW
RSY — SYNCHRONQOUS ROTOR SPEED, RPMN
RAS - RATED POVER SLIp (DEFAULT = .(5)

DA~ MECHANICAL DAMPING, JOULE-SEC
SR~ STATOR RFSISTANCE, OHMS
VO ~ RATED FRUS VOLTAGE, VOLTS

EF1 —~ INPUT PROOUCT EFFICIFHNCY
PH1 — MAXIMUH INPUY POMWER, KW

CCT = CAPITAL COST/YEAR, 3

CHMI ~ HMAIMTEKANCE COST/YEAR, $

COMMON:. /CIHPLY/ IHPL,ICNT /CTIME/Z V1ME
COMMON /COST/, CC,CH,CR,CV /CSTHULZ NDUML6) ,TINC, THAX
INTTIALYZAT1IO0N

IFC IMPL.GT.0) GO TO 10

EFF = 1.

THAXL = THAX* .99999
IF(RSY.EC. <.99999) RSY = 1B8080.
IFIRAS.EQ. «99999) RAS = .05

IF(DA .E0. +999%99) DA = O,
IF(SR JEQ, +99999) SR = b6.4/RAP
IFLVO .EQ. .9999%99) VO = 4fQ,

JF{PHL1.LQ: .99999) PHT = 1.E1D

PPN =3.0

Sp =n.C

PATT = RAP®ICCO./VO

E£EE€ = RAP/{RAP + SR*.001%RATI*#2)

COMPUTE ROTOR SPEED AND OUTPUT POVER

1FC P1.GT+ 0.0 GO TO 20

P2 =0.0

PL =0.C

RS = PsSY

Go T0 3C

A = RAP/(EE#RAS)

B = RSY/t A + RSY®#28DA*1.0966E-5)

RS = Fslp + P1)
P2 = RAPSIRS/RSY -1.)/RAS
If (P2.CGT.RAP.AND.IMPL.EQ.2) WRITE(6,100)

FORMAT(IHD; 4CX,37THGENERPATOR OUTPUT EXCEEDS RATED POWER /)

TFIP2.GT.RAP JANDe THPL.EQL2)ICNTZICNT+1
PL = Pl - P2

EfF = pP2/P1
EF2 = EF14EFF
PH2 = AMINLIRAP, PMIEFF)

STAVISTICS
IFLINPLLE 1) RETURHN
PHN = AMAXLIIPMN, P2/REP)
Sp S oSP + P2a . 5#TINC

rocego
Co0Cso
Ceonaa
cocoss
COLJ3E
Locoedl
Z6LAGGo
{06008
L2L0Ea
£CGea0
cecpesc
coLLoe
cooagc
oouooc
COGECGo
Z&oone
ceucee
SGLase
€ooos62
GCLDON
tocea?
ccooly
0DLG21
£icn2s
CoLy3l
CGLO4G
cocnas
OCGoY 6
CoCoyT
CCL0S3
C00CS53
COG253
LuLss2
00udéey
LOCG6E
COGCHT
LoLnyd
tooor2
CLGoT2
cecorTy
£0G100
cocil1o
GeCc1ly
guol21l
ooul43l
Coo143
GCU143
coul63
c0C1le6
ceo112
CCO174
CCO174
20174
(523
L1z
tLcz21

cosezl

19
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2-08107 $79

C0160
0pl6l
€0163
0016y
0CL6Y
30165
0Clsé

8l»
82»
BRI
aus
85»
86
87e

COST SUMMATION
IFt TIMELLT.TMAX1) RETURN

CC = CC + CCI
tH = cM ¢ CHI
RETURN

END

togz21
000226
CCu23s
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7.12° FIXED RATIO TRANSMISS |ON

POWER (P1) 3 - POWER (P2)

OUTPUT ROTOR SPEED (RS2 )—3= aR —=MAX. OUTPUT POWER (MP2)
MAX. INPUT POWER (MP1) —m= ——= INPUT ROTOR SPEED (RS1)
INPUT EFFICIENCY (EF1) — OUTPUT EFFICIENCY (EF2)

This component models a fixed gear ratio transmission. Power losses are mo-
deled by a table lookup depending on input power. Rotor input speed is used

as a feedback variable.

POWER LOSS

INPUT POKER

FIGURE 7.12: FIXED GEAR POWER LOSS
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Pawer loss versus Tnput power

Goar ratlo

Qutput rotor speoed
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Capltal cost/year
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Qutput torque
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MaxTmum output power
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Calgulation Sequence

1) MP2 = MPL - PLG(MP1) (First Pass Only)

If PL € 0, set PL =P2=0 and go to 2)

1

PL = PLQ(P1)

P2

I

P1 - PL

1l

RS1 = RS2/GR

EF2

i)

EF13#P2/P1

2) TO® = P2#737.6/ (RS2#2 1 /60)

3) Compute Costs
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SUBROUTIHNE GR

STORAGE USED - CODEL1) 0OD0O237;

COMHON BLOCKS

000% €I¥PL  poODOIL
aoey CTIKE GOOCO1L
acgs £osy. ooaonog
0ooe CSIHUL CCOO10

EXTERNAL REFERENCES (BLOCK: HAME)

agoay
Qo110

TBLUY
HEPR3S

STORAGE ASSIGNMENT

ENTRY PO1INY GOG157

OATA(3)Y DOOQ23; BLANK COMHOK(Z! 00JDOO

(BLOCKy TYFE, RELATIVE LOCATION, NAKE}

ocol CGnos7 10t [s]aleB DOoYI13 20L ggous r 00QOGO CC 0GDS R 0OQODDY CM
0a0s GCeug3 cv 0006 DDOOGO DUM 0003 1 N0000C THPL Psdels] 0GoaoY INJPS
30867 B-CCO0CO TRLUL 0004 R 000QGO TIMFE 0G06 R COOCOT THAX 0goo R 000001 THaXL
80100 13 CGR
golol 2% SUBROUTINE GRUIPLO4P2,TO,PL,EF2,PN2,RS1+GRA,RSZ2,P1,EF1,PH]1,CCTI,CNI)
GCi101 I c
L0161 LR 4 Cc PURPOSE MODEL A FIXED GEAR RATIO TRANSHISSYOH
tel0l 5 c
50101 6% c HETHOD POMER LOSSES ARE INPUT AS KA FUHRCTIOH OF IKPUT POWER P1l.
CZ101 T+ C
€010l 14 C WRITTEH BY A.¥. WARREM VERSIOH 1y HARCH 16 1977
0101 9 4
L0101 1C= C CALL SFQUENCE
{0101 11+ c TxaLES
06101 12# c PLO — POWER LOSS IN KW VERSUS INPUT POMER IH KU
Lo101 13% [
foio1 14% C OUTPUTS
goicl 15# c Pz = QUTPUT PONER, KW
4135351 le# c 70 - OUTPUY TORQUE, FT-LB
Gol101 174 c PL -~ POMER LOSS,y KW
<01Gl) 18 c EF2 — DUTPUT PRODUCT EFFICIENCY
£ei101 19% c PH2 ~ KAYIWUM OUTPUT POWFR, KM
£C101 20# C RS1 -~ IKPUTY POTOR SPEED, RPH
(KJepReR 214 C
o101l 27% c INPUTS
400l 234 C GRA - GEAR RATIO
Co101 24% C RS2 ~ OUTPUT ROTNR SPEED, RPH
c P1 =~ IHPUT POVWER, KU
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cocaee
LoLoo
paskatelety
£oonog
totelilorele)
LOLOOC
cpcoce
£ocCsc
SGuwldnl
cecane
Scucoo

- 49



2-0810b S79

L91

co1ol
G0101
Leiol
coiol
coict
¢g103
Co1o4
G0195
£0195

£0105

ogl1os
Lolos
301C7
coril
ngllz
Gp113
gCc114
0116
Jcii?
ce1Ly
50117
Cplzi
0122
60123
<0125
2p126
£ey2?
aC13]
0g131
60131
CGI31
00133
00135
00137
co1490
£0141

£0142

26
27w
28»
29%
0¥
31
32%
33%
Iy
35s
36»
37%
385
39%
kU*
Yle
42s
43
4yse

45

LY
y7s
48»
49%
Sc*

51

22%
53
LR
S5t»
Ses
57

-Y:R ]

59%
6l
61
&2

[aEsNe RN el

2Kz ie]

10

23

EF1 ~ INPUY PRODUCT EFFICIENCY
PH1 = MAXIHUM TNPUT POWER, KW
CCT - CAPITAL COST /7 YEAR, $

CHT — MAINTENAMCE COST /7 YEAR, $

DIMENSION PLOLL)
COHHON /CIHMPLZIMPL /CTIME/ TIME
COMMON /COST/ZCC,CH,CO,CV ZCSTHULYZ DUMITY,THAX

INITIALIZATION

NP = PLEOU2]}

IFC I#PL.GT.0} 60 YO 10

EF2= 1.

TPAX] = 499999 THAX

RS2=1.

IF(PHI.EQ. «99999) PH1=]1.ELO0

PHZ2 = PM]

IFILPHMILE. PLO(3+NPY ) PH2 = PH1-TBLUL(PH],PLOtL]) PLOtG+NP),1,~-NP}
PUOWER LOSS AND ROTOR SPEED CALUCATIONS

PL=O.

P2=0.

IFtPl +ECQ. 0.) EO0 T0 20

PL = TBLULIPI,PLOIL) PLOtUsNP I ;1,~NP)

p2 =

Pl

- PL

EF2 = EF1#P2/ P1

RS1 =

RS2/6PA

TIF(RS2 4GT. 04} TD = p247043./RS2

COST SUMMATION

IFtINPLWLLE«1) RETURN
TF{TIMELLE.THAX]1) RETURN

[of o
[ of et

RETURN

END

€C + CCY
CH 4 CMI
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7.13 HISTOGRAM

HG

FIN ——3m HG

The input quantity is monitored during a SIMULATE analysis. When time reaches

TMAX a plotfed histogram is produced with 16 intervals that span the range

from FLO to FUP.

Inputs
Variable/Port

FIN
FUP
FLO
FL,...F16

FAL

1

Ouiputs
Variable/Port

AV
SD
SAM

Descripti
Input quantity to be monitored
Upper limit for histogram
Lower limit for histogram
Array containing histogram data

Measurement interval

Mean value (running sum during simulation)
Standard deviation (running sum squared)

Number of samples

These quantities do not require data input values.

BCS 40180-2
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SURROUTINE HG ENTRY POINY 000430

STORAGE USED CODE (1) 000506; DATA(D) GOD166; BLANK COMMON(2) 012174
COHMON BLOCKS

0003 CYIME . 0O0O0O0D)
0004 CSImuL 020010
0cos COVRLY Q0O0Q0J%
acoe ci%pPL © G03001

EXTERNAL REFERENCES (BLOCK, NAME)

0207 SQRT
2010 Nunus
2011 NID3s
0012 Ai02%
3013 N1O1S
301y HERR3S

STORAGE ASSIGHMENY (BLOCK, TYPE, RELATIYE LOCATION, NAME)

3001 coep23 100L ccoe 0oc0s52 100CF go80 0g00S6 1100F 0001 gono12
02Cco - CCCO67 1300F pro1 000038 1246 0ano 0QGCT3 143CF DGOl con111
0go1 oce17s 17176 0501 000203 2056 0001 00C211 213G ocol pog21lé6
2031 0gnz24 2306 0001 D023y 2366 0001 000257 24 G 2001 000212
0001 CC0314 2626 o]s[oh Y 000853 300L oool 000364 3036 0001 000364
3300 R COCC10- AX) GO0C 'R 0D0CO30 BLANK acaos 00Z003 CPUSEC oces 0gaoco
CCa R.CCOC36 FAX 00C2 R DOUOCD GRAPH 3C03 R 000032 HORIZ 0Z00 R

GOeo 1 COSuu3 1C 0006 1 CCCOCO TMPL gnoo cnec135 INJPS gC30 1
8003 Y TLOouN J1 0GOS I nOooous J2 3000 1 OOCQu6 43 0coo 1
‘oCon0 R 03J8CO0 THhY OCC3 'R 000000 TIME 0024 R 0Q0ONT THAX pooo R

£0100 1 CHG

c0101} 2% SUBROUTINE HGUSANP JAV,SDeF14F2 ,F3,F5,FS,F6,FT,F8,F9,F10,F11,

Ce101 3 1 F12,F13,F14,F15,F16,FA, FIN,FUP,FLO }

¢Q1ec1 48 c VERSION 2. REVISED MARCH 1977

0101 s* C PURPOSE - DEVELOP A RUNNING HISTOGRAM OF AN INPUT SEQUENCE

Eoiol [ 4 C CALL SEQUENCE

rolol T C SAMP- OUTPUT NUMBER OF SAMPLFS

GGi0l a# C AV - =~ OUTPUT. AVERAGE (RUNNING. SUM])

L0101 9% [ SO = CUTPUY STANDARD OFVIATION (RUNNING SUM SQUARED)

ac1301 10* [ F1-F16- — ARRAY WITH NUM3IER OF OCCURENCES IN EACH INTERVAL

60101 11» C FA <~ QUTPUY CONTAINING MEASUREMENT INTERVAL

01491 12% (o FUP = INPUT SPECIFYING UPpPER MEASUREMENT LIMIT

0101 13» [ of FLO = INPUT SPICIFYING LOWER HEASUREMENY LIMIT

a0131 14ys C FIN = INPUT HMLASUREMENT

020041
00C037
000035
00031

12C6
1546
2206
2466
3056
Dum
HX
ISAMP

VERT

ecco gocoe2
GCG1 go0154
0Ga1 copz23
0col1 Co0306
oooo ccogu?
aogs 0u00ao
coco 300034
0 coo Gocos 2
0Ccoo gu0G33
0GCo ] atsl Re]

VT ey it

800003
ugood3
GOGCOo3
£ooco3
ugcoos
goeco3
Ceonos
ccopo3
L0G003
c000o3
cOc00z
¢ocoo3
c0G003
Copo03

1200F
1666
2256
2556
900F
DUMH

POINT
XMey
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2-0810% SJ8

00133

CO3J4
£01905
G010e
co1G7
t0110
60115

CO117
op122

00124
L0125
gnize
50127
60139
06131
0Gc133
go13e
fo137
noi4o
CO142
C0luy
CO145
pOlue
00147
00159
a0152
pC1s3
aC1se
CC163
noisl
0162
oriesy
0016y
npis6s
g0173

Her73

00175
ug176
cozg

G202
0C204
06237
002120
oez12
ggzis
Qo217
pn222
oc224
£ozz27
00232
£o23s
0240
00241
a0 244
pnzus
00250
0o02sd

g

15
16%
17»
18
19#
20
21»
22»
23
2us
25%
26 %
27
28
294
30
31w
32
33
34
35»

36

37
38%
I9s
a0
41%
42%
y3%
G4y
45%
46"
47T
KB *
49%
50»
S1#*
52%
53#
sS4
55%
56
5T#
589
89%
6%
61w
62%
63
(%
65%
66 %
677%
66%
692
To%
7i%

sC

100

203
300

360

600

DIMENSION Fle1l6),TD1¢8) AX1IL26Y

DIMENSION GRAPHI114,46)
COMMON GRAPH

COMMCN/CTIMEZTIME/ZCSINUL/DUNMET) ,THAX

COHMON/COVRLY/DUMM 3] ,CPUSEC /CINPL/IMPL

DATA PLANK,VERT HORIZ,POINT/1H

IFEIMPL.GT.R) G0 TO 100
D0 50 I-1,16

F1tIy=0.
FAZEFUP-FLO) /14,

SD=0.

AV =0.0

SAMP=0.,0

CONTINUE

JFCIMPL.LT.23 RETURN

DD 20GC I-1.16

L=l

FAX=FLO+(I-1)3FA
IF{FINJ.LELFAX) GO TO 300
CONTINUE

FIILITFLl L) +1,
SAMPZSAMP+]l,

AVZAV+FIN

SDZSN+FINSFIN

TF(TIVE LT THAX®,99999RETURN
SA"P::-

DO 350 I=1,16
SAMPZSAMPAF1LI)
({SAVPPZSAHMP
ISAIPZNAX0(1,1SAMP)
AVIAV/ISAMP -
SHTSQRYIISD/ISAMP-RYLAY)
XHAXZFILL)

DO 360 IZ1,416

IFIFLILI) JGELXMAX) XMAXZFL(I)
IFUXHMAXLEQ.De) XMAXZLID
HXTXMAX/44. :
DO 370 I=1,46
GRAPH{1,1)-VERY
GRAPHI(Y14,T3=VERT

DO 382 122,113
GRAPHLI ¢+ 1)=HORIZ
GRAPHII 46I=HORIZ

D0 400 1=5,103,14
GRAPHII ;46) ZVERY

DO 450 I-B,106,7
GRAPHI(Iy1I=VERT

D0 SLEC I=2445

DO 5090 J=2,113
GRAPHIJyI)ZBLANK

DO 600 IC=1,156
JoIFIX{45.S-F1C(ICY/HX)
DO 600 J171,7
J2z{IC~11%7+J11

DO 630 J3=d,45

GRAPHIJZ s 3P TPOINT

- - - + b e e e e
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cocroz3
S0¢gn3
2006034
o3u03s
cooonss
coons3
cooas3
£ao0s7?
CGCne2
[ofsyelsl -
Ll 071l
oCcu10y
cog111
LCe1il
coglis
CcGl123
€Go130
Co013S
CooI47
coLisy
cop1s4
cCOle3
c0Gle7
cool17s
£eg17s
3CC176
CCG263
005203
cau204
cooz211l
ccoz2tt
cocz1é
000216
GoL224
Qo224
cog224
Lou234
nnpc2ug
Leu2se
copzsy
o00z6 3
G0G272
coo272
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fYAS

0025%
op2s?
Geest
20261
00264

0B2e4 .
coceh

C0266
L2711

cczrz-

L0275
00276
0103099
00391
ag312
c0313
CG316
GO317
00324
Do324
00328
€0326

Fee
732

To4

TS5
TE¥
7.
78%

T9%.

BO%
81»
82*
83»
849
85
B&¥
87»
-1
89«
9T
91n
9. ®
93

100

800

9040
1002
1100
1200
1300

1400

DO 700 I1=1,16

AXTEIIZFLICII/ISanP
Do B3O I=1,.8

IDLILIIZFLO*(I-10¢2 . 0FA-FAZ2,

WPITE(6,900) (GRAPH(To17,I-1,1187

FORMATLIHI ,9X120R1/)
WRITT26,1000MCAX1(T,120,161
FORMATUTH® , 9X ,1HT 3 16F 7.5, 1HI/)

NRITCt6,1100)

FORMATOIH® ,9X J1HI 4 112X 1HIZ)

WRITE 16,1200 CIGRAPHIT U3 T51,1160,0=2,46)
FORMATIIH®,9X, 1 14AL /45U 15X,118A1/7 1)
WRITEN6,1300)¢TDI(1),11,8)

FORMAT (1H® 49X oRIF13.54,1X3//)
VRITE(6,14001 ISAHP ,AV,SD
FORMATI1H*, 10X, 14HHISTOGRAM FOR ,IT7,8H SAMPLES,
19H  MEANT ,F13.5,18H  STANDARD DEV.S ¢F13.5/)
RETURN

END
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G0O0306
000306
COG31s
0OR31y
G314
coL33t
00G33g
GOG340
coo3I40
£o03s¢
L0GL3S0
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000358
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LCcalet
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7.14 HYDRO STORAGE VESSEL

e e o

RESERVOIR MASS MA

b—~—3=-0UTPUT FLOW RATE (M2)
f——aWATER HEIGHT (H2)
—POWER REQUEST (REZ)
—-3-INTERRUPT FLAG (INT) s
—a~MAX. OUTPUT POWER (MP2) ‘ H

INPUT FLOWRATE (M1) —3=
MAX. INPUT POWER (MP1 )= S
POWER REQUEST (RE1) e
INPUT EFFICIENCY (EF1)——sm]

The hydro sforage vessel is modeled as an above ground reservoir with a large
and constant surface area. The change in reservoir height between maximum

and minimum levels is assumed small in comparison to the height of the water

above the turbine. Hence, reservoir height is assumed constant. The reser-
voir has specified evaporation and |leakage rates. Average input flow gained
by rainfall is also specified. Energy storage is calculated based on the
potential energy of the water in the reservoir relative to the furbine in-
let.

Basic. Equation

MA = ML — M2 - NE¥AS = NL + MDR¥AS/14052

172 ‘ BCS 40180-2




lnpyts
Parameter/Port

M 1
NE

AS

NL

NDR

MDM

MM
MO
H
MDE

RE L
CR

EF

MP 1
LE

M

Outputs

Variable/Port

M 2

INT

Degcription

Input water mass flow rate

Evaporation cvefficient (D = 0.03)

Reservoir surface area

Leakage coefficient (D = 8.0)

Rainfal! rate

Maximum allowable mass flow rate (D = 4X1o5)
Maximum al lowable reservoir capacity (D=5X106)
Minimum allowable reservoir capacity
Reservoir height above turbine

Reservoir deadband for priority resequence
Power request (discharge)

Reservoir cost coefficient (D = 0,025)

Input product efficiency

Maximum input charging rate

Reservoir |ife expectancy

Maintenance cost/year

Outiet water mass flow rate

Energy stored

Reservoir height above turbine (=H1)
Reservoir mass (sfafe)

Reservoir cost/year

Max imum discharge rate allowable

Priority interrupt flag

‘Maximum charging rate request

D - Default values supplied

BCS 40180-2

HS

Units
gal/h
gal/ffz—h
Ffz

gal/h
inches/year
gal/h

gal

gal

ft

gal

kw

$/gal

Kw

years

gal/hr
kwh
ft

gal
Kw

kw

173
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HS

Statistics Units
MDU Maximum mass flow rate gal/hr
MU Maximum reservoir mass gal
ML Minimum reservoir mass gal

The calculation sequence and default values assume a pond sized for 120kw
storage for 24 hours (5x106 gallons of water 200 ft. above turbine inlet}.

? The evaporation coefficient NE assures the pond drops 4" in height per 10

| hours. To obtain a more accurate value for this parameter requires knowledge
of local conditions. The leakage coefficient NL is based on the assumption

of a loss of 0.1% of the maximum reservoir capacity in the rated storage time
of 24 hours. The reservoir cost estimates are based on the compensation res-

ervoir given in Reference 1.

1. "Preliminary Feasibility Evaluation of Compressed Air Storage Power Sys-

Lo .' tems," United Technoiogies AER 74-00242, December 1976.

174 BCS 40180-2




il Cl1 = conversion constant = 0.377 x 10"5 %%%TE
C2 = conversion constant = 8.3398 Ib/gal
A = CLH#C2#HL
1) Reservoir cost
CC = CR#WW/LE
2) Volume of water discharged
M2 = RE1/A
%) ‘Reservoir water volume
MA = M1 - M2 — NE¥*AS-NL +{(MDR¥AS/14052.)
éj 4) Energy stored
E = A¥M
: 5) Checks
ML > MOM or M2 > MM [D DIAGNOSTIC
MM, > DIAGNOSTIC
mMo 0D DIAGNOSTIC
o 6) Priority interrupt
I'f MSMQ, INT =1
IF WMO+MDE and INT=1, INT =0
If M2MWM, INT = -1
[f MMM-DME and INT = -1, INT =0

Calculation Sequence

: BCS 40180-2

HS



176

Calculation Sequence Cont.

7)  Maximum charging rate request

MD1

]

MIN (MDM, {MM—M)/TINC)

i

RE2 = MIN (MP1,MD1%A}/EF1

Maximum discharge rate
MP2 = A % MIN (MDM, (M-M@)/TINC)

where TINC = integration step size in hrs

8) Compute Statistics and Costs

BCS 40180-2
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SUBRDUITANE HS ENTRY POINT 00O0DNDS

[y

STORAGE USED CODE (1) DDCSS1; DATA(O) DO0O0I17; BLANK COMMOH({2) 0OODOOO

e e ]

COXMON BLOCKS

fedeseng c14pL - £0OOO002
3004 CYI¥E - COON3L
Jr0s CsTHYL -C0O00l1n
3006 cosT: oopco2

EXTERNAL RFFERENCES tBLOCK, NAME)

Q957 NwDys
0010 N102S
0011 NERR3S

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

ooet §Ocoss 100L D003 | OUOOOS 1D1OF 3000  0QDO30 1D020F peoo 00GO4S 1030F ncol CoCl44 200L !
] uJ01 CorL171 300L po0l 000215 400L 0005 R 00000Y & 0006 R 800000 CCI 0CC6 R GUDOOI CM1 ;
: 254007 R GOCGO3 C1 000S R DOCOOO DUH 0003 T DOOOO1 ICHT 0003 I GOODGO IHPL DOU0  CCOO76 INJPS ;
fi 00GO R UUO0D1 HMDMI1 000G R DOCGOO MDY go04 R DCT300 TIKE 0COS R 0QOGGO7 THAX 03G0 R CO0OD2 THAX] !
3 ¥
| ‘;
g c0100 1% cHs . 020000 ' ) i
‘ 0101 28 SUBROUTINE HS(H,0M, TH M2 E H2 CCyHP2 3 INTSRE2 oD Uy MUy ML s M 14 NE cooono H
| o101 3% 1 yAS NL MOR, HOMyMEyHO ¢ H1 yHDE s RE13CR yEF1 s HP1,LE s CH ) CoDase
’ coiol 4% c cooaon
E‘ 0101 5 C PURPOSE PERFORMANCE OF A LARGE RESERVOIR AS AN ENERGY STORAGE CCopoo
f L3101 o ¢ £0G000
: 20191 7 c DEVICE . cnocoo i
o191 as c L00Css 1
ceion 98 G METHOD ENERGY IHN STORAGE IS CALCULATED FROM THE POTENTIAL 200056 ¢
C0101 10% o afsfele]ol vl 9
05101 11% C BETWEEN THE RESERVOIR AMD THE TURBINE INLET. €ooooo
£6101 124 c cecooc
Loiol 13+ € WRITTEN BY F. 0. MAHONY VERSIOK 1, HARCH 30 1977 2600C0o
30101 149 c £00050 :
20131 15+ C - CALL SEQUENCE SCOS00 B
0101 16% c OUTPUTS TOCGOG !
£0101 174 c H  ~ RESERVOIR HASS (STATE VARIABLE ), GAL 00000 ¢
it 19101 1ts c oM —~ RESERVOIR HASS FLOWRATE, GAL/HZ2 C3GGo0 = :
J foioy 19+% c 14 - STATUS INDICATOR 8e065
~ 10161 25% c ¥2 - OUTLET WATER HASS FLOW RATE, GAL/HR ol o oeds11
£0161 21% c E. - ENERGY STORED, KWH LOLasH m
L0101 22% c H2 ~ RESEFRVOIR HEIGHT ABOVE TURBIME {=H13, FT 2002GC
CoI1o1 23% [ CC ~ RESERVOIR COST/YEAR, ¥ : Leo000




b
~4
@

00101 24 c MP2Z - MAXTMUM DISCHARGE RATE ALLOWABLE, KW 0co000
colul 25» c INT - PRIORITY INTERUPT FLAG ccoooc
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C .
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¢
c ENERGY STORED
c
E ZAsM
c
MOM1ZMDM/ 9995
IF{H1.LT . MDM1.AND.
1 H2.LT.MDM11GO YO 200
c .
IFCIMPL.EQ.2INRITE(6,10101M1y M2 ,MDN
IFCIMPLL.EQ.2) ICNTTICHT]
o
200 IF(M L T.MM*HDEIGO To 300
c
IFCIMPLEQe2)WRITE (64 10200M MM
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c
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(o
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c
IF(INPLELE« 1IRETURN
c
c STATISTICS
c
MCUSAMAX 1 (DM, MDU)
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(o
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7.15 HYDRAULIC TURBINE

ED (RS RS
ROTOR SPEED (RS) e 2y
MASS FLOW RATE (M)  ——am T |
WATER HEIGHT (H)  ——am ——=MAX. OUTPUT POWER (MP2)
MAX. INPUT POWER (MP1 )}l ——QUTPUT EFFICIENCY (EF2)

The hydraulic turbine model is based on @ constant speed design and is typi-
cal of a reaction/Francis type turbine. The turbine is assumed to be designed

to a specified operating point and output power,
For off design performance the pump efficiency is assumed to be functionally

related to the first power of the mass flow rate. The equations are assumed

to be valid over a specified range of values for the turbine parameter.

Basic Equationg

o
n

EFF3M*C1#C23 H

EFF = 1~ (1-EFD)¥*MD/M

where Cl1, C2 are conversion constants.

LEREETRRA 4o ab ALL bt b bttt Rttt At it
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loputs
Parameter/Port

Qutputs
Variable/Port

cco

EFF

P 2
EF

mpP

cP

Statistics
CPU

CPL

PU

D - Default values

Descripti
Intet mass flow rate
Height of reservoir above turbine inlet
Design pt. turbine efficiency (D = 0.90}
Design pt. mass flow rate (D = 2X105)
Maximum mass flow rate (D = 3X105)
Input product efficiency
Input maximum discharge rate

Turbine capacity cost coafficientt(p = 0.011)

Turbine exponent for cost calcuiations (D = 0.5)
Angular velocity
Turbine head exponent for cost calculations

(D = 0.25)

Turbine cost/year

Turbine efficiency

Output power

Output product efficiency
Output maximum discharge rate

Turbine characteristic parameter

Maximum CP
Minimum CP

Maximum output power

HT

gal/h
£t

gal/h
gal/h

kw

rpm

kw

kw

kw

Lok = Capital cost (known unit)/((MD¥#481.2)¥KFO¥*HIEEXH*! i fe expectancy)

BCS 40180-2
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The calculation sequence and default values assume a constant speed reac-
tion type hydraulic turbine nominally rated for 120kw and located 200 fi.
below the reservoir. The equations relating the various physical parameters
are assumed to be valid for the indicated range of the characteristic tur-
bine parameter, CP. The equations and cost estimates are based on the data

given in Reference 1, and the cost estimates on data from Reference 2.

Calculation Sequence

&6 kwh
ft-1b

C2 = 8.3398 Ib/gal

Cl = 0.377x10"

A = C1¥#C2¥H

1) Costs

CCO = CK¥ (MD¥#481 .2 )i QHHIEHX

2) Efficiency
If M S 0 set EFF =1 and go to 3)

EFF

1-(1—-EFD)¥MD/M

EFF

]

MAX(EFF, 0.6)

1. L. Marks and T. Baumeister, "Mechanical Engineers Handbook", McGraw Hill,
N.Y., 1958, Section 9, p. 207.

2. Carson and Fogleman, "Comparison of Methods for Converting Existing Power
Flants to Pumped Storage Facilities", International Engineering Company,
Inc., 1974.

) a3
BCS 40180-2 1
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Calcylati ue

3) Output Power

P2 = EFF#AIM

4) Product Efficiency

EF2 = EF1#EFF

]

H]

EFM = MM —(1-EFD )3MD

5) Maximum Discharge Rate

MP2 = Min { MP1¥EFD, EFM¥A}

6) Turbine Characteristic Parameter

{1f P2 £0 go to 7)

CP = RS¥*SQRT (P2%0.746)/ i1, 25

¥ CP>100  write DIAGNOSTIC

I+ M> MW write DIAGNOSTIC

7} Compute Statistics and Costs

HT
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CPL - MININMUM CP

PU  — MAXIMUM OUTPUT POWER, KW
INPUTS
M ~ INLET HASS FLOW RATE, GALZHR
H — HEIGHT OF RESERYVOTR APQVE TURBIKE INLET,
EFD —~ ODESIGN POINT TURBINE EFFICIENCY
MD ~ DESIGN POTNT MASS FLOW RATE, GALZ/ZHR
MM — MAXTHUM MASS FLOW RATE, GAL/HR

EFY — INPUT PRODUCT EFFICIENCY
HPY1 ~ INPUT MAXIMUM DISCHARGE RATE

CK = TURBTINE CAPACITY COST COEFFICIENT
FO . = TURBINE EXPONENT FOR COSY CALCULATIONS

RS = ANGULAR VILOCITY, RPH
X

- TURBINE HEAD EXPONENT FOR COST CALCULATIONS

COMMON/CIMPL/IMPLy JCNT/CTIME/ TIHE /CSIMUL/DUNBITY , THAX 2COST/ CCI

REAL MP2 M MD MM, MP1
IFLIMPL.GT.C)GO TO 1GO

THAXIZTMAX$0.99999
RS =3600.0

TFLEFDLJEQC. «9999%9)EFD=D.9
IF{MD EQe +99999¥MD 2,08
IFIMK JEQ. 099999)MM =3.0FES
IFLCK EQs «99999)1CK =0,011
IFC(FO +EQe «99999)F0 =D.5
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CPL=1.0£10

CPU=0.0

PU =0.0

Cl = 3.1481E-6
CC —CK*(MD#481.2)%sFOsHesX

EFFICIENCY
EFF =1.90
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EFF=1.C-(1.0-EFD)*KD/M
IF{EFF.LT ,0.6) EFF=0.6

QUTPUT PO¥ER
P ZEFFsHsHxC}
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300

1010 FCRMATEIHO,4BHHY TURBINE CHARACTERISTIC PARAMETER OUY OF RANGE

1
1020
1

MP2ZAMINLI(NPLISEFD EFHH2CY)

TURRINE CHARACYERISTIC PARAMETER

IF(P LE. 0.0} GO TO 300
CP ZRS*SORT(PS0.TN6I/He%],25

IF(CP.LT.100.C)6G0 IO 200

IF{IMPL.EC.2INRITE(6,1010)CP
IFUIMPLLEQG.Z) TICNTZICNT+)

IFIM.LT.MHM)GO TO 300

TIFLIMPLOEQ.2INRITE(6,1020) NN
IF(INMPL.EQ2) ICNVZICNTel

IFUINPLLLE « 1JRETURN
STATISTICS

CPUZAMAXILICPU,CP)

CPLZAMINILCPL,CPY

PU SAMAXI(PU P )

IFUTIME.LT. THAX1)RETURN
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cCI=cCI+ce

RETURM

Fi1z.3)
FORMATUIHD L 23HHT INLET MASS FLOW RATELF12.3
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7.16 ADIABATIC HEAT EXCHANGER

STORED ENERGY (EC1,EC2)

}

DISCHARGE MASS FLOW (M3)
DISCHARGE INLET TEMP (T3)
AIR MASS FLOW (M1)

| DISCHARGE EFFICIENCY (EFQ)
L DISCHARGE EXIT TEMP (T9)

— > AIR MASS FLOX (M2)
INLET TEMP (T1) — HX [~ EXIT TEMP (T2)
MBIENT TEMP (TA) —be

F—=MAX, QUTPUT PGWER (MP2)

MAX. INPUT POWER (MP1) wem {——eQUTPUT EFFICIENCY (EF2)

INPUT EFFICIENCY (EF1) ]

The purpose of the adjabatic heat exchanger is fo recover a portion of the
heat of compression from the high pressure, high temperature air exiting from
the compressor. Figure 7.16-1 shows an adiabatlic heat exchanger used in an
underground, constant pressure compressed air energy storage system. The adia-
hatic heat exchanger operates in a manner similar to the high temperature
thermal energy storage systems currently conceived for solar fhermal power
plantsl. n the storage charging mode, high pressure, high temperature air
enters the top of the heat exchanger and deposits a portion of its thermal
energy in the storage media as either sensible heat or latent heat of fusion.
The exiting high pressure air is stored in an appropriate vessel, e.g., under—
ground cavern. In the discharge cycle (HY), high pressure, low temperature

air enters the bottom of the heat exchanger, recovers thermal energy from
the storage medlia and exits to the turbine.

The adiabatic heat exchanger model Is based on a two cell storage mode|. Given

the stored energy in both cells, a linear temperature profile is computed

1 BEC/EPRI RP 7881, "Advanced Thermai Energy Storage Systems," November
197¢. ‘

~ BCS 40180-2
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HX

for the media mass. Based on a given inlet mass flow rate, the convective
film coefficient, unit thermal conductance, and heat exchanger exit tempera-

| fure are calculated.

The rate of energy deposited (or withdrawn) is calculated and integrated

to yield the stored energy state. For a phase change media, the femperature
profile is approximated in the following way: Average cell temperatures TS1
and TS2 are determined from the enthalpy diagram (Figure 7.16-2) using av-
erage cell entropy ECL/MA and EC2/MA, respectively. Then a linear tempera-

ture profile is constructed as shown in Figure 7.16-3.

Basic Equations

ECL = PX - PY — NU % ECL — BE % (ECL - EC2)
EC2 = (P2 = PX) — (PP — PY) — NUREC2 + BE 3 (EC1 - EC2)
where

EC1, EC2 = storage power in cells 1 and 2, respectively

PX = charging power in cell 1

PY = discharging power in cell 1

P2 - PX = charging power in cell 2

Po - PY = discharging power in cell 2
NU = storage media leakage constant
BE = storage media mixing constant

BCS 40180-2
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Anputs

Parameter/Port Descripti Units
NU Storage energy loss coefficient (D = 0,002) (hy~1
ST Rated storage Hme1 h

BE Storage energy mixing coefficient (D = 0.0) h~1

ToL Minimum allowable storage temperature (D = 60) %

DTD Media temperature swing® (D = 400) F

PD Rated storage thermal power kw

TEM Maximum al lowable exit temperature (D = 240) F

XD Design point fraction of molten media W%Fi:o.el -

EF 1 Input product efficiency -

MP 1 Maximum input charging rate kw

cP1 Storage media heat capacity (D = 2,93X10™%) kwh/ 1b°F
H Storage media heat of fusion? (D = 0.0219) kwh/ 1b
TMT Storage media melt fempera‘rure2 (D = 147) ¥

CPF Air heat capacity (D = 7.6X107°) kwh/ 1b°F
KF Air thermal conductivity (D = 1.03X10° %) kw/ £ +OF
My Air viscosity (D = 0.055) Ib/ ft-h
NT Number of fubes (D = 200) : -

D Tube diameter (D = 0.03) fr

L Tube length (D = 4) ft

DEL Tube half spacing (D = 0.085) ff

K Storage media thermal conductivity (D = 0.0078) kw/ft-°F
T 1 Inlet air femperature %

M 1 Inlet mass flow rate Ib/h

CM ‘ Storage device yearly maintenance cost (D = 0,6) $/kw
CSA Storage device capacity cost (D = 50) $/kw
CsB , Storage device energy cost (D = 15.6) $/kwh
LE -~ Unit life expectancy ' years

D ~ Default values specified

1 - Design point conditions

2 - Used for phase change media, H = O for sensible heat

BCS 40180-2
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nputs

Pavometor/Port Deseript iy nlls
M A Discharge ¢yvele mass flow rate trom storage 1/ he
1 3 Discharge eycle temperature trom storage “f
TA Anbient temperature s
(S Storage vessel minimum tomporatur o Nt
Mariable Port Doger iption Units
Pl Stored encrgy (state) tor coll ¢ (hat side) kwh
(S0 Stored energy {statel tor cell 2 {cold swide) wh
M R Qutlel mass tlow rate (=ML) 1 hye
Ap 2 Maximum discharge rate kw
T8 182 Average temperatures for celis L and 2 ©
1 b Afr exit temperatury “k
WA Required storage modia mass i

: O Storage device capltal costiyear $

i Hi Convective heat transter coettlcient kwhzftaﬁoF

i u Untt thermal condustance kwhif&z—of

g B 2 Charge tate into heat oxchanger Kw

: ki, U2 Enorgy stored at start and end of melt Kwh

? FM Maximum allowable charge rate Kw

: kf o Qutput product effleloncy -

f RT Thermal resistance P 2w

; Pa Digeharge power taken from heat axchanger Kw

| Td Discharge cycle output temperaturs N

f EFd Discharge cyele effliclenay ; -

g ’ Statistlcs

j; Su Maximum storage temporature O
TSL Minimum sfovage temporatuta O
Mt MoxTomum stored energy Kwh
hive Maximum exit temperature O

193
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HX

The default values assume use of paraffin wax as the phase change storage
medium, (In reality, paraffin wax may not be applicable to temperatures as
high as 600°F. The selectlon of a phase change medium involves careful con-
sideration of a number of factors [see Reference 1]). The heat exchanger
geometric parameters, [.e., ftube number, diameter, etc., and heat exchanger
cost estimates are based on the baseline phase change storage device devel-
oped in Reference 1, but scaled down to reflect expected mass flow rates
and required media mass. Although these data were developed for a different
appllication (50 MWe, 6 hour storage, average tempe:ature = 786°C), they can

be considered representative until detail design data is available.

1. "Advanced Thermal Energy Storage," BEG/EPRI RP 788-1, July 1976,
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1) Inttlal Qalculatlons

R . PDUSTHO B
M= R CPLIOTD

CCO = (CSATCSRUST)HPRALE
EL = MASCPLIUTMT-TaL)

E2 = MAS[HACPL%(TMT=TRL) ]
T3 = TS8=TA

A = (DADELADELRED) B,

RBIL)Y = D22, RBUIHL) = SQRTIRR{T A
RNTLY = SQRTUIRBT g PHORRBUL ) ER21I2)

it
1
i

RY L ‘§ LN M s )
N ‘ oMY LRNED

T ;;'\?i\ 4

fexy
21 Storage Tewperature (soe Flgure 7.18-2)
7

R TN

oL+ Q&L oo “)

CPL

rERy
I E € E€Ey

e E> E,

HX

L » . e v
whore TS = T8L and E = ECL for storage coll 1 and slmbtarly for cell 2.

%) HX ExIt Temperature Caleulatians
M2 = M
P2 s Q

PX =0

RCS A018Q-1
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3) Cont.

T2

AT

TS2 ~ (TS1-TS2)/2

1l

TS1-TS2

If ML =0, GO TO 7)

4) Convective Heat Transfer Coef‘ficienf1

0.8
o KE (m ; ____4..___>
D [ 0.0215 *\ '\ * Miwp 170

5) Thermal Conductance

-1
U={;#; + RT}

UA = UNP [ HDHLINT / (CPFHML32)

, (‘o) o |
KF

6) Exit Temperature and Charge Rate (See Equation A2. in Appendix)

T =
T2 =
P2 = MI¥CPF¥(T1-T2)
PX = MUHCPF#{T1-TX)

7) HY Exit Temperature Calculations

TO = TS1 + AT/2
PO = 0.
PY = 0.

1f M3 =0 GO TO 11)

T1 = AT —{1. — EXP(=UA)3(T1 - TS1 - AT/2 - AT/UA)

TX = AT = (L.—-EXP(-UA) }¥(TX = (TS1+TS2)/2-AT/UA)

Kays, W. M., Convective Heat and Mass Transfer, McGraw Hill, N.Y., 1966,

p. 173.

8CS 40180-2
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8) Convective Heat Transfer Coefficient

0.8 0.6
. KE : M4 ) ( P-Ml) )
e = | ( .0215% ( TV A KF

9} Thermal Conductance

- [ L -1
ve = ( gt RT)
UA = UQHP|¥DLINT/ (CPFIM3#2)

10) Exit Temperature and Discharge Rate (See Equation A3. In Appendix)

TY = T3 + AT - (1.~EXP(=UA} (T3 — TS2 + AT/2 + AT/UA)

[

TO = TY + AT = (1.—EXP(-UA})¥(TY — (TSL + TS$2)/2 + AT/UA)
PQ = MIXCPF#*(T@-T3)

PY

i3

M3HCPF(TO-TY )

11) Energy Deposited

. .
| ECL = PX = NU % ECL - PY - BE % (ECL - EC2)
EC2 =

(P2-PX) = NU 3 EC2 - (PP - PY) + BE# (EC1 - EC2)

lf T2 2 TEM, WRITE DIAGNOSTIC

12) . Maximum Allowable Mass Flow Rate

MOM = PD/{CPF#0TD)

13} Maximum Allowable Charge Rate

PM = MOM % CPF 3% (Ti-TA)

BCS 40180-2 197
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14) Charging and Discharging Effliclency

EFF = 1
. S e 1
If T2 > TS0 EFF = T3
EF@ = 1
R I8 = TA_
£ T3 > TS0 EFR = 1o
MP2 = MIN (MP1, PM) 3% EFF

]

EF2 = EFL1#EFF

1%)  Compute Statistics and Cost Summation

RCS 40180-2




Appendix:

Asgumptions

Temperature Equations for a Media with Constant Gradient

1} Constant Gradient Media Temperature:
759 1 TS(X)
MEDIA
TEMPERATURE  TsiL 1
0 X e
TUBE LENGTH
2) Working Fluid Differential Equation:
9Tf UA
Al. —_— = =8 - .
Ix L {TS - Tf)

Main Results:
given by

A2,

A3,

where ATS = TSL - TSQ.

