l

\ V

¥

NASA CR-135284

' A/v BCS 40180-2

A SIMULATION MODEL
FOR Wior
WIND ENERGY "”4575};

STORAGE SYSTEMS

Volume |I: Operation Manual

A. W. Warren, R. W. Edsinger, J.D. Burroughs
ENERGY TECHNOLOGY APPLICATIONS DIVISION
BOEING COMPUTER SERVICES COMPANY

A Division of The Boeing Company

August 1977

Prepared for the

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Lewis Research Center

Cleveland, Ohio 44135

Contract NAS 3-20385

As a part of the

ENERGY RESEARCH AND
DEVELOPMENT ADMINISTRATION
Division of Energy Storage Systems

o 18 UNLIMITED
- merre BOCUMENT IS UNL 4
DISTRIBUTION OF THIS DOCUMEN

LS LA &

g e 4. 2o



DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



NOTICE

This report was prepared to document work sponsored by
the United States Government. Neither the United States
nor its agent, the United States Department of Energy,
nor any Federal employees, nor any of their contractors,
subcontractors or their employees, makes any warranty,
express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or useful-
ness of any information, apparatus, procuct or process

disclosed, or represents that its use would not infringe

privately owned rights.




1.0 INTRODUCTION

or their employees, makes
1 . 1 (INERAL APPROACH ;s.n:.l\‘t:armmy, exp!e.s.s. Qlf(i,l‘:!]:}l‘i:l:, or assumes ax‘\y legal
1-2 SIMMST LlBRARY :“!" orfany' f i n" i pr::ductor

TABLE OF CONTENTS

NOTICE
This rport was prepared as an account of work
sponsored by the United States Govemment. Neither the
United States nor the United States Department of | |
" | Energy, nor any of their employees, nor any of their

process disclosed, or represents that its use would not
infringe privately owned rights.

1.2,1 Overview

1.2.2 Storage Subsystems
1.2.3 Logic Components
1.2.4 SIMMEST Output

2.0 MODEL GENERAT!ON

2.1

2.2

2.4
2.5

MODEL DESCRIPTION

2.1.1 Phrases and Del imiters
2.1.,2 Command Phrases

NAMING CONVENTION

Variable, Parameter, and Table Naming
Convention

E N
o N
m .

AL b

SCHEMATIC

Standard Schematic Form

Input Quantity Labeling
Component Connection Paths
Additional Pages ‘
Guidelines for Schematic Layout

NNNDNDN
-
STV I VY
(GRS N VR o

WARNING MESSAGES
MODEL GENERATION L IMITATIONS

3.0 SIMULATION PROGRAM

3.1

W W W
L]
HWIN

BCS 40180-2 .

MODEL INPUT DATA

3.1.1 Scalar Data
3.1.2 Tabular Data

INITIAL CONDITION AND INTEGRATION CONTROLS
INITIAL CONDITION STORAGE COMMANDS - '

'SIMULATION COMMANDS

DISTRIBUTION OF THIS DOCUMENT IS UNLIMITED

4

Qs

iii



iv

4.0

5.0

6.0

7.0

TABLE OF CONTENTS (Contlnued)

PLOT DESIGNATION COMMANDS

I TERATION AND DIAGNOSTIC CONTROL
DEF INE COMMANDS -

EXAMPLE OUTPUT -

JOB CONTROL PROCEDURES

4.1
4.2

MODEL GENERATION AND ANALYSIS EXECUTION
PROGRAM MAINTENANCE AND L IBRARY UPDATES

‘DIAGNOSTICS

5.1
5.2

WARN ING MESSAGES
DIAGNOSTIC MESSAGES FOR L|IBRARY COMPONENTS .

CREATION OF NEW L|IBRARY COMPONENTS

6.1

6.2

LIBRARY COMPONENT CODING
Component Call Sequence

Library
6.1.3 Coding Conventions

FILOAD PROGRAM

6.2.1 FILOAD Program Commands ..
6.2.2 " Input Name Lists

6.2.3 Output-Name Lists

6.2.4 Table Name Lists

- LIBRARY COMPONENT DESCRIPTIONS

7a.
7b.
7c.

e & - @
OO HEWN PP

N~ ]Sy~
[ ] [ ]

INPUT/0UTPUT NAME LISTS
INPUT PARAMETER SPECIFlCATION
COMPONENT LOGIC

ADM | TTANCE

TEST FUNCTION GENERATOR

BATTERY

BURNER

COST MONITOR - - L

COMPRESSOR (PNEUMATIC) . . o
PNEUMATIC STORAGE VESSEL (CONSTANT PRESSURE)
FLYWHEEL /CLUTCH

.1
.1.2 Additions and Modifications to Component

Page

48
50
51
52

55
55
57
65

65
67

71
71
71

76
78

82

82
85
86
88

89

"89
90
90

93
100
103
110

117
123
131
141

BCS 40180-2



NRODRNNRNRB BB R BB

e 8 & o ® &8 ® ® s 8 ® & ® & s 8 e e &
L L W LW Wb NN

7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7

-7
7

BCS 40180-2

TABLE OF CONTENTS (Continued)

ONE DIMENSION TABLE LOOKUP

TWO DIMENSION TABLE LOOKUP

AC INDUCTION GENERATOR- . .. . .*
FIXED RATIO TRANSMISSION S
HISTOGRAM Tl
HYDRO STORAGE VESSEL R
HYDRAUL IC TURBINE

ADIABAT!IC HEAT EXCHANGER
ADIABATIC HEAT EXCHANGER - DISCHARGING CYCLE
INTEGRATOR WITH SATURATION

DC-AC INVERTER

FIRST ORDER LAG

LEAD LAG

ELECTRICAL LOAD

MULTIPLY AND ADD

MULTIPLY, DIVIDE, AND ADD
MULTIPLY AND ADD

AC INDUCTION MOTOR

POWER ACCUMULATOR

POWER DIVIDER

PRIORITY INTERRUPT

HYDRAUL IC PUMP

AC-DC RECTIFIER

RANDOM NUMBERS

SATURATION FUNCTION

SINGLE POLE SWITCH

TWO POLE SWITCH

THREE POLE SWITCH

FOUR POLE SWITCH

TAPE/FILE READ

SECOND ORDER TRANSFER FUNCTION
TIME CONVERSION

THERMAL LOAD

AMB IENT TEMPERATURE

VARIABLE RATIO TRANSMISSION

" THERMAL STORAGE CHAMBER

TURBINE (PNEUMATIC)
utIiLITyY

WIND

TURB INE /GENERATOR
WIND TURBINE

- 163
168

Page

152

154
157

172
181
188
207
21
214
219
221
224
230
232
235
237
244
254
264
266
273
279
281
284
287
290

. 293
296
302
305
308
313
318
324
334

347
353
358



vi

TABLE OF CONTENTS (Continued)

8.0 EXAMPLES

1 WIND TURBINE AND FILE READ MODEL
2 BATTERY STORAGE MODEL

3 FLYWHEEL STORAGE MODEL

4 HYDRO AND THERMAL STORAGE MODEL
5 PNEUMATIC STORAGE MODEL

402

BCS 40180-2




!
b
l

x
l
i

|

1-6
1-7
1-8
2.1-1
2,1-2
2.2-1

2.3-1

3,6
3.8
4.1-1
4,1-2
4,1-3
4.2-1
4,2-2
4,2-3
4.2-4
4,2-5
6.1-1
6.1-2
6.2-1
7.0
7.3
7.7
7.12

7.16-1 Koutz - Glendenning Adiabatic Compressed Air Storage

LIST OF FIGURES

SIMWEST Program Organization
Pneumatic Storage Subsystem
Pumped Hydro Storage Subsystem
Flywheel Storage
Battery Storage
Thermal Storage
Example of Power Divider and Accumulator Use
Plumbrook Configuration for Parameter Study
Analyst's Sketch of Wind Turbine Model Schematic
Lineprinter-Drawn Wind Turbine Mode! Schematic
Character Assignment Input/Output or Table Name
Component Connection Paths
Typical Diagnostic Output
Sample Prfnfer Output '
SIMWMEST Program Execution Structure
XQTEASY. Job Control File
XQTANALYSIS Job Control File
XQTFILOAD Job Control File
MAPF ILOAD Procedure File
MAPEASY Procedure File
MAPANALYSIS Procedure File
MAPNSMPPT Procedure File
Sample Component Code |
Sample Component Code
List of Standard Component Symbols
Sample Connections for Logic Components
Battery Circuit Diagram
Constant Pressure Air Storage

Fixed Gear Power Loss

Scheme (Single-Stage Heat-of-Compression Storage)

| BCS 40180-2

e

{2}
0w 00 W

o

10
10
11
14
15
19
21
33
35
51
53
56
58
58
60
62
62
62
63
79
80
84
92
103
132
163

189

vii



viii

LIST OF FIGURES (Continued)

" 7.16-2 Enthalpy - Temperature Diagram for HX

7.16-3 Storage Temperature Versus Tube Length

7.19
7.31
7.43
7.44
7.48
7.49
8.1-1
8.1-2
8.1-3
8.1-4
8.1-5
8.1-6

8.1-7

8.1-8
8.2-1

8.2-2
8.2-3'

8.2-4
8 . 2‘-5

8.,2-6
8.2‘-7

8.2-8
8.3-1

8.3-2

8.3-3
8.3-4
8.3-5
8.3-6

inverter Functionai” Diagram
Rectifier Functional Diagram
Transmission Mode! - Lookup Table
Temperature — Enthalpy Diagram
Output Power Versus Wind Velocity
General ized Machine Power Output Performance
Wind Turbine and File Read Example
Input Data for File Read Model

Wind Turbine and File Read Model Schematic
Input Data for Analysis Program

Tape Read Formatted Load Data

Wind Turbine Power Histogram

Wind Power Output Versus Wind Velocity
Weekly Load Profile

Battery Storage Example

Battery Modei Input Data

Battery Model Schematic

Input Data for Battery Simulation

Cost Monitor Output for Battery Model
Wind Profile for Battery Simulation
Wind Power Supplied to Load

Battery Potential Energy Storage
Flywheel Storage Example

Flywheel Model Input Data

Fiywheel Model Schematic

Flywheel Simulation Data

Wind Power Supplled to Flywheel Sforage
Flywheel Kinetic Energy Storage

Page

191
191
214
273
318
326
353
361
366
367
368
369
371
372
373
374
376 . -
377
378
379 .
380
381
382
383
385
384
386
388
389
390