A4 T%? (exp (UARX/L)*T¢ )

Integrating A4. and subsituting TS(X) = TS@ +

BCS 40180-2

Exit temperature in the charging and discharging cycles are

TE(L) = T£(0) + ATS - (l-exp(-UA))*(%f(O)-TSG +

TF(O) = TF(L) = ATS =~ (1—exp(—UA))*(Tf(L)-TSL - A71s

Proof: Multiplying Al. by exp(UA«X/L) and recombining terms yields:

= ¥A

L

0< x <L

¥* exp (UABX/LIHTS(X).

~ZI§ * X ylelds

-
[



X

exp (~UAX/LI¥T£(0) + %A _/. exp (~UA(x~y ) /L I%TS (y ) dy
0

it

A5, TF(X)

i

exp (=UA¥X/LIT(0) + (L1-exp(-UA¥X/L)I1¥(TSO - ATS/UA)

Recombining terms in A5. and letting X=L yields A2. Equation A3. follows
from A2. by symmetry, i.e., substitute in A2:

TflQ) for TH(L)
TfL) for Tf(0)
TSL for TSP

TS@ for TSL.

BCS 40180-2
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SUSROUTINE HX

ENTRY POINT 001065

STORAGE USED CODE(1) 0C1517;

COMMON BLOCXS

g0Qo3
ooo4
00GCs
2006

CInPL
CTINE

(a]e] o]
[sialels]

02
a1

csIuuL 000020

CosT

gcgo

g2

ODATAID) 000143; BLANK COMMON(2} 000000

EXTERNAL REFERENCES (BLOCK, NAME)

0aoy
ao10
a011
0012
g013
0014
0015

SQURT
AL OG
XPRR
EXP

- NuDUS

STORAGE

0J301
o000l
0ooo
0003
00co
Q0G4
g9oco

0D1i00
Col01
GLio1
Gola1
Lcio1
colo1
Go101
00101
Cciol
Lo101
©0101
cD101
Le1Gy
vgl01
00101
£o101

T VW=D

N102%
NERR3S

ASSIGNMENT

0eo3od
oane3?
Gcoczo
cooogl
£opones
aa060s
£o0oc2e

1%

k37
L3
5
6*
T
8%
9%
10%
11%
129
b
14%
is»
162

iocoL
loeL
DELT
ICNTY
PX

TIHE
T

CHX

OO0 ONOOOM

{BLOCK, TYPE, RELAYIVE LOCATION, NAME)

SUBROUTINE HXCEC1,DEY51IFEL,EC2 ,DE2,1E2,M2,MP2,TS1,T752,T2,MA,

8020

00G1 -

oG0S
0J03
gocoo
0GGS
acoo

oooo3s4
C0D714&
ccoodo
cgoeaoo
000027
002227
000032

DD

1010F
5080L
DUM
IMPL
PY
THAX
TY

agol
ocoo
3000
0000
3009
QLoa
0Go0

oQDs514
000016
000033
ooc107
006001
cooo1s
00C0o24

2000
A

EFF
INJPS
R8
THAX2
ua

0001
uces
0Doo
aoon
coeo
acgo
0G0

VDAV I

000236
036000
cooo3e
c0GJa00
0oGooY
pogcoz2
00po31

I1CCsHF JUsPyE Y, E2,PMEF2,P0TO,EFO,ReTSU,TSLyMEMT,NU,ST,BE,T01,07D
sPD Y TEMy XD yEF 14 MPL1 CP 1y HoTMT yCPF o KF MU NT oDyl DEL 3K, T1
tH1CMyCSACSBLLE M3,T3,TA,TSO)}

2
3

PURPO

METHOD

sE

PERFORMANCE OF ADIABATIC HEAY EXCHANGER DURING CHARGE

CYCLE

HEAT STORAGE MEDIA ASSUMED TO CONTAIN NO TEMPLRATURE

GRADIENTS.

AND THERMAL CONDUCTANCE

ENERGY DEPOSITED IS A FUNCTION OF TEMPERATURE

2056
ccy
HFO
MDM

¥sC
uo

oao1 000264
aCas Q00001
ooce gaoor 7
occo capoly
oCoo tocozes
acco €u0c21

DT~

600000
00GoGa
c00GOo0
coaoca
cogcoco
606200
0coooG
cggeace
00GCGOo
cogace
aoceoo
CoCCoo
Louooc
006200
codaooo
cooooc

218G
CHMI

PI
TEMP
TSH

XH

B hath 2.mc el STy
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¢-0810v S2d

ca101
00101
£o101
L0101
00101

£0101

00101
3C101
{0101
c01G1
£0101
(0101
<0101
{0101
00161
(4131
aciol
L2101
coi01
coigl

go101
joiol

val1ol
Jc1iel
0101
L0101
c0101
col0o1l
GC1lcl
colol
c0131
~0101
GC1C1
uplol
co1al
L0301
CD101
celo1
£0101
05101
J010
oC101
upi1c0l
GC10L
50103
Jciot
t0131
010
C0101
50161
D010l
£0101
¢0101)
ceiol
L0191
Go101
0oln:

17»
18»
19«
209
21%
22»
23
24
25
26
27
28*
29
IC»
Zls
32
33
Iue
35
30
3T
38w
39
anw
4ls
42
4 3
a4
459
46*
47
4B
49
S0
S51s
529
53%
54 %
55%
56"
57%
Sg¥
S9%
60
61w
62
63%
64
65
66%*
[PRE ]
6B%
69
T0%
1+
T2%
73%

G atoe st Tyt

OO OONAOOAON AN NNA0O0N0NAADANNONNDNOO0ONDNONNONHNOOMNANONDN

WRITTEN BF F. 0.

CALL SEOQUENCE
OUTPUTS
EC1
DE1
1E1
EC?
DE2
1E2
M2
MP2
151
152
12
PA
Kol 3
HF
u
P
£1
E2
PH
£F2
PO
10
EFO
R

STATISTICS

ISV
TSL
BE
LR}

INPUTS
NU
ST
BE
101
BTD
PD
TEM
X0
EFl
HpPl
CP1

THT
CPF
KF
Hu
NT

DEL

-

MAHONY VERSION 2, JUNE 1977

SYORED ENERGY (STATE ) FOR STORAGE CELL 1, KWH
ENERGY RATE FOR ECY, KW

STATUS INDICATOR FOR EC1

STORED ENERGY STATE FOR STORAGE CELL 2, KMH
ENERGY RATE FOR EC2, KW

STATUS INDICATOR FOR EC2

CUTLETY MASS FLOW RATE, L8/HR

MAXIHUM DISCHARGF RATE ALLOWABLE, KM

STORAGE TEMPERATURE IN CELL 1, DEG F

STORAGE TEMPERATURE IN CELL 2, DEG F

AIR ExJT TEMPERATURE, DUG F

REQUYRED STORAGE FEDIA MASS LB

STORAGE DEVICE CAPIYAL COST/YERR, $
CONVECTIVE HEAT TRANSFER COEFFICIENT, KWuH/FT2-F
UNIT THERMAL CONDUCTANCE, KWH/FIZ-F

CHARGE RATE OF HEAT EXCHANGER

ENERGY STORED AT STAPY OF MELT PHASE, KuWH
ENERGY STORED AT END OF MELT PHASE, KUWH
MAXTHUM ALLOWAEGLE CHAREE RATE, KW

OUTPUT PRODUCT EFFICIENCY

DISCHAPRGE POWER TAKEN FROM HEAT EXCHANGER, KW
DISCHARGE CYCLE QUTPUY TEMPERATURE , DEG F
DISCHARGE CYCLE EFFICIENCY

THERHAL RESISVANCE, DEG F/K¥

MAXIMUM STORAGE TEMPERATURE, DEG F
MINIMUM STORAGE TEMPFRATURE. DEG F
MAXIMUM STORED ENERGY, KWH

MAXIMUM EXTT TEMPERATURE, DEG F

STORAGE ENERGY LOSS COEFFICIENT

RATED STORAGE TIME, HR

STORAGE ENERGY MIXING COEFFICIFNT, 1/HR
MINIMUM ALLOWABLE STORAGE TEMPERATURE, DEG F
MEDIA TEMPERATURE SWING, DfG F

RATED THERHMAL STORAGE POMWER, KW

MAXIHUM ALLOWABLE EXTY TEMPERATURE, DEG F
DESIGN POINT FRACTION OF MOLTEN MEDIA MASS
INPUT PRODUCT EFFICIENCY

MAXIMUM INPUT CHARGING RATE

STORAGE MEDIA HEAT CAPACYITY, KWUH/LS-F
STORAGE MEDIA HEAT OF FUSION, KWH/LB
STORAGE MEDIA MELT TEMPERATURE, DEG F

AIR HEAT CAPACITY, KWH/LB-F

AIR THERMAL CONDUCTIVITY, KWH/FT-F

AIR VISCOSITY, LB/FT~-HR

NUMBER OF H/X TUBES

TUBE DIAMEYER, F1

TJUBE LENGTH, F1

TUREL HALF SPACING, 7T

STORAGF HEDIA THERMAL CONDUCTIVITY

000000
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006000
206320
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coGoog
G0EB0Cyg
006C0o0
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GoCooo
0CC30a
Ccoooo
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ccocoo
s0000C
£00003
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G0GCa0
occoog
coooae
£00300
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C0C0CY
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C8G303
n030ac
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LGoane
£03000
ccoooo
£ooo0co
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2-0810% SJ7d

110 4

0101
coic1
€0101
L0101
C0101
~e101
46191
Lto101
L0101
C01G1
C01a1
reius
00104

‘00108
‘€co1cs

G017
20107
6ol1ll
Q0111
(0113
20115
30117
ce121
oeie3
£0125
to127
GC13}
0C133
€0135
co137
00141
co143
C0145
60147
60151
0o1s3
[$13 §-33

0o1s7 -

ao1é1
0C161
co163
DCle64
£0165
CC1l66
L3167
001790
co171
t0172
0G173
0C17y
Co0175
GC176
Cc177
D¢ 200
002C1
€0202
06202

T4
75%
76»
17
" T78%
79%
BCe

" Blw

82%
83
By»
as»
6%
&7
658%
89 %
9l%
9le
92%*
93
94 %
95
96%
9T*
98
99%9s
100#
101»
1C2»
103»
104 »
105+»
1C6»
107 »
108#
1G9+
110%
111=
112»
112%
114#%
115%»
116%
117»
118+
119%
120»
121
1229
123
124
125%
1269
127«
128
125
130s

OO ONDONO N

T1 = INLET ATR VTCMPERATURE, DEG F
Ml - INLET KASS FLOW RATE, LB/HR
CM = STORAGE DEVICE YEARLY MAINTENANCE COST S/KW
CSA =~ STORAGE DEVICE CAPACITY COST, S/KuW .

CSB - STORAGE DEVICE ENERGY COSV, $/KWH

LE = UNTT LIFE EXPECTANCY, YEARS

M3 - DISCHARGE CYCLE MASS FLOW RATE FROM CS, L87WR
T3 = DISCHAPGE CYCLE TEMPERATURE FROM €S, DEG F

TA -~ AMBIENT TEMPERATYRE, DEG F

TS0 - STORAGE VESSEL MINIMUM TEMPERATURE FROM CS,

CCHHON /CIM
COMMON /COS
REAL M3, MDM
DIMENSION R

"DATA PI/3.1

IFCIMPLLST.

PLZIMPL JTJCNY/CTIMEZTIME ZCSIMUL/ZDUMIT) THAX
T/ CCI,CH1

eNUHZ g HP2 y MAME JHT MP T MUNT M1 LE KF oKL
RE6) ,RNIS)

431597/

0)60 10 100

IFINU .fQe 95999)NU =0.002
IFtEL .EQe +999991BE = 0.0
JIFIY01.EQs .99999)T701-60.0
IFLDTO.EQ. .99999)07D=an0.0
IFUTEM.EQe 999993 TEMN=240.0
JFECP1.EQe +99999)CP1Z2,93E-4
IF(H +EQ. .99999’" :201885-2
17 (XD «EQe «999991XD =0.8
IFLTHTEQe 999992 THTZ=147.0
JFLCPF.EQe 99999 )CPF=T.6E~S
IFIKF .EQ. «99999)KF =1.,03E-%
IF(ML JEQe «99999)3MU =0.055
IFINT <EQe «99999INT =203.0
1F(D ofQe 49999910 =3.0F -2
IFCL €0. «99999)L =4,0
TF(DEL.EQe «99999)DEL =8.,5E~2
IFiK «EQe «999991)K =7.8€6~3
TIF(CM JEQs «99999ICH =Cs6
IF(CSA.EQs «99999)CSATS50.0
JFICSH.EQe «99999)CSB=15.6
TSL=1.Gt8

PO=0.C

PM= 2.0

TsUzd.0

ME=Q0.C

MT=C.0

M3=0.0

T2I-TA

TSO0=TaA

MA ZPD*C.S*ST/(XD*H+CP12DTD)
CC ZHCSA+CSEB*STISPD/LE

CM= CHsPD

E1 —MA*CP1s{(TMT-TO1)

E2 “MASI{HOCPI®=({THT~TO1))}

CTHAX1TTHAX®0.99999
‘A T(P*DEL+DEL#%21/5,0

DEG F

000000
000000
opoeoec
pcoogoc
coosoc
coC000
eCcoco
CCoooo
0GG0oG
500Q0G6
oooeso
coaaco
oacoco
£ecaooo
c000G0
ggooro
ugoona
GDOEGO
tcagooc
Gocen2
gooca?
GoG0o13
Leoo2g
cooces
0oen32
ucoc3y
COUQsY
£G03s1
GoGCcsSe
£0CCs6
coQor3
cgcioe
G00105
Goo112
ooo1r7
cou124
C0G13)
COG136
Cnc143
£oplel
[s1s 239 §-31]
ccois2
£oG153
COO01Sa
poc1ss
GCeol1ss
Goc1s?
CaG1le0
600162
cogl63
cap17s
€oa203
G00206
£ee211
ceczle
G0G221
coc221
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co202
Gozo2
0Czas
p5ze3
0204
gozoat
90210
opz2lo
7674 b
ggzrz
00213
L2l
L5216
Loz2g
90220
ge2ze
£0225
BLzzi
£a221
grzze
ppz2a
gn2zs
ct227
0z231
£o231
G233
paz3y
cez3s
0ez23s
pL236
ooz37
oozsen
50241
pz242
Ge2n2
opzal
gaz43
402493
GO243
ggeys
£G245
co24s
Coz45
CoRus
Cozy7
GO250
0p251
5e251
65251
06251
06252
82253
Lores3
cLess
cE253
L5284
Caz2ss

131%
132»
132
134
135
135#
137»

‘138

139%
145G
151
142w

143 %

144 %
145%
R
147
14&+
149 %
1532%
151
1529
152w
BET R
155%
1568
157+
158#
159%
16Cs
i61ls
162
163

164

165
oLy
1674
16E=
169#
17C#
173
172%
17%%
i74%
175=%
1764
177»
178w
179#
120%
181%
182
183%
lg &
185+
1gbs
187=

aan o

n

(2]

oon OO0 ann

G aa

2C

30

100

COMPUTE THERMAL RESISTANCE OF MLOIA

RBC1IZD/s2.0

00 20 I=1,5
RELTI+1)=SQRTIRB LI} #*2sA)
ENUII=SQRYUIRB(I+1)642+4RBII)s*2)/2.0)

R=D.0

00 38 I=1,%
R=R$ALOBIRNII+1}/7RKII 1)

RIR*0,2.C/%
STORAGE TEMPERATURES
T51=7¥7

IFLECILLTWELY TS1= TOle ECLZ{MASCPRL]
IFIECL.GT.E2) TS1= TOI» (EC1I/¥A ~ HI/CP]
TSZ=TeY

IFLEC2.LTLEIMITS2T TOLs EC2/7(nAsCPl).
IF(EC2.6T.E2) TS2=> TOls (EC2/Ma ~ HI/JCPL

DELT= TS1 - TS2
TSH= TS1l+ JSSDELY
TEC= 182 ~ SsDELY

125 Ts5¢C
H2zH]

P-=0.0
PX=0aT
U=l .0/R

IF(MILT«0.002)60 TO 200

CONVELTIVE HEAT TRANSFER COEFFICIENT

HF :RFYD#(U-DZIS*(HIINY?Q-UIHUIPIID)"D.B¢!CPF$HUIKFl"ﬂ.b)

UNIT THERMAL CONODUCTANCE
U = 1.07(10/HF 4R}
UAT UsPISDSLINT/{MISCPF82,)
TEMPZ DELTIUA
UAZ 1o ~ EXPL-UA}
EXIT TEMPERATURE

TX= T1 ~ DELT ~ UASIT1-TSH-TEMP)
T2= TX— DELT ~ UA*{TX~{T51+T52)%.5~-TENP)

CHARGE RATE

P TH1sCPF3LT1-T2)

Px = KI*CPF»{T1-7%}

000221
600221
£0G2130
606220
Coo216
tDL236
600245
5OC28 5
00263
Coc2ec
ccozey
000264
L36264
too2te
ong27s
ooz
LEO2Z Ty
£os261
5030301
00302
£09315
CoG327
006231
GOG341
geoivg
£oe3s3
pDO356
509362
600362
upG36Ss
00T366
£oG320
Ceo371
£oG372
£OG372
600375
806375
GpD3Ts
600275
c0os00
DOCADD
cacuas
Legset
GRo432
BOLYY D
00452
0GO455
DOG4SS
LOBO&SS
LGTYSS
cocss3
BOgs7
£oca7z
500473
coOsTS
£OLSDY
CGG5a7

XH
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2-0810v SOY

goczes
GG2ss
00258
0ozs8
ppZe7
£Lzeo
0Lezel
ogeel
852l
LLenl
CC283
poees
CL263
£3263
a026%
LOZES
oLaLe
pec2er
onzseyr
0G5ze7
CLep?
L2732
06271
ZL27T2
oo2713

cger3

oG2Z73
00273
caz1z
50274
6oz
03276
5333
20300
cers

£6307
£o267
EG3CT
£5287
pLItl
6C311
peilz2
£0212
LC312
50312
56313
BO3Z13
70314
Loy
Teile
LE3le
£0317
L0317
o321
Le221
£C322
66222

1e8 s
187%
I9Cw
151+
192%
193
194 %
195»
196%
197s
19+
19
2358
2d1ls
242w
2G3s
2G4
205%
206

237

CES
20%s
Z21Gs

2118

21z~
212s
2148
215%
Zies
217~

Z1Es

Z15%
208
2219
2270
223»
224s
2258
2269
227
2289
229«
Z3Gw
231w
274
233s

224

235
236%
237+
Z23F~
23%%
24T
7515
Z52%
LA
pLEE

ann

aanon

Ana

270

(a o i o NN

anan

ann

3z

520

[a N2 N>l

HY EX1T TEAMPERATURE CALCULATIONS

TO = TSH

PO =0.0

PY=0.0

TF(EI.LTe «BO1YGO TO 200

CONVECTIVE HEAT TRANSFER COEFFICIENT

HFO =KF/0® (00215 (KI/NTo8 O/ KU/PTI/D 1% 0.8 CPFONUIKFI®E0.6)
UNIT THERMAL CONDUCTANCE

UO=1.8/ 01 «B/HFO+R)

UAZ UNsPISDS(SNT/INIVCPFa2.)

TEKP= DELTZUA

Usz= EXPL-UA)Y - 1.
EXIT TEMPERATURE AND DISCHARBE RATE

TY= T2+ DELTs UA{T2-TSCsTENPD

TG= TY* DELT + UA®(TY~(TS1+T521%.S+TEMP)
PO =uZsCpFst10-T731

PYS MIsCPFe110-TY)

ENERGY DEPOSITED
IFUIETI.NELO) DEL= PX- PY ~NUSEC] -BES{ECI-EL2)
TJFLIE2.NE0) DE2= P-PX —~ {PD-PY) ~HUSEC2 <BESIEC1~EC2)}
IF CTZ.LYSTEM) E0 TO SOD

IFLINPL.EQZIVRITELE, 1010312, TEN
TFETYPLGEQ.2YTICHTSTICNT +1]

MAXTIMUM ALLOWABLE CHARGE AND FLOW RATJES

MDUT PO/ACPFeOTD)

PH ZHDHSCPFS(T1-TA)

CHARGING AMD DISCHARGING EFFICIENCY

EFF=1.0

CIF(T26ETSOIEFFSUT2-T50) /111 ~TA)

EF0 1.0
IF(T3.6T~TSOYEFO={TO~-TAIZLTZ~-TSO)
HPZZAMINI(HAPL PHISEFF

EFZ=EF19LFF

GCGs07?
coGs07
GoGso7
GLosSly
cegs1s
cgosls
Lcos1
£Cces17
CDOELTY
Grus1?
LeLsz3
Lges23
Leps523
coLs2l
COGESS
COG562
GEL5T5
<0Ge00
LopeGC
cogent
L0060
£00eoe
£oclsele
ccoez
GoLe32
coiez2
Ccoe3Z
CDuE32
onGe22
Locez7
Loo653
copes3
LO0nE6T
COLEET
580613
cCLi3s
LoCcr1o5
Gag7Cs
Cog70s
CGOUT71a
CCo714
cgorzl
£0g72C
LCG728
Leu720
LoL72%
Goailze
LOG73¢
CoL73c
Lap74C
£05745
06742
£0C782
CGC754
£e3754
SCo783
LCLTE2

XH
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"t
[y}

v

SORTOE

‘5'(‘

B AT TY
Uxﬁ!}‘

25T.
Z36%
z87%
ZKES
iR
- Told
251«
ZE2w
25
o4 &
Zesw
250 %
25T+
Z5Zw
255
2608
Zo1s
267
263w
ey w
265w
26Ew

0O ana

€

c

1012
1

STATISTICS
TF(IPPLLEC IIBETURK
T3 =ErALICTEU TS
TEL ZARINICTSL,T32)
PE = JPLEILPE, TLIAECZ)
BT ZARALIENT 4T2)
TFETIWE ATV THEAXLYRETURR
CLI =CLIsCC
CHIZCHIEE
C¥= CvIPs
PEFTURNR

FORVATLIHTG ¢ 225K

5y

EXIY TEWPERATURE
¥ 35H EREATER THAW BEXTIHUS ALLOVAELE

yFLlZo¥

sFiZe3)

fod 1 2y %]
LOLI62
TELT62%
$931 3 7 £ 283
Legise
COLT1S
CR1632
oziory
£eiczd
£ginza
£01526
zocee
Eoted § o521
Lolcs e
Lo1Te2
£01743
L3105%%
Z01%%6
ooisls
[uioB L0 Y
co1sie
£o151e

XH




7.17 ADIABATIC HEAT EXCHANGER -~ DISCHARGING CYCLE

4

-

MASS FLOW RATE (M1)
HX EXIT TEMP. (T®)

HX EFFICIENCY (EFO)

MAX. INPUT POWER (MP1)}—m-

INPUT POWER (P1)

HY is the discharge cycle complement to HX. All the calculations fo obtain

the exit temperature and heat exchange power deposited or withdrawn are done

—

_’1
s o

v—-—}n

HY

| e MASS FLOW RATE (M2)
——=EXIT TEMPERATURE (T)

—3n-DISCHARGE POWER (P)
—-MAX. OUTPUT POWER (MP2)
—=-0UTPUT EFFICIENCY (EF2)

in HX. The results are then passed to HY for summary.

BCS 40180-2

HY

207



PatameterdPort Descriptl
M L Alr mass flow rate from storage
Ta Exit temparature from HX
1 Dlscharge power from stotrage
LFe Discharge cycla efficiency from HX
MP 1 Maximum power from storage
ITRULS
Variable/Port
M 2 ExIt alr mass flow rate (=M1)
Exlt temperature (=T@)
P 2 Discharge power
MP 2 Maximum dlscharge power
EF 2 Qutput product efflciancy
Storlstics
TL Minimum exit temperature
T Maximum exit temperature
SP Tota! energy discharged

Caleulation Segquence

1) M2 = ML

il

T =70
MP2 = MPLYEF®
EF2 = EFD

P2 = PL¥EFQ

2} Compute Statistics

lb/hr

kw
Kw

kwh

BCS 40180-2
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SUBROUTYIHE HY

STORAGE USED

COMMON BLOCKS

0ao3
3004

cImPL
CSIKUL

CODE (1) 60O0135;

ENTRY POTNT 00006k

000001
0oooar

EXTERNAL REFERENCES (BLOCK, NAME)

9005

NERR3S

STORAGE ASSIGN

a001

ouino
Ugicl
00101
rolcl
cpin:
noigl
LB1G1
D010l
gr1ol
60101
L0101
Loi1pl
ooiol
celol
20101
ug101
L0131}
olol
L0131
GC1o1
wGl1o]l
c0i101
L0101
TOICT
w101
£CI81
colcl
GC131
oci101
0cio0l

Qcooo? 100L

1
2%
3
&%
5%
&*
T
84
9
15
1lw

_12%

13%
1u%
15%
l6%.
17»
ias
19%
20%
21%
22%
23%
24
25
26%
27
28%
29%
30%

MENT

cHY

2EsNeNaNsNelaleNe el Na RN NoRala NN N R a NoRe N e Nyl

{BLOCK, TYPE, RELAYIVE LOCATION, NAME)

ofslel} 000000 DUM

DATACQ) 0DDO17; BLANK COMMON{2) 000000

0oc3 I .000000 IMPL

oo0o gooo02

SUBROUTINE HY(M23T P2 MP2,EF2 s TL TUsSPyM1,TO4P1,EFO,MP1)

PURPOSE PERFORMANCE OF ADIAZATIC HEAT EXCHANGER DURING DISCHARGE

CYCLE

METHOD COMPUTE EXIT CONDITIONS. USING HEAT EXCHANGER STATE

DETERMINED IN HX

WRITEN BY Fo. O« MAHONY

CALL SEQUENCE
OUTPUTS
H2
T
P2
KP2
EF2

STATISTICS

TL
TU
sp

INPUTS
2D
10
Pi

VERSION 1, HARCH 27 1977

EXIT AIR MASS FLOMW RATE (=M1), LB/HR

EXIT TEMPERATURE (=703, DEG F
TOTAL DISCHARGE POWER, KW
MAXIHUM OISCHARGE POWER, KW
OUTPUT PRODUCY EFFICIENCY

MINTHUM EXIT TEMPEPATURE, NEG

F

MAXIMUM EXIT TEHPERATURE, DEG F

TOTAL ENERGY DISCHARGED, KWH

AIP- MASS FLOW RATE FPROH STORAGE,
E<IT TEMPERATURE FROM HX, DEG F

DISCHARGE POUZR FROH STORAGE,

Ky

LB/HR

£C000C
GoQoooo
caosao
€oogoa
[alsisteln
LoLpao
6oCoGo
cocosc
GConao
CCOZ60
3008920
goorcc
coooce
CooDCeo
006GO0GG
cacocc
56060C
Loucao
0ocCop
GoLnoc
it
L0CL00
GoGoocC
LoGCen
Goocze
CGLoGC
coceco
JtLaco
Gotreo
cococo

0Go4 R 00DODBS TINC

AH



cgrol
£eiol
CC10)
"L0103
gc103

sfspRal B

gco1o4
£o155
0165

L ED10T

| D110
50110
H0111
£e112
[s1s3 5 %1
COLls
5011s
o116
o116
o117
coIlY
so121
£o122
o122
cci1z3
£O123
co1zy
CoL2s

9t 4
32+
3xs
3y
35
36%
37
3En
398
5Cw
a1s
42+%
3w
sys
45
(124
47
BES
LRt 2
5L»
51i%
52¢
5%
548
55%
56%
57
SEx

ano

100

EF0 -~ DISCHARBE CYCLE EFFICIENCY
MP1 ~ PAXIMUY PONER FROHK STORAGE, XW

COMHON '/ CIMPL/IHPL /CSTIMUL/DURLE),,TINC
REAL MZ,MP2,H1,HP1

IF{IMPL.GT.0}50 TO 100

TU =ZG.0

SP =0.0

TL =1.0E10

ne =K1

T =710

P2 ZPISEFO
YPZ=HP1sEFO

EfF2-EFO
IFUIHPL.LE.1)RETURN

TL ABINLIIETL 1 )
TU ZAHAZItTU 4T )

SP =SP +P28TINC/2.0

RETURK
ENMD

enGoon
CoCSoo
£8C0os0
£ouast
cogesc
cogoooo
caLese
306000
gooeeo
ceocnz
SOeCCO3
Zooco3
pCacoe
cecopy
CoLOL1G
geoniz
gocol1s
£pcezao
ceorLza
600p22
cenocze2
COC53y
BrCaly
cocos?
0oooys
GCGOy4 5
cocaos2
o013y




7.18 INTEGRATOR WITH SATURATION

AMA
GKL
FIN p 1 FO
— (Do)

o)

GKL

A

AM|
Lnpui
Parameter/Port Descripti
FIN Input
6Kl Integration gain
GKL Saturation iimiter gain
AMA Upper |imit of output (Defauit = 10°°)
AMI Lower limit of output (Default = —1036)
Outputs
Variable/Paort
F@ Output (state)
Calculation Sequence
FO = GKI1% [ FIN-GKL*(FO-AMA) ] if  FO>AMA
FO = GKI 3 FIN if AMISFOSAMA

BCS 40180-2

FO = GKI3 [ FIN~GKL¥*(FO~AMI) ] i FO <AMI

IT
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Z-0810t SO4

5812

SUBROUTINE I7

STOPAGE USED

EMTRY POGLINT 0000512

CODE t1) 0OO067: UATALO) DOO0CT: BLANK COMMON(Z) DOORDO

EXTERNAL REFERCMCES {BLOCK, NAME)

oGo3

HEPR3X

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

0000 B 00GODD EPS 0000 0onoo3 THJPS
LO180 1% (198 ¢
50101 zZs SUBROUTINE IT(FO+FODOY ,IFOFIN,GKT EKL JANAANT)
50101 I% C  VERSIONMN 2. REVISED OCT & 1976
56101 Ax c
50101 <% c PURPOSE -~ SIMULATION OF AN IHTEGRATOR WITH SATURATION
T0iol &% c
lole 7+ [
L0181 % c HETHOD ~ SEE CODING -
coiol 9% c
o110l 10« c
{oiGy 11% c LIMITATIONS — EXCESSIVELY HIGH VALUES OF GKL MAY RESULY IN POOR
GL101 12% C STEADY STATE COMVERGEMNCE
o0LoL 1%2% C
Ceiot 1u% C
~C101 155 c KRITIEK 8Y = ADAM LLOYD LATESY REVISION — NOV 75
£0161 16% c
£cCciol 17s c
o101 18% c INPUTZ0UTPUT LIST
geio1 19% c
rgicl 20% C Fo INTEGRATOR OUTPUT ANY QUTPUT STATE
P 3 E e 2i% o FODOT OUYPUT DFRIVATIVE ANY ouUTPUY DERIV
£0151 L 22* [of 1F0 INTEGRATOR CONTROL —— PROGRAM VAR
TeIGY 234 c FIM FOHCTION INPUT ANY INPUT VAR
aCciol 24% c 6K1 THYLORATOR GATIH ANY INPUT  PARAM
rolici 25 c GKL DERIVATIVE LINITER GATH AN Y INPUT PaRAM
20131 26% c EHA UPPER LIKIT OF QUTPUTY ANY THPUT  PARAH
cpiot 27% . c WHERE DERIV. LIMITER STARTS
~e1IGL 28 ol [Y.B LOWEP LINIT OF QUIPUT ARY TNPUT PARAM
cCGiol 29% [of WHERE DERIV. LIAITER STARTS
£0133 3G EPSSFIM
£L103 3is T e mmee—meee . poOYINE DEFAULYS THAT ELLIKMINATE SATURATION
ceto4 32« TFUAKLLED. 99999 FHAZ1.E36
30136 33% TF(AHTJEQ.+ 99999 1AHIT~]1 . E36
colio 34% IFLTOLTABALEPS = FIH -~ GHKL®IFO-AHL)

35%

IFLFOLTCARTIEPS = FIH - GKLs (FO-AKY)

poGoag
800000
CoCooo
8ogeoo
cecesce
ccceooa
CoCCcas
goL56e0
GOGDODC
cocogo
Gocaoo
GCoooo
coosoc
ceLogsg
coeodgo
ccececo
£acoao
ceosen
¢ouooo
gocaas
GELl3G
£DoQoo
risFedslels]
ridsisls]
000000
oocooo
CoLCcag
6ocGoo
uwdG2ge
18624ac
CGGO00
Loogct
CoCcLos
BGGo13
COLo2Y

11
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1474

00114
co116
20117

368
37
38*

IFCIFO,NE.O)FODOT=GKISEPS

RETURN
END

RIS nE T

000035
oonos2
000066



7.19 DC-AC INVERTER

DC POWER (P1) — IV — AC POWER (P2)

| \—QUTPUT EFFICIENCY (EF2)
INPUT MAX. POWER (MP1)— |- OUTPUT MAX. POWER (MP2)

This component models a solid state inverter/transformer. Power losses due
to resistive heating and contact potential loss are modeled. A step-up trans-—

former may also be needed to boost output voltage up to that of the bus.

Default parameter values are based on rated power = 200 kw.

TRANSFORMER
10C IAC
| } INVERTER “ g
Ve __1 3

-
p—— g-—»

FIGURE 7.19 INVERTER FUNCTIONAL DIAGRAM

IV

BCS 40180-2



Aoputs
ParametorsPort
p 1
RT

VDo

ol

w1

RAR

bE 1
A 1
Lo

Quiputs
VariablosPort
P -
e

PL

EE 2
MP 2

Doscr
DC input power
Transformer reslstance (D = Q)
Rated DC voltage (D = 100)
fnvertfer vontact potential D = )
Inverter resistance (D = Q.00H)
Rated inout power
Input product etficiency
Maximum fnput power

lnverter cost: year

AC output power

DG Tnput current

Power loss

OQutput product efflciency
Maximum output power

b - Default values supplied.

RCS 40180-2

1 8
Kw
ohing
valta
voiba
ohms
Kw

ER\G

Rw
amps
kw

Kw

IV

bl
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Calculation Sequence
Jf PL S0, P2=1IDC=PL =0, EFF =1 and go to 3)

1} Input and output current

IDC = P1#1000/VDC
IAC = Vo¥IDC/T

2) Power loss and output power

(IDCH*(DI+R1%IDC) + VI¥RT*IACZ)/1000

* PL =
P2 = PL - PL
EFF = P2/PL

P2 <0 [ Diagnostic, EFF =1

3) Efficiency and maximum power

EF2 = EF1¥EFF

MP2

MIN(MPL, RAP)¥EFF

4) Compute Costs

26 BCS 40180-2



2-0810% SO6

L

SUBROUTINE IV ENYRY POINY 0ODOITS

SYORAGE USED CODE(1) 0C0261; DATA(D) 0030863 BLANK COMMON(2) 000000

COMMOM PLOCKS

ao0o3
oash
0205
00066

CINPL  COODD2
CIIHE: 000001
CsINyL. CO0210
cosT GCooDY

EXTERNAL REFERENCES (BLOCK, NAME)

onoy

cCi10

a011
1183 ¥4

SORY
tLWnNus
NIO2%s
NERR3S

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

Do}
a0065
30G0

o100
20101
£o101
€010}
c01G1
{0101
(40101
colal
co0101
cciol
0pial
£0101
tD101
o101
cg101
coigl
coi0l
ao101
g0101
o101
G015k
40101
L0101

069036 100L 0001  000C47 200L 3000 000008 208F
0CCGO0 DUM 0200 R DUNQOO3 EFF 0000 R 0QOCOOD IAC
0CD034 INJUPS ~ 0000 R 0000011 PY 0C0s R 00COOQ0 TIME

0001 000145 400L
0003 1 000001 ICNT
0005 R 0J00CT THAX

1% cYyv
2 SUBROUTINE IVI(P2,1DC, PL EFZ MP2,P1,RYT,VDC,01,RI;RAP,EF]1,NP1,CC)
I C
g% c PURPOSE SOLI0 STATE INVERTER/TRANSFORMER MODEL
5% c
6% c METHOD COMPUTE AC POWER AS A FUNCTION OF
7% c INPUT DC POWER
8% c
9 C WRITTIEN BY Y.K.CHAN VERSION 1, JUKE 2, L977
1C# c
11 € CALL SEOUENCE
12 C 0UTPUTS
13» ¢ P2 -AC OUTPUT POWER, KW
y* c IDC -DC INPUT CURRENT, AMPS
ise c PL  ~POWER LOSS, KW
16% (o EF2 -0UTPUT POWER EFFICIENCY
17+ c HP2 -MAXIMUM OUTPUT POMNFER, KU
15% c INPUTS
194 Cc Pl ~DC TINPUY POWER,. KW
20% c RT —TRANSFORMER RESISTANCE, OHHS
21% [ VOC -RATED DC VOLTAGE, VOLTS
229 c D1 ~INVERTER CONTACT POTENTIAL, YOLTS
23 c RI ~INVFRTER RESYSTANCE, OHHS

2

==

2,

2
g
2 B
2
2

-
vl

P2
@
&
(72

0C06 R 000pOO CCX
C003 I 000GA0 IMPL
0C00 R GOCOD2 THMAYY

£ooaoo
cocooo
(sda)s}s)els)
£o0000
COBGOo0
Louaao
G000Q0
acgoooa
000000
ocGeoo
[l eiel]
0G0C000
006000
GocC3ag
SoLCoG
ocooog
CCLCoo
oocoeoo
£0CL200
Gocoot
GGosoe
uCoLbon
COG000

Al



174

¢~0810% SJ4

60101
£0101
c0101
70101
<0101
60103
0Cc104
Z016s
20105
co1a7
aci111l
c0113
Co115
co117
rol21
co121
zp121
c0121
T0122
C0124
60125
ro126
to127
DC133
co131
00132
30133
00133
00133
G133
00134
Co135

CO0136

00136
o136

00136

Go137
GG149
GC14l
Go142
oe142
CO144
c0145
30146
GO153
20153
CC154
0o1se
00156
20157
20161
gc1e3
Go164
«D165

24

25%

. 26"

27

28%

29%
3C*
31s
32
33s
3us
35%
36%
37
3es
39w

HTe

41le
42

43

44
4Se
46
47s

4R®

492
50%
Sls
52%
53=%
Sh%x
55
5¢»
$T=
S8#
5Ss
6(*
61*
62%
63%
64xn
65
(Y3
6T*
6ex
69%
T0%
71
72%
3%
Thx
T5%
T76%#
7%

(s EaXaKaNse]

ann

[a N2 N2

(s Xz Ng]

100

200

208 FORMATU1HG, 14HIV POWER LOSS ,F12.3,21H EXCEEDS INPUT POWER ,F12.3,

40C

RAP -RATED OUTPUT POMER, KW
EF1 —INPUT PRODUCT EFFICIENCY
MP1 ~MAXIMUM INPUT PONER, KW
CC ~-INVERTER COST/YEAR

CONMON /CIMPLZIMPL ,TCNT/CTIME/TIME/CSTMUL/DUMNIT),, THAX/COST/CCI
REAL TODC MP2,MP1,IAC
DATA PI1/3.18159/

IFLIKPL.GT.0) G0 7O 100
FFIRTEQ. e 99999 )IRT =00
IF(VDC.EQ0..99993)VDC=100,
IF(DI.EQ0.49999900159,
IFIRI.EQ..99999)RI=,005
TPAX1=TMAX®.99999¢

COMPUTE INPUY AND OUTPUT CURRENT

IF(P1.GY.0.)60 YO 200
P2=0.

Ipc=Q.

PL=0 .

EF2=EF1:
MP2-AHINI(MP1,RAP)
GO TO 40C
IDC=P1=10C0./7VDC
IAC=SQRT(6.)%]10C/P]

POWER LOSS AND oUTPUT POVWER

PL=(IDC*(DI+RISIDC) +SQRT{3.}*RTAIAC*IAC)/ 1000
P22P1-PL
EFF=P2/P1

EFFICIENCY AND MAXIMUM POVWER

EF2ZEF)SEFF
MP2=AMIN]1 (MP] ,RAP)
MP2-MP2%EFF
IFIP2.6T.0.)60 10 &CO

EF2ZEFL
MPZ2ZAMINL(MP] RAP}
IFCIMPL.EQ.2IMRITE(6,208)PL,P1

128H CHECK RATEOD DC VOLY2GE vVpC )
IFCIMPLLEQ.2ITCNTZICNT+1
P2=0.

TF{IMPL.LE1)RETURN
IFITIME.LT . TMAXY)IRETURN
CCI=CCIsCC

RETURNM

END

N AT e g e

oooooo
slajelsielel
00Caa0
CCCooo
c00200
gcoooc
£ocogc
0oCnoo
0oGco0
caooooc
cagcaz2
gocLece
Coo013
cecol?
Cocoz4
coceza
L0g0z4
0Cco0zs
G0OC3C
6Dun32
vace3sl
GoLD3N
Cocon3s

" 0oo037

GCOO04S
cDCON?
£OwGS2
300052
CO0052
50605 2
CCGO6E
£60C075
8GG07T7
£00C7T7?
£0COT7
00G077
£00101
£oC1o3
£06111
£o0114
COGI1Y
cec11?
2866121
500123
G0C135
peC13s
£00135
COG143
02C143
£OG145
BOC1S3
00G162
00C165
COL26C




7.20 FIRST ORDER LAG

Fo

FIN N GAl
TCHS +1

lnputs
Parameter/Port Description
FIN tnput quantity
GA| Gain
TC Time constanf1 {hours)
Fa Outpuf variable (state)
Calculation Seguence

FO = (GAl % FIN - FR)/TC
NOTE: d.c. gain = GAl; time constant = TC

infinite frequency gain = 0

|

pole location = ;é rad/sec.