BCS 40180-2




| 8.3-7
i _ 8.4~1
| 8.4-2
8.4-3
8.4-4
8.4-5
| 8.4-6
| 8.4-7
8.4-8
8.4-9
8.5-1
8.5-2
8.5-3
8,5-4
8.5-5
8.5-6
8.5-7

8-5—8

BCS 40180-2

LIST OF FIGURES (Continued)

Fiywheel Model Cost Monitor Output

Hydro and Thermal Storage Example

Hydro and Thermal Model Input Data

Hydro and Thermal Model Schematic

Hydro and Thermal Simulation Data

Hydro Reservoir Energy Storage

Percent Cumulative Load Delivered

Thermal Energy Storage

Percent Cumulative Thermal Load Delivered

Ambient Temperature Simulation Over One Week

Pneumatic Storage Example

Pneumatic Storage Model Input Data

Pneumatic Storage Simulation Data

Average Temperature In Heat Exchanger Ceil 2

Heat Exchanger Outlet Temperature (Charging)

Air Mass in Pneumatic Storage

Air Mass Temperature in Pneumatic Storage
Vessel

Heat Exchanger Outliet Temperature (Discharging)

391
393
392
394
395
397
398
399
400
401
403
402
404
405
406
407

408
409




~ THIS ‘PAGE }
WAS INTENTIONALLY |
. LEFT BLANK |

)

BCS 40180-2




LIST OF TABLES

1-1 SIMWEST Library Components

1-2 Partial List of Component Inputs and Outputs
2.1-1 Model Generation Program Language Delimiters
3.4-1 Print Control Values

4,2 SIMWEST Maintenance File Directory

6.1-1 Component Subroutine Call Sequence Order

BCS 40180-2

xi



xii

THIS PAGE
WAS INTENTIONALLY
LEFT BLANK.

BCS 40180-2




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 Methods 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

III. 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.
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1.0 INTRODUCTION

Energy storage systems for the utilization of intermittent power sodrces have
received increased‘sfudy 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 turbine/generator/storage system have not
been thoroughly anaiyzed."The purpose of the SIMWEST (§imulafion Model for
Wind Energy Storage) program described in this document is to provide a tool
for performing this needed analysis. It Is a tool to aid in the design of

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

ing system to be evaluated and verified through realistic simulation,

SIMWEST consists of a library of éysfem'componenfs and a précompiler program
which allows these components to be put together in building block form. The
present library contains components for five fypes of energy storage systems.,
They are pumped hydro, battery, thermal, flywheel, and pneumatic. The SIMWEST

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
simulating total wind systems containing any one or combination of the above
types of storage and at the same time having the flexibility and depth required

to perform thorough and meanfngful parameter studies.
1.1 GENERAL APPROACH

The sfrucfure and much of the software for the SIMWEST program Is based on

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

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

_exercises the resulting computer model to perform cost and potential utillza-
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tion analysis. |t handles input, oufput, integration of system dynamics,
and ifterates to obtain convergence of variables involved in implicit loops.
The combination of these two programs provides a powerful ftoo! for analyzing

alternate storage system designs.

Figure 1-1 shows the general organization of the SIMWEST program. in addi-
tion to the two programs described above, there is a third which performs
file maintenance. It is used to incorporate user supplied data for new sub-
system models, Although the program is shown to be made up of a number of
subprograms, it can be executed as a single batch program by suppliying the
model description control cards and the control cards describing the desired

analysis to be performed and the desired tabular and/or plotted output.
1.2 SIMWEST LIBRARY
1;2.1 Overview

The SIMWEST library is listed in Table 1-1. It is made up of five fypes of

components: physical, environmental; load, Ioglcal, and utlllfy

Physucal componenfs encompass such fhlngs as motors, generafors, transmis—

sions, flywheels, efc, These components model actual physncal hardware whlch

might be used in a wind energy system, The selection of the parflcular SIM—
WEST library set of physical components was based on fhe“requ1remenf that
it be capable of modeling five types of energy storage syefems ment ioned :
previousjy: thermal, flywheel, baffery,‘pumped hydro ane pneumatic.

The degree of detail in the componenf models is based upon fwo de5|gn cri-
ferla. Firsf, all models should contaln suffncnenf detail to snmulafe all
physical characteristics and constraints having significant impact on the
systems overall cost effectiveness. Secend, the models should be designed
to minimize computer time and required user specification. It is assumed

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

BCS 40180-2
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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 flow
and steady state response. This lack of defail is consistent with the 15
minute time 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.
1f short electric transients were to be modeled, much detai! would need to
be added to the component models which would greatly increase the user's
task of specifying the model, Further, the simulation time step would have
to be reduced to a fraction of a second so the model would not only be much

larger but computer runs would be much costlier.

Environmenfal'componenfs are those which simulate environmental conditions.,
in the present SIMMEST library these conditions are wind speed and ambient
temperature. These variables are generally used as inputs to physical com-
ponents. Environmental component output can either be computed from measure-
ment data provided by the user on a data tape, or from randomly generated

data, based on user furnished profiles,

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

on user furnished load profiles.

The library's logical components are the power 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 partficular piece of existing hardware. Instead, they are



idealized components that allow the user the flexibility of modeling the
wide variety of control logic which a wind energy storage system would re-
quire, In practice, the control function might be performed by a control
room operafor using a predefined control strategy or by use of a minicom-

puter,

Finally, the utility components include such things as the tape read, the
hlsfogram and the cost monitor. These components serve only to help the user

run the simulation and analyze its results,

1.2.2 Storage Subsystems

Figures 1-2 through 1-6 give example configurations of the five types of stor-
age subsystems which can be modeled with the present SIMAMEST library. For
illustrative purposes the number of variables shown passed between components
is limited, A description of the variables being passed is given In Table

1-2,

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.

1.2.3 Logic Components

The capability for modeling complex sysftem control logic is provided by the
power divider, power accumulator and priority interrupt, components. Both the
divider and accumulator operate on a priority basis. The priority interrupt
is used by other system componenfs to change the priority setting of the di-

vider and accumulator.

The power divider has one input power port and four output power ports (not

all output ports need be used for a given simulation). The divider also has

BCS 40180-2
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TABLE 1-2 PARTIAL LIST OF COMPONENT [NPUTS AND OUTPUTS

RE

RS

TA

LD

.GR
EF
INT
TSO
PR
PS

DW

SP
VAR

~ .SYMBOLS

POWER

POWER REQUEST
MAXIMUM POWER

ROTOR SPEED
TEMPERATURE
AMBIENT TEMPERATURE

- MASS FLOW RATE

RESERVOIR HE IGHT
THERMAL LOAD DEL |VERED
WIND VELOCITY

GEAR RATIO

EFF ICIENCY

INTERRUPT FLAG

“MINIMUM AIR TEMPERATURE

PRESSURE

PRIORITY SEQUENCE
WEEK OF YEAR.

DAY OF WEEK

TIME OF DAY
SURPLUS POWER

FILE READ VARIABLE



P P
MOTOR GEN(E;EATOR
MO
RS
b P
PRLIBLE TRBINE  [&—— TA
TRANSMISS IO POVER | T
R REQUEST
RESERVOIR
MASS
P 1 MT Tr
ADIABATIC PNEUMATIC | M ] ADIABATIC |—Mg] —
COMPRESSOR HEAT STORAGE __p_’ HEAT | T .| BURNER FUEL COST
o ™ EXCHANGER VESSEL EXCHANGER
HX cs HY o SMECIFIE.
? TEMP
T

TA

FIGURE 1-2 PNEUMATIC STORAGE SUBSYSTEM
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an input request associated with each of its output power ports. These power
requests generally come from a component with which the output power port

is directly or indirectly connected. The user specifies priorities of eijther
0,1,2,3, or 4 to be associated with each of the output ports. If the input
power to the power divider exceeds that requested of the port with highest
priority (priority 1) then the excess power goes to the port with the next
lower priority. This process continues until either all power is distributed
or all requests of non-zero priority ports are met. A port with zero (0} pri-
ority will never receive power. Such ports are inciuded so that the port may
be connected fto 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 setting of the power divider by use of a priority interrupt.

Two or more ports may be assigned the same priority in which case the user
may specify weights to be associated with each port, Then if there is not
enough power available to satisfy 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 port, The power accumulator also accepts output power requests from the
component connected to its single output power port and it outputs requests

for each 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-
cunulator 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 lower
priority. This process continues Lntil| either the power request has been com-

pletely distributed between the highest priority input ports or all input

BCS 40180-2




ports have requests equal fo their 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
load 1. |f there is power left over, it then tries 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 fiywheel. The battery is connect-
ed to the wind turbine and also has a priority zero connection to the utili-
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 O fo 1} to

receive the needed power,

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

targe influxes of power.

Figure 1-7 is a rather simple configuration used for illustrative purposes.

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

1.2.4 SIMWEST Outfput

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

of wind energy storage systems; line printer plots, histograms of system
variables and time sequenced output of variable values. To enhance the use-
fulness of these outputs each SIMMEST iibrary 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 outputf 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 storage versus fem-

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

13
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he just specifies the time step between printouts. The listing of all vari-
ables has proven to 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 tibrary components. Standard library components include wind turbine,
wind models, AC induction motors, inverters, rectifiers, etc. |f a particu-
tar 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 between standard components are accompliéhed by the
Mode| Generation progrém. The analyst merely specifies each standard compo-
nent in the schematic diagram and all of the components that provide inputs
to that component. The Model Generation program then generates names and
the proper interconnections 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 model showing the interconnec-
tions between standard components and the quantities such as power, pressure,
temperature, mass flow rates, etc., that pass through each interconnection.
This schematic is produced on the lineprinter to provide a rapid graphic

check on the program's interpretation 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 descripftion. Both the scalar param-
eters and tabular data required for the analysis are included in this list.
The program assumes that any quantity not supplied by another component will
be supplied as a fixed parameter 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 precompilef program which accepts model
description instructions and from these instructions generafés a FORTRAN
model of a system. These instructions, referred to as "program commands,"
are made up of one or more words. In addition, the system model descrip-
tion contains numeric values, standard component names, and standard in-

put and output quantity names.