L ¢ Tc =0, then FO = FIN¥GAI

BCS 40180-2
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SUBROUTIME LA EXTRY POINT 000026

STORAGE USED ' CODE11) 0O0COaS: DATACO) 00COID; BLANK COMMON(2T 00O0COQ
COMHOM FLOCKS

aog? cro coopes

EXTERNAL REFERENCES. (BLOCK, NAME)
aoes HERR3S

STORAGE ASSIGHMENT (ELOCK, TYPE, REUATIYE LOCATION, NAHE)

ponl CGeolo 1oL Qpo3 conpn2 1D1A6 cogo 000002 1IMJPS ofeloh S Q00000 IREAD
o160 1s CcLA
20101 2 SUBRGUYINE LARIFO,FOUDOT,IFOFINGAT,TC)
co101 3% c
£0101 58 [« PURPOSE —~ TO SINULATE FIRSY GRDER LAG FO 641
Loinl £s [of = -
£p101 &s C FIM (1+4TCsS)
%0101 7% [
BolGl es [
Loiol 9% c METHOD  ~ SEE CODING
goiol 198 [
coiol ils c
cLicl izs C WRITTEN BEY ~ ADAM LLOYD LATEST REYVISTIOK HOY 75
Luiot 13w &
20101 1454 c
cfial 15% c 1HPUT 7O0UTPUT LIST
L0131 168 c
=Clol 174 c Fo TRANSFER FUNCTION OUTPUT ANY OUTPUT ST2TE
cgiol 128 [ FOOOT TRANSFER FUNCTIOM OUTPUT 7 - ANY SUTPUT STATE
S0101 19% C IFD IRTEGERATOR COMTROL — PROGRAU VAR
-g1cl 2C% [ FIH TREHEFER FUNCTION INPUT mY INPUT VAR
cgigl Zl% o GAT TRAKSFER FUNCTION GAIH — INPUT  PARAM
iCigy 2% C TC TIKE CONSTANT SECS INPUT  PAREM
[ 1hRex 22s COMMOM/CIO/IREAD«IMRITE ,IDIAG
aci1cy 249 IFtTCNELCL) GO TO 10
L0166 258 FC= GAlSFIH
SO167 Zb» RETURN i
36110 27 10 IFLIFO.HMEO) FODOT=(GAISFIN-FD)/TL
g1z 28% RETURN
L0113 25 LMD

gcos coeoG1 IWRITE

coooon
GAGono
Locooo
GOGEOd
cooooo
Louitd
[olsds]cieds]
L£LGG0GL
gauvgoe
LoGS0e
cogoog
GOLGOT
£oCseo
LLLoog
£oo538
LOCneL
SACCLEG
LCGLGo
coceas
<CLCoG
cpGoac
Lpcooo
Loceos
CoLoop
Lgcepol
GLoGoM
CoocoLo
coGoile
CO004y

Al



H
;
i
i
1
i
H
i
]
i
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7.21  LEAD LAG

FO

FIN - GAI[TCI®S +1)
TC2HS +1
dnputs ‘
Parameter/Port Description
FIN Input quantity
TCL Numerator time constant (hours)
TC2 Denominator time constant (hours)
GAl Gain
Outputs
Variable/Port
X1 Intermediate quantity (state)
FO Qutput quantity (variable)
tion Seguence

Calcula

FG = (X1 + FIN¥TCL®GAI)/TC2

L)

X1 = GAI¥FIN-FQ

NOTE: d.c. gain = GAl

BCS 40180-2

infinite gain = GAITCY

TG2
zero location = - ;éi , rad/sec
pole locafion = - ;%5 , rad/sec

LL
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SUBROUTINE LL ENTRY POINT DO0022

STORAGE USED CODEt1} OO0OO031; DATA(O} 0O0O0O&; BLANK COMMON(2) 00OQGCO
COMMON RLOCKS

0oo3 clo 000003

EXTERNAL REFERENCES (BLOCK, NAME}

0008 NERR3S

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

0003 - J0OGO2 IDIAG 0003  0000GO  INJPS 0003 000000 IREAD 0003 000001 IMRITE
coio0o 1 cLL
c0101 2» SUBROUTINE LLUX1,X100T,IX1,F0,FIN,TC1,TC2,6A1}
&C101 3e c
Go1a1 ye € PURPOSE - TO SIMULATE LEAD LAG TRANSFER FUNCTTICN
GC1al 5 c
oc101 6 c Fo GALS(1.4TC15S)
£giIcl T c iR
00101 L] c FIN (1.4TC2%S)
L0101 99 c
£0101 10+ c
50101 i1s € METHOD ~ SELF EXPLANATORY
£0101 12 c
£0101 13 c
10101 14 C  LIMIYATIONS - NONE
Go101 15% c
Le1ol 16% c
20101 17% €. WRITTEN BY -  ADAM LLOYD LATEST REYISION NOV 75
ceiol 18 £
£o101 19+ c
90161 20% €. INPUT/OUTPUT LIST
cp101 21w t
0101 22% c X1 STATE VARIABLE ANY OUTPUT STATE
0121 238 t  x1o071 STATE VARIABLE DERIVATIVE ANY OUTPUT STATE
£o101 244 ¢ Ix1 INTEGRATOR CONTROL -— PROGRAM VAR
20101 25 C FO TRANSFER FUNCTION OUTPUT ANY oUTPUT VAR
rolel 264 C FIN TRANSFER FUNCTION INPUT ANY INPUT VAR
£01a1 27 ¢ TC1 TIYE CONSTANT (NUMERATOR) SEcs INPUT  PARAM
zoigl 284 ¢ Te2 TIME CONSTANT (DENOMINATOR) SECS INPUT PARAM
co1ol 29+ €  6al TRANSFER FUNCTION GAIN -—- INPUT - PARAM
ge1o3 358 COMMON/CIO/TREAD,TURITE ,IDIAG

Go1io4 31w FOZ(X1+FIN®TCI®GAT)/TC2

eda)elele]s]
gooooe
gcoooo
GCO00G
ocooaa
¢eT00a
Jo0coao
cocGea
secoel
aacoun
0cos00
LCCGoC
002Ca0
gocoal
20G00G
coeono
gecesas
cooeoc
Gacooo
GOCO3GG
GGoooo
cocego
Coccoo
coooou
oogocoo
ccoaao
caLooo
CCG030
onceoocG
0aotoo
£ogoong

11
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gz

GC10S
Go0lo7
co110

32
33»
34

IFCIX1NELDIXIDOT= GAJeFIN-FO

RETURN ;
END

0cooos
Goco1l3
Coc03a

ALITVO® 4004 g
VNIOLQ

SI @DVq



7.22 ELECTRICAL LOAD

VALUE OF ENERGY,DELIVERED (VDE)

MAX. INPUT POWER (MP1) —»
INPUT POWER (P1) —
RECORDED LOAD (LO1) —— LO 3 POWER REQUEST (RE1)
LOAD PROFILES (PD,PW,PY )—gmmt
TIME INPUTS (TD,DW,HY) —amm

This component represents electrical load either by a user-specified data
file fime history or by a set of random numbers with user-specified daily,
weekly, and yearly average profiles and user-specified random variation.
It also computes the value of the power delivered to the load by the sys-
tem. This value delivered is determined from a user-specified value per
kwh. This value may be input in tabular form as a function of time of day,

time of year, or any other system parameter.

If the user selects to have the electrical load represented by random num~

bers, then the load (L02) is generated from the following equation:

Basic uati
Lo2 = [PD(TD) + CN(t) ] ¥ PW(DWIHPY (WY )3NC

where

LO

PD, PW, PY are the daity, weekly, and yearly profiles, respective-

ly, and TD, DW, WY are the time of day, day of the week, ’and wee

of the year, respectively. NC is a normalizing constant.

CN is a colored noise term with user~specified correlation time, standard

deviation and mean.

k

BCS 40180-2
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Tables Description Units
PD Daily profile {(tabular with TD) kw
PW Weekly profile (tabular with DW) arbitrary
PY Yearly profile (tabular with WY) arbitrary
lnputs

Pgrameter/Port

P 1 Power delivered kw
MP 1 Maximum Input Power deliverable (D = 1x10%9) kw
NC Normal izing constant '

VE Value of Electrical Energy $/kwh
Lo 1 Electrical load data file input kw
TD Time of day -

DW Day of week -

WY Week of year -

cT Correlation time of random noise hr
MN,STD Mean (D = 0) and std., deviation of random noise kw
EF 1 Input Power Efficiency -
Qutputs

Variable/Port

RE 1 Power request kw
VDE , Value of energy delivered (state) $

L@ 2 Electrical {oad ‘ kw
TIiM ‘ Last time a random sample was used hr
CN Colored noise sample ' kw
Statistics

SRE Totai energy requested kwh
SDE Total energy delivered kwh
PC Percentage of load met -

D ~ Default values supplied

BCS 40180-2 ‘ 225



Calcylation Sequence
1) Initialize CN(O) (first pass)
2) Check for data file Input
If LOL = .99999 go to 3)
Le2 = LP1 and go to 5)
3) Generate colored noise CN
If TIM = TIME go to 5)
A= (exp ( -A/CT),CT>0, A= Integration step size, hr)
0. CT=0
CN = AXCN+W,
Where W is white noise generated by RN with
Mean = MN % (1-A) and standard deviation = STD # Y1-A2
4) Compute LQZ
L2 = (PD(TD) + CN) % PW(DW) % PY (WY) 3 NC
TIM = TIME
5) Power request and value dellvered
RE = MIN(MP,LQ2)/EF1
6) Statlistics
VDE = PLiWE

'SRE = SRE + Lo2* A/2
SDE = SDE + Pi%* A/2

PC = 100.% SDE/SRE

LO

BCS 40180-2
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SUBROUTINE LO ENTRY POINY DCO3&N

STORAGE USED CODE (1) 00047i; DATA(Q) 0000SS; BLANXK COMMONt2) 000QCO
COM¥ON BLOCKS

ceo3 cimPL - 0ODOCD1
ageu CsSInUL 0NCO10
oogs CYIHKE . 0GO0001
00086 COST ' 000008

EXTERNAL REFERENCES (BALOCK, NAME)

uoC? RN
ap10 TBLUL
9011 EXP

L 0Cl12  SGRY
;f 0013 NCRR3S

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

01

0301 ccpoe2 16U 0001  0DOCTO 100L 0001 000233 1SqL 0000 R 0OCOOS A 0COD R CODOOC AX
0CGs  0CODOD CC 6006 R 0OOGO% COE 0006  0OCO01 CH 0006 000002 €O 0CO6 R 0DCO0S CRE
DOC6 R COSGO3 CV 3200 R 000011 OLO 0CO5  00D003 DUM 0063 I 000000 IMPL 0CCO  00D022 INJPS
: NeCa 1 CLOCO1 WD 0N3G 1 GOCO02 N 0300 T 00COO3 NY 0010 R 000000 TBLUL 00GS R COpoOG TIME
; 0C04 R 000GO6 TINC 0004 R DICOOT THAX 2007 R 000004 THAXL 0000 R 005013 W 0000 R LODG12 WLO
; 00CO R GCOOD6 WMN 0N50 R 00CUOT WSD 3000 R 000013 YLO
co100 1+ cLo £00002
ce1o1 2% SUBROUTINE LO (PD,PU,PY,VDE,DVD,TVD JRE 4L 02 +SRESDEPCoTIMO XN o 060002
£0101 34 1 7D, OM MYy XNCoCToXMN, STD 4 VESLOLyPHAX 4PO JEF ) ccoco2
20101 4 ¢ {GC002
o101 5% C  PURPOSE  GENERATE ELECTRICAL LOAD FROM DAILY, WEEKLY, YEARLY AND 000062
oc1o1 6% c RANDOM PROFILE DATA AND EVALUATE PERFORMANCE STATISTICS 00GC02
00101 7% c 06002
L0101 24 C METHOD COLORED NOTSE TS ADDED TO A MEAN DAILY PROFILE AND MULTIPLIED 006002
coici 9% ¢ BY WEEKLY AND YEARLY WEIGHTING FCNS. POWER REOUESTED 1S EITHER 505062
00101 10w c THE GENERATED LOAD OR THE MAX. POWER OELIVERABLE. coceoz
co101 112 ¢ C0GCO2
¢0101 12+ € WRITTEN BY A.U.WARREN VERSION 1, MARCH 9 1977 006G02
ccici 13 c £0Ges2
' $0101 14 C  CALL SEQUENCE CCoco?2
co131 15 c TABLES , £0LG02
B oo 10+ c PD — MEAN DAILY PROFILE, Ku 060002
~ elol 17% c PW - MEAN MEEKLY PROFILE, - 00GGS2
<0101 18 c PY - MEAN YCARLY PROFILE, - .0CG02
00101 154 ¢ CO6002
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a0ing
co101
0g101
0c101
£o101
(010l
Loliol
coicy
Loi1o1
20101
S0101
c0101
£0101
Cr101
to101
eoint
L0101
G01901
~G101
01081
D10k
{0101
£0101
Co101
£0101
Lec101
GOIGL3
0Ccioy
20105
Gol106
ag1a07
CO197
G107
co1o7
Lo111l
Qo112
go113
ugliy
£olle
0G120
zp1e1
z0l22
0o1z23
col124
20125
30126
coiz2s
o126
90126
50130
30132
00133
00133
00133
00133
00134

4136

208

21%
22»
23s
24w
25%
26 %
27»
2en
29+
3C*
31s
2%
33s
34
3ne
3o
37
32
39
40w
41%
424
439
uns
45
4e
Yy
yas
499
S0
S1s
52%
53
She
55
56w
57»
SEw
59%
6Ce
6l*
62#
63
6L *
& is
66 %
6T
&R*
&9
7C7
717
12-
3%
Tus
T5»

16%

OO0 NAARSON

c
C
c
c
c
c
10
o
C
[
100

ouTPUTS
VOE - VALUE OF ENERSGY DELIVERED (STAIE),; S
DVD — DERIVATIVE OF VOE
IVO — INDICATOR FOR VDE
RE — POMER REQUEST, KW
LOZ - ELECTRICAL LOAU OEMAND, K¥
SRE - SUM OF ENERGY DESIRED, KWH
SDE - SUM OF ENZPGY DELIVERED, KuWH

PC- - CUMULATIVE PERCENY OF LGAD DELIVERED, -
TIMO— LAST TIKE A RANDOH SAHPLE WAS USED,. HR
XN - COLORED NOISE SAMPLE, KW
- INPUTS
1D - TIME OF DAY, HR
DN - DAY OF MEEK (1-T7)
¥Y ~ WEEK OF YEAR (1-52)
XHC ~ NORMALIZING CONSTANT, -~
CT - CORRELATTION TIME OF RANDOM ROISE, HR

XHMN — MKEAN OF RANDOM NOISE, KW

STD — STANDARD DEVIATIGN OF RANDOM NOXISE, KW
VE -~ VALULC OF ELECTRICAL ENERGY, $/KWH

LO1 — ELECYRICAL LOAD NATA FILE INPUT, XU
PMAX— MAX. INPUT POMER DELTIVERABLE, KW

PO  — POWER DELIVERZO 1O LOAD, Ku

EFf - INPUT POMNER EFFICIENCY

DIMENSION PDU1),PU(1),4PYL1)}

REAL LO1,L02

COMMON /CIHPL/ IMPL 7CSTHUL/ DUMUGE) 4TINC, THAX/CYIME/TINE
COMMON /COST/CC,CM,4CO,CV,CDEL+CRE

DATA AXZ.99999/7

INITIALIZATION
NOD = POL23
NV = PWL2)
NY = PYL2)

IFC(I®PL.GT.0) 60 70 10
IFUXMNLEQ. +79999)1XHMNTC.
THAX]I = TMAX#.99999

TIMNO=-1.
SRE =D.8
SCE =C.0
PC  =0C.J

CPLL RNUXNyAX 4STD4XMNY
IF(PMAX.EQ. «99999) PHMAX = 1.E10

CHECK FOR DATA FILE INPUT
IF(LO1.EQ. +99999) GO T0 100
L0602 = Lol
60 10 15C

GENERATE COLORED NOISE SAHMPLE XN

IFt  TIMOJEO.TIHEY GO TJO 150

A=0.

ocgooz
£0oono2
coosoz
300092
000502
ccoroz
oooeoz
£ooooz
oncoo2
roLpoz
coupo2
Coceo2
GoLacz
cecece
cococnz
£oGoon2
acoroz
goLeaz
Lopoo2
LoGro2
CoLoo2
cncooz
000002
couonz
ccoco?
0oGeo2
6000a2
coopoz
005002
Loopn2
cocooz
coGc002
cCopa2
£00002
cgconz
oGeoll
onwoza
0oco27
tngt32
oogo3e
0oOGGY ]
cooos3
GGLC4 Y
cagoss
COLO46
GOGGSY
GOGESY
000054
£OG05Y
£ouo62
caL06y
00G06E
LGC066
BoCTES
coaoee
rocere
CooG72
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¥
L

o4

L0127y
noiLl
a0142
o143
COLYY
COivs
iR T
J0ius
oCl4e
o047
01880
0151
L5152
3L152
L1152
30153
SG18s
cG157
{G1l6d
L0lel
orel
GC1e3
0L 165
~hibs
coie?
Col740
Z01T7T1

T
Tes
19%
ECH*
Els
g2
gin
By #
g5»
Ebs
ETe
BE~
g%
S5%
gle
g7
G s
948
95
9Es
97
ge.
998
100
1g1ls
1G2 s

103

IF{CT6T7.6.) A = EXPI-TIKC/CT)
WPR = KBEs{l.-A)
WSO = STOSSORT(1e—AtA}
CALL PHIV,AX 4SO, UHKN)
AH = kv W
COMPUTE ELECTRICAL LOAD DEVAND

DLO = TELUMATD,PDINY,POLND*4) ,1,-KD])
WLO = TELUI(OW PW (&) ,PUIHWSE) 41 ,-KW)
YLO = TRLULIUY JPYS4T,PYLINY 44D 41 ,~HY)
LOZ2 = (DLOSXEISULO * YLOSYNC

TIne = TIrEe

| RE = EMIHNI(PHAXL,LOZ2V/EF

PERFOANMANCE STATISTICS

IFUIrPL.LE L) RETURNM

TELIYN.NE. ©) DVD = POSVE

SFE = SRL 4 LO2s3.5¢TINC

SpE = SUE ¢ POsI.SsTINC
TFISRIWGT0.7 PC = 100.#SDE/SRE

TFUTIME LT THAX1) RETURM

CY = GV » ¥DE

CLE= CDE ¢ SpE—~ POSD.S*TINC
CAL= CRE + SRE— LOZ90.SSTINC
RETURN

£ MO

£oop73
GOG116
Lpo122
coL13l
0ooiu)
LeGlyl
ColINl
COCI4S
GDCle4
£ooze3
oCgz22
LeG623C
Loge3s3
£o0c233
Lecess
{oLzyl
6oazsc
oGuzel
ooLzZee
Lepz2ii
0oLz11
CoLzog
Lou3a7
£00212
Goo0z21e
grezas
coLs7C




7.23  MULTIPLY AND ADD

M

PIN

Y

1
G2

!

§

FQ=CT¥FIN + C2

Fo

Inputs

ParametersPart Deseription
FIN ' Input quantity

C1 Input quentity

a2 lnput quantity

Quiputs

Variable/Port

Fa Quiput guantity

Calculation Sequence

FO = CI¥IN + C2

!

MA
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874

SUBROUTINE

ENTRY POINT 000012

STORAGC USED CODE€1) COODODl6; DATALD) QOO0COA&; BLANK COMMON(Z2) CQOO0OOD

EXTERNAL REFERENCES (BLOCX, NAME)

3003

NERR3S

STORAGE ASSIGNMENY

gaco

Go140
Co101
co101
Zo101L
<0101
o101l
tG10t
£o0101
Se1a1
£0131
£0131

yal1ql

JCicl
20101
cc131
cglol
Cp101
20101
00101

00101

ac1d1
00103
go1cy:
col16s

tBLOCK, TYPE, RELATIVE LOCATION, NAME)

000000 INJPS

1

3
4
(3]
(X}
T
o
9%
1Cs
11»
12%
1s
14s
15»
16*
171%
i8s
16
20%
21%
22%
23
24

CHa

[a N a N e NaNeNa R e KaRa N Na RN RaNaNa N Nals)

SUBROUTINE MACFO,FIN,C1,C2)

PURPOSE ~ TO SIMULATE THE EQUATION

METHOD <~ SEE CODINS

HRITTEN BY '~ ADAM LLOYD

LINITATIONS = NONE

INPUTZ0UTPUT LIST

FO OUTPUT VARIABLE
FIN INPUT  VARTABLE
c1 CONSTANT MULTIPLIER
c2 CONSTANT ADDITION
FOSCLoFIN « C2
RETURN
END

QUTPUT=C1¢INPUT ¢ C2

LATEST REVISION

NOV 785

ouUTPUT
INPLY
INPUY
INPUT

VAR
VAR
PARANM
PARAM

(sla}siale]s]
cogoao
coooao
cooceco
cooosg
00008g
£coo0so0
000600
Lpouge
C0063G
voiLooo
L0GOCo
0oCoGo
GCCooe
£OG0CC
£ooeco
coooco
c€loaco
Co0O0GGU
¢000C20
00000
o] es]els)
CCGOD3
GOCD15

v



7.24 MULTIPLY, DIVIDE, AND ADD

FNA o
FNB .
C1 :
c2 |FO=CT*FNA + C2¥FNB + FO
C3 . CIHENAKFNB + CA¥FNA/FNB + C5 o
4 -
CH o

Inputs

Paramefer/Port Description

FNA input quantity

FNB Input quantity

c1 Input quantity

c2 Input quantity

C3 Input quantity

ca4 Input quantity

C5 Input quantity .

Outputs

Variable/Port

Fo Output quantity

FQ = CL¥FNA+C2¥FNB+C3HFNA¥FNB+CAHFNA/ FNB+C5

752 BCS 40180-2
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1374

SUBROUTINE MB

STORAGE USED CODE(L) DOUCEs; DATA(O) COODO2Z23; BLANK COMHMOMN(2) 000000

COMMON

apos
Qoos

PLOCKS

[RMESS GOOCO2
tolsls]ele ]

cio

ENTRY POINT QQOOOS1

EXTERMAL REFERENCES (BLOCK, NAME)

opos
821413
goor

STORAGE

an0l
0202

40108
<0101
#G10}
w3101
£n1ol
50101
<0101
L0131
SCIOL
G101
£6181
£61061
50101
£5131
foicl
<0121
0101
20131
20141
L0131
31383
“Lie1
5101
20101
LGIa1
Je183
S0104

NuDus
H102%
FVERRIS

ASSIGNMENT

£ooo3o
oCocos

1is
2
3
in
5
(23
s
-2
9%
108
11%
12»
13s
14»
15%
les
17s
1E»
19%
2L
1%
22%
2=
Zus
5%
26
27 %

AANAAANDIO AN NN ONAON

AG0L

tBLOCK, TYPE, RELATIVE LOCATION, KAME]

IFATAL

cHe

PURPOSE ~ TO SIMULATE THE ECUATION

¥R

LIMITATIONS - 1F FRAZ0 DURING DIVISIOM, FNB 1S SEY 70 E-20.
DIABROSTIC MESSABE IS GIVEN.

IN

FO
Fu
FM
cl
c2

c3

cY
cs

acog opggnd 20F aoo1
goot 0GDRO1S INJPS oook

SUBROUTINE MB(FQsFHAsFHB,C1,02,C3,4C8;5C5)

ITTEN BY — BEORGE DULEB2

PUTZOUTPUT L1ST

OUTPUT VARIABLE

A INPUT VARTAELE A

B INPUT VAPIABLE B
PULTIPLIER 1
FULTIPLIER 2
HULTIPLIFR 3
HULTIPLICR &
KDPITIVE VARIABLE

COMMON/ERVMESS/IFATALTERR
COHPORICIO/IREAD L IVRITE 4, I0TAG

0oo0s2 30L
DoO000 IREAD

00Gs

LATEST REVISIONM

AKRY
ANy
ANY
ANY
LRY
ERY
ERY
ERY

Y=C18XAsC 20 B+ CIsAASABICAsXA/AB+LCS

nrY 76

cUTPUT
INPUT
ImpPuUY
INPUT
Inrur
THPUT
INPUT
IRPUT

£oggte IDIAG

1 000001 IVRITE

YAR
VAR
Ve

YAR
YAR
VAR
VAR
VAR

OEes

coGoou
copooce
cogeoce
336E00
SOLSGE

i rte bl
LOLESD

CLLsno
CoLeno
rialot g

220256

CupIec
C0LSLG
coLtLoo
COLTOG

LOLLEE

0geool IERR
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10108
¢0106
Q0110
c0112
00113
aC11%
gglle
acites
oo117
cC123
a1l

28
29
3Cs
31w
32
33s
380
35s
36»
37s
38

10
20

30

FO= CISFNA & C2%FNB + C3IeFNASFNB ¢ CS
IFLC4E.£Q.0.99999) GO VYO 3D
IT{FNB.EQ.D.) 60 7O 10

FOZ FO + CasFNAZFNB

RFTURN

WRITE(IURITE ,20)

FORMAT(/,30%, SIHUWARNING- DIVISOR IN MB EQUALS O., HAS BEEN SET=1.
2€-20)

0= FO ¢ CaesFNAS].E+20

RETURN

END

500000
gecuciz
(c]sRcis} B3
gogoel?
opGcozs
geccze
COCCl4
CO003s
felefeoR L)
COGON2
L0CCe3




7.25 MILTIPLY AND ADD

o FP=CI¥FIN + C2¥F1Q + CI*FIP + C4

FIN
F10
FIP
C1
C2
C3
C4
lnpyts
Parameter/Port
FIN
Flo
FipP
C1
c2
C3
C4
<'_g'tml't—o S
Variable/Port
Fo

FO

'

Input
Input
Input
Input
tnput
Input
Input

Output quantity

Calculation Sequence

FO = CL¥#FIN + C2HF 1@ + C3¥FIP + C4

BCS 40180-2

D
quantity
quantity
quantity
quantity
quantity
quantity
quantity

MC
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SUBROUTINE MC

STORAGE USED CODE(1Y 00D024;

ENTRY POINV 0C0020

DATA(O)

EXTEPNAL REFERFRCES (BLOCK, NAKE)

0003

MLRR3S

STORAGE ASSIGNMENT

onao

© 50100

cp1nt
00101
o101
9e101
8610}
toci01
o1l
0101
£9101
0o131
poiol
26101
LG101
ceiol
ocial
poi1al
£0101
£0101
ceiol
colol
90101
on101
0101
£0101
00103
oorGY
02105

(BLOCK, TYPE, RELATIVE LOCATION, NAME)

GCNCo0 INJPS

1s
2%
I
(1 4
s
X
Te
8w
9
1" 1w
11
12%
12»
14
15%
ics

17»

1F»
19%
Zas
Z1»
22%
23
24»
25
268
27s
26w

CANOANAANANNONONOANANODA

c¥c

gO000N; BLANK COMMON(2) 000000

SUBROUTINE MC(FO,FIN,FI10,FIP,C]1,C2,C3,CH8)

PURPOSE ~ T0 SIMULATE THE EQUATION FO=CISFINSC2¢FIO+C3eFIPeCH

METHOD

WRITTEN BY

~ SEE CODING

~ ADAM LLOYD

LIMITATIORS ~ NONE

INPUT /00 PUT LISY

Fo
FIN
FIo
Flp
c1
€z
c3
[}

OUTPUT VARIABLE
INPUT VARIABLE
INPUT  VARTABLE
INPUT  VARIABLE
CONSTANT HULTIPLIER
CONSTANT MULTIPLIER
CONSTAHT MULTIPLIER
CONSTAHT ADDITYION

FO-C1lsFIN+C24FI0+C3sFIp+Ch

RETURN
END

L e R ST

LATEST REVISION

ANY

NOVY 75

QUTPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT

VAR
VAR
VAR
VAR
PARAM
PARANM
PARAM
PARAM

goooeld
0ooooQ
cooooo0
cooooc
cgoooe
coacoo
¢0o00c
000GCG
Gocooo
coGDoo
coGooo
GGGCOU
Goo000
Gcoooa
CoGooo
cGobog
C0CoOoo
GGCGCOo
ccu0od
0eccog
geocac
0ggoagoc
codooo
C0CGoo
oooooe
Gaog0o
ggconll
cooc23

)




MO

7.26  AC INDUCTION MOTOR

POWER (P1) — & POWER (P2)
INPUT m . POWER~—#= MO [~ OUTPUT EFFICIENCY (EF2)
ROTOR SPEED (RS)— & OUTPUT MAX. POWER (MP2)

The Induction motor produces mechanical powar and torque proportional to
slip speed, i.e. power and torque approach zero as the rotor approaches syn-
chronous speed. Two power losses are modeled: a constant mulfiplicéfive term
tue to resistive heating and an additive term due to mechanlecal friction.
Gefault parometers are based on a conventlonal squirrel-cage induction motor/

generator machina.

Baslec Equations

P2 = EE¥PL + ak*RSQ*C

where

PL,P2 = Input and output power

1

EE = clectrical efficlency
DA = mechanical damping

converslon constant

(94
i

BCS 40180-2 257



38

Inputs

Parameter/Port

P 1
DA
RS
RSY
SR
A%
RAP
RAS
EF
MmP
cc
M

'Outgufg

Varigble/Port
P 2
EE

TQ

PL

EF
M 2

MT
MPN;
SP

o,

JOQISNEIIRTNNY S-S ¥ T, ST

Descri
tnput power
Mechanical damping (D = 0)
Rotor speed _
Synchronous rotor speed (D = 1800)
Stator resistance (D = 8/RAP)
Rated input voltage (D = 400)
Rated input power
Rated power siip (D = 0.05)
Input product efficiency
Maximum input power (D = 1x108>
Capital cost/year

Maintenance cost/year

Output mechanical power
Electrical efficiency
Mechanical torque

Power |oss

Output product efficiency

Output maximum power

Maximum torque
Maximum output power/rated power

Output energy sum

D - Default values supplied.

MO

Units
kw
Jjoule~sec
rem

rpm

ohins
volts

kw

—

—

kw
$

kw

ft-1b
kw

kw

ft-lb

kwh

BCS 40180-2



Calculaiion Sequence

1) Compute electrical efficiency (first pass only)

IRAT = RAP#1000/V0O

2
= - 3] ¢
EE 1 SR3¢| RAT/ RAP1000

2) Diagnostics
PL >RAP [ DIAGNOSTIC

SLIP = 1 - RS/RSY > RAS [ DIAGNOSTIC

3) Output power and power loss
W= RSH*2W7/60)

P2 = EE¥PL - DA* W2/1000

PL = PL - P2

4) If P2 > 0 go to 5)
PL >0 [ DIAGNOSTIC
EF2 = EF1, MP2 = MIN(MPL,RAP)

Go to 7)

5) Compute torque
T@ = P2%¥1000/ W ¥k

k = 1.3558 joules/ft«lb

BCS 40180-2
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Calgulation Segyence Cont.

6) Efficiency and maximum output power

EF2 = EF13%(P2/P1)

MP2

MIN(MPL, RAP)#(P2/P1)

7)  Compute Statistics and Costs

MO

BCS 40180-2
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we

SUBROUTINE MO

ENTRY POINT 000312

STYORAGE USED " CODEt1) 000434; DATALO) 000102; BLANK COMMON{23 0DO0CO0

COMMON

ano3
30G%
L0oosS
a3uUe

BLOCKS

CIMPL
CYIME

cos1

0ogo

02

000201
CSTHUL CO0OAN

gooo

10

EXTERNAL REFERENCES (BLOCK, NAME)

0oo7
acio
0011

STORAGE

anom
3001
ooos R
Q000
ooco R
aco6

00100
Go101
coi01
goiol
$01G1
00101
Gol01
ngidal
cainl
20101
00101
G101
£G131
GOl01
£G10}
0101
£o1ial
£olD}
00101
£o101
co1o1

NuDUsS
N1029%
NERR3S

ISSIGNMENT

opcee2
Ggeels
gceeol
ogncee
GLOTOlL
DCOCOo6

1s
2%
3
49
5%
(1]
T
Bw
9s
1Cs
11»
12%
13%
lus
15#
16+
17+
18#
19+
2C%
21%

100t
500L
cn1
INJP
TINC
urv

cuo

AN OOONANDNOON0000N0

(BLOCK, TYPE, RELATIVE LOCATION, NAME)

0ol p0o01D6 2C0L fikeJe]s] CooDOs 208F ool £0013s
poon 000032 sD8F 0001 000201 A0 o001 000235
0006 000002 COP 3005 R 0Q0DODO hum 0003 I 000001
{3 0oGQ R 200003 OMEGA 0000 R 00ODOD2 SLIP 0006 00GCO4
0006 00000S TLD 0D0S R 000007 THAX 0000 R pODOOO
‘0606 000GD3 VDE
SUBROUTINE MO(P2,EE,TOPLyEF2,MP2,HT MPN,SP,
1 P1yDAyRS RSY,SR2VO,RAP,RAS,EF1 ¢#P1,CCoCMI
PURPOSE AC INDUCYION MOTOR MODEL
METHOD MECHANICAL POWER AND TORQUE CALCULATED
FROM TNPUT AC POWER AND ROTOR SPEED
WRTTYEN BY Y.K.CHAN VERSION 1, JUNE 13, 1977
CALL SEOQUENCE
OUTPUTS
P2 ~QUTYPUT MECHANICAL POWER,KW
EF ~ELECTRICAL EFFICYENCY
T0 ~HECHAMICAL TORQUE,FT-LB
PL  ~POMFR LOSS, KW
EF2 -QUTPUT POWER EFFTICIENCY
¥P2 -OUTPUT MAXIMUM POHER,KW
STATISTICS
MY ~HAXIMUHM TOROQUF,FT-LB

300L
sooL
ICNY
TOE
THAX]

gcoo 000017 308F

0CGe
atus
e Re]oL ]

X=X

Cancoa ccx
000200 1IMPL
CuDnso0 TIMLC

o] o] ] G0O007 UTD

0cgooo
pooooo
000000
gooooo
acocog
gogceoe
coaooo
£6000C
ceaoon
Louade
cooooo
cocego
cocooc
cognoe
LGCLOo
gaccac
£occon
cocoag
cogeeoo
cocosoc
creocouo

0
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2-0810% S2d

H

00301
00301
coial
00101
0o101
go101
70131
coicl
w0131
30101
JC101
%0101
301901
20131
00161
40101
wglas
0p103
00134
001Gy
90108
50107
ugli1l
D113
Co11s
co117
Lp121
ociz3

C0124

u012s
00126
€0127
0127
0127
ec127
GG130
C0131
60133
0c14d
‘0a140
30141
GD143
anluy
aci46e
ce1s53
tG153
CCiS4
0G154

GC1sy

J0i54
tgl15e6
00157
Lel160
tfilol
G162
00164
00166

22
23
24+
25%
2€
27»
28%
29%
3C»
31»
32
33
3w
35
36»
37»
lgs
398
40
41s
42s
43
4y
45»
4o
aTe
LE:3
49
SC»
51»
52
53»
Sy
S5
S6¢
ST»
S8
59%
60*
61%
62
63
64
65%
66

. 6%

68%
69%
1C*
11
12%
T3»
Th»
5%
T6»
17>
8%

fONAOAONNDNDONNON

OO0

a0

MPN ~MAXIMUM OUTPUY POWER/RATED POWNER
SP-OUTPUY POMER SuM
INPUTS
P1 ~INPUT POMNER,KW
DA -MECHANICAL DAMPING,JOULE-SEC
RS ~ROTOR SPEED.RPH
RSY —SYNCHRONOUS ROTOR SPEED.RPM
SR - -STATOR RESISTANCE ,OHMS
VO . -RATED INPUT VOLTAGE,VOLTS
RAP -RATED INPUT POWER KW
RAS. ~RATED PWER SLIP
EF1 -INPUT PRODUCT EFFICIENCY
MPl -MAXTHUM INPUT POWE,KN
CC ~CAPITAL COST/YEAR,S
CM  —~NMAINTENANCE COSY/YEAR,S

COMMON ZCIMPL/IMPL JTCMNT/CTIME/TINEZCSINULZDUNLT) , THAX
X /C0SY/sCCI,CHI,COP,VY0DE, TDE, TLD,UTV,UTD
REAL MP2 MT ,MPN,HP}

IF(INPL.GY D160 TO 100
IFIDALED..99999131DAZ0.
IFIRSY:EQ.+99997 IRSY=-1800.
IFESR.ED. 99999 01SP=8 L /RAP
IFtVO0.£Q..999993V0zupn0,
TFANP1.E0..99999)HP1=]1,.E8
IFERAS.EQ.+99999)RAS=,05
TEAXI-TMAX® ,99999

"T:G.

MPN 0.

SP=0.

TINCZOUMIT7Y#.5

COMPUTE ELECTRICAL EFFICIENCY

EEZ1.-SR*RAP*10C0./(V0*VO)
IT0 IF(PL.LE.RAPIGO TO 200
IFCIMPL.EQ.2)WRITE(G6,208)P1,RAP
208 FORMAT(1HO,18H MOTOR INPUT POWER,F12.3423H .GT.RATED INPUT POUWER
1 Fl2.3)
IFUINPL.EQa2)ICNTZICNT+]
2C0C SLIP=).—(RS/R5Y)
IFISLIP.LE.PAS)IGD TO 300
IFCINPLEQW2IWRITE L6 ,308)SLIP 4RAS
3C8 FORMATU(LHC,11H MOTOR SLIP,F12.3,25H EXCEEDS RATED POMER SLIP,
1 F12.3)
IFUINPL.EQL2IICNTZICNT <1

COMPUTE POWER AND POMER LOSS

300 QMEEAZRS*3.14159/30.
P2-LE+P1-DA%OMEGA*OMEGAZL000,
PL=ZP1-P2
Te=0.

IF(PZ2.67.0.¥G0 YO 40O
IFtP1.E.0,3G0 To 409
IFCYHPL . EQ.2IWRITE LG 4408)SR,DA

pacogo
cooooo
€5380aa
[s{ ] Halth]
¢oaooco
gececo
ilalrle]als}
coccac
poooCo
cooooe
©a0000
coocoa
coLeoo
pocodn
Qooooo
gogoog
caGcan
GCcool
0gcLooo
gooooc
GCOGoa
gogeo2
ao0006
Goonl3
G0Op2}
C0co2é
coCo33
00Gou 0
CoCO43
BOCCu Y
cocnss
[sfaJele L ¥
Q0CcOoas
coccouse
OCBCOouG
00c0s)
¢d0062
200365
cocon??
GOGOo77
200607 ?
0Golo6
Loplag
[sls}e3 S R]
CoGi2é6
£0G126
ceol12¢6
0ggi126
a00126
000126
206135
cool1ug
goo147
CoL151
63C152
pacriss
conléc

B3
o Q)
S
= B
f-»)

=i
Ea
2 5

0
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R

co17rs
goi173

a017y4 -

00174
G2L74
celry

Lo176

co17?
Lcenn
06201
00202
pozo3
020y
00235
£0205
0c237
00207
cG207
06207
00211
00212
£c213
00213
op21s
0p216
00217
06217
00220
00221

9%
80
8l
82%
8%
84 %
as5*
86
87+
8B«
89%
SU*
91w
92%
93»
oy
954
96 %
97»
98»
99
10G»
101+#
1C2»
103#*
104
105+
106*
107

c
c
c

0

a0

408 FORNAT{1HO,19H STATOR RESISTANCE

XF12.3,20H TOO HIGH FOR MOTGR )
1F(IMPLEQ.2)TCNTSICNT+]

EFFICIENCY AND MAXIMUM OUTPUTY POVER

409 CONTINUE

400

500

P2=0.

EF2ZEF}

HP2TAMINI(HPL RAP)

60 10 520

EF2SEFiI*P2/P]

HP2ZAHMINLIMPL ,RAP)I*P2/P1
IFIRSWNE G ¥T0=P2%73T7.6/0MEGA

IF{IHPL.LE.1)IRETURN
‘STATISTICS
MTZAMEXILTOWMT)
MPNZAMAX1(P2/RAPMPN}
SP=SP+P2sTINC
IFC(TIME.LT-THAX1)RETURN
cCl=CCcl1+CC
CHI=CHI+CM

RETURN
END

vF1223,121 OR DAMPING o

ogoi72
coorr2
ogc17v2
poo172
000172
gaciz2
GCU201
ccuoz2Qa1
006201
09293
goL211
con213
000216
GoC226
Qoo226
000235
£GG23S
uGo23s
cDL23s
coc243
cocezsi
gccz2e0
006260
COC264
efsd rndy .
Gdcz27e
coczve
cog301
000433

0
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7.27 PONER ACCUMULATOR

PA

POWER REQUEST (REQ) —— =
INPUT POWER

(P1,P2,P3,P4)

PRIORITY SEQUENCE
(PS1,Ps2,PS3,PS4)

MAX. POWER —_—
(MPY,MP2,MP3 ,MP4)

INPUT EFFICIENCY
(EF1,EF2,EF3,EF4)

PA

—— MAX. OUTPUT POWER (MPO)

I POWER REQUESTS
(RET,RE2,RE3,RE4)

= PONER OUTPUT (PO)

This component sums power from four input ports and allocates power requests

to each porf's source of power generation. If an input power request (load)

exceeds the maximum power that can be delivered by the port of highest priori-

ty, then the remaining load is allocated according fo weight within priority,

and then allocated to the next priority ports. (See 1.2,3 for further dis-

cussion.)

8CS 40180-2



lngutsl
Parameter/Port
RE 0

EF 1,2,3,4
P 1,2,3,4
PS 1,2,3,4
F 1,2,3,4

MP 1’213'4

OQufputs
Variable/Port
MP 0

RE 1,2,3,4
P 0

SP

Statistics
SRE

PC 1,2,3,4

Degcription
Load request
Input efficiency from port i
Input power from port | (default = 0.)
Priority sequence (default=1,2,3,4)
Allocation weight (for equal priorities)
Maximum power (default = 1x108)

Maximum deliverable power (L MP(i))
Power request for port i

Power output

Supplemental power request to meet load

(Power deficit) = RE, - ):MPi

Sum of energy requested
Percent of cumulative |load request

delivered by port i

kw

Kw

kw

kw
kw
kw

kw

kwh

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

physical device.

BCS 40180~-2

PA

245



CALCULATION LOGIC PA

e PO = TP(k)
o IF PS(k)€0 SET MP(k) =0 k =1,2,3,4
® MPO = TMP(k)

(MPOl EQ 7 Yt | RE(K) = MP(K)/EF (k)
i o SP = REQ~MPO
INO ® GO TO

\
® INITIALIZE REQUEST LOGIC
SP = RE(k) = 0. K=1,2,3,4
RL = REQ

S
D" (e 0

* SUM MAXIMUM POWER SMP FOR N IS O Y
PORTS WITH PRIORITY I :
! N\
C sMp = 02 ) YES 2

A

| &
( SMP< R

YES

<

~—

?)__NL_..o GO TO FAIR SHARE ALLOCATION

Q) (NEXT PAGE)

® SET EACH PRIORITY I REQUEST .
AT MAXIMUM POWER

e RL = RL - SMP

e G TOQ@

u6 " BCS 40180-2



i

PA FAIR SHARE ALLOCATION

__BCS 40180-2 - -

7

e ROLD = RL

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

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

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

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

( RL = Rou)?} No =@

YES

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

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

eRE(k) = RE(k)/EF(k) k =1,2,3,4

o COMPUTE STATISTICS SRE, PC1,PC2,PC3,PC4

|

EXIT

PA



SUBROUTINE PA ENTRY POINT 000520

STORAGE USED CODE(1} 000752; DATAtO) 000110; BLANK COMMON(2) 0DOOCO

COMMON BLOCKS

0003 CIMPL 020001
: 0004 CsYMUL 000010

LrIVOe J00d JC
- gHvd TVNIDIEO

p
Si

EXTERNAL REFERENCES (BLOCK, NAME)

gocs NCRR3s

STORAGE ASSIGNMENT - (BLOCK, TYPE, RELATIVE LOCATION, NANE)

3001 000376 1000L 0001 000401 2000L 0a6o1 DO023S 2346 o001 000244 281G ocol 000264 2546
3001 0C2306 2736 o001 000325 3056 0001 000363 3256 0001 000104 40L geol 000301 &400L
ono1 000417 SOOL 0001 000301 600L 0001 0o0316 7CCL 0001 000161 8OL oGc1 00353 800L
o}e]v3 CCoO372 900L .. 0304 060300 DUM DuOD R DODO30 FR 0UOD R GOOO42 FRU 00G0 T 000037 1
00U3 1 2CCCO0 IMPL 9060 - 03055 INJPS 0000 1 COCO4L K 0C00 R DO0O34 LL 0000 n DUCU3S CLOLD
00C0 R 200Gl& MP 0co0 R 000004 PR DO0D R NDJ000D R 0000 R DODO2% SHP 0CO0 R 000044 SRI
0000 R COOC43 SRO 0000 R 002020 SW 0004 R DO0006 TINC 09000 R 000636 TINC1 0Goa COBO0T7 TMAX
J000 R 00CCO1G W oGO0 R 0OG0040 XI

00100 1% CcPA o 000009
coiol 2% SUBROUTINE PA(MPO, c0000G
60101 3s 1 R1, R2, R3, R&, 500000
00101 g 2 PO,SP, 006020
90131 Se 3 SR4PC1,PC2,PC3,PCH, 000G0G
coi01 6 [ RD, 006609
co101 7 4 EFY, EF2, EF3, EFS&, ccepoa
20101 8% 5 P1, P2, P3, P, CoCCoo
colol 9 6 PR1, PR2, PR3, PR&4, cOLCO00
uolal 10+ 7 Wi, W2, W3, W4, GOLO3G
50101 11 8 MPl, MP2, MP3, MPY4) (]afefs]els]
0101 12% c G0G02G0

i co101 13+ ¢ PURPOSE . MODEL PONER ACCUMULATOR coCead

- 50101 14 C CDL0a0

3 co101 15% (& METHOD. PRIMARY REQUEST AULOCATION RESULTING FROM PRIORITY oeopoo

c Gei0l 16% c ASSIGNMENTS. SECONDARY REQUEST ALLOCATION RESULTING poGoo0o

r S £0191 17+ c FROM WEIGHT ASSIGNMENTS. 0oo0coeoo

L LG101 18 c THAT 1S, REQUESTS ARE ALLOCATED ACCORDING TO 0c 0000

% tc101 19# (s *  PORY PRIORITY (HIGHEST PRIOYITY = 1} 000000 1

'&a 301301 20 C ¢ PORT WEIGHTS (IN CASE OF EQUAL PRIORTIES. ) CGo000

i o1l 21 c LCLo0G

TG101 22 c FORMAL ARGUMENT DEFINITVION. 0oCcoas >
coi101 2% C Rlyeeny RY POWER REQUESTS IN KW {ouTPUTS ) GOGOoO0




20101
£o101
50101
co1ot
£0191
20101
£0101
60101
co101
20161
£0101
20101
00103
£o1CY
£0105
£019s
G0 105
40135
£0135
C0105
60106
cCi06
20106
L0107
L0167
coig?
L0110
¢0110
G0113
20111
coilt
L0111
00112
£0112
co112
20113
00113
8e113
£o113
G0113
0c11y
00114
Q01il4
5011s
50115
56115
coite
00120
00121
60123
co12s
60127
00121
00133
20135
GG137
20141

200

25%

26¢
27+
2ee
29»
30»
31»
32»
33
389
35
3¢
37
38
39
4C»
ale
42
43
44 »
4se
Yoo
5§79
48
49s
SO
Sl
52»
53s%
S4x
559
St
S7s
S
5%s
6Cs
61
62
63
64
65
bé*
67
6Re
69%
7C»
71>
T e®
73
Tus
5%
T6%
TTs
78%
79»
80»

OO0 NN

OO0 AN N 00 NN NG 0N 00600

a0

HPO TOTAL MAXIMUM POWER . tOUTPUT)

SP SURPLUS REQUESY {OUT PUT)

PO TOTAL LOAD IN KW tOUTPUT)

SR SUM OF ENERGY REOQUESTED, KWH (OUTPUTY)
PClyaeeepPCH PERCENT OF CUM LOAD DELIVERED (OUTPUT)
RO TOTAL POMER REQUESTED,KW (INPUT)
Plyeeey PN INPUT POWER IN KW CINPUTS)
PRlgesey PR& . PORY PRIORITIES {INPUTS)
Wlyeesy W& PORT MUEIGHTS ’ {INPUTS)
MPly eaey MPH HAXIMUM POWERS LINPUTS)
EFly ceey EFW EFFICIENCIES CINPUTS)

COMMON STORAGE

COMMONZ CIMPL 2 THPL

COMMON /7 CSIMUL /7 DUM(6), TINC, THMAX
REAL MPC ,MPI,MP2,MP3,MPY

LOCAL VARIABLES
RIKY IS THE POWER REQUESY AT PORT K
REAL R4}

PR{K) IS THE PRIORIYY ASSIGNED TO PORT K
REAL PRU4)

W(K) 1S THE UEIGHYT ASSIGNED YO PORY X
REAL Wwi4)

MPIK) IS MAXIMUM PONER TO EE ALLOCATED YO PORY K
REAL MP(4Y)

SWEIY IS THE SUM OF THE WEIGHTS ASSIGNED 10 PRIORITY~I PORYS
REAL SuW(y)

SEPET1) IS THE SUM OF THE MAXIHMUM POWER AT PRIORITY-I PORTS
REAL SHP(4)

FRU IS “FAIR SHARE™ UNIT FOR PRIORITY-I PORTS

FRUKY IS THE COHPUTED “FAIR SHARE™ REQUEST FOR PORT K
REAL FR(u)

LL IS THE LOAD LEFT AT EACH POINY IN THE ITERATION
REAL LL,LOLD

IF InPL IS ZERO, YHEN ASSIGN DEFAULT VALUES
IF CIMPL .GV. D) GO TO 4Q
RO = 0.0

IF (PR1 +EQe 0.99999) PRl = 1.0
IF (PP2 .EQ. 0.99999) PR2 = 2.0
IF (PR3 .EQas 0.99999) PR3 = 3.0
IF (PR4 EQ. 0.99999) PP4 = 4.0
IF 4P} JEQ. 0.99999) HP1 = 1,.0£8
IF (MPZ EQ. 0.99999) MP2 = 1.DES8
IF tMP3 EQ. 0.99999) MP3 = ] ,0F8
IF (MP4 EQ. 0.99%299) MPu = 1.0F8

IF{P]1  +EQ. +99999) P1=0.0

coGeoo
coocog
cgcooa
0CoLo00
O0CO0
0063040
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c0143 | alw IF(P2 .ED. .99999) P230.0 €oGas7

0GIs5 B2s IFEP3  .EQs «99999) P32 0.0 Co0063

cr1e7 83 IFEPY  JEG. +99999) PHT0.0 00c067

‘L0151 B4 % SR=L. 00G373

gp1s52 - 85% PC1=0. peGLTy

COLs3 BE® PC2=0. CCOGTS

Do154 87* PC3=0. 020076

20155 BB+ pPCU=O. GDOOT?

00156 89+ TINCIT D.5YINC cgoiog

no157 9Ly &g £ONTINUE onGiog

CG157 g1% c opL10Y

po1s? 924 c: IF THE JOTAL MAXIMUM POVER IS .LE. TOTAL POWER 000194

€0157 93% c REQUESTED, THEN SUBMIYT REQUESTS AT MAX-PONER, SET REQUESY cop1os

c0157 944 c SURPLUS COUAL YO THE DIFFERENCE, AND RETURN poC1oY

L0160 95% PC = PL * P2 % P3 + P4 ocglaas

D016} Se* ITIPRILLELD.D) MP1=0. £0C110

Bel63 7% IFIPRZ.LELD.0) MPZ=0. o011y

20165 IR IVIPR3.LE.U.0} MP3=0. ©og120

DL1s7 99% IF{PRULLE«D.O) MPHZD. coDiz4

00171 190% WFT = MP1 ¢ MP2 + MP3I » MPH 000130

60172 131% 1IF (MPC <6T. RO} 50 T1C B8O ono13s

00174 102 % R1 = WPIJEF1 ‘ Q0p140

gg17s 163% " RZ T MP2JEF2 GoGi43

; £give 104 % R? = MP3I/JEFZ UBG1Y6
[ 0O177 105% R4 = WP4/EF8 coo01s1
! o200 106% SP = RD ~ MPO LoCisy
i ac2ol 1a7* 60 10 5GO GOC157
- aczoz 18w B0 CONTINUE gcelel
r poza2 1c9% c COGI6]
spog2 110% ¢ PROCEFD WITH ALLOCATION ALGORITHM SINCE THE syMm OF Cou161

gczoz 111# c ALL MAXIHUM POWER INPUTS EXCEEDS THE TOTAL REGUEST RO oooiel

aczoz 112% c 500161

pL2o2 113 c INITIALIZATION DOG1b1

poza3 114 tL. = RO goo16l

6oty 115% R1 = 0.0 NGG162

pop205 1163 RZ T 0.D gpL163

002086 117+ R3 = C.0 , geolés

00207 116% R4 = D.D u00165

0Dzio 119+ SP = D.D uDO16s

obzia 125 (4 coul66

00219 121 c IF THE TOTAL REQUEST (DR LOADY IS ZERO, THEN RETURN coaies

Qp21l 122 IF (RC «LE. 0.0) GO TO £00 pogle?

oc213 123 R{1I=R1 CGG171

0czis 124 R121zp2 CODLIT3

06215 125+ RE31=R3 cesl17s

go2ie . 126w R (4 )=RY 00CG177

0217 127* PPL1)} = PR1 ; 0co2o1

‘g 00220 128 PRUZ) = PR2 600203

w 66221 129% PR(Z) = PR3 00C205

N graz2 13c» PRI4} = PRY Co6237

o 06223 121# W1l = Wl geo2it

o 00224 132+ W2y = W2 £oc213

o pr22s 133# W3y T W3 oCL21s

o ¢o22e 134 Wig) T Wi coGz17
00227 135 % HPL1} = BP1 000221

00230 136 MPI2F = HP2 caczz3

= HP3 £oG22s

onz3l 137+ “nerez)
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155%
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159%
16Gs
1619
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163
1648
165
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1e7#
16 6%
169%
17Cs
171%
172»
172y
174»
175
176%
1778
1768
179%
18*
181%
1e2*
1p 3
1843
185%
186%
187%
1BE*
1894
190+
191%
192%
193%
1948

annon

(2]

(3 Nn] 0o an nNoM [a N Xs) (s s Kal

on anNmoO (n]

anNn

100

200

6060

700

HPLYY = MPY

ITERATE ON PRIORITY I FOR 1 = 1, 24 3, &
DO 1000 1 = 1, &

X1 = 1
OETAIN SUM OF MAXIHUM POWER FOR POGRTS WITH PRIORITY I

CSYP(T) = 0.0

DO 100 K = 1, 4
1F CPRUK) EQe XIY SHP(YI} = SHP(I) + MPIK)
COHTINUE

IF NO PRIORITY~I MAXINUM POWER EXISTS, THEN PROCEED WITH

THE HFXT HIGHER PRIORITY
IF tsHPtly .£Q. 0.0) €O TO 1000

1F THE SUM OF ALL PRIORITY-1 MAXIMUM POWER .GT. LOAD
LEFT, THEN GO ARQGUND
IF (SHPUIY «6T. LL) 60 YO 400

THC SUM OF ALL PRIORITY~-I MAXIMUM POWER .LE. LOAD
LEFY, SO SURMIT EACH PRIORITY-1 REQUEST

DO 202 K = 1, 4

1F (PRIK] <EQs XI} RAK) = MP(K}

CORTINUE

UPDATE LOAD LEFT
LL. = LL ~ SHP(I}

IF THE REMAINING LOAD IS ZERO, THEN EXIT THE ITERATION
IF (LL «LE. G.0) B0 T0 2000

OTHERWISE, PROCEED WITH NEXT HIGHER PRIORITY
60 T0 13CO .

CCHTINUE

THE SuM- OF THE PRIORITY-I MAXIMUM POWER EXCEEDS THE
LOAD LEFT, SO COMPUTE AND SUBHIT FAIR SHARE REQUESTS
10 EACH PRIORITY-X PORT

CCHTINUE

SAVE (L FOR LATER REFERENCE
LoD = LL

DETERMINE FAIR SHARE UNITS FOR ALL PRIORITY-IX
PORTS 10 WHICH HO REQUESY HAS BEEM SUsBHITTED
SW(I} = Q.0

Do 700 K = 1,4

IF (R(KY «NF. 0.0} 60 TO 7G5

IF (PRIK] EQ. XI) SE(TY = SHEI} + V(K)
CONTINUE

FRU = 1.0 7 SM{I}
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218
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500

PC3= PC3+SRQ ¢ P3%SRI

FIRST, SUBMIY FAIR SHARE REQUESTS TO PORTS FOR WHICH THE
FAIR SHARE REQUEST EXCEEDS THE MAXIHUM POWER. CONSIDER ONLY
PCRTS T0 MHICH NO REQUESY HAS BEEN SUBMITTED

Do 8CY K = 1, &

IF (R(K3 .NE. Q.G)} 60 TO 800

1 (PRIK) «NE. XI} GO TO 8DD

COMPUTE FAIR SHARE
FR{K) = (Wi} * FRU) #» LL

IF FAIR SHARE EXCEEDS MAXIHUM POVNER, THEN SUBMIT REQUEST
IF tFREK) GE. HPIK)I} RIK) = HP(X}

= = = AND REDUCE LOAD LEFT TALLY

1F (FR{K) <GEe MP(K)) LL = LL ~ HPIK)

CONTIHRUE

IF LL «NE. LOLD, THEN L! UAS RECUTED DURING THE
PROCESSING IN THE *"0DC 300" LOOGP ABOVE. THIS CHANGES
THE FAIR SHARE COMPUTATION. 17 1S THEREFORE
NECESSARY. 7O GO BACK VHROUGH THE “DO 800" LOOP IN
OFDER TO. RECONSTDER ANY PORT WHICH MAY NOW

SAYISFY THE RFQUIREMENTY THAT FR(K) .GFa MPIX)> ONLY
PRIORITY~XI PORYS TO WHICH NO REQUEST HAS BEEN

MADE ARE ELIGIBLE FOR RFCONSIDERATION

IF (LL LY. LOLD) GO 7O 600

FINALLY, SUBMIY REQUESYS TO THOSE PORTS FOR WHICH THE FAIR SHARE
eLTe THAN THEIR MAXIMUM POMER. CONSIDER OMLY

PRIORITY-1 PORTS YO WHICH NG REQUESY HAS BEEN SUBMITYED

DO SC0 K = 1, § )

1F (RIK)} .NE., C.0) G0 TO 939

IF (PRIK) <NE« X1} GO TO 900

RIK)} = FRIX])

CONTINUE

tL=3.0

60 10 2¢cC0

CONTINUE
CONTINUE

FINALLY, ASSIGN OUYPUTS TO NON-SUBSCRIPTED FORMAL PARAMETERS.
ALSO, MODIFY ALL REOUESTS ACCORDING T0 THE INPUT EFFICIENCIES

R1 = R{1) / EF1

R2 = R12) /4 EF2

R3 = R(3) / EF3

R4 = RUY4) /7 EF4

SP = L
IFUIMPLLLE. 1) RETURN
SFO= SR

SRZSR+ RU*TINC1
IF(SR.LE.CW) RETURN
SROZSRO/SR

SRI= TINC1#100./5R
PCl= PCIsSRO + P1#*SRI
PC2= PC2#SRO + P2Z*SRI
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7.28 POWER DIVIDER

PD

INPUT POWER (PQ) —————

POWER REQUESTS ——————t=i
(RE1,RE2,RE3,RE4)

PRIORITY SEQUENCES ———
(PS1,PS2,PS3,PS4)

MAX. INPUT PCMER (MP) ——»=

INPUT EFFICIENCY (EF)——=

PD

—————»POWER ALLOCATIONS
(P1,P2,P3,P4)

b {AX. OUTPUT POWER
(MP1,MP2 ,MP3,MP4)

—————TOTAL POWER REQUEST (REO)

~—————— SURPLUS POWER (SP)

This component allocates power to four ports plus surplus based on priority,

port requests, and allocation weights for equal priority ports. Each port

is assigned a priority sequence from 1 to 4, and a weighting Fi>O, i=1,2,3,4

for proportional allocation among equal priority ports. |f power available

exceeds the power requested for a set of ports of equal priority, then the

remaining power is allocated to ports having the next highest priority. If

power avallable is less than the power requested for ports of equal priority

then power is allocated between them in proportion to their respective alloca-

tion weights.

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

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

- connections to a power accumulator PA. These variables may be used as maxi-

mum power inputs fo other components, although such connections are nof re-

quired. (See 1.2.3 for further discussion.)

BCS 40180-2




PD

lnputs?

Parameter/Port Degcription Units
P 0 Input power kw
RE 1,2,3,4 Power requests of output ports kw
PsS 1,2,3,4 Priority sequence {(default = 1,2,3,4) -
F 1,2,3,4 Allocation weight (for equal priorities) -
MP Maximum input power (default = 1x108) kw
EF Input efficiency -
‘0uf9u1§

Variable/Port

P 1,2,3,4 Output power for port i kw
RE 0 Output power request kw
SP Surplus power kw
MP 1,2,3,4 Output maximum power based on MP kw

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

physical device.

BCS 40180-2 255



bk A

CALCULATION LOGIC

PD

o WT(k) =1

o IF PS(k) = 0, RE(k) = O
® REQ = TRE(k)

k =1,2,3,4
k=1,2,3,4

oP(k) = RE(k)
( REO< PO ? } YES »{eSP = PQ-REO
GO TO
1 NO
®INITIALIZE ALLOCATION LOGIC
P = P(k) =0 k= 1,2,3,4
I=1, PL=PO
YES
1 NO \J I>4 7 )
o SUM REQUESTS SR AND COMPUTE WEIGHTS I=14]
WT FOR ALL PORTS WITH PRIORITY I
YES
(iﬁ SR = 0 ? j}~ (2
NO
Y NO |e GO TO FAIR SHARE
(iﬁSR SPL? ) ™1 ALLOCATION (3
(NEXT PAGE)
YES
1

050 T0 @

* UPDATE PONER AVAILABLE PL

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

BCS 40180-2



PD FAIR SHARE ALLOCATION

POLD = PL

® DETERMINE THE SUM SW OF WEIGHTS

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

o DETERMINE FAIR SHARE FR(K) FOR PRIORITY - I,
NON-ALLOCATED PORTS.

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

e IF FAIR SHARE FR(K) EXCEEDS REQUEST RE(K),

THEN ALLOCATE AMOUNT REQUESTED AND REDUCE PL
BY AMOUNT ALLOCATED.

n

NO
(15 pL = PoLD? )3

YES

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

SP = PL

MP(k) = MP * WT(k)
REQO = MIN(REO,MP)/EF

o EXIT
BCS 40180-2
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G101 18 c * PORT REQUESTS GGCooo
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(C101 2% [o % PORT MCLIGHTS (IN CASE OF [ QUAL PRIORTIES) £0G0ooo
coip: 21% o rQa6aan
c0101 22% C ALLOCATION SCHEME . cacooa
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50105
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20110
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00112
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39
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§3e
44
45
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47
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b9
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- 51e

52
53»
54
S5
56%
S7e
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59¢
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63%
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65»
(YR 3
6T=
68%
69
7_%
11%
T2e
73+
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5%
76
T11s
789
T9%
80w
81 %
828
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[a¥s} a0 aon (g Ne} on aonn
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(20 ]

UPDATE POMER AVAILABLE
EXIT
NO.
1S SUM OF ALL PRICRITY-1 REQUESTS .LT. PD
YES.
FULFILL E2CH PRIORITY-1 REQUEST
UPGATE POWER AVAILABLE (TO PL)
GO ON YO PRIORITY-2 REQUESTS
NO.
ALLOCATE “FAIR SHARE™ T0 EACH PRIORYTY-1 PORT
EXIT.
1S SUM OF ALL PRIORITY~2 REOUESTS ,LT. PL

AND SO ON AND SO FORTH

FORMAL ARGUMENT DEFINITION.

Ploeeces P4 POVER ALLOCATIONS IN K¥ (OUTPUTS)

RC TOTAL POWER REGUESTED (OUTPUT)

sP SURPLUS POWER (CUT PUT)
PMlgeaeyPNl PORYT MAXIMUM OUTPUT PONER IN KV tOUTPUTS
L} TOTYAL POWER INPUT IN XKw (INPUT)

Rlyeses R4 PORT REQULCSTS IN KW LINPUTS)

PR1 ..., PRS PoRT pRrIORITIZS tINPUTS)

Blseoey WH PORT WEIGHIS CINPUTS)

P FAX TMUM INPUT POWER IN KN (INPUT)

EF INPUT EFFICIENCY (INPUT)

COMMON STORAGE
COMMON/ CIMPL /7 IMPL

LOCAL VARJABLES

P(X) lf THE POWER ALLOCATED TO PORT K
REAL PlW)

Rty 1S THE POMER REQUE ST AT PORT K
REAL Rty

PRU{K) IS THE PRIORITY ASSIGNED TO PORT x
REAL PREYD

WIK? IS THE WEIGHY ASSIGNED 7O PORT K
REAL W(4)

SWLX) IS THE SUM. OF TYHE WEIGHTS ASSIGNED 10 PRIOR ITY-Y PORYS
REAL SwWia)

SREI) IS THE SuUM OF THE REQUE STS AT PRIORITY-Y PORTS
REAL SRt4)

FRU IS “FAIR SHARE™ UNIT FOR PRIORITY-I PORTS

FRUK) IS THE COMPUTED “FAIR SHARE™ ALLOCATION TO PORT K
REAL FRU4)

P% I3 THE POWER LEFTY AT EACH POINY IN THE ITERATION
REAL .
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80178
00176
colit7
00200
06201

Lonnanz ..

83s
8y»
ess
1.3
87s
88+
a9
90w
91
92
93
9y
95
LT
97
78
o
13Cs
161+
102»
1G3»
!Gq'
105%
1Tes
107
108
1G58
110%
111»
112»
113e
114
115¢
116»
117%
118+
119+
12C»
121»
122+
123
124%
125%
126%
127»
1289
129»
130=
131s
1329
133+
134»
135%
136
137
138x%

[aNaNals]

N NaeNaX,]

S I °F. SRR,

L1¢]

1s]

IF INPL IS ZERO, THEN ASSIGN DEFAULYT VALUES
IF tIMPL .GY« D) GO YO 40

Rl = C.O
®R2 = 0.0
RY = 9.0
R4 = 0.0

TFA(PM.LEDe 499999} PHMZ1.E8

IF (PRI .EQ. 0.99999) PR1 = 1.0
IF (PR2 €Qs 0999993 PR2 = 2.0
IF (PR3 .EQ. 0499999} PR3 = 3.0
IF (PRY EQ. D0.99999) PP4 = 4.0

IF(PH EQ. 999990 PHMZ 1.[8 )
INITIALIZATION OF F™S

CONTINUE
Fil= 1.
F2= 1.
F3z 1.
Fg= 1.,

IF THE TOTAL POWER REQUESTED IS .LE. TOTAL POVER
THPUT, THEN SATISFY REQUESTS, SEY POWER SURPLUS
EQUAL TO THE DIFFERENCE, AND RETURN
IT(PR1.LE.O.D0) R1=0.0D

IF(PR2.LE.0.0) R2=0.0

JF(PR3I.LE.D«C) R3IZT.G

IF(PRY.LEO.0) R8=0.0

R = Rl + R2 + R3 ¢+ RY&

IF (RC .GT. PO) GO YO 8O

Pl = P1

P2 = R2

P3 = R3

P4 = R&

SP = PL - RO
GO YO 3300
CONTINUE

PROCEED WITH ALLOCATION ALGORITHM SINCE THE Sum OF
ALL RCQUESTS EXCEEDS THE TOTAL AVAILABLE PONER PO

INITIALIZATION

PL = PO

Pl = 0.0

P2 = 0.0

P3 = 0.0

Py = D.0

SP = 0.0

IF THE TOTAL PONER IS ZERO, THEN RETURN
IF (P2 +EQ. G.0) GO T0 3000
Pty = pP1

P12) = P2

P(3)Y = P3

Pty)y = Py

RE1} = R1
JRE2Y = RZ
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cogpoe.
oogec3
ooonas
ooLoCs
600036
L2013
a0co20
Geco2s
006632
coGe3?
Loge3?
ocees?
coacus
coocus
00CGCue
00047
£oocse
GCoG50
oogosa
200C5¢C
[sis]a)elpe]
ogoesl
C0GG5S
00Go61
coones
ooCoTl
ccoovre
000101
cac1a3
coGlos
GoC137
CCG111
CoO114
gocile
600116
gocile
coo116
00G116
coClleé
coolle
coci1v
cooiz2go
cogo121
goc122
cop123
0oop123
gooi23
coo12se
00C126
CoCi3go
caar32
GOO134
Bo0136
000140
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>

00293
802G
£6235
20206
Gaial
G213
geill
a£212
85213
[sf oS8}
o214
ODZ14
0C214
GoZly
“BZ15
GoZ1s

-CC229

GG224
gpeel
oLzez
£GZ23
sg228
£g2z2
op222
CLil2
0gZ3y
oCZie
CL249
00242
Or2Z4y
GCZ4Y
ce2sg
[efsva 2]
OC286
00246
08246
oG2as
Guozsy
[sli¥rats]
08253
802549
L2
CCRES
8257
6L287
G287
go2el
poee?
grezez
L6
g9Cz63
Fod o4 1
LT26%
55253

T2E3
0ozey
TLZEy

140

1418

1429

1438

luy s
155w
186
157%
1474
1559
isl»
151
1529
152
156

1559

156
17
15Fs
159
IO
1&61%
162»
1628
14
15
1668
167
1¢es
169
1709
171s
172
173w
17448
175~
176%
177s
1718
17%%
1859
121

. 182%

1238
1E4»
1208
1868
1E7»
1EEs
129
190
191 %
192
193«
1944

1958

196

aano

(o BN o |

ataonNna o [x%s} oo AN Aano

0D

100

2oy

LR}

628

gty = R3
Ri8Y = BY
PEL1) = PRI

PPL2) = PR2
FPI2Y = PRI
FRUY)Y = PRY
¥iil = ¥i
§121 = ¥42
ViZy = W3
BUE 'S I ]

ITERATE ON PRIORITY I FOR I = 1y 29 39 ¥
Oo 1083 1 = 14 »

X1 = 1

OFTAIN SUM OF REQUESTS FROM PORTS WITH PRIORITY I
SEITY = G0

WTI=0.O

oo 150 K = 1 A

IF (PPIKY JECG. XID) SRUIY = SRII) » RiX)

TFIPHIKT JEQ. XI) MT= WT+ W(K)

COHT INUE

1FLPR]I +EGW X1} F1= M1/MY
IFt PR2.EQ~ X1) F2 =W2/¥T
TFLPRY LEG. XTI} F3= W3/497
IFIPAG +EQ. XT) FAZ W8 /NT
IF(PLL.LELD.B)Y GO TO 1900

IF N0 PRIORITY~1 REQUESTS EXIST, THEM PROCEED WITH
THE NEXT HIGHER PRICRITY
1F 1sSP1l) «EQ. G.0) GO TO 1830

IF THE SUM OF ALL PRIGRITY~I REQUESTS .5T. POWER
AVAILABLEy THEN 60 AROUND
IF (5R41) 6T« PL) BG TO 800

THE Shs OF ALL PRIGRITY-T1 REQUESTS .LE. POWER
AVATLABLE y €0 FULFILL EACH PRIOCRITY~1 REQUEST
Do 280 K = 1, &

IF (FPRIRY SEGe X1) PLK) = RIK)

CoNIINUL

UPBATE POVEFR AVAILABLE

PL = PL ~ SHEII)

60 TO 1G50

CONTINUE

THE sim OF THE PRTORITY-T REQUESTS EXCLEEDS THE
PONER BAYATLAELE, SO COMPUTE AND ALLOCATE FAIR
SHAFE 70 EALH PRIORITY-1 PORT

CONTINUE
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£noplse
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L36163
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LLol64
LLClbs
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cuG172
agL172
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coL1r2
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LGG17¢&
Ga¢2a2
£0Ccz32
toczar
Lacwel?
£0L217
opG217
slsb¥rdy
ogpess
sisis A Bl
Louz4ad
o0o2s 1
LoGc2s 7
cageaey
£nu2es2
Ca0uZs2
6O0C2s52
6GG252
GOC254
G0G254
LoLz2es
plsisyd-L
CBE263
£pczes
LOLZ71
ooe271
cocz71
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coGL27y
coLz78
Gagcz7é6
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LOoozZie
Logz7¢
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¢-0810¢ S04

0268
G0265
GC26S
60265
D0265
Go266
Lo2e7
30272
co27s
£cz7e
LG320
£o3ad
LCZ03
a3s utah
JG300
Leszed
LL30Y
T304
LC336
CC35e
£ozoe
CO0313
cG318
CcLI1d
6211
£6311
0c213
co31s
©o315s
£g315
ca31s
50315
50315
Ca315
rp31s
00315
cp31s
80317
G317
cC317
acs17
03317
30321
0C 32y
£3326
06330
0231
00333
90333
GC 334
BG33Y
GCI3y
00334
02234
GE3%6

00337

197
198«
199
2CCe
Z2C1s
202
203

2hu

2G5
2LEs
20T
2LE%:
20%s
210
2ils
21 2%
213
214
Z154%
216»
217s
218»
221G
2205
21
222%
223
224%
225%
226%

2278

22E»
2299
23Cs
231
232+
233s
Z234»
225«
230w
231%
23Ew
239
2434
24l
242 %
24 3%
2454 %
245%
246
247%
2HE ¥
249 %
253%
251%
rgarad

a0 0

T00

aNaNeNale;
L3

an [a el

[a}

800

s EeBaFeNeNuNalalsl

[eEasNel

90

©

1800

[N NeNg!

SAYE PL FOR LATER REFERENCE
POLD = PL

DEYERMINE FAIR SHARE UNITS FOR ALL PRIORITY~=I
PORTS FOR WHICH NO ALLOCATION HAS BEEW MADE
S¥LIY = 0.0

00 700 K = 1, 8

IF (PIKY .NE. 0.0) 60 TO 709

IF (PR(K]) +EQe XL) SULIY = SW(I) + WtK]
CONTIMUE .

FRU = 1,0 /7 SWi1}

FIRST, ALLOCATE FALP SHARE 1D PORTS FOR WHICH THE

FAIR SHARE EXCEEDS THE REQUEST. CONSIDER ONLY PRIORIYY-I

FCRTS, AND COKNSIDER ONLY PORTS TO WHICH MO ALLOCATION
HAS YFT BEEH MADE

DG BI3 K = 14 4

IF (PIKY <NF. 0.0) GO T0-800

1IF (PRIK) .ME. XI) GO TO 800

COPPUTE FATR SHARE
FRIKY = (WK} = FRUY » PL

IF FAIR SHARE EXCEEDS REQUEST, THEN FULFILL REQUEST
IF (FR(K)} .GE. R(K)Y PIK)Y = R(K)

- =~ = AND REDUCE AVAILARLE POWER

TF (FR(K) +EE. R(X1) PL = PL - PtK)

CONTINUE

IF PL JNE. POLD, THEN PL WAS REDUCED DURING THE
PROCESSING TN THE DO BCO™ LOOP ABOVE. THIS CHANGES
THE FAIR SHARE COMPUTATIOH. IT IS THEREFORE
MECESSARY TD GG BACK THRQUGH THE “DO €CO% LOOGP IN
ORDFR 10 RECONSIOER ANY PORT WHICH MAY NOW

SKTISFY THE REQUIREMENT THAY FR(K) .GE. R(K}. ~ONLY
PRIORITY~1 PORTS FOR WHICH NO ALLOCATION HAS BEEN
MADE AHE ELIGIBLE FOR RECONSIDERATION

IF (PL «HE. POLDY GO TJO 600

FIMALLY, ALLOCATE POWER YO YHOSE PORTS REOQOUESTING

MCRE THAN THEIR FAIR SHARE. CONSIDER OKNLY

PRIORIIY~1 PORTS FOR MWHICH HO ALLOCATION HAS EBEEN HADE
P 902 % T 1,y 4

IF (P{K) NE. 0.0) GO 7O 903

IF (PP(K) «HE. X13 GO T0 900

PIK) = FREK)

CONTINUE

PL = [0

CORTIHUE
FINALLY, ASSIGH OUTPUTS TO NON-SUBSCRIPTED

FORKAL PARAKETERS
PL = Pr11

p2 = Pg2)

800276
[otsher g
co0276
coo276
£0a27¢
ccoz2711
000303
C0G303
000304
L£00314
cLa3la
00G31 &
U0U31Ls
006314
GOC31s
GOG31w
cou322
£eo32z2
500323
£o00323
coG323
onG32e
60032¢e
Gog32e6
pooz32
coG332
00G3sC
Cog351
CCG351
€OG351
800351
£oe3sl
C0G351
BGL351,
GOC351
goussl
G0G351
C03351
€oC351
£co3s1
GCC351
£00351
£OC3s7
LoG3s57?
Go03ed
£0G363
£oo3e?
CoCc361
ccosen
CoG373
coo373
ooG373
CoC373
coc3ns
GeoB3I73
£90375
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Qo341
£e3u2
00343
00344
00345
40346
00347
0c3so
o351

258 %
255%
256%
257»
258%
259%
260
261%
26 2%

3oog

P4 = PLy)

sp = PL

PMI=PHaF]

PH2=PHIF2

PH3I=FP¥sF3

PHU=PrSFY

RO= AHIN1CRO,PMI/EF

RETURH
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00GC40e
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CpG416
cugcuzl
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7.29 PRIORITY INTERRUPT

INT——2m

PS1
PS 3~

PI

g P S 2

3PS 4

P

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

power requests when minimum or maximum capacity is approached.

Jlnputs
Parameter/Port
PS 1
PS 3
INT
Ouiputs
Variable/Port
PS 2
PS 4
Equations
PS2 =
PS2. =
PS2 =
PS4 =

PS4 =

Input priority for PS4 output
input priority for PS2 output (defaul t=PS1}

D

Interrupt flag

Output priority for charge cycle
Output priority for discharge cycle

PS1 if INT=0

1 if INT>0
0 if INT<O
PS3 if INTSO
0 if INT> 0

ri

BCS 40180-2
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SUBROUTINE PI ENTRY POINT 0ODOND

STORAGE USED CODE(1) 050061; DATA(O) D00010; BLANK COMMON(2) 00GODD
COMMON ELOCKS

0003 CInPL 000501

EXTERNAL REFERENCES (BLOCK, NAHE}

(+]o]e] | NERR3S

STORAGE ASSIGNMENTY  (BLOCK, TYPE. RELATIVE UOCATION, NAME)

c001 0GLo10 10L 0C03 I 000000 IMPL 0ono 000002 INJPS

30100 1s cP1

colol 2% SUBROUTINE PI(PSZ,PSE,PS1,PSIZINT)

colol 3s Cc

40101 L C PURPOSE CHANGE PRIORITY OF POVER ALLOCATION TO STORAGE COMPONENTS
20101 -1 2 c

<0101 6 c WRITTEN BY AN WARREN VERSION 1, APRIL 14 1927
ceiol 1 c

2610l A c CALL SEQUEHNCE

opiol S c PS2 - OUYPUT PRIORIYTY (0O 7O &)

CCIG1 10 c PS4 -~ OUYPUT PRIORITY (COMPLEMENTY TGO PS2)
CGlol 1l» [of PS1 <« INPUT PRICRITY FOR PS?Z

0olol 12# [ PS3 - INPUT PRIORITY FOR PSY

o010l 13» (o IKT = INTERRUPT FLAS

00101 14n [of 0= NO INTERRUPT

col1ail 15 c 1= THCREASE ALLOCATYION PRIORITY
ogial les C ~1= DECPEASE ALLOCATION PRICRITY
o101 17 c

0133 18 REAL TNT

LCl34 19 COMMON JCIMPLZIMPL

GD;US 208 IFLIMPL.GT«D) GO YO 10

co1ar 21e IF{PS3.EQe +99999) PS3I=PS]

Lo107 22 c

o111 23s 10 Ps2=pPsi

Lo1liz 4% pSu=ps3

ool 25% IFIIFTE6T.0.) PS271,

Lo1ils 26* : TF{THTLT+Ca) PS250.

BN 27= TF{IHNT.GT.0) PS&= Q.

G121 28% RETURN

60122 - 29 END

Goooca
£006a0
£ogooo
€30600
Cocooo
r£poo0a0
LoLcoo
£08Ca0
LoLsCe
tolose
cocaoe
cocooe
LOooce
cacooe
£ooeoe
CoGeon
g8aoaa
cocoroo
GOGGoa
Loacoo
coopg2
500002
£poolc
Cogor1
Copoo1 3
<oor2c
eocezs
oot
pooneo



PU

7.30 HYDRAULIC PUMP

INPUT POWER (P1) i , MASS FLOW RATE (M)

MAX. I(NPUT) POWER —— PU | MAX. OUTPUT POWER (MP2)
w1

INPUT EFFICIENCY —#= —=e OUTPUT EFFICIENCY (EF2)
(EFY)

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 fo 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 =  PL¥EFF/ (C1¥C2¥%H1)

EFF = 1 — (1-EFD)3#SQRT(MD/M)

where C1, C2 are conversion constants

BCS 40180-2 -



PU

lnputs

Parametfer/Port Degcripfi Units

P 1 Input power ‘ kw

H 1 Height of water above inlet £t

EFD Pump efficiency at design pt. (D = 0.90) -

MD Mass flow rate at design pt. (D = 2X105) gal/h

EF 1 Input product efficiency -

mpP 1 Input maximum charging rate Kw

M Maximum al lowable mass flow rate (D = 3X1O5) gal/h

CK Pump capacifty cost coefficientt(p = 0.011)

FO Pump exponent for cost calculations (D = 0.5) -

Y Pumphead exponent for cost calculations (D=0.25}) -~

Outputs

Variablie/Port

M , Output mass flow rate gal/h

EFF Pump efficiency -

cco Pump cost/year $

EF 2 Output product efficiency -

MP 2 Maximum output power Kw
igtic

Mmau Maximum output mass flow rate gal/h

D - default values

1 ) ' ‘ ‘
CK = capital cost (known unit)/((MD¥481.2)3FO¥HL 3*Y ¥ expected |jfe time)

BCS 40180-~2




PU

The calculation sequence and default values assume a constant speed hydraulic
pump nominally rated for 120KW and located 200 ft. below a reservoir. The
equations relating the various physical quantities and the cost estimates

are based on first principles and the data presented in Reference 1, and the

cost estimates on Reference 2.

Calcyiatl Seguenc

—kwh

-6
C1 = 0.377%10 Tolb

C2 = 8.3398 Ib/gal

1) Costs (first pass only)

oC = CK*(MD*481. 21" DwHLiewy

1. L. Marks and T. Baumeister, '"Mechanical Engineers Handbook", McGraw Hill,
N.Y., 1958, Section 14, p. 19.

2. Carson and Fogleman, '"Comparison of Methods for Converting Existing Power

Plants to Pumped Storage Facilities", International Engineering Company,
“Inc., 1974. |

-.BCS _40180-2
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2)

3)

4)

Mass flow rate and pump efficiency
If PL £0, set EFF =1, M =0 and go to 3)
Solve the basic equations for M and EFF using:
X3 -XA+B=0
where
A = P1/(C1®#C2¥#HL)
B = A¥(1-EFD)¥ VD
M = X2
EFF = 1-(1-EFD)¥ VMD/X

Product efficiency and maximum charge rate
EF2 = EF1¥#EFF

MP2 = MINIMPL¥EFF,  MMNCLHC2¥HL?

Compute Statisfics and Costs

BCS 40180-2

PU
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¢-0810F S09

0Lz

SUBROUTINE PU

ENTRY: POINT 000216

STORAGE USED CODEt1) 0O0313; DATA(D) DQODD3I3:; BLANK COMMONtZ) 0ODCOOOD

COMMON BLOCKS

Qoa3
ao0s
0ocs
00cs

cIiupPL 000001
CTIME 0000012
csImuL G0GN10
cost cagrol

EXTERNAL REFERENCES (BRLOCK, NAME)

JOCT ~ CURIC
0010 XPRR
oe1l SORY
0012 = NEFR3S
STORAGE ASSIGNMENT (BLOCK, TYPE, RELATIVE LOCATION, NAME)
gool oonc73: 100L ocol 000182 200L 0000 R 000008 ANS 0000 R 000002 A3
Gno6 R 0O0QOD CCI 0C0o0 R 000001 C1 000S 000000 DuM 0po3 I 000000 IMPL
0004 R DQOCDOC TIME 000S R 030007 THAX J00C R DOOCODO THMAX]:
colo0 1e cpPu
£oIc) 2% SUBROUTINE PUCHLEFFGCCL,EF2 MP2,M2U,P1 H1 ,EFD (HD EF1yHP1 4 MM
o101 3s 1 2CK3FQO,.Y)
co1Q1 Ys [ o
£0131 S5 (o PURPOSE PERFORMANCE OF HYDRAULIC PUMP
co101 (24 c
00101 74 C ME THOD COMPUTE PUMP FLOMW RATES ASSUMING CONSTANT SPEED WITH
50101 &e C
£o101 9% [of EFFICIENCY A FUNCTION OF SORT(FLOW RATE)
co101 10s c
coiol 11% C WRITTEN BF F. 0. MAHONY VERSION 1, MARCH 29 1977
Loicl 12% C
gnpiecl 13= C CALL SEQUENCE
<0101 lus [« ouTPUTS
c0101 15 (o8 M = QUTPUTYT MASS FLOW RATE, GAL/HR
00101 162 [« EFF~ PUMP EFFICIENCY
r0101 17» c CC - PUMP COST/YEAR, S
201401 18» (o EF2 - OUTPUT PRODUCT EFFICIENCY
00101 19% [ MP2 — MAXIHMUM OUTPUT CHARGE RATE, KW
5101 2L c M2U -~ MAXTHUHM OUTPUT MASS FLOW RATE, GAL/ZHR
coicl 21 C
criol 229 [od INPUTS
NN S ~ INPUT POWLR, K¥

ISRTRNY - N

0G0O0 R QpO0D3 Ax
gaco G0QC020 INJPS

Looaooe
00ocoo
006000
000CG0o
tpocoo

cogoogo

Cyo00c
L0oooa
00GGO0
£0Go00
6CoO06
600G00
300000
LDOUOAC
£0Gooo
800020
L0CDG0
coGceo
00530
£0600G
coc0o0
Co602G
£ocooo

Nd

o g pent




L

Es

R

1z

¢-0810Y SO9

20101
celc01
£0101
c0101

20101
96101

0Cc161
70101
cC101
20101
colo3
ool103
00104
afepYel ]
30105
c01GS
Colo7r
C01G7
ap1la

J0119

30111
0C113
60115
co117
60121
60123
20125
60127
GD127
€0133

00131 .

ap132
00133
00133
Qo133
Go133
00135
GD136
20136
oc137
Cco14Q
00140
00142
00143
Co143
06143
CC14a3
0014y
2C145
N0145
a0146
T0146
00146
Q0146
{0150
<0150
EC151

24%
25%
26"
27
2
29%
30
31
32
3is
34
3t
36
37
388
39
4Ce
41

‘42

438
Yy e
45
4e0
47
48e
49
50s
S1s
52#
53
Sus
85
56w
57«
5as
59«
6C*
61s
62%
63"
64 %
65%
66
67"
68
65
it
T1»
12»
73»
T4»
759
T6%
17»
78
T9%
als

[2 B 2 | o 0 [ e NN e N NN R Na ol y

O0n

[2Ne el

(222l ] (2]

(2]

100

200

Hl = HEIGHT OF WATER AROVE INLET, F7Y

EFD - PUMP EFFICIENCY AT DESIGN POINT

MD ~ MASS FLOW RATE AT DESIGN POINT, GALZ/HR
EF1 - INPUT PRODUCT EFFICIENCY

HP1 = INPUT MAXIMUM CHARGING RATE, KM

MM = MAXTMUM ALLOWABLE MASS FLOW RATE; GAL/HR
CK =~ PUMP CAPACITY COST COEFFICIENT

FO = PUMP EXPONENT FOR COST CALCUL2TIONS

Y ~ PUMP HEARD EXPONENY FOR COST CALCULATIONS

COMMON /CIMPL/ZIMPL /CTIHME/ZYIME/CSIMUL/DUMIT) (TMAX ZCOST/CCI
REAL MyMP2¢H2UNDyMP] oMM

IFCINPL.GT.0060 TO 100

THAX1IZTIMAX®,.99999

C1= 3.14941E-6

IFC(EFN.EQ. «99999)EFD=0.9
IFIMD EQe <99999)MD =2.0ES
IF(NP1.EQs -99999)IMP1=]1,.E8
IFEMM EQe .999991MM =3.0ES
IFECK «ECs «99999)CK =0.011
IF(FO +EQe +99999)1F0 =0.5
IFLY «EQ. +99999)Y =0.25
CC =CHe(HD# 481,21 ¢sFOeH]I*wY

H2U =C.0
EFF= 1.0
M= C.0

IFtPl .LE. 0.0) G0 TO 200
SOLYE CUBIC EQUATION FOR M AND EFF

A3z ~P1/1Cl%H1}
A4 =-A3%(]1.0-EFD)I*SORTI(MD)

CALL CUBIC(A3,A4,ANS)
IF(ANS,LE.0.) GO TO 200

M. SANS*#2
EFFZ1l0-01.0-EFD)*SQRTIMDDI/ANS

PRODUCT EFFICIENCY AND CHARGE RATE

EF2-EFySEFF
MP2=AMIN] (MP1ISEFF ,HMoH12C1)

IFCIMPL.LE. 1)RETURN
STATISTICS
H2UZAMAX I (H2UH )

IFITIMELLT.THAXTIIRETURN

co0oago
000000
oo0Go0o
caonoo
wogoac
Ggasoo
goosco
£opooa0
56000
coenon
£oocao
00000a
006000
togooo
000000
[elalspatede}
a00a02
ongeoz
cocoos
00GGOS
posco?
cooecxy
copazi
Lognze
0oovu33
GROUCLHOD
oouoss
ocogse
6oGos2
000071
£oLa73
000074
ooooTs
ceonrs
0ooa7s
6O0007S
goploo
ccol1gs
£oG105
000115
020122
poo0122
ooo12s
L0o13n
000130
000130
GCGC130
000xu42
s} R
coo144
Co0156
Ca0156
Lo01S6
Cog1s6
003165
Couies
ool

4004 0
r[VNIDIH0

RLYIVNO
g1 @Hvd

Nd

-y - aadbGatins: &
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(444

2-0810% S8

s0151
Q0153
G0153
2015y
0015%

Bie
82%
83w
Buw
a5=

CCI=CCIsCC

RETURM
END

000173
600202
c0O202
opc20s
GoG312

nd



7.31 AC-DC RECTIFIER

AC POWER (P1)

INPUT MAX. POWER

(MP1)

RE

—

—

RE

| DC POWER (P2)
-~ QUTPUT EFFICIENCY (EF2)

—® QUTPUT MAX. POWER (MP2)

This component models a solid-state rectifier/transformer. Power losses due

to resistive heating and contact potential loss are modeled. Default parameter

values determining power losses are based on 200 kw rated power.