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

of their use to describe a wind turbine system. Figure 2.1-1 shows an ana-
lyst's schematic of a wind turbine model that has been constructed using
standard components on a SIMNEST schematic form. The standard component names

used in this sample are:

WD - Wind Model

WT - Wind Turbiné

Tl - Time Conversion -

HG - Histogram Generator

GR - Fixed Ratio Transmission
LO - Electr}cél Load

GE AC Induction Geﬁerafor

The SIMWEST description of this mode! would be as fol lows:

Example 2.1
' L1ST STANDARD COMPONENTS
MODEL DESCRIPTION WIND TURBINE TEST CASE
LOCATION=15"  TI |
LOCATION=11 =~ WD "~ INPUTS=TI
LOCAT10N=31 WT INPUTS=WD
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Example 2.1 (Cont.)

LOCAT ION=35 GR INPUTS=WT

LOCAT ION=51 HG INPUTS=WT(P =FIN)
LOCAT |ON=39 GE INPUTS=GR
LOCATION=19 LO INPUTS=CGE, T

END OF MODEL

PRINT

The model description consists of a statement as to the location of each
component in the schematic and a list of all components that provide inputs
to that component. The location of the component in the schematic is used
for a line printer drawn schematic of the model, such as shown in Figure
2.1~2. In the line printer schematic the input and output quantities such

as powers (P2 WT, P2 GE, P2 GR) are shown on the various connecting lines.

2.1.1 Phras and Delimiter

The system model description is interpreted by the Model Generation program
as a series of "phrases", which can appear in a free field format in any
position on a data card. Phrases must be separated by any one of the delimi~-

ter symbols shown in Table 2.1-1.

Table 2.1-1

\

Model Generation Program Language Del imiters

= equal sign

, comma
{ left parenthesis
) right parenthesis

three or more blanks
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2.1.2. d Phra

The Model 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 indicafesjfhe start of”a new system mo-—
‘del. This phrase may be followed; (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 locafiph of the new component on the model
schematic. Thus in the examplé of Figure 2.1-1, the location number of the

- wind model WD was 11 and the wind turbihe WT was 31, etc. To be a valid com-
| ponent location, the last two digits of this number must comprise a number
:befWeen 1 and 80. The hundreds column is used to specify additional pages
as needed for the schematic. Thus'fhe numbers:

1, 13, .51, 80
would be’valid location numbers for components on the first page, {(PAGE 0),
of a system échemafic.‘These same focations on the second page of the schema-

‘tic, (PAGE 1), would be:’

101, 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 is,
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 fhe‘combonenfs 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:
LOCATION=19 LO INPUTS=GE, T |

In this example the command phrase INPUTS is followed by two component names.
As many component names as are necessary to specify the inpufé to a particu-

lar system component may be included in each component description.

For some system components fheré are mulfiple input and/or output ports. For
exémple, a power divider has four input power porté. 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 éf the input component. Thus, the wind turbine to transmission con-

nection could have been more explicitly described as:
LOCATION=35  GR lNPUTSﬁWT(Z,y)
"This says that port 2 of the wind turbine (WT) drives port‘l of the trans-

mission (GR). Any gquantities which have no port numbers are considered "uni-

‘versal 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. If the port designations are omitted, as they were in example 2.1.,
the connections will be made to the first available input port starting with
the minimum port number. Once a connection has been made to an input port,
those input quantities that are connected 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 lowing 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 out-

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 turbine WT in example 2.1, then the statement:
LOCAT |ON=53 LA INPUTS=WT (RS=F IN)

would indicate to the program that of the outputs 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 component names are specified)

Connections are made between all unconnected inputs and outputs for the

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

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

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 MPILO 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 és the PRINT command, but in
addition a FORTRAN source deck of the system model is produced.
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FORTRAN STATEMENTS

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

to mode!l any system feature not obtainable with standard |ibrary components.

One of the common uses of the FORTRAN STATEMENTS command is to 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 called in the form
= TBLU1 (X, TAB(4),TAB(4+N), |,+N),

where F is the interpolated value at the desired point X, TAB is a one di-
mension table with dimension N, TAB(4) is the independent variable and TAB
(44N) is the dependent variable list, | = O for equal spaced data, | =1
for unequal spaced data, and the dimension N is séecified as the last vari-
able if linear exfrapolaflon is desired, and -N is specified if truncation
|s desired oufSIde fhe fable Ilmnts. Slmllarly, TBLU2 ls in general called

usnng the form
F = TBLU2(X,Y,TAB(4+M),TAB(4), TAB(4+M+N),IX 1Y, N, ,N,M),

where X and Y are the values of the prlmary and secondary lndependenf varia-
bIes, N and M are the dlmensions of the prlmary "and secondary variable arrays,
IX and 1Y are lndlcators for equal spaced or unequal spaced data as above,

and the sign convenflon on N and M is poslfive for extrapolatlon, negaflve

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

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

ture of the program, the analyst must pekform many of the detail connections
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and naming of variables, that are normal ly accomplished by the Model Genera-

tion program. In return for these added tasks, 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 the system model
that are described by first order differential.
equations. The state variables are the result
of integrafing_fhe set of %irsf order giffer-
ential equaffons that combrise‘fhe dynahic 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, (initial conditions),
of the states must be input as part of the sys-

tem model description.
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Variables:

Parameters:

Tables:

The format for the ADD commands is that the cdmmand is followed by one or
more phrases that contain the names of the states, variables, parameters,

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-
tive if the table is two dimensional and negative if one dimensional, with

absolute value determined by the formula:

=
1l

2
]

Variables are all other dynamic time varying

quantities in the system mode! that are not
states. In general, variables are related to

states by algebraic relationships.

Parameters are constant scalar quantities in
the system model. Parameters can be manipula-
ted by the analyst to alter the system model!l.
All parameter values¥* should be input as part

of the system model description.

Tables are constant nonscalar quantities in the
system model. Tables are used fto represent alge-
braic functiona!l relationships with one or two
independent variables. All table values must

be input as part of the system model description.

341 +J+0D

the total storage required by the table,

in words.

#* For certain components, default values are provided for some parameters.
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| = the number of .data points in the primary

independent variable table.

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=13%J if there are

two independent variables.

The following example i'liustrates the use of FORTRAN STATEMENTS in the par-

ameter study model:

Example 2.2

BCS 40180-2

MODEL DESCRIPTION PARAMETER STUDY

ADD TABLES = WIND,802

LOCATION = 41" TI

FORTRAN STATEMENTS

c READ WIND VELOCITY DATA o
WVIWD = TBLU2(TD TI,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 data. 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+24%31=802. The
Fortran is inserted after time of day and day of the year are computed in

Tle 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 WVIWD
is the name at the wind input to WD generated by the precompiler. Fsrfran
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 print a
list of all standard components. For each standard component, |ists of in-
puts, outputs, and tables for that component are provided. For each input,
the physical quantity name and port number is given. For each output, the
physical quantity name, port number, and the letter S, if the quantity is

a state is given. For each table, the table 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 will result
in a list of all standard component information as the first output from the

Model Generation program.
2.2 NAMING CONVENTION

All standard components are given names consiéfing of two characters, the
first of which is alphabetical. Thus we have WT for wind turbine, GE for gen-
erator, WD for wind model, etc. Where multiple components of the same type
are required, 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 same type by adding one
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more character to the standard component name. This character is usual!ly nu-
meric but can also be alphabetical or blank. Thus a given model can contain

up fo 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:
WT1,WT2,WT3,.:...,WT8,WTO,WTA

2.2.1 Variable, Parameter, and [aBIe Ngmihg Conventions "

All of the input, output, and tabular quaﬁfifies~requiréd by each 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 to 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 -identified
by adding the three character name of that component to the three character
name of the physical quantity. in this way, unique six .character FORTRAN names

are generated for all output quantities of the system mode! components.

Input quanfifies'foya component that are driven by another component carry
the names of ‘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.

I'f a component should réquire tabular data as an input, unique 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 time delays associated with more elaborate plotting methods. Its 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 rea-
sonable size program, it was necessary to establish some simple rules for
symbol 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. If the rules are
violated by the analyst's schematic, the SIMNEST schematic should 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 Model Genera-
tion program with the single program command, PRINT. This form can then be

reproduced and the copies used as forms for drawing system mode! schematics.

2.3.2 lpput Quapntity Labeling

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

another component are |isted adjacent to the downstream component symbol.
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These labels are placed near the connecting line that joins the two compo-
nents. Since these names are composed of the physical quantity name and the
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 described

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 subroutine small, it was necessary to limit the types of connecting
paths between components fto 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, connections between components that

do not share a horizontal or vertical line require at least a two segment
path. These paths have been arbitrarily chosen to follow a clockwise route.
It is therefore advisable that components that are on diagonal locations be
placed in a clockwise sequence. |f counter-clockwise flow between components
is necessary, it can be accommodated by placing the components on the same

horizontal 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 Iine.

2.3.4 Additional Pages

The SIMWEST schematic diagram may be broken down into as many pages as are
necessary. No attempt is made to draw connecting paths between components
located on different pages. It is therefore advisable to minimize the num-

ber of connecting paths between pages. This can usually be done by grouping
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POSSIBLE QUTPUT PATHS

POSSIBLE INPUT PATHS

FIGURE 2.3-1 COMPONENT CONNECTION PATHS
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2. Avoid placing components on adjacent location points.

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 to place connected components on the same horizontal or vertical line.

3. Place diagonal components so that flow is clockwise.

4. 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
unabie to interpret a portion of the model description or encounters prob-
lems in assembling the system model. These messages will be preceded by: 338t
WARNING #6¢ or 3% NOTICE %%, The symbols xxx and zzz are used to indicate
phrases from the mode! description that are included as part of the warning

message. The following messages are listed in alphabetical order:

1. CAN'T IDENTIFY xxx AS A STANDARD COMPONENT

xxx will contain the first two characters of the phrase which cannot be

identified as a command or standard component. This message will often
follow other warning messages as the program makes successive attempts

to interpret the given phrase.,
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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.
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 bEFINlTION
OF COMPONENT zzz

The command INPUTS was not given between the component names xxx and zzz.

Check for proper spelling of INPUTS and a valid delimiter after the phrase

XXX o
COMPONENT xxx HAS ALREADY BEEN DEF INED

The component xxx was defined in a previous LOCATION statement.