TRANSFORMER

e

i

FIGURE 7.31:

BCS 40180-2

RECTIFIER |

RECTIFIER FUNCTIONAL DIAGRAM
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B et CO S ERTATE

e LTI e R e

inputs
Parameter/Port

P 1
RT
XT
VAC
OR
RR
RAP
EF 1
MP ‘ 1
cc

Outputs
Variable/Port
P 2
1AC

PL

EF

MP

Degcripti
AC input power
Transformer resistance (D = 0)
Transformer reactance (D = 0.03)
Rated AC voltage (D = 440]

Rectifier contact potential (D = 0)

Rectifier resistance (D = 0.02)
Rated inpuf power

Input product efficiency
Maximum input power (D = 1.x108)

Rectifier cost/year

DC output power

AC input current

Power loss

Output product efficiency
Maximum output power

D ~ Default values supplied.

kw
amps

kw

Kw

BCS 40180-2



Calgylation Sequence

1) Compute franstormer power angles

Y = SIN(8) = VERXTHP1¥1000/VAC?
ABS(Y)>1 [> DIAGNOSTIC

2} loput and output current

If PL €0 set P2 = IAC = PL = 0., EFF = 1 and go jo 4!}

IAC = VAC VES®ETE] / ( VIRXT)
wo=vac Yo-2¢ VISY2 / ( VIEXT)
IDC = T#IAC / VB

3) Power loss and output power

PL = ( VSRRTHIACZ + |DCH{DR+|DCHRR) ) /1000
P2 = P1 - PL
EFF = P2/P1

P2 £0 [ DIAGNOSTIC, EFF =1

4) Efficiency and maximum power

i

EF2
MP2

EF1#EFF
MIN(MPL , RAP ) %EFF

it

5)  Compute Costs

- BCS 401802

RE

275
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SUBROUTINE RE ENTRY POINT 000257

STORAGE USED CODERL1) ©00352; DATA(G)Y O0D073; BLANXK COMMON(2) 000000

COMMON BLOCKS

¢-0810% Sod

0003 Cl¥PL  0DGDO2
afslel CT1ME . 0OOCOL
2005 CSTHUL CDODL0
apge cosT £ooo0ol

EXTERNAL REFERENCES (BLOCK , NAME)D

aea7 Kwbus
Q010 %iozs
0011 SGRT
ae12 NERR3S
STORABE ASSIGNMENT (BLOCK, TYPE, RELATIVE LOCATION, WAME]
acel Jo0042 100t siste]s)] 600307 108F o0co1 000100 200L geol 000117 300L s§aks]o) 000034 308F
g001 Con2l4 8030L 0poe R 0OoOoCO CCI Qoos 0ogon0 buM 0000 B 0DCOO6 EFF Caos3 I 0C0031 ICNY
05o0g R GOGOUOOD Toc 0003 1 002380 ImnpL 3009 coCBs1 INJPS 0c00 R QOCOO1 PL 0GG0 R COD032 ROOTZ
C004 R 0CCOO0 YIME 0ggs R NOCOO7 THMAX OCO0 R DOOGC3 TMAXL Q000 R 0OUDOCK Y GCO0 R LOOOCS YY
6o100 1s CRE coonoe
£0101 2% SUBROUTINE RE(P2,JAC,PLEF2,MP24P14RT JXT VAL DR RR,RAPWEFLHPL,CC) 0go4aoag
£gi101 s c tocooo
90131 LE S c PURPOSE SOLYD STATE RECTIFIER/TRANSFORMER MODEL GoCcog
o101 s C CoC20¢8
Coi101 (24 c METHOD COMPUTE QUTPUT DC POWER AS Ak FUNCTION caggece
Co1dl 1 C OF INPUT AL POWER £geoge
toio} B® 1 tgaooo
Goi01 9 C WRITTEN BY Y. K, CHAM VERSION 1, JUNE 1, 1977 COGCo0
col1o1 10s [ falsprisishs]
£G1d1 11 C CALL SEQUENCE cocooa
00101l 12+ c oUTPUTS 0o0poo
<0101 12 c Pz ~DC OQUTPUT POWER, Ki coceos
L0101 1ys c IAC -AC INPUT CURRENT, AMPS Loccao
Le1a1 15» Cc PL ~POMER LOSS, Ki £00o00
LoiayL ibe 4 EF2 —-0UTPUT PRODULT EFFICIENCY cespoc
£oi101 17+ C KP2 -HAXTHUM OUTPUT POWER, KW Co8nod :
£G101 12% c TNPUTS LoGoco
L0131 1g» c P1 ~AC TNPUT POVWER, KW £ooroo m
Cc RT ~TRANSFORKMUR RESISTAHCE, OHMS [sielejslapy
C AT  ~TRANSFOSFER REACTAHCE, OHMS {06530
Rl s 8 e DBTEL AL YN TESE . NOLTS ceoE0n

b s b iyt
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2-0810% SO8

Lz

co101
£o101
to101
c0101
oe101
£5101
c0101
GO103

' 00194
Lcolgs

¢oiay
t0107
Co111
g0l13
co11s
o117
co121
t0123
00125
69127
tciz27y
50127
00127
Co130
co1sl
00132
GO134
eClu2
Qolu2
00143
qCl4s
00145
agl4as
70145
0clus
0150
cois1
00152
GOls3
0015y
00154
4Gi55
60156
oQl1s6
La1se
CQl56
00157

SU0160

oClsl
¢0162
00164

EASE !

0C172

00174
(3a175

L0175
reiTs

23¢.

28
25
26¢

27

28"
2%
30
31%
32
33
348
35
369
17s
38
39
4Ge
41
4z
43

4y

459
Row
4T
4
49
50
S1#
52%
53
Sys
55»
S ¢
ST
58
59
60»
61%
62%
63
o4 »
65
6 *
67%*
68%
69
T0»
71
72%
Ti*
Ty
15*
TE*
T
Tu*
757

(e N aNaNaNaleNal

[aKs N2l

DO Mm

onn

100

108 FORMAT(IHG,19HRE, AC INPUY POWER ,F12.3,49H 700 L ARGE IN RELATION
1TO TRANSFORMER REACTYANCE F12.3,22H AND RATED AC VYOLTAGE ,Fl2.3)

20D

300

308

DR -RECTIFIER CONTACT POTENTIAL, VOLYS
RR -RECTIFIER RESISTANCE, OHMS

RAP. ~RATED INPUT PONER, Ku

EF1 -INPUT PRODUCT EFFICIENCY

MP1 -MAXTMUM INPUYT POWER, KW

cC -RECTIFIER COST/YEAR, $

COMMON 7/CIMPL/IMPL ,TCNT/ZCTIME/TIME/ZCSTIHUL/DUNIT I , THAX/COSTZCC]
REAL JAC,MP2,M4P1,T0DC

DATA PL/3.1415%/

BATA ROOT3/1.73205/7

IFCINPL.GT.0) GO TO 100
IFC(MP1.EQ..99999)IMP1=1,.£8
IT(RTIEQ..$9999) RT=0.
IFEXT.EC..99999) XT=,03
IFEVAC.EQ.+99999) VAC=840,
IT(DRE£Q..99999) DR=Q.
IFERR.EQ..99999) RR=z.02
THAX]I-TMAX$.99999

COMPUTE TYRANSFORMER POWER ANGLES

YZROOT3*XT#P1%1000./7(VAC*VAC)
YY=YteY

TF(YY.LE.1.060 TO 200
IFCIMPLLEQ.2IWRITE L9 108)P L4 XTLVAC

IFCIMPL.EQ.2)TCNTZICNTe]
YYSAMINIC) . aYY)

INPUT AND OUTPUT CURRENT

IFtP1.6T.0.160 TO 300
P2=0.

IAC=0.

PL=C.

EFF=1.

60 10 400

TACZVACHSQRT(2.-2.%SQARTE1~¥YY }IS(ROOTIFXT]
IDC=PI+TAC/SORTI6.)

POWER LOSS AND OQUTPUT POVER

PLZtROOY3I*RTATACSTAC+IDC*(DR*IDC*RRII/1000.
P2=P1-PL

EFF=P2/P1}

IFtP2.67.C.) GO TO 4CO

IFLIMIL LEQe2INRITEL6,308)PL,P1

FORMATE1HD, I4HRE POWER LOSS ,F12.3,21H EXCEEDS INPUT POWER 4F12.3)
IFCIMPL  E0.2)ICNTZICNT+]

p2zc.

EFF=1.

EFFICIENCY ARD HAXTHUR POMER

£00000
coco00
C00000
C0GO0G
€0003¢e
200000
Coo000
£00600
G000CG
£0000%
couaGo
co0ocon
005000
CoGDo2
C0Gro7
L0UG13
c0po20
006025
0poc31
cccols
cco036
cOUO036
000036
Co0Cu2
506051
00095 3
LYY
006071
co0071
500071
660100
cogicc
c0010C
600100
coo10s
t00110
00C111
£00112
0031213
COC115
coa11s
COG117
cooIul
coGgra0
0CCING
£00140
Cociu7
n0C161
000163
COC16S
c0c170
£0G202
000202
G00210
L00211
oozl
650211
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2-0810v So4

00175
CGl7e
alsp iy v 4
00200
Gl201
0C2033
50205
002058
C0z06
coao7

80
8 1%
82+
81s
8he
85%
86w
87
BB8s
89®

c

800 EF2ZEF1*EFF
MPZZAMINL(NP] RAP)
MP2THPZAEFF
IFUIMPL.LE . TIRETURN
IFCTIVE LT, THAXIDIRETURN
CCI=CCI+CC ‘

RETURN
END

600211
co021w
000216
C0G22%
£3022¢
000235
GCg24y
O0B2u4
00C247
80g03s1

14
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ARIGINAL PAGE 18
4 POOR QUAL

7.32 RANDOM NUMBERS

MEAN o
STANDARD DEVIATION ——| RN J—=RANDOM NUMBERS

This component generates an uncorrelated sequence of normally distributed

random numbers with a specified mean and standard deviation.

lnputs
Parameter/Port Descripti
MN Mean value of sequence
SIG Standard deviation of sequence
NST1 Start parameter. (Use any odd integer
greater than 1). Default supplied.
Outputs
Variable/Port
FO Random number cutput
1 | f RESET parameter > O then succeeding simulations use NST to start random
sequence.
BCS 40180-2
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2-0810v SO8

SUBROUTINE RE

ENTRY POINT 000065

STOKRIGE USED CODE(1) C0O1NS: DATA(D) 00CO33; BLANK COMMONI2) 000COO

COEMON BLOCKS

Qgoo3

CImMPL

000003

EXTERNAL REFERENCES (BLOCK, NAME)

goos

NEPR3S

STOKAGE ASSIGNMENT (BLOCK, TYPE, RELATIVE LOCATION, NAHE)

2001

GCoa2e

2063 1 000500
8960 D 000CC2

00100
00101
cQ101
Q0101
C0101
00101
col0l
ColC1
00101
20101
coloYy
acio
00101
£C101
co103
00104
CO1G5
20110
el § 4
00114
Goi16
G120
T0121
20122
40125
col126
L0130
Go131
cni32
DD133

is

2%

Is

G

ts

(1]

Te

8s

9
1C»
11%
12»
13»
lus
15%
16
17»
18#
19
209
21%
22
23
24%
25»
2b%
27+
2%
29%
3

1236 ocal 0QC021 SL 9000 R 000006 AXO 0000 I 00G007 I
INPL 56903 000024 INJPS D003 1 000002 ITESY 0c00 D 000GCH SuM
Y

CRN

SUBROUTINE RNCU,AX,SIG,AMN)
VERSION 2. ' REVISED 'MAY 1977
PURPOSE - GFNERATES A NORMALLY OISTRIBUTED RANDOM NUMRER
CALL SEQUENCE
U - RANNOM NUNBER OUTPUT
AX--A STARYT PARAMETEP WHICH CONTROLS THE BEGINNING POINT
OF THE OUTPUT SEQUENCE. AX SHOMLD BE ANY 00D INTEGER
GRFATER THAN ONE, THE DEFAULT VALUE OF aX IS 831869,
AX IS UPDATED FOR NEM CALLS TO THE SUBROUTINE.
SIG- THE NESTRED STANDARD DEVIAYION OF THE SEQUENCE
A¥N- THE DESTRED MEAN OF THE SEQUENCE

OO OO0

DESIGNED BY ROGEFR MW. CcALL SEPT 1976
CCMMON ZCIMPL/ZIMPL ,JCNTITESY
DOUBLE PRECISION X,Y,S5UM
D2TA Y /7253967.D07 AX0/0./
IF(INPL.GTLCIGO YO S
TFUPX.EQae999991 AX=y31469.
IFLAX0.EQ.D.) AXO= AX
IFCITESTEQ.1) AX= AXO

5 X ZAX
SuUM=C.0T
00 1 1I=)1,12
L= DEOD(X*+Y,16777216.00)
1 SUMZ SuM+ X/16777215.00
AX= X
US{SUM-6 . CreSIG+ANN
RETURN
END

0ce3 £onNCo1 ICNT
0GCO p £O000G X

080030
£o0030
DOG00G
056320
00C000
6Co00G
£o0GoC
506000
£acooe
£oG39a
coceso
£U6A50
000000
£OOGOC
GOGGO0
toGoan
G00GE
CeCoou
L0G0G2
005067
£OGD1 3
Gooo21
306022
00526
£06026
C00G36
£acou3
LOOCY S
500654
000104

Nd



7+.33 SATURATION FUNCTION

SA

¥

C2
FIN - Cg Cq
Cq C3
Cs
E——
lnputs
Parameter/Port Description
FIN Input quantity
C1 ‘ Slope O<FINKC3
c2 Slope FIN>C3
c3 Positive saturation intercept
| ca Slope 0>FIN>C6
‘ c5 Stope FIN<C6
i c6 Negative saturation infercept
: ouputs
Varigble/Port
FO Qutput quantity
Calculatiop Sequence
~ FO@ = C1#C3 + C2#(FIN-C3) if FIN >C3
F® = CL¥FIN if 0KFINKCS
FO # CA*FIN if O>FIN>C6E

FO = C4%C6 + C5%(FIN-C6) if FIN<C6

BCS 40180-2
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7 2

SUBROUTINE SA ENTRY POINT 000OS1
STORAGE USED CODE(1) COCOT6; DATA(O) DGOC13: BLANK COMMON(2) COQUOC

EXTERNAL REFERENCES (BLOCK, NAME)

0003 NERR3S

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

Vs

cocy £0DO17 10L 0001 000082 170L 0001 000027 20L 0001 0oCco3T 30L ocoe 030Ga0 INJPS

G0100 1 CSA 00020C

20191 2% SUBROUTINE SA(FO.FIN,C1,C2,C3,C4,C5,C6) (rlelete] ¢ ] o)

' oci1oy 3e c 000000
; col0i o C  PURPOSE ~ TG SIMULATE SATURATION £0L00G
; 00101 5 c Coo000
i £eiol 6% c ccaeac
! ccio1 T C  HMETHOD - SEE COGING. €3 AND C6 ARE VALUES OF THE INPUT AT WHICH CeL00G6
h 60161 Le (o SATURATION OCCURSe . C3 YS GREATER TYHAN C&H. THE POUTINE © DD3GDU
; o101 - 9s c CAN SIMULATE A CHAMGE OF SLOPE AT THE ORIGIM ¢Cj.NE.CuQ tafefolate]o}
| o101 1G* (o PROVIDED C6 1S LESS THAN TERO. SIMILARLY VTHE SLOPES CoGGoGs
i zc1o1 11 c IN THE SATURATIOM REGION £C2 AND CS)CAN DIFFER. £5co0s
é co101 12» c THE SLOPES CAN BE POSITIVE OR NEGATIVE £00000
] ac101 12 c © - Leodfo
; re1al lue C - Fespdal ek
no101 15* € MRITTEN BY -~ ADAM LLOYD LATEST REVISION - NOV 75 uooond

coliol 16% c £oCRa0

oo191 17+ €  LIMITATICNS - USE OF 2CRO SLOPES (C2=0 OR C5=03 IN THE SATURATION oo o2Co

nC101 1 c REGIBN SHOULD BE AVOIDED. IT IS DTSIRAELE THAY THE Lecoan

GC1GY - 19% C SLOPE RATIOS C1/C2 AND CH/L5 SHOULD NOT EXCELD 100. S2000C

06101 20% C EXCESSIVE SLOPE RATIOS MAY RESULY IN VERY SLOW 50036

to101 21 c CONVERSENCE £OL3CE

00131 22% d 0n000

culong 23 [ SO0Lae

cc101l 24% € INPUT/OUTPUT LIST Z0GCOG

33 c0131 25% C hlshletels

w upicl 6% C Fo OUTPUT VARTARLE ANY QUTPUT VAR RRLSOO

P Goi101 27# € FiIN THPUY VARTABLE ANY INPUY VAR G00000

o G101 7t s c ¢i SLOPE .3 FIRSTY ANY INPUT  PARAM GHULoC

s cgiol 29 t c2 SATURATION SLOPE 1 SLOPE ANY INPUT  PARAM [eidadeld

o L6101 3c* ¢ ¢3 SATURAYION INTERCEPT ) ANY INPUT  PARAM CBCsuo

o Lo1er 0 31 € Cc4 SLOPE ) SECOND  amy INPUT  PARAH [Re]Tede]s]
09101 329 c cs SATURATION SLOPE ) SLOPE ANY INPUT  PARAM caceod

oplol 33s ol of 3 SATURATION INTERCEPT) ANY IHPUT PARAM LoLcea

£0101 ] « ¢04o6a

co1e3 35 IFtFINL.GT.C3)60 TO IG 500360




2-08T0% $7d

14

za1as
50107
coill
80112
Go112
op113
GOolly
0o11y
tC11s
tClis
CoLie
nCci1y
w0122
CGi21

1%
7%
I8%
3%
4L
4f %
42%
&3%
g4 %
45%
%6
57
4yps
49%

IFLFINLT.CHIG0 TO 20
IFLFIN.LT4B.360 TO 30
FO=CI1#FIN
60 70 1C@

< POSITIVE SATURATION

10 FOSCI1%CI+L2Z2(FIN-T3)

B0 TO 103

c NEGATIVE SATURATIOR

20 FOSCueCobo LSy (FIN-CE}

G0 10 105G
c NEGATIVL UNSATURAYED
30 FO=CcysfIN
30T  RETURM
EMD

oaopn3
ooooend
000012
LUGQLs
gouris
oouo1?
00C0u25
coun2s
[s1sieterrar ]
oGen3s
8000035
5O0Go37
GoLC42
0ouCTS




7.34 SINGLE POLE SWITCH

W

VA1 n
o o‘\c Vo1
- _ad
VB1
—_— ——0
VB3 V81 VB!
VO1{ya VA1 Vol VA1
i i ‘ na |
TC1  TIME TC2 TC1  TIME  TC2
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

loputs

Parameter/Port Descripti

VA1 input to switch

VBl Input to switch

SW1 Swifch control parameter

TC1 Time for first switching (hours)
TC2 Time for second switching (hours)
Outputs

Variable/Port

Vo1 | Switch oufput

Calculation Sequence
If SW1 = O then

VA1 TC1 < TIME < TC2
Vo1 =
VB1 otherwise
If SWL = 1 then
VB1 TCL < TIME < TC2
Vo1l =
VAL otherwise

BCS 40180-2



2-0810¢% SO8

SUBROUTINE - sSu ENTRY POINY 000Cu42

STORAGE USED CODE41) LT204T; DATACO) 0OCOOT: BLANK COMMON(Z) 0O0O0CCS
: COMMON BLOCKS
30C3  CYIME  DOOODI
ococa  cio 000003
EXTERNAL REFERENCES (BLOCK, NAME)

- 80Cs NERR3S

R S e T e & s

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

0008 Co0002 INIAG 0000 000003 INJPS u0Da 000000 IREAD 000% 000001 IWRITE €00 R 0ODgOD SX
0603 R 000000 TIME

00103 1% tsw 000000

06101 29 SUBROUTINE SW(VO1,VAl,VB1ySW1,TCl,7C2) cooooc

¢0101 3x c 60C000

€0101 5e € PURPOSE - TO PROVIDE SWITCH CONTROL FOR ONE VARIABLE CO00OD

co101 59 c L0G300

‘ . 80101 L ¢ £05060
i © 60101 7 C  METHOD =~ SEE CODING couooc
8 " to101 as c ecocooe
; 0c101 S« c GCOLeo
60101 1G» C MRITTEN BY — ADAM LLOYD LATEST REVISION NOV 75 €0CCas

: co1a1 11% [« ooLoae
1 GO101 129 € £06003
‘ £olol 134 €  LIMITATIONS ~ NOT MORE THAN. TWO SWITCHINGS AT TIMES TC1 AND TC2 606030
6o101 14# ¢ cacope

; 60191 15* € £ooone

| 06101 lew C  INPUT/OUTPUT LIST £0c00¢

co1o1 17% c Goooco

10101 10+ C vol OUTPUT VARIABLE MO 1 ANY CUTPUT VAR COLCGD

£0101 19# C VAl INPUT VARIABLE No Al Any INPUT VAR 905000

006101 26+ € wvBl INPUT VARIABLE NO B1 ANY INPUT - VAR 400600

<0131 21s c  sw¥l1 SHITCH CONTROL INITIAL VALUE -—= INPUT  PARAM 606003

| 06131 22+ c 1. vozve : £cocag

! 00101 23% C S0 VO=Vva £90000

o8 no1o1 24 . c 1c1 TIME FOR FIRST SWITCH SECS INPUT  PARAM GO0CoG

ow celal 254 € tcz TIME FOR SCCOND SWIYCH SECS INPUT  PARAM 000OGD

v teiol 206% c 11€2.67.7C1}) 600060

i cota3 2T COMMON/CTIMEZTLIME cgooca

i C0164 28+ COMMON/CIO/IREAD,IWRPITE ,IDIAG LOCODC

SLiCs 29 SXZSH1 encooc
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2-0810% 28

00106
o110
co111
GCo113
co1ly

3C»
Il%
2%
33s
34*

IFtTIHE «GToTCl o AND o TIME LT TC2ZISATABSISHLI-10)
voi1zval

IF{SX.5T.0.5)V01=VvB1

RETURN

END

Cood01
206023
006025
poCa33
cocgas




7.35 TWO POLE SWITCH

nputs

Parameter/Port

VAL
VA2
VB1
VB2
swi
TC1
TC2

Qutpuis
Variable/Port

Vo1
Vo2

VA1 _

o O$‘7~\%} V@1
VB1 - ° :
VA2 - i :

o O“\l\c V@2
VB2

Poeo O

SEE SW FOR SWITCH CONTROL LOGIC

Description
Input to switch 1
Input to switch 2
Input to switch 1
Input to switch 2
Switch control parameter
Time for first éwifching {hours)

Time for second switching (hours)

Output from switch 1
Oufpu? from switch 2

287
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SUBROUTINE SX ENTRY POINT 00Q0O0S2

STORAGE USED CODE (1) OCC062; DATA(O) 00000T; BLANK COMMON(2) DDOCGO

COMMON BLOCKS

0oo3
3008

C1INE
c1e

goocol
oopoo3

EXTERNAL REFERENCES (BLOCK, NAME)

3G0s

STORAGE ASSIGNPENT

o3ta OLLC02 IDIAG onco 000003 INJPS 0008 000000 IREAD 0008
0np3 R OCO0000 TIME
G0100 1» csSXx
cc1lo1 2% SUBROUTINE SX(VO1,V02,VA1,VA2,VB1,VR2Z,SW1,TCi,TC2)
c0101 3 c
c1lo1l LR 4 C PURPOSE - TO PROVIDE A SWITCH COMPONENT FOR TWO VYARTABLES
tCc1a1l Se Cc
coi01l € c .
co1g1 T c METHOD . - SEE CODING
cocicl 8 c :
©o10l Se (o
C0101 10# c MRITTIN BY =~ ADAM LLOYD LATEST REVISION NOV 75
C0101 11+ o
60101 12% C
c0101 13% C LIMITATIONS ~ NOT HORE THAN TWO SWITCHINGS AT TIMES TC1l AND TC2
(o101 1us c
uc1aG1 159 (o :
5G10t 1€» C INPUTZ0UTPUT LIST
20101 1% c :
20101 1l Cc vol OUTPUT VARTARLE NO 1 ANY ouTPUT
20131 19+ C vo2 CUTPUT VARIABLE NO 2 ANY OUTPUT
co101: 2Cx c val INPUT VARTIABLE NO AL ANY INPUT
406101 21% C VAZ INPUT VARIABRLE NO A2 ANY INPUT
Lniol 22* c V81 INPUT VARIABLE ‘NO Bl ANY INPUT
-0101 - 23 c YR2 INPUT VARIRELE NO B2 ARY INPUT
50181 24 % C SW1 SUITCH CONTROL INITIAL VALUE ——— INPUT
20101 2% [of =1. Yo=VB
<0101 26% C =C. YO=VA
0101 27% (o TC1 TIME FOR FIRSY SWITCH SECS INPUT
5p101 22% (o Tc2 TIME FOR STCOND SWITCH SECS INPUT
29% LG

[EREELD 20 % SN

NERR3S

(BLOCK, TYPE, RELATIVE LOCATION, NAME)

_ATCR.6T.7C1)

000001 INRITE

VAR
VAR
VAR
VAR
VAR
VAR
PARAYN

" paRAM

PARAMN

0CO0 R CGSCOC SW

00GDOO
GCoLoo
GOGCOoCl
cogocoag
0oGo0oo
ceo200
€0G000
coGCoo
£aGCoc
ceocee
cooeac
coGcoo
cgoeoc
£oGeGco
£0GodcC
Jageac
LDCDOo0
tcoooo
GoCOo3cC
cccoeoo
£O00GGo
cogece
tocooc
£oocoo
¢ouned
roonog
CCotou
GO0DaC
gacnoc

XS



¢-0810% SJ8

..;_:;.; . -,’_;-6&, el e ST SR

oelg3
00104
ap10s
(giGce
GCllo
00111
co112
00114
tolle
co11?

3C»
3ls
32
33
34
3%
36
37
38

39e

COMMON/CTIIME/TIRE
COMMON/CIO/IREADIWNRITE ,JDIAS

Sk=shl

IFCTIME oGT o TCLloAND  TIMELTYWTC2ISHTABS(SWH]1-14)
VOIZVA}L

Y02=-vA2

IFtSW.GT.0.5)V01=va]

IFISW.GT.0.5)V02=VB2

RETURN

EnND

coccao
£oGooo
cooooto
Z0CGo1
€0Co23
cooo2s
geopz2e
Co00D35
GoG04 3
£oQoel

XS



7.36 THREE POLE SWITCH

Inputs

Parameter/Port

VB3

VAL
VA2
VA3
VB1
VB2
VB3
SW1
TC1
TC2

Oufputs
Variable/Port

Vol
voz .
Vo3

¥

SEE SW FOR SWITCH CONTROL LOGIC

Input
Input
Input
Input
Input
Input

to
to
to
to
to
fo

Degcrigiién
switch 1
switch 2
switch 3
switch 1
switch 2
switch 3

Switch control parameter

Time for first switching (hours)

Time for second swifching (hours)

Output from switch 1

Qutput from switch 2

Output from switch 3

VA1 -

- - o ver
VBi . ! -
VA2 o o {

o C"\&\C Vo2
ve2 o ; =
VA3 o ]

o Q‘\’\O Vo3

o

BCS 40180-2
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hio4

SUBROUTINE 5Y ENTRY POINT 000063

STORAGE USED CODE(1) OCOO77; DATACOY DO0OL1; BLANK COMMONt2) 000000
COMMON  RLOCKS

0003 ~ CYIMEC Q00001

sfeles } (o5 8] Goono3
EXTERHAL REFERENCES (BLGCK, NAME)

gJ0s NELRR3S

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

oncy 000002 IbnIAs sksis]s] 800003 INJPS 000 00C00Q IREAD 000 000001 IWRILIYE 0COD R COOUDOD sW
G063 R QU000 TIME

50100 1% csy toosoe
£0101 2% SUBROUTINE SY(V01,V02,V03,¥Al ,vA2,vVA3,VB]1,VB2,VB3,5W1,TC1,Tc2) 00600
co131 3% c ©0000g
co1o1 4 C  PURPOSE -~ TO PROVIDE A SUITCH COMPONENT FOR THREE VARIABLES conooe
co1cl 5% c coneao
£6101 6% € ccooac
40131 7% C  METHOD - SEE CODING coseoc
nO101 A% c 0oacoo
L5101 g4 c C0OBOG
£O1G1 10+ € WRITIEN BY =~ ADAM LLOYD LATEST REVISION NOV 75 coanoc
co101 11» c 200200
2e101 12 c £00000
90151 13% € LIMITATIONS — NOT MORE THAN TWD SWITCHINGS AT TIMES TC1 AND Tc2 C0GLOG
50101 144 c £009060
4G101 15w c copooo
50101 16 € IMPUT OUTPUT LIST ccooec
Co101 17% c 200000
50161 184 c Vo1 OUTPUT VARTABLE NO 1 Y OUTPUT VAR eoceoc
£3101 158 c  voz OUTPUT VARIAPLE NO 2 ANY OUTPUT VAR 60G0OD
€151 2z € vo3 OUTPUT VARIAELE NO 3 MY OUTPUT VAR £0UGAG
£0181 21 C  ¥al INPUT VARTABLE NO Al ANy INPUT VAR 000000
50101 22% C VA2 INPUT VARIAELE NO A2 ANY INPUT - VAR £aCso0
28101 232 € a3 INPUT VAPTABLE NO A3 ANY INPUT VAR coeoca
£0161 24% € vel INPUT VARIABLE NO B1 Y INPUT V2R 00C000
£o1c1 25 c VB2 INPUT VARIAELL NO B2 ANY INPUT VAR €0CCoo
60151 26+ c B3 IHPUT VARIABLE MO B3 ANY INPUT VAR eldelelale
00131 27% c  swi1 SYITCH CONTROL INTTIAL VALUE —— IHPUT  PARAM G0CooD
£e1ol - 26w c =I.  VGIVB £aceas
1102 294 c =0,  VC=Va £00096

AS



2-0810% S24

T6T

Co101
coidl
06101
90103
00104
Go105
0O10s
coi07
J0110
co111
Go113
60115
ECcil7

‘G0121

colrze

30
3l*
32s
33w
348
3I5*
36
37
lew
39
4w
41w
4le
43
4ys

c
c
c

TC1 -TIME FOR FIRST SWITCH SECS
TC2 TIME FOR SECOND SHITCH SECS
(T1C2.6GT.TC1)

COMMON/CTIME/TIME

COMPON/CIO/IREAD,IMRITE ,IDIAG

SW=SH1

VO1z=VAlLl

V02 =yA2

VO3=VAZ

JFC(TIME GToTC1oAND S TIME LT, TC2ISUZARSISULI 1.}
IF{SW.6T.0.5)VD1=VB1

IFASH.GT.0.50V02=VE2

IFtSE.CT.0.51v03=VB3

RETURN

END

INPUT
INPUT

PARANM
PARAM

§ogoooo
¢oo00g0
000000
ceGoog
C2Go00
ccounc
rgooel
CoCcoo3
0cocos
000087
0oGco31
000037
Ctoous
ro30s3
0ggoo7eé

r

x1ITV0d dood dd
qovd TVNIDINO

St

AS
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7.37 FOUR POLE SWITCH

VA1
|\\0 vol
vB1 - o :
VA2 o p i
‘)\N Vo2
VB2 - o |
VA3 N |
0‘\:\& VO3
VB3 - o |
VA4 . |
0*\L\\3 Vo4
vB4
—~w- O

SEE SW FOR SWITCH CONTROL LOGIC

loputs

Parameter/Port Description

VAL Input to switch 1

VA2 Input to switch 2

VA3 Input to switch 3

VA4 Input to switch 4

VB1 Input to switch 1

VB2 Input to switch 2

VB3 Input to switch 3

vB4 Input fto switch 4

SW1 Switch control parameter

TC1 . Time for first switching (hours)
TC2 Time for second sw?fching (hours)
Outputs

Variable/Port

ver Output from switch 1

Vo2 Output from switch 2

Va3 Output from switch 3

Vo4 Output from switch 4

" BCS 40180-2



SUPROUTINMNE SZ ENTRY POINT 0OO0O73

=

STORAGE USED CODEf1) 0601125 DATALD) DODO11; BLANK COMMON(2) DGOCOD a2t
o c e
COMUON LLOCKS ;

o ooos CTIME  0000R1

004y clo 020003

EXTERMAL REFEREMNCES (BLOCK, NAHE) a

00G5  ~ HERR3S

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

¥ 0ogse GGCooz Inlas 0000 000003 INJPS 0004 000Gpa IREAD {oJefs] | 0o0c0ol 1WRITE occo R 000CCO sSW
0003 R LE0C0OD TINME

e

i
on100 1* cs2 iciad £oGooo
£0101 2% SUBROUTTINE S2(V01,Y02,V03,V04,VAL,VAZ,VAZ,VA4,VBL yVB2,VB3,VEY, goooeo
00161 3s 1 SW1,7C1,7C2) felobos]sfs]
» 20101 y» c £L00J0G
- DO101 -1 €  PURPOSE — TO PROVIDE A SMITCH COMPONENT FOR FOUR VARIABLES €ooeeo
4 eoicl 6% c coposo
o131 Ts c £oonoc
L0101 B € METHOD - SEE CODINS cooooe
tdshbed| 9% c coonogo
: 131533 1£% c cogoac
" coint 11* C MRITTEN BY — ADAM LLOYD LAYEST REVISION NOV 75 c00000
Lol1a1 12% c 500000
60101 13 c Loceos
o1l 14% C  LIMITATIONS - NOT MORE THAN TWO SWITCHINGS AT TIMES TCl AND TC2 coconp
£o101 154 c Leonac
£eiol 1e% c coonoac
£e101 17+ € INPUT/ZOUTPUY tIST cooooo
o101 188" ¢ coonoo
= Go101 19% t  vol CUTPUT VARTABLE NO 1 ANY OUTPUT VAR 09000
W 0101 20 € vo2 OUTPUT VARIABLE NO 2 ANY DUTPUT VAR 00GooG
£ SCI0l 214 c vo3 CUTPUT VARTAFLE NO 3 ANY OUTPUT VAR cocroe
o 00151 22+ C. vos OQUTPUT VARIABLE NO 4 ey OUTPUT VAR £0LS50
= Le1s1 230 c VAl INPUT VARTIABLE NOU Al ANY INPUT VAR £no60¢
-l £5101 24 C VA2 IMPUT VARIPELE NO A2 AnY TNPUT VAR Loczoe
: s o101 24 € va3 INPUT VARIABLE MO A3 ANY INPUT VAR 00000
- GeL01 Z6m € vAs INPUT VARIEBLE ND Ay AMY INPUT VAR {eaeao
i £0101 27 C VBl INPUT VARTABLE NO Bl AnY INPUT VAR poeeoo
BN i DB R P, TMBILT, YARTARLE NO B2 Y IHPUT VAR £oGeoa

N N s e g

r



d

I
A

B

>-0e10Y

-y
G

g6

g g,

co10t
peigy
0101
goiot
ppial
£o181
kgt Doy
ce1ns
895 #el.]
LLiss
TL126
GoL1o
Lol
(ieh B W
go11%
coriy
Lo1i6
SEIzZn
122
oo124
GB1Zs

30w
31%
3z%
33
I4s
35%
L%
17+
Iés
19%
L1524
1%
E74
Y¥Zs

s4s

%59
L1722
&7w

SES

€«
5C¢

oo nn

YEA& INPUY YARTIABLE NO Bu

cWi SYUITCH CONTROL IWITIEL VALUE
=l VOoSvVE
=0« YOzvs

TCl TIVE FOR FIRSY SVITCH
T2 TIHE FOR SECOND SWITCH
EYCZ2BTTELT
CORMON/CTIVE/TIVE

COMMOR/CIO/IPELD y INPITE ,TUIAG
SH=SWl

Asty

SECS
3ECS

IFCTIHEWGY «YCL e gHO L YTHE LT L TC2YSU=ABSISH]I -1 )

VOI=¥AL
VozZevez
Vo3=¥s3
VOysyrYy
IFISY.CTPeSiVOIZVR]
TFLSWBT«0e5)IV022VED
IF (SW 6T HGIVUIZVES
IFISU BT 0.8IVOR=VEY
RETURN
CEWD

IRPUT
INPUY

INPUT
THPUT

&R
PREAR

prrin
PARLK

risietds kol
goenee
L36E80
L8LoLe
{oLrco
LeLIoy
ouLoCe

Rl e Rt = L ol
B i 40 B

COLTGL
CoLIG0
LOGLUl
L0052 3
coLsze
Lousz?
CoLs2:
cogc3s
ceLtyl
Lorey?
LoGLEE
20eeses
L8011

LS




TA

7.38 TAPE/FILE READ

SIMULATION TIME (T) A |————#= OUTPUT VARIABLE (VAR)

This component reads a data file containing a single output variable time
history. The file structure is specified below, and assumes equal increment
data. Linear interpolation is used to obtain the output value. No more than
eight TA components are aliowed per model. The component Tl is used to sup-
ply the time input T. The data files must be catalogued using the names Fi1,
F2, or the JCL procedure file XQTANALYSIS modified appropriately. I|f tape

data is used, it must be read into permanent storage files in a prior job

step.
dnputs
Parameter/Port Description . Unitg
NST Number of records to skip at start
T , Simulation time referenced to start of year hr
ITE Indicator function:
0 = no read
J = read data into Jth array (J<8)
1

NST’= (start time of simulation-start time of filel)/(data increment x 446)

BCS 40180-2
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Outputs

Variable/Port Description Unlts
VAR OQutput variable at time T

N Length of file record

TO Time of first data value in current record hr

H - Time increment between data values hr

rocord Structure

ist record = identification header, 28 words

Nth record (N>1): 448 words
first word = time of first data value [n hours (T@)
second word = time increment between data values (H)
J+2 word = data value at time = 7@ + (J-1)H

(J=1,...,446)

It the useful data ends in the middle of a record, then an end value = .999%99

is used to signal end of information.

Calculation Sequence
1 ITF = Q0 RETURN

1} Inttialization. (First Pass Only)

o Read 1st record and write out identification header data and unit
number. (Error exit to 6))

‘o Read past NST data records. Go to 4)

27



Calculation Sequence Cont.

2) File location incorrect; use initial value

o |fT 27T@ GO TO 3)
Write diagnostic
VAR = Al1,d) (J=1TF)

Return

3) Table Interpolation for Output

o HT2To+N¥*H GOTO 4)

XT(1) = T0

XT(2) = To+H

VAR = TBLUL(T,XT,Al{1,J),0,N)
Return

4) Read Next Data Record

It end has been encountered previousiy go fo 5)

Read next record into array A(-,J). If end encountered, set

N = |ast value. (Error exit to 61}
T@ = AlL,d)
2§ Al2,4)
GO TO 3)

]

5} End of File. Use last value.
VAR = AIN,J)
Write Diagnostic
Retfurn

&) Read Error Encountered

Write Diagnostic and STOP

TA

BCS 40180-2
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LR

fvs]
(]
(V2]
PN
[
[ousy
(o]
L
: PO
| SUBROUTINE TA ENTRY POINT 000343
,"
STORAGE USED CODECL) COC403; DATA(O) 007132; BLANK COMMON(Z) 000000
; COMMON BLOCKS
goo3 CIMPL  0DO0OOZ
ooos DATKAD GOO700
EATERNHAL REFERENCES (BLOCK, NAMED
a06s HTRAN
J006 TBLUL
JLGT.  HunUS
J910 11038
2011 HINZS
nG12 KSTOPS
2013 KERRTS
STORAGE ASSIGNMENT (BLOCK, TYPE, RELATIVE LOCATION, NAME)
apol ceoz21 10U orgl 0ge102 1poL JopL Dpez3l 1676 oGoo 007035 20F ool 00135 200L
0069 CC7046 30F o061 000176 300L poo1 000262 R00L oo01 DOG244 60L ocoo c07062 BOF
i ooon GCIn76 90F p£00 ® f0OD0D A 0000 R 006760 B 0COC 1 COTO38 7T GCI3 1 COO0O1 ICNTY
' gnc3 1 Laccod IrPt 500G 1 0070149 IND 3000 007121 INJPS OCO0 T pOT233 1uN apoo 1 01027 J
00Go I 0Cc7031 Ll oroc 1 oero33 N 0000 I 007032 NO 0c06 R 0DOCOOD TELUY 0024 R 0CODOO TEWMP
0ngo R COT0G26 X 0000 R DOT024 XT
!
00109 1s CTAPE 0ccnon
20101 2 SUBROUTTHE TALVAR MOUT YO, H NSTT,ITF) 200006
co101 3% C ooLCoo
£g10L 4 C PURPOSE READ TIME HISTGRY DATA ON STORAGE DEVICE pOCCOU
o101 £ c cocooc
20101 X ¢ 0coeLo
o101 Te c METHGD USE NTRAN SEQGENTIAL BLOCK READ FROM MASS STORAGE el oleofe]
20101 ) c INTO CORE. LINFAR INTERPOLATTION IS USED TO OBTAIN JoLseo
L0101 9% c VALUE AT SPECIFIED TIME 3. gogcod
$0101 10 ¢ coenoc
Loi1ol 1l c UATTIEN BY A.¥. WARREM JUNE 1977 couLHL
wc1o1 12+ o £ouooo
L8 O) 13s C CALL SEQUENCE {00006
% 20101 T4 [ OUTPUTS C5Ceoc
[cIpl 1%« c VAR — OUTPUT VARIABLE AT TIME T 500003
nLc101 164 ¢ NOUT ~ LENGTH OF DATA BLOCK LAST READ TOLGLD
COLuy 174 c 10 - TIKE OF FIRSY DATA VALUEL IN CORE, HR socooc
ro101 1~ (o4 H ~ TIWKE THCREFMENT BETWEEN DATA MALUES, HR SLUGGD
cGng 194 C INPUTS LOLCes



TR cap e s e

f

00%

2-0810t S28

00101
£o101
£0101
Co101
40101
oecio1
0c103
0C104
T0195
20106

- Q0136

[s3sp 441
GO106
coi11g
c0111]
0p112
co114
Go11S
<0115
£o117
0123
G012}
co123
coi27
00139
00131
Q0132
00133
c0133
00133
00133
cO0134
0C136
00137
<0144
00144
CO145
00147
£ol47
COo1lu47
c0147
coiso
00152
00153
onLsSy
20155
GD1i56
rolse
00156
0L156
CD157
oeisl
co162
ooien
Z0165
0165

20
21%
22%
23%
24%
25%
268
271%
28%
29%
hfot
31
32
33«
34s
35%
306%
37
3es
39
43e
Al»
4z2s

43w

T
4usSe
4Ew
LWE
Hes
49
55
Sls
52
53
S8
55%
S6%
5T»
S e

598

60
GCl»
62%
63
(LR
658
60
6T»
6 t»
698
70
71=
T2
T3
Tuw
75 %

(s X s EaRaRaXs]

[2 X e Nl

o0 (s RaXal

O0n

20

100

30

200

3co

NST = NUMBER OF BLOCKS TO SKIP AT START
T ~ SYMULATION TIME REFERERNCED YO STARY OF YEAR, HR
ITF <= INDJCATOR FOR LOGICAL UNIT TO READ

=0 NO READ

T leessB FOR LOGICAL UNITS 11,...18, RESP.

DIMENSION Al446,8),8128),IND(B)YXT(2)
COMMON /CIMPL/ IMPL,ICNT /DATARD/ TEMPC(448)
REAL NST,NOUT,LITF
DATA X/7.999997

INITIALYIZ2E AND POSIVTION THE FILE

VARZY

J=ITF+.0D1

IF(J.EQ.0) RETURN

TUN= J#10

IFLINPL.6T0) GO YO 100

CALL NTRANC(TIUN,ID)

CALL NTRANCIUNG2,28,B4L1,22}

IF(LL1.LY.0)GO TO 10

WPITEt6,2C) IUN,B

FORMAT(1HO, 3SOHIDENTIFICATION HEAOER FOR UNIT,13/7(1H ,10A61)
NCZ NST#16,+,001

CALL MTRAN(IUN,6,ND,22)

INDtJIT L]

GO 10 330

TOO MANY BLOCKS READ

IF¢1.GE.T0) 60 Y0 2GOD

VARZ A(l,J)

IF(INPL.EQ.2) WRITE(6,430) VAR IUN

FORMATCIHC,y Z29HFILE DATA OUT OF RANGE., INIYIAL VALUE= ,
F12.5,9H ON UNIT,I4)

TFUTHPL.EQW2YICNT=ICNT ]

RETURH

TABLE INTERPOLATION FOR OUTPUT

IT(THE.TO*NOUT#HY GO TO 300
XT¢13= 710

XT(2)= TO+H

NZhOUT

VAR = TBLULIAT 4yXT oA (1,J),0,N)
RETURN

READ NEXT DATA BLOCK

IFCINDED) LEQ.DIGO TO 40D

CALL MIRANCIUN, 2,448, TEMP,IND(JV,22)
IFCINDUS) LT 0G0 TO 10

T0= TEMPL1)

HZ TEMP(2Z)

oDoogso
Gocooo
0pocoo
©ocnoo
£oo0oe
pO0COG
Gocoae
oBLoAC
L0oGo0s
Cosoco
Isfselslofs
cooooc
oGoco0
030096
cceoel
£0o0612
GcoOuG1?
tooc22
soGb22
000026
coUn32
0Oy 2
00uoy s
coobsS6
rcCoese
eso70
CO0076
063100
cogoloo
oCU1G0
CCo106
too102
gro10s
Coul1}
6oCi23
oBUu123
006123
poD131
000131
660131
Coo131
poG13s
co0o142
0OG1u4
ootlus
£001S5
coD172
Gou172
coci1v2
GCL172
60G176
£CG206
con21z
G6pG220
©oG222

Il alaly b )

AIITVAD 900d 40
SI 45Vd TVYNIDINO

e
>
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10¢

00171
00173
00175
c0176
2117
60201
accol
oo201
L0201
baeGl
Go202
00203
00234
pozil
06211
goz212
ol214
00214
RSy
00214
0021s
00220
op2z1
oca22

17
78
79
8Gs
8ls
g2s
82»
8as

85s

- X34
87
a8
Ros
93
91
92+
938
948

- 958

9
97
98w
998
1GUs

anon

[aNa¥s)

50

60

4800

80

10
90

JFUTEHKP (I +2).EQ.X1GO TO 60
AlILJI= TEMP(I+2)

I1:1+}

NCUT= I-1
IFCTLT.4RTIINDCJI =0

60 Y0 230

END OF USEFUL DATA REACHED
$.99999 DATA VALUE ENCOUNTERED.)

N NCUT

VARZA(N,J)

JFCIMPLEQ.2VWRITE(G6,8B0IVAR IUN

FORMAT(IHO,ATHTIME POINT PAST TABLE RANGE. LAST VALUE=
1 F12.5,9H ON UNIT,I4)

JIFCINMPLEQ 2 ICNTTICNT+1

RETURN

READ ERROR OR END OF FILE REACHED

WRITE(6,90)IUN

FORMAT(IHO ,33HREAD ERROR OR END OF -FILE ON UN1T,18)
sST0P

END & SUBROUTINE TA

0co231
00g234
000240
00G244
Loo>sa
G0C260
COL260
LoL260
0Ccu260
L0G260
coLzez
£00270
€0C275
Cou3a?
2oo307
C003907
JoCc3ys
000315
Cc20215
SCe31s
000321
GDC326
000326
GGL402

EIIIvAd "ood Jd0
BI #OVd "TVNIDIIO0

4]



e 5w M e B A e b ~ 3

7.39 SECOND ORDER TRANSFER FUNCTION

FIN 218+ 20

B s TR SN

TF

FO

1

524 P1S + PO

loputs

Parameter/P Desgription
FIN fnput quantity

zp Numerator coefficient
Z1 Numerator coefficient
PQ Denominator coefficient
PL Denominator coefficlient
Outputs

Variable/Port

X1 Intermediate state

FO Output quantity (state)

Calgulation Sequence
X1 = Z@¥F IN - PO¥F@

FO = XL + ZL#FIN = PL¥FQ

a9 .

NOTE: d.c. gain PO

fi

02

infinite frequency gain

'

- BCS 40180-2



REIURE SUIRREY

SUERDUTIRE TF ENTRY POIRTY QBODZY

STORABE USED COOESLT LOLOX5s DATA(ST DQDO0S; SLANK COFROKIZY OOGLDG
LLEAOK ELOCKS

woer  £1o ponror

EXTEPWAL AEFEHEWCES £RLOCK, MAMET

LIk WEFRIS

STOZAGE BLSIEHPERT | FRELOLY, TYPEy BELATIVE LOCETIZN, WAKES

SUBE L0207 ID1AS o053 SUBOLO INJPS oSz 0ODESs TRCG 0zET  00DETI IVRITE

£6183 1s crr , 6OCC0C
coioL 74 . ZUZPOUTING TF(L1,X1007,T%1,F0 ,FR0NT s 150, FINs 20,21 F 0, P1) £oonz
£8101 e £ £ocoze
THi0l ks € PUBPDSE ~ TO SIMULATE A LECORD OROLA TREMZFER FISCTION ¥1TH £52252
€otgl Ex c FIBST GRUER WORERATEZ c35cs

0131 es £ £LLose
£5151 7% £ 2 Z188 + 70 eoseo

tLiot s £ - = et st slett-ol
ze10} o £ FIN z o R
26151 1% ¢ 5 5 Pixsspg 508372
L8151 11x c e Lognes
cU1S1 . Ize € RETHOD ~ SELF EXPLANATORY <5350
Lo101 1Zs c LS5
22191 e c oopiie
22421 158 € LIMITATIONS ~ MOME ¢nozee
“Tiel 16 c , eoccoe
2101 178 £ zzszsg
lzics T £ URITIEN BY ACA® LLOYD LATEST ZEXISIOR ¥o¥ 75 £LLi5%
22161 159 £ , : cLIzec
TTITE zz4 c , £5u0cg
A T R € IMPUT/GUTPUT LIST 220552
L1l 725 ¢ Lsccre
ce191 z2% ¢ 71 INTERHESIATE STATE Y4RTAELE iny CUTPUT STATE £2CC3E
s z4# € zicoT STAIE WAPILLLE BEFTWATIVE 157 SUTFUT ITATE LenzL
5ty 2 4 2w o 1%% IRIESHETLR LORTROL - FELGZA¥ Yhz7 oot
2ot zis c Fe TFANTFEZ FUSCETON CJITPUT sy LETPUT LTATE pAtA
2151 z1% € ronst JPANIEER FUNLTION GUTPUT DERIC.  AYy CUIPBT ZTATE 2citor
i Zuw £ 156 INIZE2AT0E CONTPOL - PELIEAR VAR £rezi
52151 77y ¢ Fiw TRANEFER FUNCTION INPUT sy T rozzoc
LR 2s £ 7 WEVESLYCT LOTFFICITHE ary IRPET W A
et 258 £ 71 GUMESETLE CLTFFICIINT 115y T e ensl

4l
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2-0810¥ So8

GO101
£G101
00103
on104
20106

to110

20111

32%
33s
EL R
358
368
37
3as

po ' DENOMINATOR COEFFICIENT
Pl : DENOMINATOR COEFFICIENT
COMMON/CIO/IREAD ,INRITC ,IDTAS
IFLIXINELSIX100T=2DsFIN~POSF O
JFCIFOJNEJOMFODOT=X1+218FIN-P 18FO
RETURN
END

175EC2
1/5EC

INPUTY
INPUT

VAR
VAR

[ ssisispel
cooooo
£OoGCCo
[Relels]ey]
cooouo
n0us20

- CoOGO34

1l



LL

Y0 TINE CONVERSTON

s )
e T

R — LB\ e DY

N

Convorts simulation running time in bours te time retorenced to start of
Jday and start of weok, and computes number ot Jays and weoks elapsed wince
start of yoar,

Pataneter Bart Deseriptlo ~ Unlts

1 Initlal time of shwulation frem stait of yoar hra
TIAE ; Running tlime {input via conmonsCTING ) hrs
VarlablosPort
W Time slnce start of week hr's
m ' Time slfnee start of Jday hra
WY Number of weeks -
oy Numbet of days -
MY Number ot manths (approx. ) -
'1“ Running tlme from start of year , hrs
oW : | Day of week : -
lon_Sequeng

T w AWAD UTOXT INE, 8760) W = ANODIT, 165)

WY = TALERHL ' T = AMODIT, 24)

DY = T#2441 DW= TWe 241

MY o T30
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SUBROUTINE T1 ENTRY POINT 000122

STORAGE USED CODE(1) 000155 OATA(D) D0DO31; BLANK COMMONt2) COOGOD

COMMON BLOCKS

0003

CI1IrE 000001

EXTERNAL RFFERENCES (BLOCK, NAME)

Qcos

NERR3S

STORAGE ASSIGNMEMT  (BLOCK, TYPE, RELATIVE LOCATION, NANME)

opon

L0100
co101
20101
30101
coict
ociol
c0101
L0101
Ceicl
£0101

.J0101

20101
£0101
S0101
o011
£0101
86101
co103
Orz1oyY
co1as
[]sP s
£0107
ce110
Gp1ll
co11z
ceris
D011y
20115
aplis
GoLie
20117

CONC13 INJPS 0CG0 I DOOQ0O02 wmy 0000 1 .000000 ND 0000 1 000001 NV

s €T

28 SUBROUTINE TI(T ,TD,TW DU, DY WY ANY,TO)

is c

LR C PURPOSE CONVERY SIMULATION TINE T0O DAILY, WEEKLY, MONTHLY UNITS

(1] c '

(X4 C WRITTEN BY AJde WARREN VERSION 1, MARCH 3 1977
i c

s CALL SEQUENCE

R [of T -~ STHMULATION TIME FROM START OF YEAR, HR OUTPUT YAR.
1Cs c ID = TIHKE OF DAY, HR QUTPUT VAR.
11» c T - TIKRE SINCE START OF WEENK, HR OUTPUT VAR,
12+ c D¥ -~ DAY OF VEEK CUTPUT YAR,
13% c DY = DAY OF YEAR OUTPUY V2R
14ys c ¥Y <~ WEEX OF YEAR OUTPUT VAR,
15 C ANY -~ MONTH OF YEAR (APPROX.) OUTPUT VAR,
16 C 10 ~ SIMULATION INITIAL TINE FROM START OF YEAR, HR INPUT PARM
17» o
1e» COoM¥ON 2 CTIME 7 TIME
19» ! T = AMOD(TIO + TIME ,B760.)
2Cs TD = ANOD(T ,24.)
Z1s T = AMCDtT,168,.1
22% ND = Td/24.41.001
23% DW = MD
24s KD = T/24.41.001
25 oY = KD
26% NW = J/168.+1.001
27% ¥Y = nNw
2Es HY = J/73C.+1.001
29 ANY = nY
30s c
31ls RETURN

0003 R 00DOOQ TINE

000690
Goooag
A ogtsls]i
cCCoGL
£ocesg
ooGLco
(sishalolsd]
£oonoc
cGGoGT
200906
GBOoGoo
atafoistets]
paceooc
QeLcao
cecooo
Cooocoo
Logprog
0ooe0d
GoCcoco
gecee
CGCal15s
coLazs
goca3s
coaes?
LE3Cs8
ceoCss
S0oades
£a067<
goclo2
cou1n2
£CC105

-
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32s

on1z3
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7.41 THERMAL LOAD

VALUE OF ENERGY (VDE)

MAMBIENT TEMPERATURE (TA) ——pm

POWER DELIVERED (1p) ~—® 7L —— POWER REQUEST (RE)
TIME OF DAY (TD) —"

Thermal load is computed as a user specified function ot ambient temperature
and time of day. The actual load delivered is either the load requested or
the maximum discharge rate of the thermal storage chamber. The value of the

thermal energy delivered and % of total load actually delivered are also

computed.
Basig E ion

RE = TLQ(TA)*TWT(TD)*NC
where

Thermal load versus temperature table

TLOD =
TWT = Daily profile weighting function
NC = Normalizing constant

BCS 40180-2



Tables
TLG

TWT

loputs
Parameter/Port

TA
LD
TO
VE
NC

Qutputs
Variable/Port
RE

VDE

Statistics
PC

SLD
SRE

. BCs 40180-2 -~

Description

Thermal load versus ambient temperature
Daily profile weighting function (tabular
with time of day)

Ambient temperature
Power del ivered

Time of day (0-24)
Value of thermal energf

Normal izing constant

Load request

Total value of energy delivered (state)

Cumulative percent of load delivered
Total energy defivered

Total energy requested

kw

°F

Kw

“h

$/kwh

Kw

kwh
Rwh

TL

309
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Calculation Seguence

1)

2)

3]

Compute )oad request

RE = TLO(TAFTWT(TD }HNC
Value of energy dynamlcs

\./DE = LD¥VE
Statistics

SLD = SLD+LD¥* A/2

SRE = SRE+RE¥* A/2

PC = 100.3 SLD/SRE

where & = integration step size

TL

BCS 40180-2
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T1¢

SUBROUTINE TL

ENTRY POINT 000173

STORAGE USED  CODE(1) 000251; DATA(O) O00033; BLANK COMMON(2) CDOO0CD

COMMON BLdCKS

o003
000N
000s
0006

EXTERNAL REFERENCES (BLOCK, NAME)D

0007
0010

STORAGE

3001
aa0e6

0000

3000

00100
c0101
0d101
o101
GC101
GOo101
cc1iol
aoiol
ccilol
60101
cGlo1l
€016l
co101
coi1o1
cglel
L0161

-C0101

J0101
00101
co101
ceiol
ce1dl
601CY
60101

D - D

CIMPL CODOD)L
CSINMUL 000C10

CTInt
cosTY

T8LUL
NERR3S

0000
00a0

ASSIGNMENT

£00034
CG0GoS
ccooos
cooco3

1
2¢
3I»
(2 )]
5%
6
Te
8
9o
ice
11e
12»
13s
1
15
1€
17
18+
19%
20»
21%
22+
23
2ux

e Ea s NaNaNa e RaEaNa R a N e Na Ko Na Mol ol a iyl

100L

CRE

It
TINC

e

D1
06

(BLOCK, TYPE, RELAVIVE LOCATION, NAME)
[#a]e] ) a3c000 cC 3006 R 000008 CLD 8006 c0COo01 CM
0206 R OpgooQO3 CV- - 0004 000000 DUMH 0003 I 000COC JMPL
0oCo0 1 QC000T 1T 8307 & 00CO00 TBLUL 0005 R QOOCO0 TIME
1 0c30 R 00000 TLO 0004% R COOOOT THAX 0000 R 000002 TMAX1

SUBROUTINE TLUTLO,TUT ,VOE,DVD s IVD,RE,PCSLD, SREoTA,LD,TD,VE,NC)

PURPOSE

COMPUTE ENERGY RESPONSE FROM A THERMAL LOAD REQUEST

NE THOD ENERGY DELIVERED 1S EQUAL TO THE LOAD REQUESTED OR

THE MAXIMUM DISCHARGE RATE.

WRITTEN BY F.

CALL SEQUENCE
TABLES

TLO

™Y

outPUTS
VOE
ovD
IvD
RE
PC
SLD
SRE

MAHONY VERSION 1, APRIL 1 1977

THERMAL LOAD AS FUNCYION OF AMBIENT TEMPERATURE
DAILY PROFILE WEIGHTING FUNCTION VS TIME OF DAY

VALUE OF ENERGY DELIVERED (STATE), S
OERIVATIVE OF VDE

INDICATOR FOR VDE

LOAD REQUEST, KW

CUMULATIVE PERCENY OF LOAD ODEULIVERED
TOTAL ENERGY DELIVERED, KuH

TOTAL ENERGY REQUESTED, XWH

1] e1] ] coreoz co

0200 000012 INJPS
DCC4 R 000006 TINC

0000 R GOO0OS TW

cogool
000001
0000G 1
620001
LCoo01
oCooo1
copool
DCOSG1
£C0co1
000001
£0C001
cocoo1
£0GG31
200001
topcal
C0G301
COCOG1
£00001
£0Ud01
€ouoo1
Cos0C1
200001
coocol
106001

ﬁLLPTVUJQ? xu)cn{\go

Bl @dvd TvNIoryo

ey
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00101
Colo1
o101
co1al
Lgici
cG101
Coiol
Go1ol
00103

0G104
50105

n0106
oeioe
20107
col119
0111
coi1l
£0111
00113
oo114
CD114
c0115
00116

conr

o117
00117
oo117
co1L?

C0120

co121
col121
co122
to122
col2e
C0122

00123

00123
Gciz2s
col12s5
co12s
£o125
coi127
001348
0o13a
ag131
00131
Co133
00123
Cg13s
00136
ogl137T
ue137
00140
coly1

25
26%
271%
2Ls
299
3Ce
31s
32e
33s
Ine
358
Ibe
37e
3és
39
4Ce
4yle
§2%
43
a4
[3-3 3
LTE
§7s
4gs
49
5le
51
g2
S$3s
S4%
S55s
Ses
ST
SEs
$9e

60e

6ls
628
63
64 e
65
66"
67w
&8s
69
Tus
T1ls
129
13
Ty»
75
T16%
17
78»

OO

(2R aRaNal

(2] OoOnNn A ©

[sXa Nal

1C0

INPUTS
TA - = AMBTENT TEMPERATURE, DEG F
LD ~— POWER DELIVERED, KM
TD =~ TINE OF DAY, HR
VE. = VALUE OF THERMAL ENERGY, S/KUH
NC = NORMALIZING CONSTANT FOR LOAD REQUESY

DIMENSION TLO(3I),THTLS)

COMMON/CIMPLZINPL /CSIMULYZ DUNMCED «TINC, THAX/CTINE/TINE
COMMCN/COST /CC,CH,CO0,CV,CLD, CRE

REAL LOD,NC

ITE=TLO(2)

ITU=TYTI(2)

IFLINPL.BET.0)G0 TO0 100

THAX1IZTHAX*D.99999
TINCIZTINC®,.5

PC =D.0

SLD=0.0

SRE=0.0

COMPUTE tOAD REQUESY

TLO=TELULCTA, TLOCY D, TLOCLITL 441 ,1,-1TL)
TU=TBLUL(TOD ,THT (8 ) , TWTLITU®4) 51 ,~-1ITHW)

RE =TLDsTWUSNC

VALUE OF ENERGY
IFCIVO.NECIDVOD=LDSVE
IFLIMPL.LE.1)RETURN

PERFORMANCE STAVISTICS

SLD=SLO+LD*TINC]
SRL=SRE+RESTINCI

IF(SRE.GT.0.0)PC=100.0¢SLO/SRE
TF(TIFELT<TMAX1IRETURN
CV=CVeVDE

CLD=CLD*SLD-LO*TINC]

CRC= CRE+ SRE-RESTINCL

RETURN
END

C0Goo1
Coga01
tnoocl
300001
coceatl
200001
£aaonl
coagonl
Gogortol
inte)ogslep
coocol
£ogootl
Lcooal
coccol
oocel0
coooL7
0ooo1?
coanl17
ceascz2
cooc2s
cooG2s
coo0zo
aoec3l
gooc3z
50ogr3z
oooG32
cogcl2
£oco32
oog0o3y
cocos3
Gooos3
200073
CCaG73
Coco73
Co6073
00uore
CCSC276
C0C103
gecial
0ogi103
CeGl03
GO0G115
Goo1l20
£00120
CoG124
00G124
50G133
606123
tngi42
LoCi4 s
Cco1s51
Gpoi1s1l
{0L1s7?
LoG2sc

1



TP

7.42 AMBIENT TEMPERATURE

RECORDED TEMP (TA1)

TEMPERATURE . -

PROFILES (PD,PY) TP ———== AMBIENT TEMPERATURE (TA2)
TIME OF DAY (TD)—*

WEEK OF YEAR (WY)___.|

This component is very similar to the wind component. Ambient temperature
is output either from user supplied ftime histories on storage files ar by
generating a set of random numbers with user specified random variations.
I'f user supplied profiles are available, then the temperatures are genera-

ted from the following equation:
TA2 = [PD(TD) +CN(t) ] *PY{WY) /M3
where PD and PY are the user supplied daily and weekly profiles, TD and WY

are the time of the day and week of the year, CN is a colored noise term

and M0 is the average value of PY:

BCS 40180-2 313
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Tables Descripti Upits
PD Daily profile versus TD °F

PY Yearly profile versus WY arbifrary
Inputs

Parameter/Port

TA 1 Ambient temperature data file F

D Time of day hr

WY Week of the year ; -

CT Correlation time of colored noise hr

MN Mean temperature of colored noise F
STD Standard deviation of colored noise °F
Qutputs

Variable/Port

CN Colored noise sample °F

TA 2 Ambient temperature °F

AV Mean of daily temperature °F

Mo Mean of yearly profile

TIM _ Last time a random sample was generated hr

314 BCS 40180-2



1) Initlalizatton (flrst pass only)
Compute AV, MO, and Initlal CN

av o=k 23N poeg)
J=L
21 Cheek for data flle Input
¥ TAL = .99909 go to 3)
TA2 = TAY
Raturn

3) Geonorate colored nolse sample CN
It TIME = TIM  RETURN
A = [ EXPU~TINC/CT) CT>0
(Oa CT=0
where TINC = Integratlion step size
CN = CN % A -+ W
Where W ig white nolge with mean = MN%{1-A) and

rs

standard doviatlon = STDI lﬂAQ
TIM = TIME |

4) Compute Temperaturs
TA2 = (PDUTDY +CN) BPY (WY)/MO

RCS 40180-2 ‘ 315
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SUBROUTINE TP

ENTRY POINTY 000265

STORAGE USED CODE()) 0O0O0350; DAYA(O) 000084 ; BLANK COMMONC2) 0OOOOO

COMMON BLOCKS

0003
000
€20s

cIvrPL
CSInut
CTINE

[s]edeRals3 §
¢coooar
000201

EXTERNAL REFERENCES {BLOCK, NAME)

00Cs
ooay
0012
0011
o012

STORAGE

[s1e]1}}
0040
0ag3
aso?
coo3

oc1o0
00101
ooi01
0C101
00101
lgiel
€G101
£0101
40101
coluol
co101
Lo101
L0101
colol
L0101
£G191
0161
70101
Co101

SRR A0 15 I o B ST

0 Wm0

RN
TaLul
£xXP
SQRY
NERR3S

ASSIGNMENT  (BLOCK, TYPE, RELAVIVE LOCATION, NAMHE}

ggo121
caoeos
accege
060000
oGoGo7

i
2%
3%
N4
5%

T4

gs

9%
1C*
11»
12»
13
14»
15#
169
17%
18#
15

D20

10L aco1 000127 100L poo1} 0Qo0sS7 1176 oga0l goaro0z 1276
A 8O0 R 0DOQCRO AX 0000 R 000G1Y DTP 0pos 000000 DUM
IMpPL 0GCo 0Qp016 INJPS 0000 I 000004 L gCcod I nooGRY ND
TRLUL 000S R CDOOOO TIME 0004 R DO0ODO6 TINC 0000 R 0OGO10 W
NSO o000 R 000012 YTP
cTe
SUBROUTINE TP (PD,PY, TAO, AV, XH,TINO XN, TAY,; TO MY CTXMN,STD])
c
c PURPOSE GENERATE AMBTIENTY TEMPERATURE FROM DAILY, YEARLY AND RANDOM DATA
C
C ME YHOD COLORED NOISE MITH SPECIFIED PARMS IS ADDED T0 A MEAM DALY
C PROFILE AND MULTIPLIED BY A YEARLY PROFILE.
C
[ WRITTEN BY A.M., WARREN VERSION 1y MARCH 7 1977
C
[ o4 CALL SEOUENCE
[ TABLES
c PD - WEAN DAILY PROFILE, DEG.F
Cc PY ~ HEAN YEARLY PROFILE, OEG.F
c QUTPUTS
C TAG —~ AMBIFNT TEMPERATURE OUTPUT, DEG.F
C AV ~ MEAN DATLY TEHPERATURC, JEG.F
C XM — MEAN YFARLY TEMPERATURE ;DEG.F
c TIMO~ LAST TIMF COLDRED WOISE WAS USED, HR
<

XN~ COLORED NOTSE SAMPLE, DEG.F

gocol 000247 150L

00GO0 Y COCOO3 1

oCCO 1 Q00D0D2 WY
0C00 R CO0OBD6 WMN

005007
coeooy
£oo0oo7?
coenoy
0C0ooo?
Lnoeoy
cocon?
£OCcag?
coceGo?
upGos?
600007
couoa?
caoco?
coocao?
coceo
n0Cca7
vogeo?
L0000
506007
cocoay
ngLaoy
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L1g

goiol
00101
Lo101
oo101
co1d1
£C101
celol
40101
gole3
Co0134
ooi1as
0E>p ¥51-
ZC10s

cC137.

Co114
gg1i11
00113
CO0ll4
aclla
00115
celle
go121
Ltg122
co124
oo1l24
00125
CO12e
0gi3l
GG132

- 00134

0013y
00134
00135
o137
Colas
CC14Q
£0140
CClu1l
00143
00144
NOlye
octiyy
C0150Q
Jo151
o151
€o1s1
£o1s2
GO01s3
GClsy
ne1ss
0G1ss
{0156
00157

22¢
23s

24

25+«
26
27
28%
29+«
3Cs
31e
32
32s
3us
35
369
37e
3es
399
LS
4is
42
43
44s
A5
abs
57s
88

- 49

5C»
S51s%
52
53s
548
S5%
S6s
57
58s
9
6GCs
61s
62%
63
cun
6Ss
66
67
&89
698
TI»
T1s
T2»
T3»
Tus

C
C
[
(o
(o
c
[
c

on

30

10

) Qo

150

LTI TSGR eSRes T

INPUTS i
TAI = TEMPERATURE INPUT FROM DATA FILE.DEG.F

10 - TIME OF DAY, HR

WY - WEEK OF YEAR (1-52)

CT - CORRELATION TIME FOR COLORED NOISE, HR

XMNK — MEAN TEMPERATURE OF COLORED NCISE, UEG.F
STD - STANDARD DEVIATION OF COLORED NOISE, DEG.F

OIMENSION PN(1),PY(1)
COMMON/CIMPL/IMPL /CSTMUL/DU% L&), TINC /CTINE 2TINE
DATA AX /.99999/

INITIALIZATION

ND=PO(2)
NY=PYI(2)
IFLTPPLL.GT,.0) 6O TO 1D
TINO=-1.
CALL FNUXN,AX ,STD,XHN}

AV = O.
DO 20 IZ1,ND
L = 3+KDe1
AV.Z_AY ¢+ PDIL)
AV = AVZND +XMN
XMZ0 .
DO 3G I=1,NY
LT3Nyl
XHZXH4PY (L)
XESXM/INY
CHECK FOR DATA FILE INPUTY

IF(TATI.EQ. «99999) 60 TO 100
TAQ = IAX
60. T0 150
GENERATE COLORED NOISE SAMPLE XN

IFt  TIMO.EQ.YIME) GO T0 ISD
A=C.
IFACT.6T.0. ) AZEXP(-TINC/CT]
WHMN = XMNe(l.-A)
WSD = STD#SQRT{(1.-A®Al
CALL RN(M,AX WSD,WMN)
XN = ASXNeW
COMPUTE AMBIENT TEMPERATURE

DIP = TBLUL(TD,PO(4),PDIU4AND) 41,~F
YIP = TBLULIWY ,PYLU) PY(heNYD 15N,
TAQ. = (DTP + XN)SYTP/ XM

TIMOZTINE

RETURN

END

¢oaona?
onoocy
couoo?
cocaar
Lacca
cocoot
00LCO7?
caoeay
acaeny
coana?
cooony
€ogear
cgoony
(W efsielon
CCa016
0psco2¢E
coce3o
cpoo32
000032
cO0C04n
cocos?
oQcos?
cooce2
G0an71
coaorl
[ge)sicy ¥
€00102
roelioz
coo1G7
00G114
000114
GOCl1l4
00gG121
Logl123
c0012S
£oc12s
cogl12s
coar27
£0Q131
S00132
£ogis2
£00156
DoGie?
coc17s
CoG175
co0017S
€ocz201
cecozzo
coeesr
Cog2us
0006244
cnozy?
000347

RITTVAY 00d Jd0
Q] AHVL TYNIOTO
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7.43 VARIABLE RATIO TRANSMISSION

INPUT ROTOR SPEED(RS1) e

. , = POWER (P2)
OUTPUT ROTOR SPEED(RS2) i |
PONER (P1) R —»  QUTPUT EFFICIENCY (EF2)

TR , )
INPUT EFFICIENCY (EF1) ———a = MAX. OUTPUT POWER (MP2)

MAX, INPUT PONER (MP1] ——o»

This component models a transmission which couples a fixed speed rotor Input
{or output) to a variable speed rotor output (or input) component. Power
losses are modeled as @ table lookup depending on gear ratlio and input power.

z,////// GR GR = gear ratio
P S 2

qgggr :ji////fr (secondary independent variable)

Input power (primary independent variable)

FIGURE 7.43 TRANSMISSION MODEL — LOOKUPR TABLE

BCS 40180-2




Tableg ; Descripti Units
PLO Power loss versus input power and gear kw
ratio (TABLE DIMENSION = 66)

inputs

Parameter/Port

RS 1 Input rotor speed rpm
RS 2 Output rotor speed rpm
P 1 Input power ; kw
EF 1 Input product efficiency -
mp 1 Maximum input power kw
cc Capital cost/year 3
M Maintenance cost/year

Quiputs

Variable/Port

P 2 Output power kw
T@ Qutput torque ft-ib
PL ‘ Power loss kw
EF 2 Output product efficiency -

MP 2 Maximum power output kw

BCS 40180-2 T -2 &
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Calculation Sequence
If PLE0O or RS1<0 set P2 =T@ = PL = 0 and go to 4)

1) Determine gear ratio and power terms

GR = RS2/RS1
PL = PLO(P1,GR)
P2 = PL - PL

2) Determine output torque
TO = P2#737.6/ (RS2¥(2M/60))

3) Efficiency and maximum power
EF2 = EF1#(P2/P1)
|f P2<0, set EF2 = EF1 and write Diagnostic
MP2 = MP1 — PLO(MP1,GR)
mp2<0o [ DIAGNOSTIC

4) Compute Costs

BCS 40180-2
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o *
| 25
SUBROUTINE TR ENYRY POINT 000307 ‘éa :
STORAGE USED CODE(1) UDO374: DATAIO) 00DO7TS: BLANK COMMON(23 00DOOD :;E: ‘
pd N
COMMON BLOCKS = :5
DOO3.  CIMPL 000002 EE <2 !
0D00S  CTIME = 000001 :2‘?(? ;
; 0035 - CSIMUL 000010 :
! 0006  COST 000002
i : H
' EXTERNAL REFERENCES (BLOCK, NAME) 1
0007  TBLU2
0010~ NuhuUs
0011  NIoO2
U012 NLRR3S |
: -
i STORAGE ASSIGNMENT (BLOCK, YYPE, RELATIVE LOCATION, NAME) r
‘ opol - GO0O14 10L 0001 000245 400U 0000  00OBO7 408F D001 00165 A09L 0000 ©0CO23 S08F .
7000 R 000006 AMP2 0DO06 R 00000O CCI D006 R 000001 CMI ocO0s ~ 00QO00 DUM 0000 R £ON0OS GR ;
20G3 1 000001 JCNTY gCO3 I 00BBCO IMPL J0CO  ©00004T INJPS D0GC 1 000004 KN4 Opoo 1 0OCCO3 Ha
D000 I 00CO01 NNGR GOGO I 000002 NNP1 0037 R 000000 TBLU2 0o0s R GOOODO TIME OCGS R COCCOT THAX
UACO R 2GOOOD THMAXL
00100 1 CTR £00003
ceio1 2+ SUBROUTINE TRUPLOyP2sTO,PLLEF2,MP2,RS1,RS2,P1,EF1 MP1,CC,CH} £o00p3
£0101 3 c ‘ 200003 i
00101 us c PURPOSE  TRANSHISSION MODEL : coonaz
60101 5 € £o0003
06101 6 c ME THOD OUTPUT PONER AND TORQUE COMPUTED FROM ; 600003
00101 1% ¢ INPUT AND OUTPUY ROTOR SPEEDS. PGYER GO0003
60101 pe c LOSS MODELED BY TABLE LOOKUP DEPENDING 360003
0G1e1 o ¢ ON GEAR RATIO AND INPUT POWER £00G03
aclol 10 ¢ GOCoo03
00101 11+ c WRITTEN BY Y .K.CHAN VERSTION 1,JUNE 17,1977 ccoons3
60101 12 c , , £00003
$0101 134 C  CALL SEQUENCE L0oso3 L
©g101 149 c TABLES ZCGOG3
ot £0101 15% c PLO -POWER LOSS VERSUS YINPUT PONER AND GEAR RATIO oKW £ooaos :
N to10l 16% c OUTPUTS coL003 n
: 00161 17 c P2 -DUTPUT PONER KN ceasns :
20101 1ce ¢ © Y0 -OUTPUT TORQUE,FT-LB ; coooss = 1
Le1ol 19% c PL -POWER LOSS KM tooco3 -
£C101 204 c EF? <OUTPUT PRODUCTY EFFICIENCY COCCo3 ;
pO10t 214 ¢ MP2 -MAXIHUM POWER GUTPUT, KU r00003
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0g101
co101
00101
00101
coi1cy
c0101
Co101
goicy
L0101
00103
00103
00104
€010s
€o105
G0106
£0110
£0111
00112
Go113
0C11y
Go115
90116
o159 ¥
0G1l1s
s0116
6o117
00120
o021
con122
00123
C0124
£012s
co127

00131

00132
no133
CG133
00133
G0133
0013y
aC13y

CC134

ca13s
00135
00136
nola0
0C141
tOl4e
CcOlse
GO147
col51
00152
€01s2
00153
0C153
GO15y
C31se6

22»

239
248
25+
26»

21+«

r4-2
29%
30s
31
32»
33»
34
35%
369
37+
38
39%
40»
H1»
42+
83
4 q%
45%
he#
g7
§8%
349
50=%
S1®
52%
53%
54%
55%
56%
ST%
582
59%
6C%

61%

62%
6 3%
64%
65
66%
67»
60*
69%
TCH
T1%
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T3%
4%
75%
76 %
17
T 8%

fPeRmOAranO
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[ Ne Rz
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10

100

200
3co

508

& 09

INPUTS
RS1 ~INPUT ROTOR SPEED,RPH
RS2 -QUTPUY ROTOR SPEED,RPM
P1 ~INPUT POMECR,KM
EF) ~INPUT PRODUCT EFFICIENCY
HP1 -MAXINUM INPUT PONER KW
CC ~CAPITOL COST/YEAR,S
CH ~HAINTENANCE COST/YLAR,S

COMMONZCINPL S IHPLs ICNT/CTIHE/ TIKRE/CSINUL/DUN LTS , THAX
X 2C0ST/Z7CCL,,CHY

REAL MPZ,HP1

DIRENSION PLOCLD

IFITHPL.GT,. 08GO ¥O 10
TMAXITTHARY .9 9999
RS2=RS1

CONTINUE

HNGR=PLOL3}
NNP1=PLOE2D

HYy=NNGRoY

UNY ZNNP L oM

COHPUTE GEAR RATIO AND POUER TERHS

P2=0.

TO=Q0e

PL=0.

EF2=EF)

HP2:-hPl
IFI(RS1oLE D) DR EPLLELO.23G60 TO %00
P2=f1

IFIRS2.4LE.D360 TG &00

GRZRSZ/RSY

PL=TRLUZ (Pl GRsPLO{MUIPLOCSY «PLOEGHNYUF 22 p~NRP 1 =NUBR NNP1,NNGR}
P2=P1-PL

OUTPUT TOROUE
T0=P2373 76720 FIRS2*3 18159}
EFFICIENCY ANMD MAXINUH POHER

EF2CEF1sP2/P)
IFLEF2.6T.0.2G0 70 409
EF2-REF}
IT(IMPLLEQWZ2IHRITE (6,400 PLp1
FORMATI1HO,?5H TRANSHMISSION POWER LOSS F12.3¢
¥ 21H EXCEENS INPUT PONER ,L,F12.3%
IFLIMPLLEQa22ICNT-ICNT2L
CONTINUE
APP22TRLUZUHP1,GRPLO (MY oPLOKH Y ,PLOCHIEL 41 5 19~NNP L, —~NNGRy
XNNP1GNNGR)

BP2ZPPl~-AHP2
IFIMP2.6T-0.360 T0 400
IFLIHPLLEQ2IURITE (655081 RHP2 yMPL

c00003
cecoes
cOCOo3
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0oLCos3
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s0pon3
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L0014
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000033
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000040
600o42
0CO04 4
ooune0
D0GD6 2
LoGoT1
000074
GOD124
000124
ooL124
£oo124
Loo126
600126
o0C126
600126
COL134
000145
Gooluz
coolyk
£6O156
LoUIS6
Cop156
GCO165
600165
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cou22e
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oDp222
coczzy
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508 FORMATIIHC 425H TRANSMISSION POWER LOSS »F12.3,

500

X 29H EXCEEDS MAXINUM INPUT POWER 4F12.3)
IFCIMPL.EQ.2ITICHNT=ICNT 1

IF(IMPL.LE<IIRETURN
IF(TINE.LT.THAXIIRETURN
CCcI=Ccr1+ce

Chi=CHI+CH

RETURN
END
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7.44 THERMAL STORAGE CHAMBER

STORED

ENERGY (E)
PONER REQUEST (RE1)—m }——a~ LOAD DELIVERED (LD)
INPUT POWER (P)  ——p TS {—— POWER REQUEST (RE2)
MAX. Irzw)FONER — {——a~ INTERRUPY FLAG (INT)

The thermal storage chamber is modeled by a "lumped" parameter approach.

The entire storage media mass is characterized by a single femperature (no
temperature gradient). The storage media is elither a sensible heat or a phase
change media. Energy is input via electrical resistance heaters and withdrawn
by a heat exchanger. Energy Is deposited in the media at a rate equal to

the avallable electrical power up to a maximum charging paower. The discharge
heat exchanger fluid mass flow rate Is adjusted to provide the desired heat
Joad demand. The maximum mass flow rate condition determines the maximum
thermal load. The maximum energy limit represents the point where the maxi-
mum media temperature is reached.

The mode! initially caloculates the required storage media mass to provide
the rated thermal energy storage (design point). Cost calculations are also
made on the design point conditions. Initial checks on charge and discharge
power and initial stored energy level are made. The storage temperature is

determined based on the energy level.
Bagi uatl

E = P- LD-NUXE

BCS 40180-2
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HT

lnputs
Parameter/Port

P
RE 1
NU
TS
Vo
™
ToL
OH
PD
PM
MFM
TOE

CSA
csB
LE

Dggcription
Media temperature versus enthalpy In KWH/ LB™

Input power

Demand thermal load

Stored energy loss coefficient (D = 0.02)
Rated storage time?

Rated [nput voltage2

212)

60)

It

Maximum allowable storage temperature (D

i}

Minimum allowable storage temperature (D
Design point enthalpy

Rated storage thermal power2

Maximum charge rate (D = 2¥PD)

Maximum working fluid mass flow rate (D = 9000)

Temperature deadband for priority resequence
(D = 4)

Input product efficiency

I

1.X108)
Working fluid heat capacity (D = 2.95X107 ")
Working fluld return temperature (D = 40)

Maximum input chargling rate (D

Maximum allowable working fluld temperature
(D = 212)

Effective heat exchanger thermal resisfancg¢
{D = 3.08X10

Storage device yearly maintenance cost
{D = 0.8)

]

Storage device capacity cost (D = 50Q)
Storage device energy cost (D = 15.2)
Unit [ife expectancy

D — Default values specified
L -~ Sea Figure 7.44
2 -~ Design point conditions

BCS 40180-2

Kwh/ tb
Rw
Rw

Rw
kwh/ 1 b-"F

°F

O

OF!kw
$7 kw

$/kw
$/Rkwh

years
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Qutputs

Variable/Port

TsU
TSL

MU

ti

L]

M1

TO1

Descripti
Stored energy {(state)
Input current
Maximum discharge rate allowable
Priority interrupt flag
Storage temperature
Required storage media mass
Storage device capital cost/year
Maximum charging rate request
Working fluid mass flow rate

Power Delivered

Maximum storage temperature
Minimum storage temperature

Maximum stored energy

Maximum working fluid mass flow rate

b e i i — ——— ——— — —— . ——————— — ——

CHANGE OF

T

TS

Units
kwh

amps

ib/h
kw

— G — — —— A——  T———  T——  Si—U— —— —  ——— .  Sa—

ENTHALPY = E/M

FIGURE 7.44: TEMPERATURE -~ ENTHALPY DIAGRAM

BCS-40180-2
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The calculation sequence and default values assume a thermal storage devige
sized to provide 10kw for 24 hours. A paraffin wax phase change storage me-—
dium [s assumed. Water Is assumed as the thermal transport fluid. Costs are
assumed to be given by data for the phase change storage device gliven in
Reference 1. The thermal resistance value, R, Is assumed equal to that de-
termined for the device of Reference 1. The value for the maxinum charging
rate, PM, reflects rhe acceptance of twice the design charge rate. The ac-
tual numbers which should be used will depend on speciflc design and per-
formance requlrements obtained from a desired application.

Calculation Sequence

1) Media mass, capltal cost, maintenance cost (first pass)

M= EDEIS
= DR

CC = (CSA+CSBHTS)HPD/LE
M = CM¥PD

2) Storage Temparature and Working Fluid Temperature

T = HT(E/M)
TF = min{TM2,max [ TO2, T-REI¥R ]}
E2 = MSHT 2 (TM1)

1. "MAdvanced Thermal Energy Storage," BEC/EPRI RP 788-1, July 1976,

BCS 40180-2 327
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Calculation Segyence Cont.

<L

3)

4)

5)

6)

7)

Discharge Rate and Thermal Load

E1 = MHHT L(TO1)

MP2 = NMFMXCP2%(TF-T@2)
LD=MIN(RE1,MP2, (E-E1}/TINC)
MF = LD/ (CP2¥(TF-T@2))

Diagnostic Checks

MF S MFM
P <PM
TO1 € T < TML

Current calculations

| = P¥1000
Vo

Energy dynamics

E = P-LD-NUE

Maximum Charging Rates

RE2 = min(PM,MP1, (E2-E)/TINC}/EF1

where TINC = integration step size

TS

BCS 40180-2
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nt.