LOCATION NO. xxx FOR COMPONENT zzz HAS LAST TWO DIGITS OUTSIDE THE ALLOW-

ABLE RANGE 1 TO 80. NO SYMBOL WILL BE PLACED IN SCHEMATIC FOR THIS COM-
PONENT

This message will occur at the end of the model description for a com-

ponent zzz which has an invalid focation number. The system model may

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

i
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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 to be allocated for the table as well as the table

name. This storage value must be a numeric quantity.

xxx 1S NOT A VALID INPUT QUANTITY OR PORT DESIGNATION FOR COMPONENT zzz

The phrase xxx cannot 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 1S 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. ERRONEQUS
CONNECT IONS 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‘idehfified,
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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 appiicafions these |imits should not
be encountered. However, if they should be encountered they can usually be
extended at the expense of larger core requirements to execute the program.

The following table describes these limitations:

Limitation Description : Maximum Value
Standard components in library 150
Components per model 200
Inputs per any standard component ' . 50
Outputs per any standard cbmponenf 50
Tables per any standard component 15
Tables per model : 100
Table dimension {(words) - 960
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3.0 SIMULATION PROGRAM

Once a model has been generated as described in Section 2, the user must
describe the simulation he wishes to perform. This involves specifying the
various parameters detailing the model components and setting the models
initial conditions., It involves defininé input data tables and the type and
quantities of printed output, both tabular and plotted. The user must also
specify 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 modei description.
Sections 3.1.1, 3.1.2 and 3.2 describe the methods used to specify parameter

values, tables, and initial conditions,
3.1.1 Scalar Data
PARAMETER VALUES (Default values = ,99999)

Thi's program command allows the numeric values of parameters to be loaded
into the system model. The PARAMETER VALUES command is foliowed by one or
more parameter names followed by a numeric value. Each 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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Example 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

I 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 tables required
by a SIMAMEST generated model are specified in the Input Requirements List.
These tables may have either one or two 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 parénfhesis () , or
three or more consecutive blank spaces. The data items required for each

table are placed on cards as follows:

Card 1 TABLE table name  NX NZ
Card 2%  Z table values
Card 33 X table values
Card 43t Y table values
where: Table Name - .The six character table name. generated by the Model

Generation program,
- NX - The number of.points in the primary independent vari-
_ abie table. ‘ , 4
Nzt _ = .The number of points in the secondary independent
variable table, |

Z table ¥% ~ Table of NZ secondary independent variablie values.

- ;Vix table .. - Table of NX independent table values.
.Y table =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 omitted for tables with one independent variable.
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A oopy of all tabular input data is printed as it is interpreted from data

cards. The following exampie shows the data cards for a one and a two in-

dependent variable table,

Example 3.1-2

Card
Card
Card
Card
Card
Card
Card
Card
Card
Card

O O 4 6 U & W IN B

[
o

TABLE, TABONE,
1, 2, 3, 4,5,6, 7, 8,9, 10
11, 12, 13, 14, 15, 16, 17, 18, 19, 110
TABLE, TABTWO, 5, 4
- 10.3, 20.4, 30.5, 40.6

1, 2, 3,4, 5

11, 12, 13, 14, 15
21, 22, 23, 24, 25
31, 32, 33, 34, 35
41, 42, 43, 44, 45

The printout of these tables would be:

PRIMARY INUEPENDENT VARIABLE TABLE

TABLE TABONE

1.000 2.000 3.000 4,000 5.000 6.000 7,000 8.000
DEPENDENT VARIABLE TABLE
11.00 12.00 13.00 14.00 15.00 16.00° 17.00 18.00

TABLE TABTWO
SéCONDARY INDEPENDENT VARIABLE TABLE
10.30 20.40 30.50. -
PRIMARY INDEPENDENT VARIABLE TABLE
1,000 2.000 3.000
DEPENDENT VARIABLE TABLE
11.00 12.00 13.00
21,00 22.00" 23.00
31.00 32.00 33,00
41.00 42.00. 43.00
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4.000
14.00
24,00
34.00
44.00

9.000 10,00

19.00 110.00 i

5.000

15.00
25.00
35.00
45.00
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3.2 INITIAL CONDITION AND INTEGRATION CONTROLS

INITIAL CONDITIONS (Default value
INT CONTROLS (Default value

0)
1.0)

These program commands may be used to specify initial condition values and
the infééfator status, (either active (1) or frozen (=0)). Default values
of’O.}for initial conditions and 1 for integration controls are furnished
by the simulation program. However, it is strongly recommended that values
appropriate to the particular system mode! be furnished for the initial con-

ditions,

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

fol lowed by a numeric value.
Example 3,2-1:

INITIAL CONDITIONS = MA HS = 1.6E6, E TS = 600, VDELO = 0O, ,...
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 normaliy used together with the INT CONTROLS

command to specify the desired integrator configuration,
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3.3 INITIAL CONDITION STORAGE COMMANDS

XIC=X

XiC=XiC1
XIC-XIC2
Xic=XIC3
XIC1-XIC
Xic2-XicC
Xic3-XIC

These program commands are used to transfer 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

XIC1-XIC, XIC=X, XiC2-XIC
The three program commands shown above would take the current operating point
(inftiq| condition vector) and store it in vector XICl; then transfer the
current state, X, into XIC; and then store that value of XIC in XlC2,
3.4 SIMULATION 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 ;imulafion run hours 1.0
OUTRATE = output rate ‘ 1
PRATE = print rate 1
PRINT CONTROL = print control variable 0
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These program commands specify the integration time increment, duration of
simulation run, the simulation output rate, the printing rate, and the quan-—
tity of printing, at each point in time. These quantities should be specified

before the first issuance of the SIMULATE command.

The Time increment, TINC, provides the integrator time step size, in hours,
for the integrator. 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 to plots. Thus, if OUTRATE is set equal to 10, data
will be plotted every 10th time increment, TINC., The default value of OUTRATE

is 1. QUTRATE should only be set to positive integer values.

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

by:

No, of Plotted Samples = TMAX + 1
TINC#OUTRATE

For most simulation operation, the plotted output specified by the DISPLAY
commands is the primary output and no |ine printer output is used. However,
for diagnosing problems in a simulation, the line printer options provided
by the PRINT CONTROL parameter allow 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 "snap-shots'" of all states, rates, variables, and parameters of the

system model at a particular point in time. Option 5 provides tabular lists
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of up to 10 specified quantities.¥ The default value for PRINT CONTROL is
OI

TABLE 3.4-1

) Print Control Values
PRINT CONTROL Resultant Lineprinter Output.

0 None (Default Condition)

1 All states, rates, and time

2 : All states, rates, variables, and time

3 All sfafes{ rates, variableé, and parameters

“at time =0

»

All states, rates, variables, and parameters
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 line-print-
er. Thus, if PRATE is set equal to 5, data will be printed on the line print-
er every 5th time 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
TINC*OUTRATE#PRATE

#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

tn the example, the simulation would run for 10 hours. Plotted output would
occur every .l hour, (10% ,01), and printed output would occur every 1, hour
(103% 103 .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 to be displayed
by lineprinter plots for simufation 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 also be spe-

cified, The independent scale range is speciffed by the word XRANGE followed .

by the minimum and maximum values 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.

S| MANUAL SCALES
S| AUTO SCALES (Default Condition)

The S| MANUAL SCALES command allows the plotted output requested by the DIS-
PLAY commands to be plotted on manual scales specified by the YRANGE and -
XRANGE commands, The S| AUTO SCALES command can be used to return plotting

to the automatic scaling mode. Auto scales are selected so that they span

each plotted quantity., The auto scale option is the default used until manual

scales are requested. The PRINTER PLOTS command is also required to obtain

plots,
Example 3,5-1:

S| MANUAL SCALES, PRINTER PLOTS
DISPLAY1

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

P2 IV, VS, TINE

RE2BA, VS, TIME

RE1LO, VS, TIME

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 plotted oﬁfpuf. Up to
74 characters may follow the delimiter that foliows the TITLE command. The
TITLE command may be changed before each analysis. Once defined, the title

remains in effect until a new titie 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 simifar to component parameters
using the PARAMETER VALUES command.

CYCLES controls the number of iterations through the model to obtain steady
state. If CYCLES € 0. then only one pass is made through the model. |f CYCLES
is a positive integer then the number of iterations through the model is
‘equal fo 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 iterations per time step

to attain steady state. A complex model wi*h cascaded logic cémponents may

require more.

The task of finding the correct value for CYCLES is facilitafed byhfhe 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 control led

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

than DLINES.'Figure 3.6 shows a typical section of diagnostic printout using
DLINES >0. |f DLINES <O then only |ibrary component diagnostics are printed
with no greater than - DLINES of output. Typically, DLINES = 100 is sufficient

to catch most simulation errors per run.

: PC3PA NOMCUNVERGENCE, GLD VALUE= 4,209 NEW VALUES= 6,109

SR UT MONCOMNVERGENCE, OLD VALUE= 177,720 NEW VALUF= 264,359
PC3PA NNMCONVERGENCE, LD VALUE= ' 6,109 NEW VALUE= 7,054
SR ¥ NONCUNVERGENCE, OLD VALUES 2bhd 359 NEW VALUE= 312,718
FLYWHEEL KTNETIC ENERGY 39,87S FALLS RELOW MINIMUM REQUIREMENT ' 40,000
FLYWHEEL CLUTCH (0SS ) 1.217 EXCEEDS DELIVERABLE POWER 2400
SP MO NONCUNVFRGEMNCE, GLD VALUESs 553,569 NFW VALLE= 601,994
SPCFL NCNCIONVERGENCE, OLD VALUE= 543,583 NEW VALLE= 590,798
PC3IPA NONCONVERGENCE, OID VALUE= 7.054 NEW VALUE= B.152
SR UT NONCUNVERGENCFE, OLO VALUE= 312, 7tA NEW valUufs 370,217

FIGURE 3.6 TYPICAL DIAGNOSTIC OUTPUT

" RESET controls the initialization value for the random number generators if
several simulations are run back to back. |f RESET >0 (Defauit) then the same

random numbers are used for each 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 VARIABLES
' 51
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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 Model Generation program have model related names
generated for al!l states, variables, and parameters in the model. State varia-
ble derivatives, (Rates), are generated as R1, R2,... for ali models. R1,
R2, ... refer to the rates of the first, second,... states respectively.