8) Priority resequencing

ifT
ifT
if T
ifT

<
2
2

<

TO1, INT =1
TOL+TDE and INT=1,
TML, INT=-1
TM1-TDE and iNT=-1,

9) Compute Statistics and Costs

BCS 40180-2

INT=0

INT=0

TS

329
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SUBROUTINE TS

SYORAGE USED CODEC(1) 001071;

COMMON BLOCKS

0003
000y
000s
G006

EXTERNAL REFERERCES (BLOCK, NAMNE)

ano7
aolo
3011
cQ12

STORAGE

agol
apon
0ao3
Qo087
geeo

00100
20101
oglol
60101
gg181
00101
coipl
0p101

- Doiol

co1nl
0101
co1o1
coioz
co1a2
20101
0G101
coioi
40101
c0101
£0101
ngio1

R
I
R
R

‘CIMPL
CTINE
csInuL
CcOST

ENTRY POINT 000612

0ogo02
cogool
ceoo1o
paceoe

DAYA(QO) 000131; BLANK COMMONC2) 000000

TBLUL

NWDUs

NIO2%

HERR3S

ASSIGNMENT (BLOCK, TYPE, RELATIVE LOCATION, NANE)

QG044 100L 0000 oocoD7T 1010F oceo 000025 1020F 0000 © 000083 1030F
GGCO00e A 0006 R 000QO0 CCI 0006 R 0O00L CH] Q00S R 000000 DUN
CGoCo1. ICN 0003 1 000000 IMPL oceo 000107 INJPS 0C00 I 000002 NH
Coocog vsLul 0C00 R 0DOOOy TF 0004 R DDOCOO TINME 00L0 R Q0CDDI TINC
000000 THAXL :
i¥ cTs

2# SUBROUTINE TSUHT oE OEIE oI yMP 2, INToT M, CCO,RELMF,4LD

3% 1 e TSULTSL,MEJMFU 4P REL1yNU,TSO,V0,TN1,TOL140H(PD,PH,

a% 2 MFH,TDELEFL MP1,CP2,T02,TN2,R,CH,CSA,CSB-LE)

5% [

&% Cc PURPOSE COMPUTE ENERGY CONTAINED IN A THERMAL STORAGE MEDIA

T c a

8% [ HETHOD A PHASE CHANGE OR SENSIBLE HEAT MEDIA IS MODELED AS

% C
1C» C A SINGLE TEMPERATURE MASS WITH NO GRADIENTS.
ils €

¥ C HRITTEN BY Feo O« MAHONY VERSION 2, JULY 1977

132 c

L 14% c CALL SECQUENCE

15% C

o= c TABLES
17 [ HY = MEDIA TEMPERATURE VERSUS ENTHALPY IN KWW/LB, DEG F

18% C CUTPUTS

19 C E ~ STORED ENERGY (STATE VARIABLE}, KWH
20% c DE = POMER INTO STORAGE, KW
21% G IE - SYATUS INRBICATOR

ALITVND 900d J0
SI 3Dvd TVNIDINO

0col CoOOs07 200L
00oC0 R COODD3 E1
C0C0 R 0G00C0S P}
0CGC5 R CO0007 TMAX

€00000
£ooooo
(s]efs o] o]e]
coooog
0C0000
ccoeed
cooooc
ccocaa
cocoac
c00000
GO0Coaoo
ctoooc
cocooc
gecoca
400G0G
cooeac
s00Go0
gcceoo
006000
cooeoo
CoOCcoQ
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Tes

coi01
£0101
00101
celol
Lo101
£ol101
polol
cCcl101
colgn
L0101
coi101
€0101
solal
0101

€0101

G101
GD101
Celo:
L0101
o101
co101
20101
c0101
6D101
GG1Qa1
€G101

soiol.

ce10l
60101
ac101
uci101
og101
co101
ro101
o101
G101
£0101
Goi03
cOo1GH
00135
co1as
€01Ce
co110
colll
<n111
Lelll
0112
00114
Co1ls
tg1z0
20122
00124
a0126
00133
£p13z2
00134
[GAD g

22%
23%
24 %
25%
26%
27%
28x%
29%

30%

314
32%
33
S4*
35
363
37»%
38w
398
qns
41+
828
43%
LTE
85
4o%
LA d
8%
LK9%

YLy

S1%
SZ»
53»
St#»
55%
56%
57T*
5B*
S99
60%
61%»
62%
63%
6%
65 %
66%
61»
8 #*
69%
TC»
T1%
T2
733
743
5%
Tew
YR
TR%

OO N0 A0ANNANODNOMNADNNO0OONOND000

I
HpP2
INT
T
M
cco
RE
MF
Lo
TSy
TSL
HE
MFU
INPUTS
P
RE1
NU
1s0
vo
1
101
DH
PD
PH
HFH
1DE
EF1
HP1
cP2
102
™2
R
cH
cSA
csB
LE

~ INPUT ELECTRIC CURRENT, KW

~ MAXTMUK DISCHARGE RATE ALLOWABLE, KW
-~ PRIOCRITY FLAG INTERRUPT

- STORAGE YEMPERATURE, DEG F

- REQUIRED STORAGE MEDIA MASS, LB

- STORAGE DEVICE CAPITAL COST/YEAR, S
-~ MAXTMUM CHARGING RATE REQUEST, KW

- WORKIMG FLUID MASS FLOW RATE, LB/HR
~ THERMAL LOAD DELIVERED, KW

~ MAXIMUM STORAGE TEMPERATURE, DEG F

- MINIMUH STORAGE THEMPERATURE, DE6 F
— MAXIMUH STORED ENERGY, WKWH

- MAXTMUM WORKING FLUID HMASS FLOW RATE, LB/HR

-~ INPUT POUER, KW

- THEPMAL DYSCHARGE REQUEST, KW

~ STORAGE CNERGY LOSS COEFFICIENT, 1/HR

-~ RATED STORAGE TIME, HR

- RATED IMPUT VOLTAGE, VOLTS

~ MAXIMUM ALLOWABLE STORAGE TEMPERATURE, DEG F

~ MINIHMUM ALLOKABLE STORAGE YEMPERATURE, DEG F

~ DESIGN POINT ENTHALPY, KWH/LB

-~ RATED STORAGE THERMAL POWER, Ku

—~ MAXIHMUM CHARGE PATE, KW

-~ MAXTHMUM WORKING FLUID MASS FLOW RATE, LB/HR

~ JTEMPERATURE DEADRAND FOP PRIORITY RESEQUENCE, DEC F
~ INPUTY PRODUCT EFFICIENCY

-~ MAXTMUM INPUT CHARGING RATE, KXW

= WORKING FLUID HEAT CAPACITY, KWH/LB-F

- WORKING FLUID RETURN VEMPERATURE, DEG F

- MAXIMUM ALLONABLE WORKING FLUID TEMPERATURE, DEG F
- EFFECTIVE HEAT EXCHANGER THERMAL RESISTANCE, FIKU
- STORAGE DEVICE YEARLY MAIMTENANCE COST, IIKH

-~ STORAGE DEVICE CAPACITY COST, 3/KW

- STORAGE DEVICE ENERGY COSY, $/KWH

- UNMIT/LIFE FILE EXPECTANCY, YEARS

COMMON/CIMPL/IMPL, ICN/CTIME/TIRE /CSIMUL/DUMIT) ,THAX /COST/CCI CHI
PEAL MUyI¢MP2,INTyHF LD JHE JHFUMFM MP L 4LE WM
OIHMENSICON HT(1)

IF(IMPL.GT.0)G0 10 100

THAX1IZTMAXS®
TINC= DUMIT

« 99999
)

IFINU.EQ. +99999INUZ0.02

IFLTHL.EQ.
IF(T01.EQ.
1F(PM. EQ.
IF(MFM.EC,
IF(TDELEQ.
IF(CP2.EQ.
IF(702.E0.
IF{TM2.E0.
IF(R +EQ.
IF(CH EQ.

«9999931THM1=212.0
9999931 T701-60.0
«999%91) PM=-2.0%PD
«99999IMFM=9000.0
«999992)TDE=4.0
-99999)0”2-—& «93E~Y
«999991T02=40.0
.99999 1 TH2=212.0
«99999)1R =3.08BFE-4
«9999%)CH =C.b6

300000
cacoco
£00050
€0Go00
cecooe
coceco
3cou000
COOCOD
oococo
uoceogo
Goc000
coocoo
00Goso
00CGGO
coLsan
COLCOU
03GCOO
£OGC0Q
506500
¢006090
006950
Goooco
£CoCGs
£GGono
00GCO0
£00000
©0GCO0
£903C0
C00GGO
G5635G
366200
coceoo
ccoece
000206
GOC0a0
€sLs00
coosao
©oCead
200000
COC000
GOCo0o
COCOGG
£0G003
$CLoD6
oocooe
600006
000010
000015
couc22
cooo2?
C0GC3S
60C042
LCOT47?
00G0SY

BOU0s1

coCG66

£0GCT3

}I()(}d l.“;
Bl @9V TNy

BIrIvny

Sl
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o040
0C1482
CGl4ay
oclay
0G146
CCl47
co147
Co153
£o1si
Coi1s52
Co1s3
oois4
oeisy
£o1s55
a0156
n01S6
0o01ss
Lg1s6
€0187
50160
2016l
cols1l
o161
UGlel
CG161
€0162
£ole2

£o162

ggle2
2C163
gtisy
50166
GO166
g0166
CGl66
Go167
zgre?
L0171
eelrs
col1s
Co178
o176
60203
0oz10
0Cc212
CG212
ar223
06229
00223
00220
00222
cnz22
J6222
00222
06222

£o223

75
80w
DK
82s
83s
84w
a5s
BEw
87%
88#%
£9%
90
91s
92s
93
9y
9t
968
9T
9t %
99
100s
101=
102
1539
I04s
105s
106
107+
1Ge»
109»
11C»
1ll»
112s
113s
114»
115%
116%
117»
11es
119
12Cs
121
122%
123%
124%
125%
12 ¢
127»
128%
129%
130
131»
132%
133s

134%

ana® [s B2 NaRal ann

no

(s NpNe)

s NaNeNal

100

IF(CSP.EQ. +99999)CSAZSD.D
IF(CSB.EQ. +999991CSB=15.2
IFtMP1.EQ. .99999) HP1= 1.GEB

INT=0.0
RE1=30.0

TS5U=0.0
ME =0.0
MFU=G.0
TSL=1.0E8
CH= ChHsPD

M ZPOsTSO/DH
CCO=ICSA+CSR*TSOM*PD/LE

COMPUTE STORAGE TEMPERATURE
NH= HT(2)
Y= TBLULIE/H, HTtq) ,HTt4oNH] 1 ,NH)
E1= MSTBLULITHI JHY(A+NHI HT(&4)41,4NH)
WORKING FLUID TEMPERATURE

TF ZAHMINILTHZ JAMAX1I(TOZT-REL#*R)})

HAXTHUM DISCHARBE RATE AND THERMAL LOAD

MP2=HFUSCP2&(TF~T02)
IFUINT.EQe]IMP2Z0,
tD ZABINI{REL ;MP21}
WORKING FLUTD MASS FLOW RATE

JFULLDGT.0.0) HF ZLD/CP2/LTF-T02)

IFU{IMPL.LE- 1360 TO 200

1

IF(INPL.GT2) GO TO 200
PH1= PH/.9999

IF(HF 6T HFMIURITEC641010)INHF +HFH
IF(r  6T7T.PHM1 IWRITEle,1020)P ,PHM
JFUPFGT.HFM o0Re PGTPHIIICNZICNe]
IF(T «LT«T701.0R.

T GV .THIINRITE(641030)7,701,TH1
IFIToLT<TOl +0Rs T4GT.TM1) TCNZICNe]

CURRENT CALCULATION

200 1 =p*1000.0/Y0

ENERGY STATE

IF{IELHE Q) DEZP=LD~NU*E

000100
GOC10CS
gogli12
coo112
co0o117
£oo0120
cop120
000121
pog122
coGc123
coo124
coo126
ooo12é6
£ogo131
©3013S
000135
00C135
c0G135
ala 1R L 1]
300182
Goc173
CGGIT3
goo173
ooo173
oou173
060212
ugozi2
00G212
geoziz
cooz26
0cG23y
Gpgp24o
coC24 g
00G240
20C240
000246
con246
poQess
00261
cCco265s
CoG265
o0G270
GOG2ISY
£oc3te
5003317
GoC337
cogl6s
t0UL36S
000365
cCo36s
couua?
COLY07?
CoCuG?
GOG4CT
00GuQ?
cCoDpY12

gcoy12
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£ 11

00223
00223
00223
00225
00226
0g0z26
00226
00226
0cz26
00227
06227
oG23l
00231
oo231
00233
oez3l3
coz23s
GD235
co235
co237
0oz237
oc241
0G242
00243
op24y
00245
cp24s
Go24s
00245
og2aar
00253

cg2s1 -

GC251
00252
0€253
00253
00254
0G25%
00255
00255
00255
gp2ss
00256

136%
137
138%
139
140%
141»
142
143
14 4%
145 #
146%
147+
1489
149 %
150=
i1Sle
152%
153»
154
155s
15¢ %
157#
158
159
16Ce
161%
162%
1639
le4®
165#
166%
167*
l68»
169»
175
171#
172»
173»
174»
175*
176»
17T
178»

o0an

OoO0OM

(2]

00

1

1

1010 FORMATI1HO,26HTS WORKING FLUID FLOW RATE,F12.3
s 32H GREATER THAN MAXTMUM ALLOWED.F12.3)

1
1020

1
2

MAXTMUM CHARGING RATE REQUEST.

A= AMAXIREL-E+0.)/TINC
RE =AMINI(PM MP1,A)}/EF]

PRIORITY RESEQUENCING
IF(T.LE.TO1INT=1.0

IF(T.GCE.(TO1+TOE).AND.
TINT.EQel1.)INT=0.0

IF(T.GE.TM1)INT=-1.0

IFCT.LT.(TH1~-TOE).AND.
INT.EQ.=1.)INT=0.0

IFUIMPL.LE.1)RETURN
TSUSAMAXTI(TSU,T)
TSLZAMINICTSL,T )
ML SAMAXI(HE LE }
MFU=AMAX ] (MFUMF )
IFC{TIME LY. THAX1)RETURN
coSsY
CMI=CHI+CH

CCcl=cclecco
CM = CH/PD

RETURN

FORMATC(IHC , 14HTS INPUT POWER,F12.3

1 . s84H  GREATER. THAN MAXTMUM ALLOWED CHARGE RATE,F12.3)
1030 FORMAT(1HD, 23HTS STORAGE TEMPERATURE

v 20H OUTSIDE MINIMUM ,F12.3
v 15H AND HAXTMUM 4F]12.3)

END

F12.3

000412
200412
Logsle
gt0u22
COGu32
G0Ce32
00use32
GoLe32
GGouw32
ocosas
COCNuS
0oC4S3
CDCuS3
GCCusS3
CDGu?2
coos7r2
COLSCE
GoDsSCco
COU5G0
cocsty
006517
000526
GOCS 34
00OS542
00CS5p
[s]e3-3-7 3
GCOSSé6
ocosse
onesse
000565
000S73
cogs73
oDLs73
CCC576
00107C
G01070
g01070
co1c73
001070
00107¢C
co1c70
€01070
cc1070

4004 4o
ST &HD‘QI'I¥QQI£HQRD

Rirrvnp

S1
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7.45 TURBINE (PNEUMATIC)

MASS FLOW RATE (M) —gn]

TEMP (T1) —_—

ROTOR SPEED (RS) -~ > POWER (P2)

INPUT POWER (P1) —bm IL ——#~MAX. OUTPUT POWER (MP2)
MAX. INPUT POMER —— — = QUTPYT EFFICLENCY (EF2)
INPUT EFFICIENCY —s

: (EF1) b

The turbine model is based on a high pressure ratio, constant angular velocity
design. The turbine is assumed to be designed to a sef of of operating con-
ditions defined in terms of user specified parameters. The polytropic effic—
iency is only weakly related to angular velocity. Initial calculations are
made with the design polytropic efficiency, and refinements are then com-

puted after off-design parameters are calculated.
Bagi uati
The equation for output power P2 is

P2 = MHCP#(T1-TA)
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e ok 1) Ia B
ORIGINAL PAGE
o POOR QUALITY

lnputs
Parameter/Port De ipti Units
M Inlet mass fiow rate tb/h
cP Air heat capacity (D = 7.2X10 ") kwh/ 1b7°F
T 1 Input air temperature NG
TA Ambient alr temperature °F
MO Design mass flow rate (D = 4800) Ib/h
TID Design inlet air temperature (D = 600) °F
PID Design inlet pressure (D = 117.6) psi
P2D Design exit pressure (ambient) (D = 14.7) psi
T20 Design exit temperature (ambient) (D = 70) °F
PS Storage vessel pressure psi
RS Angular velocity rpm
EF 1 Input product efficiency -
mpP 1 Maximum input power kw
P 1 Input power kw
CK Capacity cost coefficienfl (D = 0.015)
Fo Turbine mass flow exponent for capital cost -

D = 0.75)
G Turbine temperature exponent for capital cost -

{D = 0.5)
NPD Design Polytropic Efficiency (D = 0.88)
Outputs
Variable/Port
e 2 Output power kw
\ca, Turbine cost/year $
PR Back pressure ‘ psli

- To Torque ft=Ib

D - Default values supp!ied

1ok = Capital cost (known unif)/[(design point mass flow rate) O
 (design point temperature + 46018 % LN (inlet/outlet pressure ratiol)¥*LE],
where LE = |ife expectancy in years.

BCS 40180-2 335
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Qutputs Cont.

Variable/Port Description Uniis
EF 2 Output product efficiency -

MP 2 Maximum discharge power kw
Statistics

map Maximum power observed kw

The calculation sequence and the default values are based on the assumption
of a high pressure ratio, constant angular velocity turbine, rated at 150 kw
and a pressure ratio of 8. The equations used relate first order effects
among the various physical quantities and were derived from first principles
originally in support of the research work of Reference 1. Cost scaling was
also developed in that reference based on cost estimates from turbomachinery

manufacturers.

1. "Closed Cycle High Temperature Control Recelver Concept for Solar Electric
Power," BEC/EPR| RP377-1, June 1976.

BCS 40180-2



Calculation Sequence

1)

4)

6

et ANIRND

Costs

CC = CK¥*{MD)IHF@#(T1D+460 ) ¥KGHNIPID/P2D)

Back Pressure PR determined by

PR = (W/MDI¥PIDH Y (TL1+460)/ ITID+450)

1f PR > PS write DIAGNOSTIC

Efficiency

RAT = {(PID/P2016E(2/7)

EFF = (RAT-1. )/ {RATH{L/NPD)-1)
Powar Qut

P2 = MECP¥(T1-TA)HEFF
Torque
1§ RS = Q, set TO = Q and go to &)

T = P2¥{737.6)/ (RS¥2 11/80)
Efficiency and maximum power

EF2 = BFL¥EFF

MP2 = min (MPLXEFF , MDXCP#(TL-TA))

Compute Statistics and Costs

TU
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SUBROUTYINE Tu

ENTRY POINT QUO335

STORAGE USED CODf(ll DO04T1; DATALO} DO0065; BLANK COMMON(2) 00OOCOD

COMMON

0003
aoou
a00s
9006

RLOCKS

CIMPL
CTINE
CSTHUL
Cosy

gopooz
Bo3001
oooo1o
goodal

EXTERNAL REFERENCES (BLOCK, NAME}

oco?r
aoio
2011
a012
0013
agis

STORAGE

gool
Qo6e R
0goco
gooo R

ap100
0014l
Z0101
00101
20101

£0101
- u01B1

oo101
30101
50101
o101
<0101
Loiol
0G1c1L
£0131
€oidy
4D1C}

L0101
L0101
oninl

XPPR
ALOG
SQRTY
wWpus
NTD2%
KERR3S

ASSIGNMENT (BLOCK, TYPE, RELATIVE LOCATION, NARME)

coc137?
aGceoo
a000%7
cocool

i®
2%
I
CE]
5
(1]
7
g%
G*
1C»
11»
12»
13%
14 #
15«
16%
17
18%
19%
20%

oL oGol oDO304 1000L oogg 00000% 1010F a0} 000208 200L
cecl : 02G5 oooapo Dum 0000 R 0OUDOO3 EFF 0003 I 000001 ICNY
INJPS Q0G0 R 000000 PY 0000 R 000002 RAY DC0a R 000000 TIME
TMAXY
cTy
SUBROUTINE TUCP2,CC+PR,TOEF2 MP2 ,MOP M ,CP,T1,TA,MD,TID,PID,P2D,
1 Y20 ,PSoRSHEF I MPL,P1,CKF,G4NPD?
o4
C PURPOSE TURBINE PERFORMANCE MODEL
C
C METHOD COMPUTE TURBINE POWER OUTPUT FROM INPUT DESIGN
C
(o CORDYITTIONS AS A FUNCTION OF INLEY TEMPERATURE
C
C AND MASS FLOW RATE
c
cC MRITIEN BY F.0. MAHONY VERSION 1, MaRCH 22 1977
c
C CALL SEQUEHCE
c oUTPUTS
c P2 ~ QUTPUT PONER, KW
Loy CC = TURBINE COSTY PER YEAR, $
c PR =~ BACK PRESSURE, PS1
C T0 -~ TORQUE, FT-LB

0001 000233 300L
0003 T £o0000 IMPL
0CGS R COCCOD7 Twax

¢oango
(e]e]s}s}s]s]
c0coo0
Geaceac
cacecogo
cogooc
counao
ca6oaa
GOCCaG
COCCac
000004
€2204acC
gecooce
0oGoao
cCeenca
coocce
£ogoao
gagoag
cocGoocra
COCEST

Nl



00101
00101
Go191
00101
cD101
<0101
00131
c0101
neial
00101
00101
00101
€0101
$G1C1
00101
0101
00101
£G131
oci01
00101
a0101
ac1a1
4G101
00103
oCcics
30195

2-0810% S4

£el1os

G107
€011l
00113
c0115
00117
0012t
00123
oe12s
Zeyz2y
06131
00133
00135
00137
20149
004l
0Dz
0042
co142
00143
COl44
00145
350145
oCi46
Co0lu6
ceius
a014s
Gol4e
L0150
coilsl
20152

6¢¢

21

22%

23%
24»
25%
26%
27
28%*
29%
3ne
31
3z»
33
Iy
35%
Je*
31
35¢
39
40
41#
42
43
4y
45
Hen
§ x
ugs
59%
SO»
S1%

52

53
Sy
55%
S6%

57

58%
59%
6o*
61%
62%*
63
XL
65*
66 %
&67%
68 »
69"
T3%
Ti*
72
12
Tu»
5%
76%
T7*

ANOOOOOOAANAONAONO0DNO00N

(o] o0

00

100

200

EF2 - OuUTPUT PRODUCT EFFICIENCY
MP2 = MAXIMUN DISCHARGE POWER, KW
MOP - MAXIMUM PONER OBSERVED,XW

INPUTS
M = INLET MASS FLOW RATE, LB/HR
CP - ATR HEAT CAPACITY, KWH/LB/DEG F
Tl = INPUT SIR TEMPERATURE, DES F
TA. = AMBIENT AIR TTMPERATURE, DEG F

MD -~ DESTGN MASS FLOW RATE, LB/HR

TID - DESIGN INLET AIR TVEMPERATURE, DEG F
PID — DESIGN INLET PRESSURE, PSI

P20 - DESIGN EXIT PRESSURE (AMBIFNTY), PSI
T2D — DESIGN EXIT TEMPERATURE (AMBIENT), PSI
PS -~ STORAGE VESSEL PRESSURE, PsI

RS ~ ANGULAR VELOCITY, RPM

EF1 - INPUT PRODUCY EFFICIENCY

MP1 -~ MAXTIMUM INPUT POWER, KM

Pl ~ INPUT POMER, KW

CKk =~ CAPACITY COST COEFFICIENY

F — TURBINE HASS FLOW EXPONENT FOR CAPITAL COSY

G ~ TURBINE TEMPERATURE EXPONENT FOR CAPITAL COST

NPD —~ DESIGN POLYTROPIC EFFICIENCY
COMMON /CIMPL/ZIMPL ,TCNT/CYINE/Z TIME /CSIMULZDUNCT),THAX /COST/CCI
REAL MP2,MOP, M,HD, MP1,NPD
DATA PI /3.18159/

IF(IMPL.6TLC) GO TO 10

bS]
IFICP .EQ0. +99999) CP = T72.0E-6
IFITA LEQ. +99999) YA = 70,0
IF(MD .EQ. .99999) MD = 48G0.

IF(TI0,E0. .99999) TICZ600.3

IF(PIN.EQ. +99999) PID=117.6

IF{P2D.EQ. +99999) P2DT14.7

IF{T2D.5EQ. +99999) T2D=70.0

TFICK .EQ. +99999) CK =0.015

IF(F .EQ. +99999) F  =0.75

IF(G  .EQ. +99999) 6 =0.5

IFANPD .EQ. 99999 INPD= .88

MOP = L.

RST AMAX1(0.0,AMIN1(RS, %C00.))

THAX1Z.99999¢ THAX

CC = CK*MD*YFA(TIN+a60. 1+36¢ALOGIPIN/P2D)
DETERMINE BACK PRESSURE

RATZ (PIR/P201ne,2857
EFF= IRAT-1.,0)/C¢RAT*2(1./NPD) - 1.0}
PR = M/MO*PIDSSQRTILT] + 463.017(T10+4860.1)
IFLPR.GT.PSY GO TO 1000
PONER QUTPUT
P2= M*CP*(TI-TAY*EFF

70 = 0.
IFIRSEQ.Ce sORe P1l.EQ. Do) GO TO 300

IR Mek- Gt RS CR R AR oS S

000000
c0oonog
000000
G00000o
Jopoce
cogcac
0Goesa
coGodo
€apcoo
Gocooo
006000
gacooo
GoGooe
ceccog
pocodce
£ocooo
gocoCg
£ocoon
roG200
c00000
C¢GCo0U
£CLoog
CcoL0a0
[slefedogele]
c0coog
uoGeoo
0ouLong
coccea
Qoceoz
soooo7
ubLog%
ocpo21l
LoGo26
0oco33
ococn4g
[de]r]ad B9
0CLos2
0oocs?
CoCpe Y
2CC671
GpO072
00104
co0l101
C0C107
000107
GoG13Y
geolue
000162
000162
coG200
G0G235G
£oc206
£po200
coo2oa
ooc204
coc212
0aG213




¢-0810y S24

Joisz
Q0154
aoisu4
Cgo154
30154
20155
Go156
0p1s7T
gcliel
CG162
O0le%
G0164
{0165
L0165
TL166
GD173
00173
00174
00174
00176
cO176
00177

789
T9s
8G*
8l»
82s
83e
R4 e
8S ¥
86
87»
BEs
8 9%
90w
91s
92
93s
LY
95 %
96 %
97+
98 *
99

TORQUE
YO = P2¢737.6/71RS#2,0%P1/60.0)

EFFICIENCY AND MAXIMUM POWER

ann 0

300 EF2 = EF1%EFF
HP2 = AMINLI(MPLI#EFF ,MD*CP#(T1~TA))
IFLIMPL.LE. 11 RETURN
MOP = AMAX1(MQOP ,P2)
IFCTIME.LT.THAX1) RETURN
ccl = ¢cI + cC

RETURN
1000 IFCINPL.EQ.2IMRITE(6,1010) PR,PS
1010 FORMAT (1HD,2IHTURBINE BACK PRESSURF,F12.3,
1 39H GREATER THAN STORAGE VESSEL PRESSURE ,F12.3)
IFUIMPLCQL2Z)ICNTSICNTY *)
60 10 290

END

® 9004 4o
BT 89vg TYNIOTHO

Kirtvn

000213
000223
gooz23
600223
00g223
c00233
ono23s
005251
005260
300266
coo2171s
00027S
GO0303
6Q03C3
GOGC304
CoG315
goo31s
00031S
GoC31S
oce323
00323
ooCca7C

nL



UT

7.46 UTILITY

SURPLUS POWER (PO) —sm| - BASELOAD GENERATION (P1)

PEAK POWER REQUEST (RE) -~ T - PEAK LOAD GENERATION (P2)

> MAX, POWER CAPACITY (MP2)

The utility model has two power outputs corresponding to baseload and peak
generation, with corresponding generation cost inputs. A surplus power input
is also provided with cost credit depending on whether baseload or peak power

is reduced. Total energy cost, total output power and total peak load requests
are monitored.

BCS 40180-2 341



Inputs
Parameter/Port
BS

cB

MP

P 0

RE

cP

cC

o))

Outputs
Variable/Port

P 1
me 2
P 2
co

Statigtics
53R
- SPQ
sp
VsP

Description

Baseload generation (default = 0.)

Cost of baseload generation/kwh

Maximum power capacity (default = 1x108)

Surplus power returned to utility
Peak generation request

Cost of peak load geperation/kwh
Capital cost/year

Maintenance cost/year

Baseload generation (= BS)
Maximum power capacity (= MP1)
Peak load generation

Cost of energy used (state)

Sum of requesfed peak generation
Sum of outfput energy

Sum of surplus energy

- Value of surplus energy

UT

kw
Kw

kw

kwh
kwh
kwh

BCS 40180-2



Calgulation Sequenge

1) Power outputs
If BS > MPL, write diagnostic
PL = BS, MP2 = MPL !
P2 = MIN {MP1-BS,RE)

2) Energy cost dynamics
CO = BSHCB + (P2-P@)*CX

ox = (CP if P2-PB >0
0 if P2-PO<O

3) Statistics
SR = SR + RE 3 TINC

DEL = 0 if P2>PO
T\ (PQ-P2)¥TINC if PO >P2

SP@ = SP® + (P1+P2-PO)*TINC + DEL

SP = SP + DEL

It

VSP = VSP + DEL 3 CB
Where TINC = integration step size/2

4) Compute Costs

BCS 40180-2

UT
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SUBROUTINE uT

ENTRY POINT 000217

STORAGE USED. CODEC1) 0GO3al; DATACD) DOOO&S; BLANK COMMON(2) 0000CO

COMMON

0co3
fslafsl
asos
0cG6

BLOCKS

CINPL 000002

CTIME
CSTHMUL
COST

opeo
a0oo

+000001

0
11

EXTERNAL REFERENCES (BLOCK, NAME)

0907
a010
0011

STORAGE

0301
0006
00co
u0po R
00G6 R

001G
20101
©o101
o131
o101
00101
0g101
013}
00101
L0101
L0101
co1C1
Cco101
co101
20101
20101
¢0101
o191
00101
o121
00101

TR oW a R e | PSS

NWDUS

N102%

NERR3S

ASSIGNMENT (BLOCK, TYPE, RELATIVE LOCATION, NANE)

C02053 100L 0001 000186 200t 0003 000008 208F g00s R 000000 CCI

00002 cop 0C00 R 0OOQO2 CX 000S R 000000 DUM 0003 I 00CO001 ICNT

000023 INJPS 0006 R 000010 SPD gc06 R 300004 TDE 0000 R pgore3s TER®M

SCnoNl TINCI 0cos 000005 TiD 0005 R GOOOO7 THAX 0000 R 000000 THMAX]

000006 UTV 0006 R 00CO03 VDE

1 cul

2 SUBROUTINE UT(P1,MP2,P2,C0,C0D,1CO0,SR,SPO,SP,VSP

3s ) sBSeCRBeMP1sPOJRELCPLCC,CH)

4 (o

5% Cc PURPOSE MODEL OF UTILITY CAPABLE OF PRODUCING

(3] c BASELOAD AND PEAKLOAD POWER, AND OF

Ts C ABSORBING SURPLUS POWER )

8 [ :

9% (o ME THOD COMPUTE PEAKLOAD GENERATION AND ENERGY COSY

1C» C

11 c WRITTEN BY Y.K CHAN VERSION. 1,JUNE B8,1977

13 c

13 C CALL SEQUENCE

14 Cc outTPUT

15% c Pl  ~BASCLOAD GENERATION,KM
- 16% C MP2 -MAXTIMUM POWER CAPACITY, KN

17» c P2 <~PLAKLOAD GENERATION,KW

18% [ CO0 -COST OF ENERGY USED (STATE), §

19+ C COD -ENERGY COST RATE, S/HR

2C» C ICO -INTEGKATOR CONTROL FOR CO

21% C STATISTICS

228 i SR...—SuUM

OF REQUESTED PEAXK GENERATION,KM

0C06 R 000001 CM)
0003 I 000GOC IMPL
009% R COO0OD TINE
gC06 R CGDOOT7 UTD

cagoo00
000000
Goooco
00G003
Gooooe
00C3006
gogooc
cogooo
£o0c00
ccooco
£000G0
[a)efeze] ]
cogcag
60cooD
G30G30
CcoCo00
00GoJ0
CoLcoc
00LG3G
coocoo
000000

cocpcc

o
o
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20101 -

colol

L0131

L0101

w010l

roigl
£oiol

eG101

[0101

s34}

colol
coiol

LClOl

06133
00103
CoL0u
00104
CGLos
00107
colll
poIL3
JoLls
£olis
COllé
Go117
Lo12d
o1zt

Lorzi
©012%
206121
toiz2
£p123
SC125
GGLI3L

cor3l

53132
o613k
To134
o013s
50136
soL37
GoLI3T
50137
6C137
20140
colyy
Co143
oo145s
£rp14s
0148
SOoiys
Lciu7
shisa
OISl
Co1s3
Lo1sy
16155

23%
248
25%
2EW
271s
28
299
309
31s
324
33
38w
35

3es

37s
3
39%
LIvE ]
41
42
N1s
LR
L1 4
LY ]
NTe
5.2 ]
K9%
5%
5%
52%
53
sS4
55%
56%
ST»
Sew
59
&6T%
(3¢ 7
629
63
64
65%
66
&Ts
tes
694
1cs
118
2%
73%
T4
TE*
T16%
YL
7es
75%

AAABAANDAANN AN

(2 X2l ]

[aNelal

(s NNy

208 FORFATULIHO, 10H BASELOAD 4F12.3:32H EXCEEDS MAXINUM PONER CAPACITY,

100

SPO ~SUM. OF QUTPUT ENERGY, KWH
SP  ~SUM OF SURPLUS ENERGY, KWH
VSP ~VALUE OF SURPLUS ENERGY, $

INPUTS
8BS ~BASELOAD GENERATION (DEFAULT=D.),Ku
CB8.  ~COST OF BASELOAD GENERATION/KKH, S
MP1 -MAXTIMUM PCUWER CAPACITY KW
PO ~SURPLUS POWER RETURNED TO UTILITY.KW
RE -~PEAK GEKERATION REQUEST. KM
CP  ~COST OF PEAKLOAD GENEPATION/XWH, $
CC ~CAPTTAL COST/YEAR, $
CH ~MAINTENANCE COST/YEAR, S

COMMON /CIMPL/ZLIMPL JICNT/CTINE/TINEZCSINULZDUNRET) , THAX
X 2COST/CCI o CHI COP,VOE,TDE,TLO,UTV,UTD,SPD
"REAL wP2,MP1l

IF¢{InPL.GT.D)60 TO 100
IFt(BS.EQ.«999991BS=0.
IF(HP1EGae 99999 IMPLI=] (8
TPAX]1=THAX®.99999

SR=C.

SP:D .

SPC=0,

YsP=0.

RLC=0C.

P00

COMPUTE POVWER OUTPUTS

TINC1=0UN(T)*.S
IF(BS:LE.MP11IGO TO 100
WRITE(G,2081BS,MP]

1 F12.3)
IF{INPLLEQL2ITICNTSICNTe]
BSTHP1

P1=BS
nP2zHP1 .
PZZAHINIIMP1-BS,RE)

COMPUTE ENERSY COST

CX=0.

IFtPZ.GT.POICY=CP

IF{ICO.NE«DICOD=BS*CBs (P2-PD)#CX -
TFCINPL.LEIIRETURN

STATISTICS

SRZSR+REsTINC1

SPO=SPUs (P14P2-Pp)sTINC)
1FIP2.67.PU) GO TO 200
TERH=(PO~-P2}$TINC]

SPO= SPO+TERH

SPz SP+ TERM

uooscoo
coLooon
00GG0G
c3gcac
A efstieks]
coscogs
eoceoo
cocaeg
£oL500
Logots
¢oGGao
coguooo
CoooCo
2ognoc
eoccou
LoGota
cooco2
coCcoGo
GouGo2
C3L006
0putl13
C0CO16
cocs1?
£Goo20
cocezy
cooez2e
LogG23
coaezs
coGo23
gocoes
regezs
Lucecz1
ceooss
coggy 2
CoC042
roGoy2
CooCSC
Qoonso
6oLOs3
CLLa54
COOUCS 6
cagase
cocose
ooulse
CCCCoeH
oceGoes
coo073
Coo1GY
GOG1G4
COG1o4
CGG10y
Co0G113
06117
CoG125
co0131
600135
coBs137

00 W00q i
EOVd TYNIOHDI

ST

10N

g ey

o e

P




2-0810¢ S04

00156
£oIS?
oo157
20157
colel
Go162

o163

col64
tD016s
&Cles
ccle7

'CG179

CoI71

80«
81ls
82%
83s

E-L L]

85»
86»
87s
28 »
89s
90s
91
92

200

VSP= VSP+ CBsTERM

ITCTIMELLT.THAX1IRETURN
CCI=CCIsCC

CHI=CRI+CH
VDE=-VNE-CO+vSP
TDE=TDE—-SPO+SP
UTvzulveCo

UTOZUTO+SPO

SPD= SPD+SP

RETURN

END

Lo e s b

cOol141
CGoC146
000146
000146
CoGlsy
CO0G157
00C1e2
0DGle6
uouir2
COC175
£0Ge30
000203
G034 G
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WD

7.47 WIND

RECORDED W IND
RISTORIES (WVI) .

(PD,RY,DF)
WD p————=WIND SPEED (WV2)
TIME OF DAY (TD) —

NEEK OF YEAR (NY) —of

This model computes wind speed elther from user suppllied time histories (data
tape) or by generating a set of random numbers with user supplied dally and
yearly average profiles and user specifled random variation. If user supplied
profiles are avallable then the wind speeds ara generated from the following
equation:

Basic Equati
W o= [PDUTD) + NIT)THPY(WY) /M

whera PD Is the user supplied daily mean profile
TO Is the time of the day
PY Is the user supplied yearly profile
WY is the weelt of the year
N Is white nolse with user speciflied probability distribution
m=1 3 PY (i)
=1



Tables

PD

PY

DF

lnputfs
Parameter/Port
WV 1
TD

WY

Outfpuis
Variable/Port
w 2
M

TIM
Statistics
Y

AV

Description
Daily profile versus TD (default = 0)
Yearly profile versus WY
Densit: function for white noise terms
(tabular with speed W)

Wind speed data file input
Time of day
Week of the year

Wind speed
Mean of yearly profile

Last time a random sample was generated

Maximum speed

Average speed (expected daily wind)

WD

Units
miles/hr
arbitrary

arbitrary

miles/hr
hr

miles/hr

hr

miles/hr

mites/hr



Calculation Sequence

1) Compute distribution function and mean M (first pass only)

) DF(V,) : viiww
FIW) =

Zor(vi)

2) Check for data file input
If W1 = .99999 go to 3)
W2 = w1
Go to 5)

3) Generate white noise input N
I'f TIME = TIM go to 5)

U = random noise sample, uniformly distributed [0,1]
Interpolate to find N = F L(U)
TIM = TIME

4) Compute wind speed
W2 = [PD(TD) + N 1# PY(WY)/M

5) Compute Statistics

BCS 40180-2 _ . . 349
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SUBROUTINE WD ENTRY POINT Q00412

STORAGE uSEn CODE (1) 00D473; DAYALO) 000063; BLANK COMHMON{2) ©0OOOCO
COMMON ELOCKS

- 0go3 CIMPL  0CODD)
0004 - CYIME 000001

EXTERNAL REFERENCES (BLOCK, NAME)
poos UNTF

0006 TBLUL
0007 . NERR3S

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

aoo1 000245 10L 0201 020253 100L ap01 00007Th 1226 0ao01 000133 1376
2001 000202 1556 cnol 000225 1656 DCOl 000146 40L 0000 R 000010 A
0000 R CC0018 pMv 0060 1 0000C6 1 3003 1 0000Q3 IMPL 2039 000028 INJPS
00C3 1 CODBOQ7T L - GCOOD T 00DOD2 ND 390C 1 000001 NP QC00 I oDocol2 Pl
30CO0 R OC00OD4 SuM 0006 R 00000 TRLUL 00B8% R 000000 TINME Qo00 R 000Gl U
00CO0 R DOOG1S YWY
LGidd b E 4 (4]} .
0010} 2% ) SUBROUTINE UD (PDysPYsNF ,MVO ANV, AV XH,TIMNG 4UVI,TO,MY)
c0101 3s C
Cco101 LEJ [ 4 PURPOSE BENERATE WIND SPEED FROM DAJLY, YEARLY, AND RANDOM PROFILE DAYA
coi101 £ [+ E
C0101 (34 [ METHOD RANDOM NOISE WITH SPECIFIED DIST. IS ADDED TO MEAN DAILY PROFILE
20131 T c AND MULTIPLIED B3Y A YEARLY PROFILE. INITIALLY THE DENSITY TABRLE
0101 g c WF IS COMVERTED 70 A DISY. FUNCTION. S
0c1G1 9% c - /
oC151 1C» [ MRITTEN BY A.W, WARREN VERSION 1, MARCH & 1977
00101 11% [
o0101 12+ [4 CALL SEQUENCE
00101 13 [+ TABLES
5C101 14» c PO =~ MEAN DAILY MNIND PROFILE, MPH
£o101 15% c PY - MEAN YEARLY NIND PROFILE
geiot 162 C AF ~ WIND FREQUENCY FUNCTION (NON~GUST, RANDOM COMPONENT), HR
cC101 17» C
€0101 16 c oUTPUTS
C6101 19% c MVO - NIND VELOCYITY QUTPUT, MPH
20131 2C% C AMY = MAX. OBSCRVED MIND SPEED, MPH
00101 21» [ AV = MEAN DAILY WIND SPEED, MPH
eeiel 22% c XH - WEAN YEARLY WIND, ~

s s e TTMA= LAST. TIME A RANDOM SAMPLE WAS USED, HR

S TS Nt R b ety

0co0l 000353 150L

0080 R GODUDS ANMN
0000 1 £OCO0O IX
000C I COOGO3 NY
ogoos R DOOO13 WM

000016
J0gpo16
LoGaole
coool1e
cocole
pogolre
tcooLe
cocol16
cogo16
5ooo1e
uCCole
GCcoc16
C0G00le
600016
oogole6
CDLD16
coeole
Goootre
000016
taoo1ié
elafe}e) § ]
defalig ¥
ceoole




2-0810% $98

166

0o101

£oini

poiol

30101

50131

Gp10t
a0101

Qo103

C0104
4oD10s
noiags
©uC105
ao1cs
<0107
00110
tn111l

00112
0011%
£0115
0ol16
20117
0c121
0g124
c012s
colzé
ooi27
00130
00131
ao133
00134
coi35
GQ135
GD136
ooliul
50182
00144
800144
Col44
a0145
o147
C0151
-c1sl
00153
00154
00157
20160
t0162
0162
00163
0D164y
Go167
50173
soiz2
00173
a0173
00173
20174

242

25%

26%
27%
28%
29
30»
I 1%
32
33
34
35s
36
37s
3es
39%
a0
als
429
43
N4
LR
4o s
4T
48s
49
SO
Sls
S2%
534
Sy
S5»
S6%*
STs
58%
59%
60%
6ls
62
63%
(L)
65%
66"
67s

68%

69%
10
71+
2%
73
Tus
752»
768
17*
T8
T9%
8 0=

OO NN

ann

30
4

25

15

10

INPUTS
VY -~ VWIND VELOCITY INPUT FROM DATA FILE, MPH
10 = TIME OF DAY, HR
MY <~ MEEX OF YEAR t1-52)

DIMENSION PD(1),PY(1),WFI(1)
COMMON/CIMPL2InPL /CTIME/YIME
DATA IX717
INITIALIZATION
COMPUTE MEAN DAILY MIND SPEED AND DIST. FCN

NPZNF (2)

NR=PD(2)

NY=PYI12)

IFLINPL.GET.0) 60 TO 10

SUNM=G.0

AMN=0.0

TIMO=~1. .
IFCNFLU+28NPYEQs 1) 60 TO 80
DO 20 I=14NP

MFEI+2) = NF(1+3)

L = 3eNPe]

A=MF (L)

NF(L)=SUN

SuM=sSume A

AMN = AMN * ASUF(2+1)

AMN = AMN/SUM

WFL3eNP)= WFINP+2)%2. ~ WFINP+1)
MFLL*1)= 1.

DO 30 I-14NP
L-34NPe]
KFIL) = MFIL)/SUM
CONTINUE
DEFAULY TASLE FOR PD

IFIPDI2).EQ. 1.99999) PDINIZD.
IF(PD(2).EQ. 1.99999) PD(S)=0,
IFtPDI2).EQ. 1.,99999) PDL2)=1.

AV = 0.

D0 25 I=1,80

L = 3sND]

Ay AV+POLL)

AY AV/ND + ANMN »

"o

XM=0.
DO 15 IZ1.NY
L=3¢NY+
XHZXM+PY (L)
XM=XM/NY
ANV =Q.
CHECK FOR DATA FILE INPUY

IF({ WV1.EQ. 999993 GO To 100

000016
000016
coGole
opo01e
Loon16
000016
000016
coo0le
Go001e6
CcocCcle
60G01é
¢oG0l6
€00016
Co0016
€0092s
co0034
COo0043
COgoue6
coooa?
Goopsc
0Qa0s52
CoG3ITy
Coo07y
€oog7é
ooo101
ooo1cs
goa1a1
cao111l
Goa1le
coglze

coQ124

006124
006133
cCU133
00G140
600146
CO0l46
LOG146
00G146
000151
£00171
000171
coC176
£0G202
c00202
£00205
£og21s
COG214
t0c221
00c225
006225
C06232
Lee231
G00243
C00243
00243
000245

ol

r-ri'. TR
[ & TR L

et e e s

el et




rA-1 4

2-0810¥% SJ4

a0176
0g1717
301717
00177

- -g0200

gctzu2
0o2a3
aG20y
0c20u
00204
0ozos
C2230e6
geaar
00210
3c210
00219
00211
00213
slspL ]
ggzals

81s
82w
83
ay»
85
86
81%
Ba#
B89
90=
91
92
93s
9y s
95
96»
97s
9B
99s
100 s

Ry o S A £ i £ e T e

¥Vo = uvl

60 TO

150

GENERATE MHITE NOISE WITH DIST. WF

100 If( TIME.EQ.TINO) 60 TO 150
CALL UNIFLU,IX)

NP1=NP

.1

BN = TELUICU,HF(8eRP) 4WFI3),1,-NP1)

Duy =
YWy <
WVg =
TIHnO=Y

150 1FtIne
A¥Y =
RETURN
END

GENERATE WMIND SPEED USING DAILY AND YEARLY PROFILES
TBLULUTDPD L) ,PDISSND) 4 1,-ND)

TBLYLGUY ,PY L&Y PYLUONYD 31 ,-NY)
(DWVY ¢ UN)® YUY / XM

IHE

MAX.
LeLE+1) RETURN
AMAX1TAHV,MVO)

OBSERVED MIND SPEED

000247
0002¢1
GGC251
G0G251
cou2s3
£0025%
gooze61l
neGeey
CDG264
coG264
GoCc303
coo3e3
goa3u3
GoG3s¢c
000350
u0GIs0
0GG3S53
CGo36)
onG3e7
CO0NT2



WP

7.48 TURBINE/GENERATOR

WIND VELOCITY (WV) e~ WP = OUTPUT POWER (P2)

This component uses a power curve relationship with wind velocity fo mode |
the wind turbine and generator. It may be used in place of the more detailed
wind turbine-fransmission-generator components where a simplified analysis
is desirable, br where a nonstandard wind generator mode! is desired. The

model may be used for either A.C. or D.C. power generation.