If it is desired to replace these machine generated names with other names,
the DEFINE command may be used to substitute any eight character name of

the analyst's choosing. These names are associated with the corresponding
numeric quénfifies 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 simutation. 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
DEF INE 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 072677 PAGE ]
TiMe & L0000 STATES
1 YOELU @ © 00000
RATES
1 My 85,0009
VAMIABLES
11 11 & ,00000 270 11 s ,00000 3 Im Tl ®  ,00000 4G OW Tl = 1,0000 S0y 711 ® 1,0000
T 0 RY 11— @ 1,9000 T MY T]° 787 1400007778 VARTAW "8~ 18 477 9 N  TAW S 446,00 — 10 T0 TAN—® —,00000
11 % Tamw @ «€50V00 12 wWvewo [} 18,477 13 My wp 2 18,477 14 AV wp [ ] 20,354 1% M WD L 58,84ub
1o 1IMmD 8 e1,0000 17 P2 w1 B 2ul,84 18 TO w1 & 72080, 19 CO mY & 12500 20 GR wT & 76,391
—2} MAVNT—® 199,86 22 MY WI~— @~ J2UBV, 23 MPUNT— - "2u), 84 "24 YP WYT B 30,e30 2% P2 GRT®"229,85
26 I1U 6w ] 89y ,v8 27 PL GNM s 12,184 28 EFCGR [ e 94981 29 MP2GR s +10000e11 30 KSIGR L 23,631
31 S$ammG & 1,0000 J2 AV HG  ®  gul,Bu 33 SO MG s SBusY, 34 P2 GE & 217,43 35 EE GE s 97710
4o M5 LE B 18uS5,¢ 37-PL G 37 12,¢20 — 38 EFLCE "R 89906 =39 MP2GE——8750,00 ~" 40 MPNGE— 8= ,25991
41 3P GE 8 27,1/9 42 VANTAL 3 S7¢,u2 43 N TAL ®  4ub,00 44 1O TAL W 00000 4S5 M TAL w +25000
4o REILU & ob36,¢u 47 Lo2LL s d7¢,u2 48 SRELL m» 71,502 49 SOELL @ 27,179 SO PC LO & 48,011
T 31 TIMLUTETRI,0000 7752 CN LUTTTR TR, 575 T e e e m - e
PARAMETERS
T 10 TR T, 00000 T2 KSTTAW BT ,QUO0Y0 T 3 ITFTAW ~3771,0000 TG VO RTTTETTT21,000 S VR WTT®T" 28,350
6 MSGaT & 1800,V T ER nl @& 80,000 8 EC AT = 31,5000 9 AD w7 2300002 10 LAMRY ® 9,400
11 CPAwl 8 Lui0uy 12 CP nT & ,9499y9 15 CC nT = 18000, 14 CH T & 2000,0 §5 EFIGR ®  ,99999
T MPLUR TR T 10uu0etT 17 CC GR TR 1000,0 18 CM GH~ "8 ¢200,00 19 F] WG — &, 00000 20 F2 HG— ®——,00000
e} F3 nG L T 22 F4 HG [ 1,000¢ 23 FS nG ] 200000 24 Fb MG ] +0V000 2% F1 nG Ld +00000
20 F8 MG 8 ,Qu0u0 27T F9 HG  ® 00000 28 FIUHG & ,00000 29 FIIHG =& ,00000 30 F1246 &  ,00000
TS FLSRG TR 00000 32 PL4HG 78777 ,00000 T35 FISHG TT 8T 00000 JU PLOKG TTTATTL000007 35 PA HGT 8T 87,857 T
30 Furrs @ 1000,0 37 FLUNG & $0,000 38 KAPGE s 750,00 39 KSYGE ~®  1800,0 40 RASGE &  ,10000«01
41 DA GE & 20000 42 SR Gt ®  ,5000002 43 VU G& @  4Qu,00 44 CC GE s 1000,0 4% CH GE 8 200,00
TTUS NSTTALTETLy0000T &7 ITFTALTTS T 2,0000 U8 NC LO T @, 574000027749 CTTLO T8 TTU, 000050 MN LOT T T ;00060
S1 SToLu & 8,00v0 52 VE LU B ,25000%03 53 CYCLES &  2,0100 S4 DLINES @  ,99999 95 RESET ®»  ,99999
TInE 8 12,00 STATES
1 VORLU B T 97,204
RATES
1 R 5 ,631¢3 ’ .
VARIABLES
11 11 » 12,000 210711 = 12,000 37~ T71 = 12,000 4Dow Tl s 31,0000 $DOYTI ® 1,0000
T RY T T BT {,0000 CT MY T8 TTEL,0000 T B VARTAW T RUTLI 466 TT 9 N TAW T T 446,00 710 TO TAWTETT,000007
1l m Tam & (25000 12 wvgwD B 1S,444 13 WV KD @ 39,906 14 AV WD w 20,354 15 M WD 8  58,84b
16 IImap @ e1,0v000 17 P2 ni & Sb,004 18 T0 wI a 10956, 19 CO W7 = 12,12% 20 GR WY a 76,391
TT 21 MAPWL - B - 795,30 22 MT AT T B ,25955406°° 28 MPURT B © 795,36 T 26 SP Wl = Bo— uB6l,} —— 25 P2 GR—-8— 35,198 —
¢6 UGN B 147,07 27 PL GR &  ],4b00 28 EFZGR  ®  ,95999 29 MP2GR m  ,10000¢11 30 W31G6k & 25,572
31 SAmmG & 97,00y 32 AV KG = Sy88Y, 35 S0 HG = 224279008 34 P2 GE B 27,44S 35 EE GE " 97710
T30 K3 GET @800, 7 T 37 PL GETT 8 T 7,7983 T 38 EFEGE T 8 T ,74853 T 39 MP2GE-—® 750,00 60  MPNGET ®T, 93304
41 3P Gk @ 4250,0 42 VARTAL 8 1024,2 43 N TAL B 4ub,00 44 1O TAL ® ,00000 4S M TAL B ,2%000
b REILU 3 10,y 47 L02LU B jued,e 48 SRELU ®  84d81,S 49 $DELO = 4256,0 50 PC LO ® 50,180
TSI TIALU U@ w1,0000 T S2 CN LU TTE e, 9875 T s o e e e i : -
TTUTTTT AR T gd e T T BTATES -
1 Y00 8 239,05 '

.- .. .EIGURE_3.8.. .SAMPLE PRINTER QUTPUT




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
prlnfed, then all variables for componenf TAW, etc. The parameter values aft
time = O show both ‘the input values and the default parameters. After T = 0
only the states, rafes,‘and output varlables are prlnfed Since all the model
connection variables and output variables are prlnfed this mode i's especnally
valuable for program debugglng and analysns at a flxed time. The printer
plots, samples of which are shown in Section 8, are useful for monlforlng

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

of | cad dellvered by sforage.'
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4.0 JOB CONTROL PROCEDURES

In this section, we describe job control procedures for running and maintain-
ing the SIMNEST programs. For the convenience of the user, a number of proce-

dure files have been set up which simplify the user control cards required.

_In Section 4.1, we describe the control cards for executing the model genera—'

tion and analysis programs. Section 4.2 describes the procedures to maintain

the programs and update the component library.
4.1 MODEL GENERATION AND ANALYS!S EXECUTION

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

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

is put on a file called NONSIMCARDS, and a file callted XQTANALYSIS maps the
relocatable elements into abSqufe.ffle elements, and executes both the simu-

lation and printer plot programs.

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

by:

@RUN ...
@DELETE,C EASYCARDS.
@ASG ,UP EASYCARDS.

@DATA, IL EASYCARDS.

INPUT DATA DECK
FOR MODEL

@END .
@ASG ,A XQTEASY.
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FILOADCARDS

EASYCARDS NONSIMCARDS

FILOAD

SIMWEST =>=SCRTCH2 6=~
e M1 8 , e PRECOMPILER [ SCRTCHS. %~ ANALYSIS

NSMPPT
(PRINTER PLOTS)

*SCRTCHI IS FORTRAN SOURCE CODE QUTPUT

FIGURE 4.1-1- SIMWEST PROGRAM EXECUTION STRUCTURE




@ADD,PL XQTEASY.
@DELETE,C NONS IMCARDS.
@ASG ,UP NONS |MCARDS.
@DATA, |L NONS IMCARDS.

INPUT DATA DECK
FOR ANALYSIS

@END

@ASG ,A XQTANALYSIS.

@ADD ,PL XQTANALYSIS.

@ IN .
The job control proceddres XQTEASY and XQTANALYSIS are shown in Figures 4.1-2
and 4.1-3. If a user is creating data inputs from a terminal, then it may
be somewhat simpler to create new job control procedures similar to XQTEASY
and XQTANALYSIS, but substituting his data input file names for EASYCARDS
and NONSIMCARDS, respectively. |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 folliowing job cards

to XQTANALYS!S:

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

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

13 and 18. (See 7.38 for a discussion of the tape/file read component.)
4.2 PROGRAM MAINTENANCE AND LIBRARY UPDATES

Whenever the component library is updated, the user must compile the Fortran

: code and run the FILOAD program to furnish the model generation program com-
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@HDG SIMWEST MODEL GENERATION

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

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

@USE 7,M7.

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

@FREE 18.,7.,8.,9.,10.,11.,12.

FIGURE 4.1-2

@DG SIMWEST ANALYSIS
@ASG ,AX MAPANALYSIS.
@ADD,PL MAPANALYSIS.
@ASG,AX ASABS.

@ASG ,AX F1.

@USE 11,F1.

@ASG ,AX F2.

@USE 12,F2.

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

FIGURE 4.1-3 XQTANALYSIS JOB CONTROL FILE

XQTEASY JOB CONTROL FILE
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ponent input and output name lists. A job control stream to compile a new com-

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

If an old component is to be updated, then one can edit the source code on
CMPLCO and recompile entirely, or copy the edited subroutine including the

@FOR, IS control card onto a new file and recompile. A Job stream to execute

@ASG,T SOURCE.
@DATA, |L SOURCE.
@FO0R, IS COS!.DC,CORO.DC

USER FORTRAN SUBROUTINE DC

@END

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

~ the FILOAD program is given by:

BCS 40180-2

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

'USER INPUT DATA
FOR FILOAD

@END .
@ASG,A XQTF ILOAD.
@ADD,PL XQTF ILOAD,

59 .




The procedure file XQTFILOAD is shown in Figure 4.2-1. |f a mistake is made

in the input cards, it is possible that the output file M18 will be destroyed.

As a backup, M18 is copied onto ML8X before FILOAD is run.

@HDG FILOAD EXECUT ION
@ASG,AX FILOADA.

@DELETE,C M19.,M18X.
@ASG,UP M19.,F/0/TRK/1000/ . FILOAD DATA FILE
@ASG,UP M18X.,F/0/TRK/1000/
@ASG ,AX DUMPFO.

@ASG ,AX M18.

@COPY M18.,M18X.