Basic Equationg
. W< WO
P2 =1 =0 (wv> W1
P2 = V¥*I/1000 WO € W< w1

PMAX L =Y
POWER
OUTPUT
(P2)
WVO WIND VELOCITY W1
{(CUTIN) ~ (cuTouT)

FIGURE 7.48: OUTPUT POWER VERSUS WIND VELOCITY

B8CS 40180-2 383



Tables
PW

Inputs

Parameter/Port
\

WO
w1
w
cC
)
EC

Qutputs
Variable/Port
|

P 2

Statisti
Mmi

sP
ce

D ripti

Wind generation power versus wind velocity 1

Bus voltage (Rated)
Power cutin velocity
Power cutout velocity
Wind velocity

Capital cost/year
Maintenance cost/year

Control Energy Rate

Bus current

Real power output

Maximum current
Maximum power
Total output energy

Total operating costs

‘Oufpuf power including mechanical and electrical efficiencies

volts
mph
mph
mph

$/hr

amps

kw

amps
Kw
kwh

(BCS 40180-2




Calculation Seguence

1) Initialize statistics

2) Compute P2

P2

]

and |

(PW(WV)
0

P23#1000/V

WO <€ W < w1

otherwise

3) Compute Statistics and Costs

BCS 401BC-~2
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SUBROUY

STORAGE

INE WP

USED

COMMON PLOCKS

0003
0204
090s
QC06

CIMPL
CosY
CTIME

CSINUL

ENTRY POINT 000153

CODE (1) 0DD232; DATA(O) 000028; BLANK COMMONC2) 030COO

000001
000003
000201
gooo10

EXTERNAL REFERENCES (BLOCK, NAME?

goo?
0010

TBLUL
NERR3

"STORAGE ASSIGNMENTY {BLOCK, TYPE, RELATIVE LOCATION, NAME)

0001
00G6
0005 R

00100
0a101
cg101
go10t
sJep R}
0101
00101
o01C1
301061
30101
50101
0g101
0gi01
coio1
Coidl
o010l
Goio1l
g01c1
06101
00101
30101
5¢101
€10y
Go1a1

Lol

GCCOus 10L 0001 000064 20L 0004 R 000000 CC 0004 R 00GO31 CH
5COC00 DuUM 0003 I 000000 IMPL 0000 00G006 INJPS DCCO I 00OOCO N
CLCO00 TIME 8006 R 000006 TINC pog0s6 R 000007 THAX 00GC R 00C0OL TMAX)
1% cup
2» SUBROUTINE WP ( PW,BI POGAMI,AMP4SP,CO,VO MV C,NV1,4,UV,CCI CHILEC)
3s C
U g [ o PURPOSE HODEL THE MIND TURBINE AND GENERATOR USING A POMER CURVE
5% c
% c WRITTEN BY A.¥W. WARREN VERSION 1, MARCH 3 1977
7% [
B# c CALL SEOUENCE
9* Cc TABLES
1% c PW - ~ WIND GENERATION POWER IN KW VERSUS WIND VELOGCITY IK MPH
11 c
12% o OuTPUTS
173 C BI -~ OUTPUY BUS CURRENT, ANMPS
14 C PO - POVER OUTPUT, Ky
15% C AMI ~ MAX. OBSERVED CURRENT, AMPS
16 c AMP - MAX, OBRSERVED POWER, KW
17+ C SP - TOTAL OUTPUT ENELRGY XKUH
1ge C CO - OPERATING COST, $
19% c
20% c INPUTS
21% c VO — RATED PUS VOLTAGE, VYOLTS
22% [ WV — POWER CUTIN VELOCITY, MPH
2% [ WYl -~ POMER CUTOUT VELOCITY, MPH
24% c Y - HIND VELOCITY, MPH
25% ¢

!

CCT - CAPITOL COST / YEAR, s

i
i
i

i el 1 st b i

vnd 400d 30

ALY

TVNIOISO

SI HOVd

ocoa R 000002z coP
0007 R OOCCOO TBLUL

¢o00cGo
cooooc
Ct0gecoo
goooso
ggccac
00C00g
cagcooo
G3069o0¢c
00cooe
elefolelal)
G6oGoono
oooooo
c00000
000000
£aceoo
€36000
copcTao
ccoooo
gogooo
cocascn
ccacoo
00DC05
cooooa
casoog
caoooo



2-0810t S8

LG¢

coi;l
J01013
CC101
£0103
00104
0105
¢01os
co1ios
Lo1os
30106
50107
colrl
00112
00113
00113
00113
00114
0g116
40117
00120
cg121
G022
00123
00125
G126
£a1e?
oc13a
00133
0d131
00133
00134
un13s
ac136
00137

26*
27»
2"
29%
3(s
RIE
I2%
33«
34+
35
36%
3s
38
39
4
41#
42
439
qu*
45*
46
47
LY:%
49%
50=»
Sls
52%
53#
Sus
55s
56
57
5e&x
5 Ss

f0n

aNaNel

10

20

CMI — MAINTENANCE COSY /7 YEAR, $
EC =~ CONTROL ENERGY RATE, $S/HR

DIMENSION. PWL1)
COMMON / CIMPL / INPL
COMMON/COSTZ CC,CM,COP /CTIME/ TIME /CSIMUL/Z DUMEE),TINC, THAX

POWER OUTPUT CAULCULATIONS

PO = C.
IF(NV.LT.WYD JOR. WV.GT.MV]) GO T0 1g
N = Put2)
PO = THLULI(WY ,PH(R) PUL&+N],1 4-N)
Bl = PO#1000D/VO
STATISTICS
IF(INPL.GT,0) 60 TO 20
cO0= 0.
AM]I = Q.
AMP = 0.
SP = 0.

THAXIZIMAX® ., 99999
IF(IMPL.LE.1) RETURN
AMI = AMAX1CANI,BI)
AMP = AMAX]1(AMP,PO}
SP = SP ¢ PO#.5¢TINC
CO= CO + EC*.5¢TINC
COST SUMMA TION
IFC TIME.LT.TMAX1) RETURN
CC = CC + CC1

cH CH ¢+ CHMI
coPz COP + CO
RETURN

£END

£ocoog
0008900
£0C000
00G300
Cogooo
£OGoOCo
£0G0080
00LGa0
£coooc
00005t

GCooGl
£00017
Cou026
coonas
Coo0k6
CoL04E
oDo0oS1
£ooosy
COGCSS
5Oanse
600057
00C060
00C064
G0GGT2
cec1oc
D0G106
cog11s
£00113
80G120
ooo127
500132
00135
£0G140
000231

S1 dHVd TYNIORIO

EIITVAD Y00d 40

dM

e ol =

o AR A o B g T

gy g,

e e gy

ot et g et




7.49  WIND TURBINE

WIND VELOCITY (WY )

ROTOR SPEED (R$)=—~|

- POWER (P2)
L—GEAR RATIO (GR)

WT

This component models the wind turbine In terms of physical proparties suech

as blade radius, power coofflclent,; and design tip spead mtto.‘L The step-up

gear ratlo ls computed based on design rotor speed.

Dutput power ls glven by

e
«

P2 = CPILZDADBAR(WVIC) "k

whera:

CP = eftoctive power coetflalent (tabular with W)

o W{BR)

P o B~

= 1.4887 lmph to ftésee. converslon)
@ 13888 x 10“3 tit=-1b to Kweset. conversion)

L oNasa R 134937 Mosign Study of Wind Turbines - B0kw to 3000 kw - For
Etoctric UtTilty Applications", Kaman Aerospaca Corparatlon, February

1976,
358
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Parameter/Part

W
Vo
VR
RS
RSG
BR

cC

M

Quiputs
Variable/fort
P 2
T0

Ca

GR

RAP

MT
MNP
sp

T

Desgriptl
Wind spead
Mean wind speed (yearly)
Roted wind speed tdefault = 1.35 x VO)
Rotar speed
Generator shaft speed (design)(default = 1800)
Blade radius
Cost to aporate controls
Alr denslity (default = 0.0023)
Design tip speed ratio {default = 9.4)
Maximum power coefflclient at VO (default = 0.4)
Effective power coefficlent (default table
varsus VO/W)
Capital cost/year
Maintenance cost/year

Output mechanical power
Mechanical torque

Total oparating cost
Step-up gear ratio
Rated output power

Moximum torque
Maximum power
Total energy dellivered

LAM may be computed using the design equation:

WT

nph
mph
mph
rpm
rpm
£t

$7h

slugs/f?g

-

i

Kw
ft-lb

kw

ft-lb
Kw
kwh

LAM = SQRT(8/ (3% solldity constant * design 11ft coeffliclent))

2

{f default CP table not used then set CPM = CP(rated wind speed)

LTI AR A

sl D L e BENI Y

359



Caizulation Sequenge

1) Flirst pass — Compute Gear Ratio and Rated Power
RS (LAMVQHC/BR )9 60/2 T )
GR = RSG/RS
RAP = .BHCPLHADIAK(VRIC) >

where

n

I

CP1L = (CPM%F(VO/VR) I £ CP default used
CPM otherwlse

2) Compute power coefficient CP
If W = 0 set P2=TO=0 and go to 4)
I £ CP default used, then
CP = CPM¥{VO/W)
where F is shown In Flgure 7.49

-

3) Power and torque

A = meR>

P = .SHCPRADMAX(WVHC)® (C = 1.4667)

TO = P/(RS¥2T/60)

P2 = Pk (k = 1.3558 x 107°)

4) Compute Statistics and Costs

360
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/

/

Cpg = MAX. OUTPUT PONER COEFFICRENT
Cp = OUTPUT POWER COEFFICIENT

Yo = WIND VELOCITY AT ¢

(DESIGN WIND VEL.)

YV = WIND VELOCITY

Prm

1.2

FIGURE 7.49 GENERALIZED MACHINE POWER OUTPUT PERFORMANCE

1.4
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SUBROUTINE WY

ENTRY POINT 000278

STORAGE USED CODE1) CODA13; DATVALO) 0O00DTO; BLANK COMMON(2) 0000DD

COMMON RLOCKS

o003
a0Gs
000S
0006

ClMpL
CIINE
CSIMUL
cos7

gooo
elels]y
ocoo

01
91
10

Cco203

EXTERMNAL REFERENCES (BLOCK, NAME)

9007
0010

STORAGE

3001
0006
G000
04807
acan

co100
20101
00101
56101
50101
£0101
oc101
20101
06101
00101
00101
cc101
0o101
£0101
50101
cc101
4C101
£0101
40101
60101
50101
£0io1
50101

DOV

"YELUL
NERR3S

ASSIGNNENY (BLOCK, TYPE, RELATIVE LOCATION, NAME)

500122
ccocecoz
ccocoo
00Co00
(00631

1
2%
3
4
-3 4
6
1
-3
9%
10»
11%
12»
13s
lus
15
16
17
18»
19%
20U
21»
22%
23

100t
col
F

G001 0600211 200 0000 R 000038 A 0006 ® 000000 CCI
0000 R 000033 CP1 0000 R 000026 C2 0000 R 000027 C2
0C03 I 000000 IMPL Gcoo 0000S1 INJPS 000pg R 000035 P

TRLU) 0808 R 0C0CQG0 TINE 0D0S R 00G006 TINC ' DOOO R 00GCO32 TINC2

THAX

Ccuv}

OO NONOOONOANANGON

1

SUBROUTINE WY (P2,T0,COGRsRAP,RT MPO ,SP,WV,VO,VR RSy RSG+BR,EC,
1 - AD,LAN,CPM,y, CP,CC,CM)
PURPOSE MODEL VIND TURBINE POWER OUTPUT

ME THOD COMPUTE POWER COEFFICIENT AND ROTOR SPEED FROM PHYSICAL

DESIGN PARAMETERS. RATED POWER COEFF. 1S 3/4 OF CPM.
MRITIEN BY A. Me MARREN VERSION 2, APRIL 6 1977
CALL SEOQUENCE - et

OUTPUTS |

F2 - OUTPUT MECHANICAL POVWER, KV

TO - OUTPUT MECHANICAL TORQUE, FT-LB

CO = OPERATING COST SuM, &

GR. - TURRINE/GENERATOR GEAR RATIO

RAP - RATED OUTPUT POWER, Xi

MY - MAXIMUM TORQUE STATISTIC, FT-LB

MPO -~ MAXIMUM POMER STATISTIC, KM

SP ~ TOTAL OUTPUT ENERGY DELIVERED, KuH

INPUTS

0Cc6 R CQOOC1 CMI
0005 000000 DuUM
COo0C R 000030 P}
00DS R 00QOO7 THMAX

£conoc
feiefs]els}s}
scaoooe
coceodo
coacod
009038
cococce
coccoa
cocroo
£ocooo
goococ
cooouc
0CcG0sa
£ocoog
0occag
cocoead
Getelsfola
CCGoa0
cocoog
0GCo00
€oo0ac
gpococ
coooo0




o
o
w
-
(]
Yoy
x
P
N

5
p
1
]

£9¢

Qo101

Goi01l
coi0
00101
coi01
col101
60101
co101
0o1G1
og101
sg101

80101
#0101

co101
001G3

00104 -

Qo198
to1de6
coiav
Co107
c0107
re197
¢o107
00114
00116
apl117
co11r
€0129
£o122
60124
50126
80130
oc130
co132
00133
aci134
GO135
00137
£0140
cols)
oR142
Co143
(iCl43
£O143
Co143
COl4y
c0145
colaé
co1s0
10151
0o1s3
00153
o153
c0153
Go1ss
co1sé6
060157

24¢
25%
26%
27
28
29
3Cs»
31»
32
3s
38
3
36
37s
38
39
80
81
42»
43¢
44
45»
46"
479
a8
498
50
Sle
52s
S2s
Sas
559
56
ST
S8
59
60e
61s
62
6Zs
64
65
66»
67s
68
69
TOe
T1»
72%
132
{E )
75
76%
77»
78
79

8Cs

OO OANANN

neao

(s NaXa]

(s XaNe]

1c0

MV - WIND SPEED MPH

VO -~ MEAN WIND SPEED (YEARLY), MPH
VR - RATED WIND SPEED, MPH

RS -~ ROTOR. SPEED, RPM

RSE6 — GENERATOR SHAFT SPEED, RPM

BR - BLADE RADIUS, FT

EC -~ CONTROL ENERGY RATE, S/HR

AD - AIR DENSITY, SLUGS/FT»#3

LA® ~ DESIGN TIP SPEED RATIO

CPM - MAXINMUM POWER COEFFICIENT AT ¥O
CP -~ EFFECTIVE POWER COEFFICIENT AT WY
CC = CAPITAL COST PER YEAR

CH - MAINTENANCE COST PER YEAR

COMMON /CIMPL/IMPL /CTIME/ TIME /CSIMUL/ DUM(6),TINC,THAX

conmon /7CO0ST/ CC1,CMT,COl

REAL MT ,MPOLAM

DIHENSION F(22)

DATA Fle2Upel3¢6,+68, e85leplelple3llelyleby1e78,00y e319:68408,
09291 09092208368 3e350a /9CloC24PI/1.466T4.0013558,3.10159

INITTIALIZATION

IFLINPL.6T.0) 60 TO 100
THAX] = TMAXS ,99999
TINC2 = .5% TINC

IFE ¥R E£0. «99999) VR = 1.35% VO
IFLRSG +EQes «99999) RSG= 1800.
IFC AD Q. «99999) AD = .GU23
IFLLAM LQa -99999) LANMZ 9.4
IFICPM EQ. 299999) CPM= 0.4

RS = ClsLAM®VO/BR*(30./P1)

GR = RSG /RS

CP1= CPH

TFICPEDS. +99999) CP1= CPMSTBLUICVO/ZVRF(1DF(12),41,-11)
RAPZ S*¥CP1oaAD*PI*BR*BRE(VReC1)se38(C2

C0 = 0.0
sPp = 0,0
MPO= 0.0
MY = 0.C
POWER COEFFICIENY CALCULATION
P2 = 0.0
T0 = 0.0
IFL BV.EQ. 0.) 60 YO 200
cP1 = CP
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IFLCP1,EQ. Q.} GO TO 200

OUTPUT POWER AND TORQUE
PYsBRe%2

P = .SSCP1#AD®AS(WVSC])ee3
TFIUV.GT.VRIP= RAP/C2
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STATISYICS AND COSTS

IFLIHPL.LE. 1) RETURN
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HY = AMAX1( MT,Y0)
HPO= AMAX1(MPO,P2)
sP = SP 4 P2+TINC2
IFCTINE LT THAXIIRE TURN
CCI = CCI + CC

CEI =-CHI ¢+ CM

COI = CO1 + CO
RETURN

END
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8.0 EXAMPLES

This section gives five simple example simulations using the SIMWEST program.
These examples exercise all physical components of the SIMMEST |ibrary and
many of the model features such as Fortran code insertion and the file read
capabi|lty., Each example contains the input data for model generation and
analysis, selected printer oufput generated by the programs and a discussion
of the results obtained. |t is recommended that a user work through and under-
stand the mode| connections for these examples before attempting to build

more complex models such as that of Figure 1-7,
8.1 WIND TURBINE AND FILE READ MODEL

Figure 8,1-1 shows a simplified schematic of the wind turbine and file read
model, In this example a wind turbine is used to feed power directly to a
load. Wind and load time histories are read from a mass storage file and then
used to drive the simulation. A histogram for power oufput is also included.
Figure 8.,1-2 shows the input data to build the model and print out some of
the load file data. The order of the component definitions is such that Infor-
mation passes down the list, i.e. no component is defined before components

in the INPUTS list, This assures that the component subroutines in the Fortran
model will be called in the right order, The first Fortran sfafemenf is insert=-
ed in the model prior to the Fortran which sets up the iteration loop, while
the second set of Fortran statements is within the loop and writes out the
load file data from array TEMP the first pass through the model. Figure 8.1-3
shows the model schematic generated. In addition to showing the component
connections, the names of the input connections are printed out. Notice that
information passes not only from WI' to GR but also vice-versa, The tnput RSIGR
to WT is & feedback variable and so is the input RS GE to GR. It Is the pres-
ence of the feedback variables which require several iterations to attain

steady state.
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FIGURE 8.1-1: WIND TURBINE AND FILE READ EXAMPLE
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MODEL DESCRIPTION TAPE READ TEST
FORTRAN STATEMENTS
COMMON /DATARD/ TEMP (448)

LOCAT ION=15 Tl

LOCATION=3 TAW INPUTS=T]I

LOCATION=11 Wo INPUTS=TI , TAR (VAR=WV)
LOCATION=31 WT INPUTS=WD

LOCAT |ON=35 GR INRUTS=WT

LOCAT |ON=51 HG INPUTS=WT (P =FIN)

LOCAT | ON=39 GE INPUTS=GR

LOCATION= 7 TAL INPUTS=T]|

LOCATION=19 Lo INPUTS=GE, T!, TAL (VAR=LO)

FORTRAN STATEMENTS
IF(IMPL.GT.O) GO TO 2
WRITE (6,100) (TEMP(1),1=1,448)
100 FORMAT(1H ,12F10.3)
2 CONTINUE
END OF MODEL
LIST STANDARD COMPONENTS
PRINT

FIGURE 8.1-2 INPUT DATA FOR FILE READ MODEL

The input data for several simulations using this model is shown in Figure
8.1-4. The component parameter values are first specified, those inputs not
specified ftaking default values. A number of tables are then specified. The
WD and LO tables are not really needed here. The wind and load file data

was originally generated from an earlier run using these tables, Following
the tables are the printer plot input commands, and the simulation values
and print commands for a one week run. The parameter values for a second
simulation which reads to the end of the file are then given. The last simu-

lation attempts to read past the end of file.

Some of the output for the first simulation are shown in Figures 8,1-5 to
8.1-8, Figure 8,1-5 shows the outfput resulting from the FORTRAN STATEMENTS
code., This data isbformaffed to output the time of the initial load value
(0.0), the data Increment step (0.25), and 446 load values at successive
time increments. Figure 8,1-6 shows the power output histogram from the wind
turbine. Almoéf 40% of the time the turbine reaches rated power (800 kw).
Figure 8.1-7 shows a.crossplof of wind turbine output versus wind velocity.

The cutin velocity Is about 12 mph and rated power is attained at about 28
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FIGURE 8.1-4 INPUT DATA FOR ANALYS1S PROGRAM
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mph. The load-time profile for the simulation is shown in Figure 8,1-8, Danily
peaks and ftroughs are clearly indicated. The lower levels of the last two

days reflect week-end load modeling.
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8.2 BATTERY STORAGE MODEL

A slmplified schematic of the battery storage model is shown In Figure 8.2-1.
in this model, wind power supplemented by a utility generation source is sup-
plied to a power djvider, which delivers power to the load as a first prior-
Ity, and battery storage as second priority, Similarly, if the load cannot

be met from the wind or storage, then the utility is requested to supply peak-
ing power to meet the load. This model exercises the logic components includ~-

ing the priority Interrupt.

Figure 8,2-2 shows the model generation input data for the model. The com-
ponenis are generally deflined in the order ©f power flow shown in Figure 8,2-1,
Ordering the component definition in this way is recommended to avoid conver-
gence problems in the iteration loop. Thus, it would be somewhat better for
consistency to define UT after WP rather than after LO In the model. All three
types of model connections are illustrated In this example. For example, WP
has the general input connection WD, MAB has the specific input connection

WP (P,2 = FIN), and PD has the port to port connection PA (1,1). The port
connections are especially useful for connecting up the multiport logic com-
ponents PA and PD. The connection PA (1,1}, for example, connects an input
request of PD to PA and a power and maximum power input of PA to PD, It may

be observed that the utiltity is connected up to the surplus port of PD. Thus
the baseload power sent to MAB in effect Is reduced whenever the load and
battery cannot absorb all the power generated. The last component defined

Is the cost monitor (M, which receives cost input data from other components
through a common block rather than by model connections. Figure 8.2-3 shows
the model schematic generated by the program. Most of the connection inputs
are shown but occasionally a model connection wiltl be overprinted. For exam-
ple, the input RE1PA to PD is not shown In 8,2-3, In cases like this it is
necessary to check the Fortran model (EQMO) in order to verify the model

connections,
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MODEL DESCRIPT|ON BATTERY TEST CASE

LOCAT |ON=T74 TI

LOCAT |ON=61 wo INPUTS=TI

LOCAT|ON=21 we INPUTS=WD

LOCAT | ON=42 MAB INPUTS=WP (P, 2=FIN} ,UT(P,1=C2)

LOCAT | ON=33 PD INPUTS=MAB(FO=P) ,MAB(FO=MP) ,PA{1,1),PIB(2,2),
BA (RE=RE, 2)

LOCAT ION=15 RE INPUTS=PD (2,1)

LOCAT |ON=17 BA INPUTS=RE, PA(RE , 2=RE )

LOCAT | ON=45 PIB INPUTS=BA

LOCATION=19 W INPUTS=BA

LOCAT | ON=69 PA INPUTS=1V(2,2),L0(1,01P1B(4,2),UT(2,3)

LOCATION=76 LO INPUTS=T]

LOCAT | ON=62 uT INPUTS=PD (SP=P,0)

LOCATON=1 M

END OF MODEL

LIST STANDARD COMPONENTS

PRINT

FIGURE 8.2-2 BATTERY MODEL INPUT DATA

The input data for ftwo simulations is shown In Figure 8.,2-4. in the first
simulation the bafttery Is nearliy full at time = O and the load is chosen
larger on the average than the wind and utility power supplied- In the sec-
ond simulation the reverse is true, i.e. the load is less than that supplied
by the wind system, and the battery storage is falrly low. Figures 8,2-5

to 8,2-8 show results from the first simuiation. The cost monitor output

is shown in Figure 8.2—5; The energy cost of the wind system is low because
the wind profile delivers high energy winds during most of the simulation.
The average wind velocity in Figure -8.2-6 1Is about 22 mph. Figure 8.2-7 shows
the wind power oufput supplied directly to the load. The median power out-
put is seen fo exceed 450 kw and occasionally output reaches 800 kw or rafed
power. Figure 8,2-8 shows the usage of battery energy to meet the load dur-
ing the week, and the increase in storage capacity during the weekends. Since
the battery subsystem was |imited to 180 kw maximum discharge, the utility
was trequently called fo meet peak load. Thus about 10% of the load was sat-
isfied by the utility.
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ORIGINAL PAGE I5
OF POOR QUALITY]

YITLE® BATTERY MQODEL TEST
PARAMETER VALUES
CR CMmiS,,LE CMel0,
gl gr-ao..ca Urs,0i6,CP UTS,08,CC ur-tooo..CM Urei000,
1 HABmy,
CYCLES=4,01,7T0 Tim0,V WPI“OO:NVOWPIB,NVINPIOO,DLINES"OO.
CC WPE16000,CM WPmi200,P81P1AR2,
EC wP=m,2
NG LOS,00S,CT LDs4,HMN LOSO,8TDLOub,)VE [ Dw,023
, RAPBANR00,,E1 BABR000O,,EDEBAR]GO,
; Vo 8Am100
DY Bl'lO.oCC BAIZOOO.,CM B"‘OOQ ’
RAPRE®200,+CC RE®200,,RAPIV&200,,CC IVsoO,
TABLE,PW WPm10
8,10,12,14,16,18,20,21,%3,25,30
25,0,50,1,86,5,137,U4,205,1,292,,400,6,500,782,8,800
TABLE,PY WDmIS
0,060.33,8,67,13,,17,33,21.,67,26,,30,33,34,67,39,,43,33,47,67,52,
| 0%,067,68,65,61,56,51,49,49,82,56,61,0%
: TABLE,PD WDB?
| 0,4,8,12,16,20,24
? 10,42,14,16,14,12,10
TABLE,DF wWDmie
; 0, 102 $,4,9,6,7,8,9,10, 1!01201101“015
b S, 400‘500380 480053800“0p3760307 270,103 T6,40,22,9,3
: YABLE;PD LO=yY :
0,10503,4e916,7,5,9 110-50‘3
13,8,15,16, 5018;19 5,21,22,5:24
. 4%0,360,372,330,450,660,810,798,804
.- 690,708,699,702, 750 708,570 450
M YABL!'PN LOs?
1.,203,4,95,6,7
1010.900’009006’05
TABLE,PY LOme
0,10,20,30,40,52
€26,194,180,174,194,226
INITIAL CONDITINDNS, PE BA =1960,
: PRINYER PLOTS,DI8PLAYY
b Wy2WD, Vs, TINE
- Py PD,VS,TINME
Coy P2 .PD,VS,TIME
PE BA,VS,TIME
DISPLAYR
P2 IV,v8,TIME
, RE2BA,VS,TIME
’g REILO, VS, TIME
yogc 7!“3'.254TN‘XIS!O..PR‘?EI‘.IRINT CONTROL®3, INTY HUD(ISQOUTRAYE.B

iy ~ SIMULATE
oo PARAMETER VALUES,BS UTw0,,NC LOS,003
P E1 BAm1000.,EDERARR00,
P Ce Ive1000,
iy INITIAL CONDITIONS,PE BAB2SD,
; SIMULATE

; f BCS AG180-2 FIGURE 8.2-4 INPUT DATA FOR BATTERY SIMULATION 579
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8.3 FLYWHEEL STORAGE MODEL

Figure 8.3-1 shows a simplified schematic of the flywheel storage model.

This model is very similar to that of 8,2 except that flywheel storage re-
places battery storage, and a power line loss is included in the model. The
input data for this model is shown in Figure 8.3-2. Observe that the components
are defined in the order of information flow shown in 8.3~1, The admittance
component AD. is used to mode! transmission |ine power losses. The model sche=-
matic is shown in Figure 8,3-3,

MODEL DESCRIPTION FLYWHEEL TEST CASE

LOCATION=74 T

LOCAT ION=61 WD INPUTS=TI

LOCATION=21 WP INPUTS=WD

LOCAT ION=42 MAB INPUTS=WP (P, 2=FIN) ,UT(P,1=C2)

LOCAT ION=33 PD INPUTS=MAB (FO=P, 0) ,MAB(FO-MWP) ,PA({1,1) ,PiB(2,2)

FL{RE=RE,2)

LOCATION=13 NO INPUTS=PD(2,1)

LOCAT | ON=4 TR INPUTS=MO (2,1) ,FL (RS=RS,2)

LOCATION=6 FL INPUTS=TRI,PA(2,1)

LOCAT ION=8 TRO INPUTS=FL , GE (RS=RS,2)

LOCATION=19 GE INPUTS=TRO

LOCAT | ON=45 PIB INPUTS=FL

LOCAT ION=69 PA INPUTS=GE (2,2} ,LO (RE,1=RE,0) ,PIB(4,2)
uT(2,3)

LOCAT | ON=78 AD INPUTS=PA

LOCAT |ON=76 LO INPUTS=T|, AD

LOCAT |ON=62 ut INPUTS=PD (SP=P,0)

LOCAT 10N=1 M

END OF MODEL
L1ST STANDARD COMPONENTS

CPRINT

FIGURE 8,3-2 * FLYWHEEL MODEL INPUT DATA

The simulafion‘inpuf dafa shown in Figure 8,3-4 uses the same wind and load
data as Example 8.2. However, the storage component is rated at 400 kw with
one -hour: storage, Slmulaflng a system used for temporary storage and dis-
charge during peak power generation and load demand petriods. | may be nofed
that the transmission power'loss table is input for both TR1 and TRO. Fig-
ures 8.3-5 to 8.3f7‘show reéulfs from the simulation. Charging power to the
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flywheel In excess of that needed for the load is shown In Flgure 8.3-5,

Even with average load demand exceeding wind generation, the flywheel is
charged at rated power fairly often, The kinetic energy stored by fhe fly-
wheel over a two week period is shown in Figure 8,3-6. During the week energy
is frequently withdrawn and storage is generally not much above the dead-
band (80 kwh), whereas during the weekend the reverse is true. Output from
the cost monitor is shown In Figure 8.3-7., The capital costs are probably

low since nominal values were used for component costs. The ufilify suppl ied
nearly 20% of the load in this case, since flywheel storage capacity Is quite

low,
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TITLEm FLYWHEEL MODEL TESY
 PARAMETER _VALUES .
VO AD2100,61 ADNB,,G2 AD38B,,6H ‘AD==8,, 8N AD3200
SR GEz,008,C2 FL=3 Fed
. PR FL=.02;HN FL33372,RF FL®3,5,8R FLZ 4,uT FL224000,KF FLEL, $EeS .
ZE FLm o} sRAPFLEWOC,ED FL®40,E1 FL= “OO;EDLPLszo,CN FL2B00,CC FLa300
RS M0z1750,RAPMOZL000,MPIMORY ,E8,CC MO500,CM MOa0,
.RSITRI=}1750,CC TRI=500,CH ra:-o,cc JRO®SN0,CM_TRO=0,
RAPGE=1000,CC GE=1000,CM GEs100,
CR Ch=15,,LE CMa30,
.. Bg 3::22..FBWMJ-.016,CPWQI!.03,CC¢U?11990.oCE UTa1000, o .
Ct Bsg,
CYCLES=4401,70 T1a0,V WPa4OO,WVONP3B,WVIWPS60,0LINESRL00,
CC #P=§6000,CH WPR1200,PS1PIBE2, . c— P
EC #4P=,2
NE LD=2,005,CT LOs4)MN LOS0,STDLO6,VE LOu,023 “
. TABLE,PLOTR1=®5,4 S
0,5/1,1,501,72
0,400,900,1100,1300
~0.,16,18,18,5,20
0,10,31,81,5,12
0,10,10,10,5,11
0,606,570 10. — R i e

TABLE,PLDTRO3S,4
.5'1!1.5!‘.72

~ 0,400,900, 1100, 1300 PRIGINAL PAGE Iss{
0,16,18,18,5,20 T
0,10, 11¢1145,12 OF POOR QUALI

. 0,10,10,1045,11 o . —
0,616,4547,10

TABLE,CLOFL®3,3
—.=1000, -.0,__1000
2000,4000,7600
2.81 7.“0 15
» % 2¢9, 5
2.61 7020 ‘5
TABLE,CLIFL=3
-~ 2000,4000,7000 - e e ot v e e e e
B 2:4, 4

TABLE,PW WP=10

—-8,10,12,14,16,18,20,21.53,25,30 oo . . I
25,5450,1,86,5,137,4,205,1,292,,400,6,500,782,8,800
TASLE,PY WD=13

- 0.t“.5313.b7113.o17.33.21.67.26.,30,33530.67,39,,03,33,07,67,52, b - SV———y —
65,67,68,65,61,56,51,49,49,52,56,61,65
TABLE,PD WD=7

—0,498,12,16,20,24— - - s
10,12,14,516,14,12,10
TABLE,DF WDm=ié
~0,102,350,5,6,7,8,9,30,11,12,13,34,85 —— . .- - .
5, ““'lbn 380,480,512,440,376,307,270,148, 760“0;22 9;3
TABLE PD LOs17?

—0,1458,3,U45+0,7.5,92,10,5,142 — o v s e
13.5,15,16,5,18,19,%,21,22,5,24
450,360,372,330,450,660,810,798,804

- 8690, 708)6990702'75007050570-“50 e sy .
TABLE,PW LO=7
1,203,U4,5,6,7

__1;1009:-91¢90obxos e
TASLE.PY LO36
0,10,20,30,40,52

226,194,180,174,194,226 ~ e e e

INITIAL CONDITIONS, KE FL=300,
PRINTER PLOTS,DISPLAYY

Z_WV24D,V8,TIME - : S S

Py PD,VS,TIME
P2 PD,VS,TIME

—-KE_.FL,V8, TIME . L AT S I

DISPLAY2
P2 GE,VS,TIME
--RE2FL,VS, TIME —_ - e
CREILD, VS, TIME
TINC=, éS.THAXIB!b..PRAYE!G;PRINT CDNTROLIS,INT MDDEIS:DUYRATE!S
SIMULATE_ _. . e i i . L

FIGURE 8.3-4 FLYWHEEL SIMULATION DATA
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WIND ENEFGY STORAGE COST SUMMARY

30 _YEAR LIFe CYCLE

YEAPLY SYSTEF COSTS

CAFITAL cOST 85104s S
(INCLUDINE FIXtD CHAREES)

FIXED O + K COST 3100. ¢
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FIGURE 8.3-7 FLYWHEEL MODEL COST MONITOR OUTPUT
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8.4 HYDRO AND THERMAL STORAGE MCDEL

Figure B,.4-1 shows the baslc model schematic for a model with both thermal
and electrical loads. Wind power Is supplied first to meet the electrical
load, with excess power golng Into hydro and thermal storage. The thermal
load is driven by an ambient ftemperature component and electrical load energy
value Is supplied by a time dependent look-up table. Figure 8,4~2 shows the
model [nput data. The components are ordered according to the flow of infor-
mation in 8.4-1., Observe that the maximum power input of the power divider

Is connected up to the wind power output P, The mode| schematic is shown

in Figure B.4-3,

LIST STANDARD COMPONENTS

MODEL DESCRIPTION HYDRO AND THERMAL TEST CASE

LOCAT |ON=77 Ti

LOCAT | ON=51 Wo INPUTS=T|

LOCAT |ON=21 w INPUTS=WD

LOCATION=33 PD INPUTS=WP , WP (P=MP) ,PA(1,1) ,PIH(2,2) ,HS(RE=RE, 2)
INPUTS=TS(2,3),PIT(2,3}

LOCAT ION=13 MO INPUTS=PD(2,1)

LOCAT ION=15 PU INPUTS=MO

LOCATION=17 HS INPUTS=PU, PA(RE, 2=RE)

LOCAT | ON=45 PIH INPUTS=HS

LOCAT10N=19 HT INPUTS=HS

LOCAT ION=40 GE INPUTS=HT

LOCAT1ON=59 PA INPUTS=GE (2,2) ,L0(1,0),PIH(4,2)

LOCATION=78 FU INPUTS=T| ( TD=F IN)

LOCAT|ON-80 LO INPUTS=T1,FU(FO=VE)

LOCAT |ON=63 TS INPUTS=TL

LOCAT|ON=52 PIT INPUTS=TS

LOCATION=67 TP INPUTS=T]|

LOCAT |ON=65 . INPUTS=TI, TP

LOCATION= 1 CM

END OF MODEL

PRINT

FIGURE 8.4-2 HYDRO AND THERMAL MODEL |NPUT DATA

The Input data for a two week simulation with this model is shown in Fig~
ure 8.4-4, CYCLES Is equal to 6 In this model for sufficient Iterations to
attaln steady state In the hydro storage subsystem. The hydro system has

BCS 40180-2
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ENERGY

WIND
1
WIND
TURBINE 21— MOTOR
3
[ HYDRO
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STORAGE LOAD
TEMPERATURE
FIGURE 8.4-1: HYDRO AND THERMAL STORAGE EXAMPLE
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S Y CLESTEE SOy T T IO SV WP 00y WY OWP SRS WYTdP=R0yILINES 2100
S WP=150004CY WP=12004PS1PIH=249E5C WP=,24CR CMS154LE CM=3D

41 PU=200445 HS=350044DIHS=B0,40 HS=R0000+CY HS=1000 —
=41 HS=200 9 4D E4S=4000004LE ~4S=304F2 PD=o5,F3 PD=e§ ORIGINAY, PAGE IS
A2 GE=200435755=3600¢SR GE=408333CC GE=10004CH 52120 OF POOR QUALITY

NZ LOU=e004¢2T LI=44MN LO=0,ySTILI=G4AN FU==1,

IFL P ITER TV ES TS =1 0w V0 TS=11 0420 TS=1003LE  VTS=30,MFUTS=10000 5 rmmomes
D4 T8=e01865TDETS=24RS MO=17%04RAPMOI=200G4CC MI=5004CY MO=100
VI TL2a023¢VE TLE40e¢CT TP=12¢HN TP=04STOT2=5,

—TAYLE P10
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much larger capaclity and supplies a bligger load than the thermal system in
this run, Flgures 8,4-5 to 8.4~9 show results of the simulation. Hydro energy
storage 1s shown in 8.4-5, During the week most of the wind energy goes di-
rectly to the load except at night. The reservoir bullds up to capacity dur-
ing the week-ends, The cumulative percent load delivered by wind and hydro
storage Is shown in B.4-6, and averages about 91%. Simllarly, thermal energy
stored and percent thermal load delivered are shown in R.4-7 and 8.4-8, The
smbient temperature profile for a similar, one week simulatlon is shown in
8.4.9,
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8.5 PNEUMATIC STORAGE MODEL

Flgure B.5~1 shows the simplified schamatic for thé pneumatic storage medel.
For simpliclty the motor and generator have been omitted from the pneumatic
storage subsystem. A burner (s used 1f needed to heat the exiting air to

the turbine. The heat exchanger has a phase change medium. Figure 8,5-2 shows
the Input data for this model. o

MODEL DESGRIPTION PNEUMATIC STORAGE TEST CASE
~ LOCATION= 1 Tl |
LOCAT | ON=21 wo INPUTS=TI
LOCAT | ON=51, w \NPUTS=WD
LOCAT|ON= 5 ™ INPUTS=T]
LOCAT | ON=43 PD INPUTS=WP, WP (P=MP) , PA(L,1),P112,2),C5 (RE=RE,2)
LOCAT | ON=64 UT INPUTS=PD{5P=P)
LOCATION=15 0 INPUTS=PD{2,1),TP
LOCAT |ON=17 HX ~ INPUTS=CO, TP, CS
LOCAT | ON=47 5 INPUTS=HX, PA(RE, 2=RE)
LOCAT |ON=36 Pl INPUTS=CS
LOCAT|ON=49 HY INPUTS=GS, HX
LOCAT | ON=59 BN INPUTS=HY
LOCAT | ON=80 T INPUTS=BN, TP, CS (PR=PS]
LOCAT |ON=76 PA INPUTS=TU{2,2) 101,01 ,P1 (4,2) ,UT(2,3)
LOGAT | ON=72 Lo INPUTS=TI

LOCAT |ON=T1, o

END OF MODEL

LIST STANDARD COMPONENTS
PRINT

FIGURE 8,5-2 PNEUMATIC STORAGE MODEL INPUT DATA

The [nput data for a two week simulation Is shown in 8.5-3, In order to keap
the alr entering the storage cavern from ovarheating,a falrly large ieakage
coefficient (NU = 0,01) Is amssumed. Hence the storage cavaern loses about 273
of 1ts heat enargy every four days. The load constant NC LO can be adjusted

~to balance wind energy to the load so that weekly alr mass flow In and out
of the cavern Is balanced. The Initial vajues for the CS and HX states ware

chosen on the basis of an ear|ler one weak slmulation. Flgures 8.5~4 to 8.5~
8 show rasults of thls simulatlon, Flgure B,.5-4 shows the average tempar-—
ature of the heat @xchanger storoge madium far the 'cool! cell, The Initial

BCS 40180-2
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TITLEs PNEUMATIC STORAGE TEST CASER
PARAMETER VALUES »
CYCLES®4,01,70 TIm0,CY TPE32,MN TPE0,STDTPRS,DLINESE]00 g
V WPRU0O,NVOWPRB,WVIWNPE60,CC WPR16000,CM WpPe1200,PS1PIm2,,EC WPe,2 :
LE C8=30,MDECS®10000, TEMCSa350,Nl) CS®,080,TM CSu125,B8E HX®,0014

MD CO=1500,T3 BNm60O0,LE BNu30,MOMBN83000

87 HXsR2Y,LE HXm30,PD HXu{S0,TMTHX®B2S0, TEMNXa350,L HX=a8

MD CS=1500,TIDTURG00,RS8 TUm3I&HO0,CR CMmi5,LE CM230,CM C32400

NC LO=,0043,C7 LOm4,MN LOm0,8TDLOBS,VE. LOB,023

€8 UTE 019, MP1UTSL ,E8,CP UTw,023,CC UTa0,CM UTSO

TABLE,)PWN WPm10

B.10.12.14.16.18.20.21..%3.26.30.
aSQQaSOQIOBQ.s'137.00205.10292.'“OOQbosOOQpOBOQ'300.

TABLE,PY WD=13
0,04a33,8,67,134,017.33,21,67,2646430,33,30,67,39,,43,33,47,867,%2,
65,67,68,65,61,56,51,49,49,52,56,61,65

TABLE,PD wDaY

0,4,8,12,16,20,24

10,82,14,16,14,12,190

TABLE,DF wDmié

0.l¢2.3,4.516.7.5,9.10.11.12:13.14915 i
S,44,160,380,480,512,440,376,307,270,148,76,40,22,9,% i
TABLE,PD TP&9 5
0,3,6,9,12,15,18,21,24

U6,45,48,55,62,62,56,48,46

YABLE,PY TPmS

0,13,26,39,52

40,%0,75,65,40

TABLE,PD LDa3t7 4
0,145+3,4,5,6,7.5,9,10,5.12 ORIGINAL PAGE I§
13.5,15,16,5,18,19,5,21,22,5,24 , OF POOR QUALITY f'

450,360,372,330,480,660,810,798,804 !
690,708,699,702,750,708,570,450 ;
TABLE,PW L0O=7

1.203,“,50/’6’}7

1;1!.91u91l91060.b

TABLE,PY LOm6

0,10,20,30,40,52

226,194,180,174,194,226

INITIAL CONDITIONS,E (C821250,M8 C8&5,E5,EC{HXn1300,EC2HXB800

PRINTER PLOTS,DISPLAY1L ‘ ’

M. €0,V8, TINE o fgi

Te CO,V8,TIME Y

T2 HX,VS8,TIME ’ s :
TSIMX, VS, TIME ’ ; ‘
PZ'UTjVS'TIME: , . ’ §
DISPLAYR : o R P
E C8,VS,TIME :
M8 CS,V8,TIME

T2 C8,V8, TIME

M2 MY,V8,TIME

T MY,V8,TIME :

DISPLAY3,P2 TU,VS8, TIME, TS2HX,VS, TIME

TINC®,5,TMAX®336, ,PRATERS ,PRINT CONTRQL®3,INT MODE=23,QUTYRATEmY
SIMULATE

FIGURE 8.5~3 PNEUMATIC STORAGE SIMLLATION DATA
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FIGURE 8.5-6 AIR MASS IN PNEUMATIC STORAGE
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FIGURE 8.5-7 AIR MASS TEMPERATURE IN PNEUMATIC STORAGE VESSEL
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FIGURE 8.5-2 HEAT EXCHANGER OUTLET TEMPERATUFE (D]SCHAPGING)
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temperature at the beginning of fhe week is a |ittie foo cool since the tem—
perature rises to about 400° during the weekends. Phase change in this med-
ium is indicated by the constant temperature intervals aft 250°. Figure 8.5-5
shows the air temperature exiting from the heat exchanger into the cavern,
During the week this temperature is generally held below 200° but may exceed
350° during the weekend. Figure 8,5-6 shows the air mass sfored in the cavern.
in this simutation wind power generated exceeded that of the load and thus
there is a gradual buildup of air mass in the cavern. The femperature of

the stored air mass is shown in Figure 8,5-7, There is aboutf a 10° fluctu-
ation in temperature each week in this case, The fast figure, 8,5-8 shows

the air ftemperature exiting from the heat exchanger to the burner. Neglect-
ing the influence of fthe initial conditions, the average temperature is about

550° and thus a burner is probably not required for this system.
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