@USE 18,M18.

@USE 19,M19.

@USE 9,DUMPFO.

@ASG,AX FILOADCARDS.

@USE 3,F ILOADCARDS.

@XQT FILOADA.

@COPY 19.,18.

@FREE 18.,19.,9.

FIGURE 4.2-1 XQTFILOAD JOB CONTROL- FILE

It may be necessary to modify the Fortran code for one or more of the SIM-
WEST programs from time to time. In this case, the procedure is to edit the
source file, recompile the file, and remap the relocatables to obtain ab-

solute file elements. Table 4.2 gives the file names for using this proce-

dure.
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FORTRAN SOURCE
FILES - SDF

FORTRAN SOURCE
FILES - ELT

RELOCATABLE
FILES

COLLECTION
PROCEDURES

by:

BCS 40180-2

TABLE 4.2 SIMWEST MAINTENANCE FILE DIRECTORY

L1BRARY MODEL

UPDATE GENERAT ION
uTIL CMPLMG

F ILOAD CMPLMG 2
FsSS| MGS |

FSRO MGRO

MAPF | LOAD MAPEASY

@ASG,A CMPLMG.
@ED,U CMPLMG.

FORTRAN EDITING

@ASG,A MGS| .
@ASG,A MGRO.
@ADD,PL CMPLMG.
@ASG,A MAPEASY.
@ADD,PL MAPEASY.

ANALYSIS

CMPLAS
CMPLAS2

ASS |

ASRO

MAPANALYS IS

PRINTER
PLOTS

NSMPPT

ASS|

ASRO

MAPNSMPPT

The collection procedures are shown in Figures 4.2-2 to 4.2-5, As an example,

the jobstream to edit, recompile and remap a subroutine in CMPLMG is given



@ASG ,AX FSRO.
@PREP FSRO.
@ASG ,AX MAPFSS|.
@ASG ,AX FILOAD4.
@WAP, | MAPFSSI|.FILOAD,FILOAD4.
IN FSRO.FILOAD
LIBFSRO. . - ' ) o ‘a
END . . : . - S N

FIGURE 4.2-2 MAPFILOAD. PROCEDURE FILE

@ASG ,AX MGRO.

@PREP MGRO.

@ASG ,AX MAPMGS | .

@ASG ,AX MGABS.

@ASG,AX FSRO.

@PREP FSRO,

@WAP, | MAPMGS | . EASY,MGABS .EASY
IN MGRO.EASY o
L1B FSRO.,MGRO.,FSRO.

END

FIGURE 4.2-3 MAPEASY PROCEDURE FILE

@ASG ,AX FSRO.
@ASG,AX ASRO.
@ASG ,AX CORO.
@PREP CORO.
@PREP FSRO.
@PREP ASRO.
@ASG,AX MAPASSI.
@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 MAPANALYSIS PROCEDURE FILE
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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

Y
' BCS 40180-2

FIGURE 4.2-5 MAPNSMPPT PROCEDURE FILE

S
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5.0 DIAGNOSTICS

Diagnostic meésages are printed by both the model generation and the simu-
tation program. In addition, individual library components generally have
diagnostic printout associated with them. The diagnostics associated with
the model generation program are discussed in Section 2. Section 5 describes
the diagnostics associated with the simulation program and.the |ibrary com-

ponents.
5.1 WARNING MESSAGES

One or more of the following warning messages will occur if the program en-
counters difficulty in interpreting analysis instructions or performing an

analysis. These messages will be preceded by the flag:
66 WARNING ¥36%

Message symbols xxx, zzz; or nnn are used to indicate phrases from the analy-
sis description that are included as part of the warning message. The fol-

lowing messages are listed in alphabetical order:

1. A VALID PARAMETER NAME MUST PRECEDE THE NUMERIC VALUE nnn
This message indicates that a valid parameter name was not identified
preceding the numeric value nnn. Check for missing delimiters or mis-
spelled parameter name.

2. xxx CAN'T BE SETEQUAL TO zzz. VALUE MUST BE NUMERIC

Check for missing numeric value or delimiters.

3, CAN'T IDENTIFY Xxxx AS A VALID PRINT VAQ‘&BLE

Check spelling of xxx or for missing def}mifers.



CAN'T IDENTIFY xxx VALUE WILL BE IGNORED.

This will result in not setting the quantity intended by xxx to its new

value, Check for spelling of xxx or for missing delimiters.
CAN'T INTERPRET xxx

The phrase xxx cannot 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 THIS 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 value on the data card printed. Check the sequence and
number of tabular data cards to assure that they match those required

by the model's tables and table input formats, See Section 3.1.2 for
correct formats,

’

NON—-NUMERIC 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 tabular data cards matches the model's tables and table input formats.

See Section 3,1.2 for correct formats.
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9. nnn PRIMARY and xxx SECONDARY [NDEPENDENT VARI|ABLE POINTS EXCEEDS THE
zzz WORD STORAGE LIMIT FOR THE FOLLOWING TABLE. SOME DATA WILL BE LOST.

The maximum amount of data allowed for each table is given In the Input
Requirements List produced by the Mode! 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 compoﬁenf is printed when a variable
gets out of bounds during analysis. Adjustment of component parameters may
be necessary.
In component alphabetical order, these diagnostic messages are:
AD: INPUT POWER xxxx TOO HIGH RELATIVE TO ADMITTANCE xxxx AND RATED VOLTAGE

XXX

ADMITTANCE POWER LOSS xxxx EXCEEDS INPUT POWER xxxx -

BA: POWER REQUEST xxxx EXCEEDS BATTERY CAPABILITY. CHECK VC, VO, AND RT.

BN: BN INLET AIR MASS FLOW RATE xxxx GREATER THAN MAX | MUM ALLOWABLE xxxx

CO: MAX ITERATIONS FOR COMPRESSOR EFFICIENCY. NP, XNP, RS = xxxX, XXxX,,

XXXX

CS: CS STORAGE TEMPERATURE xxxx GREATER THAN ALLOWABLE xxxx
CS MASS OF AIR IN STORAGE xxxx BELOW MINIMUM ALLOWABLE -xxxx -
CS MASS OF AIR IN STORAGE xxxx EXCEEDS MAXIMUM ALLOWABLE xxxx

i

' FL: FLYWHEEL POWER LOSS xxxx EXCEEDS CHARGING POWER xxxx

i FLYWHEEL LOSS xxxx EXCEEDS DISCHARGING POWER xxxx
FLYWHEEL CLUTCH LOSS xxxx EXCEEDS MAXIMUM INPUT POWER xxxx
FLYWHEEL CLUTCH LOSS xxxx EXCEEDS DELIVERABLE POWER xxxx
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GE:

HS:

HT:

HX:

MB:

RE:

TA:

FLYWHEEL KINETIC ENERGY xxxx EXCEEDS CAPACITY xxxx
FLYWHEEL KINETIC ENERGY xxxx FALLS BELOW M!INIMUM 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

IV POWER LOSS xxxx EXCEEDS INPUT POWER xxxx CHECK RATED DC VOLTAGE VDC
WARNING-DIVISOR IN MB EQUALS 0., HAS BEEN SET = 1,

MOTOR INPUT POWER xxxx «GT. RATED INPUT POWER xxxx

MOTOR SLIP xxxx EXCEEDS RATED POWER SLIP xxxx

STATOR RESISTANCE xxxx OR DAMPING xxxx TOO HIGH FOR MOTOR

RE POWER LOSS xxxx EXCEEDS INPUT POWER xxxX
RE, AC INPUT POWER xxxx TOO LARGE IN RELATION. TO TRANSFORMER REACTANCE
xxxX AND RATED AC VOLTAGE xxxx

FILE DATA OUT OF RANGE. INITIAL VALUE = xxxx ON UNIT xx

TIME POINT PAST TABLE RANGE. LAST VALUE = xxxx ON UNIT xx
READ ERROR OR END OF FILE ON UNIT xx
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TR: TRANSMISSION POWER LOSS xxxx EXCEEDS INPUT 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 xxxx

TS. STORAGE TEMPERATURE xxxx OUTSIDE MINIMUM xxxx OR MAXIMUM xxxX

TU: TURBINE BACK PRESSURE xxxx GREATER THAN STORAGE VESSEL PRESSURE xxxx
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6.0 CREATION OF NEW LIBRARY COMPONENTS |

The addition of new standard components to the SIMWEST library 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 to the SIMMEST library. The second step
involves the addition.of the new component's input and output description.

to the SIMMEST file M18, File M18 is used by the precompiiler -fo generate
subroutine calling sequences for the library 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 Call Sequence.

’

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 quantities 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.
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Tables

The table arrays must be dimensioned within the component subroutine. They
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
NZ

]

TABLE (2) - number of primary independent variables

TABLE (3) -~ number of secondary independent variables

I f 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(1), z(2),.,..., then:

z(1) = TABLE (4)
z(2) = TABLE (5)
z(3) = TABLE (6)

The primary independent variable array begins with word NZ + 4, Thus if this

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

X(1)
X{2)

TABLE (NZ + 4)
TABLE (NZ + 5)

BCS 40180-2




}
f
-

BCS 40180-2

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)
Y(2)

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

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

the table array as:

Y(1,J) = TABLE (NX+NZ+3+|+{ J=1 )¥NX)

Normaliy the 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 fthe

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

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

TABLE (4) secondary independent variable table

TABLE (NZ+4) primary independent variable table

| f more than one fable is used by a component subroutine, the table names
must appear in the same sequence in fthe table name |ist stored in Mi8 file

as in the subroutine call sequence.

’

Example 6,1: Given a component, HA, that requires the tables TPH and TPC

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

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

The ferm "“output quantity" refers to information that is calculated and then
"output" by a particular component subroutine. This is not to 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 intormation tiow through the component. Some out-
let quantities may be calculated by the component subroutine and thus become
output quantities of that component. While other outlet 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 outlet,
(port two quantities), then all inlet, (port one quantities), efc. |f a com-
ponent has multiple outlet ports, the output quantities associated with each
outlet.port should be grouped together and listed before any inlet port out-

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 similar physical
quantity regardless of the input 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 port numbers, only con-
nections of matching physical quantities with those port numbers occur. Man-
ual override of this provision can be made by specifying pérficular physical

quantity connections.

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

the state variable, the second is the state variable 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 3
4
1 (State Variable)
2 (State Variable)

] Quttet Ports

oA B

] Iinlet Ports

The call sequence arguments for these outputs would be:

SUBROUTINE HA(TPH,TPC,T3,T4,P1,P1D0T,|P1,P2,P2D0T,IP2,...

Input Quantities

The term "input quantify" refers to information that is provided to 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 port as a result of assigning a positive -direction of
power or information, through the component. Some inlet quantities may be.
calculated by the component subroutine and thus become output quantities

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

ponent subroutine and thus become input quantities to that subroutine.

The input quantities should be grouped together by port. That is, all inleft,
(port one quantities), then all outiet, (port two quantities), efc, Port
designations for fwo port components which have the same physical quantity
on both inlet and outlet will .be: port 1 for upstream or inlet port and
port 2 for downstream or ouflef port. It is important that the inlet port
quantities be listed before any outlet port quantities. If a component has
multiple inlet ports, the input quantities associated with each inlet port

should be grouped together and |isfted before any outlet port quantities,
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Certain input quantitiés 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 the
input quantity. Such quantities are referred to as "universal port" quanti-
ties. As such, they are allowed to connect to any other similar physical quan-
tity regardliess 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 port 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

following inputs:

Physical Quantity Port No.
T 1 l inlet Ports
T 2
4
P > Outlet Ports
P 4 |
AKH (universal port quantity)

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

the complete call sequence:
SUBROUTINE HA(TPH,TPC,T3,T4,P1,P1DOT, IP1,P2,P200T,IP2,T1,T2,P3,P4,AKH)

The call| sequence for standard component subroutines should foliow 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 library CORO.

BCS 40180-2 |



TABLE 6.1-1

COMPONENT SUBROUTINE
CALL SEQUENCE ORDER

1. Tables

2. Output Quantities
2.1 All Outlet Port Quantities*
2.2 All Inlet Port Quantities* (feedback variables)
2.3 All Other Output Quantities

3. Input Quantities
3.1 Al In]et Port Quantities¥
3.2 All Outlet Port Quantities# (feedback varlables)
3.3 All Other Input Quantities

* Group quantities with the same port number together, if muitiple iniet
or outlet ports exist, arrange port quantities in order of increasing port

numbers,
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6.,1.3 Coding Conventions

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

of all, 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 followed 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 store information from call to 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 COMMON 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 treated
as a single dimension Fortran array. Power output is obtained from the table
interpolation subroutine TBLUl. (Use of the table interpolation routines
TBLU1 and TBLU2 is explained in Section 2.1). The rest of the code shows

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

status:

3
1]

O the first time in a simulation that the mode! (EQMO) is

called

1 if more iterations and hence subroutine calls are expect-
ed at a given time step

>1 the final iteration through the model.

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

are assigned, etc. The statistics are only updated at the final iteration
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00104 3 c
.woolotn_.mw"Q&W_“__Cmm“PURPOSE_mM”HUDELMYHE WIND. TURBINE. AND GENERATOR USING. A POWER. CURVE_______~
00101 Sn c
00101 (-3 (% WRITTEN BY A.N. WARREN VERSION 1' MARCH 3 1977
.-.00101 o, TAa_ .. C.... e e et e et ot e e o 1o e s tm 1t et e e mimin te Amamr = 2 eorrm e = ¢ 2 o e mrem 1
00101} 8w c CALL SEQUENCE
00101 9n c TABLES .
-.0010y . ¥Ow G  PH_.s WIND GENERATION POWER IN KW VERSUS WIND VELOCITY_IN MPH______
09101 Ry c .
00101 122 c QUTPUTS :
~.0o0t0y ... 13x . Co ... ....Bl e DUTPUT BUS CURRENT, AMPS . . e e
00101 142 c PO = POWER QUTPUT, XW
00101 15# c AM] o MAX, OBSERVED CURRENT, AMPS
00808 — . d6A_. G __._.. AMP e MAX, OHSERVED PUWER, KW.._._. —
0otol 17+ C SP  « TOTAL QUTPUT ENERGY,KWH
0010% 182 c CO = OPERAYING COSYo 3
0030t ... P £ JIUY o O PPN e e e en — R ——.
001014 20% c INPUTS
00101 21 c VO e RATED BUS VOLTAGE, VOLTS
. -Dbotoy 22w . C_ ... WV0 e POWER CUTIN VELUCITY, MPH. . — —
00101 25 c WVL = POWEK CUTOUTY VELOCITY, MPH : .
00101} 2u4x c wV e wInND VELOCITY, MPH
--0010) - — 254 oCooimime o CCT e CAPITOL COST / YEARy 8§ ——moom i -
00101 2b* c CHMI = MAINTENANCE CNST 7/ YEAR, §
0010% 27 c EC - CONTPOL ENERGY RATE, SIHR
00101 - —-.28%.......0—. — - —_ i rinim s e 4 mmam b omnas et i 2 o2 e 2 1 £ 10 28 b = ot S o = et 4ot 5 21 o St
00103 29 DIMENSIOM P#(l)
00104 0% COMMON / CIMPL / IWPL

-00105 ..

M e e~ COMMON/COST/ CCoCMyCOP /CTIME/ TIME /CSIMUL/ DUM(6),TINC,TMAX-

90105 32 c
00105 33« c PDNER oUIPUT CALCULATIONS
e 00105 - — 3UR . n Lo e e et e e o e e+ e e e s e e i e mrrine = e e e e
00106 3S# PO = o. -
00107 36w IF (WY, LT, WVO .OR wv GT, Nvl) G0 T0 10
0081 3T N .8 PW(2)- R et — S i+
ootie 382 PD = YBLUl(NV PN(Q) pw(a¢N) S:ON)
00113 39w 10 BI a PothOOIvo
200133 . UOm . G s R G TATIST IS e e e e e o e e e
00113 4 c
oofla 42 IF(IMPL,GT,0) GO TO 20
e 00116 B3 i C0® D e o e e e e i e N — o
00117 4qs aMI = o.
00120 45« AMP B 0,
s 00821 e HBR . e . SP B Dy - etim et eniot e e remmia e o1 e v v e mmren e e 1o e e .
00122 47 TMAXY]= YHAX* 99999
00123 ugw 20 IF(IMPL,LE, l) RETURN
- 0012S - — U9k .. AMI = AMAX]1(AMI,BI) -- e m s
0ol26 50 AMP 3 AMAX](AMP,POD)
00127 S1e 8P a SP ¢ PO#,S5+TINC '
- 00130 w528 - €03 CO ¢ ECAGSRTING - s o e e e e n — -
| 0ols0 53x ¢ CNST SUMMATION
| 0013} Sun IFC TIME,LT,TMAX1) RETURN
.- 00133 .. 5S%__ ... __.....CC B8 CC + CCI .. cun.. —— oot e oo S -
; 00134 S6% C™ = CM ¢ CM]
| 00135 57» cnPz COP +.CO
| B O Y- S - B e - £ 2 ¥ 1 2 s O O OSSR
L 137 S9s END '
, ) FOR

FIGURE 6.1-1 SAMPLE COMPONENT CODE
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00104
00191
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SUHeOUTINE GE(P2,LE)RS,PLIEF2IPU2oPHN,SP, P, HAP, RSY,RAS,04,SK, V1,
1 EF1,PM1,CCI,C0)

PuUNPNSE “JDEL AC INOUCTEIDV GENERATOW

“ETRON WECHANICAL AN ELECTRICAL LFFICIEYCIFS ARE USED TJ COYPUTE
JUTPUL puUmEM, NITIQ SPEED 1S CU™PUTEL ASSUMING POatR 13
PRIPORTIUNAL TO SLIP,

WAITTEN BY A a, WARNEN VERSION §, WARCR 16 1977

CaLt SECUENCE

guTPUTS
P2 = NUTPUT POwER, <o
EE o ELELCTRICAL EFFICIENCY
RS = ROTOR SPEED, RPN
PL = PU#ER £N3I, <
EF2 = DUTPUT PRIIYST EFFICIENCY
PM2 « MAXKLMUM QUTPJT POAER, KW
PHMN =« MAx, (MSLHVED JUTOUT PNWER 7/ RATED PO«ER
SP  « TOTAL UUTPUT EMERGY, KWW
INPUTS
PL = INPUT POWER, x4«
RAP = RATED NUYPJT PIFER, Kw
WSY o SYNCHRONQOUS 2UTIR SPLED, RPuN
943 = RATLD POE” SLI® (DLFAULT 8 ,05)
DA o MECHANICAL D84P]ING, JUULE=SEC
SR = STATUN RESISTANCE, OMAS
V) e RATED AUS VILTAGE, vOLTS
EFY o INPUT PwDUCT EFFICIENCY
PML @ maxIHipe INFYT PInER, Aa
CCl = CarITAL COST/YERR, 3
CMl o MAINTENANCE CDST/YEAR, 8

COMON 2CT4RL/ IMPL, ICNT ZCTI%E/ TIME
COM®ON /CIST/Z CCoCM,COLLV 72SIUL/ OUNM(SY,TINC, THAX
INTTRALIZATION

IFC IMPL,GT,0) GO TO 10

EFF s 3,

Teaxy s THAXxe ,990499¢

1F(RSY,EQ, ,99999) RSY = 1400,
1F(RAS,EN, ,99999) PaS = ,0%
IF(DA EN, ,99999) Ds = O,
IFISR 80, ,99999) SR & 8,G/RAP
IF(vd .EU, ,9999%) v0 s 400,
IF(PUL,EN, ,99999) PHi & 1,E10
PrN 30,0

sP  an,0

RAT] 3 RAPwN{UON,/V0

EE s RAP/(RAP ¢+ 5Re,001eRAT[e02)

COMPUTE R0TQOR SPEEO AND OUTPUT POwER

t0 IFC P1,67, 0,) GO TU 20
P2 20,0
PL e0,0
23 s RSY
Gn 10 30

20 A = RAP/(EEsRAZ)
B 3 RIY/( 5 ¢ R3Ys024DAR],000bE5)
RS = Hel{a ¢ P1)
P2 3 RAPe{NI/LSY 1", )1 /048
IF (P2,GT &P, aND, 4P E,2) #RITE(S,100)
100 FORMAT{InG, 4OX,37nGENERATOY DUTPUT EXCEEDS HATED PORER /)

I1F(P2,6T,84P LAND, IMPL,£3,2)ICNTSICNTey
oL a Pl = P2
EFF & P2/P)
30 EF2 = EFLeEFF
Pu2 8 AMINI(RAP, PHieEFF)

STATISTICS
1FCIMPLLLEL1) RETURN
Pun 8 AMBTL(PrN, P2/3AP)
SP 9 SP ¢ P2e SaTINC

€8T SHVATION
16¢ TINE,LT,THAYY) WETURN
ce o CC o+ CCI
Cn 8 C* o CY}

K TIeN
EvD

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, maintenance 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 = O component
dependent default values are assigned whenever the ,99999 default is assumed.
The code near Format statement 100 shows a typical diagnostic 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. |t is stored in the second location of common block CIMPL
and is monitored fto 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, EF1, 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 P1 = 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 fo 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, cérfain 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 output variable RE2 for
port 2 request is used to communicate a maximum charge rate request and is

usual ly computed by
RE2 = MIN (MP1, RAP)/EF1

where MP1 and EF1 are the input maximum power and input product efficiency,
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and RAP denotes the maximum storage charging rate. A priority interrupt INT
should also be defined so that INT = 1, when storage is empty or at a minimum,
INT = O, if no interrupt is required, and INT = -1, at full storage capacity.
The state of storage is normally a state variable so that the code computes.
the state derivative at each time point and lets the integrator update the

state at each time point,
6.2 FILOAD PROGRAM

In addition to placing the subroutine representing the new standard compo-
nent in the component library, descriptions of the inputs, outputs, and tables
required by the new component must be added to the permanent file, M18. These
lists are used by the Model Generation program to direct the connection of
component inputs and outputs, The program FILOAD is provided to perform any

of the following tasks:

Add new input, output, or table name lists.

Replace existing input, output or table name |ists.

Remove all name lists for specified components,

H W N
.

Dump contents of M18 file onto Tape 9 in input format.

6.2.1 FILOAD Program Commands

The FILOAD program will recognize the following commands.

LIST STANDARD COMPONENTS
The LIST COMPONENTS command causes the program to print the input, output,
and table lists for all components modified or added to the M18 file. If this

command is not given the program will merely give a message stating the name

of the new components being added to the file.

PURGE
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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 to be purged. The
command and the component names must be separated by one of the standard de-
limiters; i.e. [ ]three or more blanks, [ ,] comma, [ =] equal sign, [ ()] left

or right parentheses.
Exampie 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 to
appear for each standard component in the lineprinter drawn model| schematic
diagram, The SYMBOL command is follbwed by the names of the components each
followed by a symbol number, The symbol numbers and their 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

| f 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.
E each standard component, a tist of inputs, outputs, and tables will be pro-
‘ duced. This data will be preceded by the command NEW FILE described below.
' This file may be edited to modify the input, output or tables description

of any existing standard component or to derive a new standard component
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STANDARD SCHEMATIC SYMBOLS

4 5 6 7 8
* ¥
L x
* * 00000000
+* * ﬂ 0
* €0 * a oc 0
14 * 15 * 16 0 17 Q 18
+* * 0 0
* * 00000000
* L 3
**  SYMBOL = 100 SYMBOL = 400
24 25 26 27 28
R X xkk XhkKkkkkk ktk
<k' * * *
* SH * * ME *
34 * 35 * 36 * 37 * 38
* * * *
EX LR X RS ‘*****_*****
SYMBOL = 200 SYMBOL = ANY OTHER NUMBER
44 45 46 47 48
* %
* *
* *
* *
* TU *
54 * 5% * 56 57 58
’ * x
* *
* ¥ SYMBOL = 300
»*
64 65 66 67 68

PIGURE 6.2-1 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
fite., 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 1nput Name Lists

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

ber of names in the inpuf name fist.

The input names are contained on the 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

| BCS 40180-2
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component, Thus, to indicate that temperature, T, is an input to port 1,

the input name |list would be:

Column: - 1 2 3 4 5 6 7 8 9 10
I tem: T 1

This quantity would then be referred to as T1.
Example 6.4:

SWINPT = 3
lN"I}...ll'N......Z.mT

(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 SW 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 to as IN2. A

third input quantity CNT has no port designation. Note that if a port num-
ber is to be attached to a quantity name, that name should contain no more

than 2 characters.

The sequence of names in the input name list must match the sequence of in-

put arguments in the component call sequence.

6.2,3 Qutput Name Lists

Output name lists are identified by the letters OUTP following the component
name. Thus, the output name 1ist for a component DC would be introduced with
the phrase, DCOUTP. This must be followed by a phrase that contains the num-

ber of names in the output name list, l

RMR ANT1RN-2 J



The output names are contained on the 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 introduce 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 givén
component. |f the output quantity is a state variable, this must be indi-
cated by placing S in Column 10 of the field., Thus, if power P is a state

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

Column: 1 2 3 4 5 6 7 8 9 10
| tem: P 2 S

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

TZOUTP = 3 .
x'......lsxliﬂ.llIszT

{The dots are used heré to indicate blank spéces, and would noi be included

on an actual data card).

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

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

name,

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

output arguments in the component call sequence. However, whereas three argu-
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ments are provided for each state in the subroutine call sequence, only one

name is included in the oufput name list.

6.2.4 Table Name Lists

Table name lists are identified by the letters TABS, following the component
name., Thus, the table name list for a component CM would be introduced 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 confained in the follow=
ing cards, one table name per card. The name is located in the first 3 col-
umns of the card, It must be accompanied by the maximum dimension that is

to be provided for this ftable., This number must be given in columns 4 through
10 and should have a decimal point giveﬁ. For single independent variable
tables this number must be negative., For tables with two independent vari-

ables, this number must be positive.

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

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

The first two tables TAM and TAB have two independent variables each, as
indicated by the positive dimension numbers, The table TCM has oniy 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 storage is related to the maximum number of primary,

NX, and secondary, NZ, independent variables by:

MAX
MmaX

3 + NX+NZ+NX#NZ for tables with two independent variables

1

3 4+ 2¥NX for tables with one independent variable
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7.0 LIBRARY COMPONENT DESCR!PTIONS

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

variables of each component.

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

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

A potentially confusing factor is the way port numbers on input parameters
and output variables are designated. On the model generation input cards the
name of the physical quantity and the port number 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
P1. To emphasize 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 |ist 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 symbol from a zero. Elsewhere in the text 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 denoted in the parameter description by the letter

D. For example in the Battery component the default value for terminal 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 to put models together quickly byAspecifying 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 parameter can be driven by one or two dimension ta-
ble lookups using the FU and FV components. This enables the user to build
more detailed models using time or other output variables to drive the 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 input to UT and specifies load request as an input connection to FU.

The desired function table is fhen/fnpuf to FU.

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

cost inputs. Thus, whenever these costs are imporfant, one can aggregate such
costs and input lumped costs to the mode!. For example, the maintenance cost

of the hydro storage system may include maintenance costs for the pump and

turbine. ~
7c. COMPONENT LOGIC
in constructing SIMWEST components, we have adcpted several conventions to

aid communication with the logic components. All physical components distrib-

uting power are given two input parameters EF and MP (port 1) and two output
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variables EF and MP (port 2). The output EF is the product efficiency of

all components in the distribution subsystem up to and including the given
component, and MP is the maximum power deliverable at the output of the com-
ponent. Each storage component has in addition a power request input denoted
RE (port 1), a power request outpuf denoted RE (port 2), and a priority in-
terrupt flag denoted 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 4
EF. Hence, the maximum power flowing to HS cannot exceed RE¥*EF = MP. Similar-
ly, the input request fo 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 RE*EF = 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 fo

power flowing into the divider.



> PD -__T;—-’ PU
MP
M
MP
PS EF
PI RE HS
- INT
MP
H
M
HT

FIGURE 7.0 SAMPLE CONNECTIONS FOR LOGIC COMPONENTS
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7.1 ADMITTANCE

POWER (Pl) — ——= POWER (P2)
INPUT EFFICIENCY (EF1)— AD ———== QUTPUT EPPICIENCY (EF2)
MAX. INPUT POWER (MP1)— L MAX, OUTPUT POWER (MP2)

The admittance model can be used to model transmission lines, transformers,
capacitors or impedance power flows. A primary assumption is that the re-
active parametefs dominate the real parameters so that power transfer 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 fol lowing model:

1 ADMITTANCE 12

T

V2

| —-— :E——_—ijl
-q-.___

FIGURE 7.1 ADMITTANCE NETWORK MODEL
<11> _ (Gl + jBL  GM + J'BM) (v1>
12/ " \em + jam G2 + jB2/ \v2

Where the reactive parameters Bl and 82 do not enter into the power loss

calculations.
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lnputs

Parameter/Port

G1,GM,G2
BM

Vo

P 1
EF‘ ‘ 1
MP 1
cC

OQutputs
Variable/Port
P ‘ 2
PL

PA

EF

MP

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

Capital cost/year

Output power

Power loss

Power angle

Output product efficiency

Maximum output power

AP

mho

mho

volts
kw

kw

kw
kw

deg

kw

- See next page for User Input to Model Transmission |lines, Transformers

and Impedances.
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ransmissi Line lnput:
Gl = G2 = g¥*f
GM = —g*f
BM = 1/ (W) ‘
where g = line conductance per unit length
f = length of line

€
I

frequency in radians/sec = 120 W

-
]

line inductance per unit length

ransformer Input:

Gl =6G2=6GM=0
BM = 1/X3h
where X = reactance in ohms
h = turns ratio

(No power loss modeled with a transformer)
Impedance lpput: (lIncludes capacitors and inductors)

61 = 62 = -GM = R/ (RZ#x2)
BM = X/ (R%4+X2)

where R = resistance in ohms

X = reactance in ohms

= fwl for an inductance L

-

we for a capacitance C
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Calculation Seguence

i{f PLSO P2=PL =PA =0 and Return

1) Compute power angle
If P1%1000 > BWAO2, COS 8= 0 and write DIAGNOSTIC
8 = -sIN"L(P1#1000/BM*D %)
PA = 8%180/T

/ 22
COs 6= 1 - (P13#1000/BM&VD )

2) Compute power loss and output power
PL = v02¥(61+62+2wyw*cos 6/1000
P2 =P1L - PL
EFF = P2/P1
l1f P2>0 go to 3)
write DIAGNOSTIC
EFF = 1.

3) Efficiency and maximum output power
EF2 = EF1¥EFF
MP2 = MIN(MPL, |BM | #W02%1000) * EFF

4) Compute costs
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SUBROUY

STORAGE
COMMON

0003
02Cq
a00s
2006

INE AD

ustD
ELOCKS

CIMPL
CTInE
cSIMUL
cosy

ENTRY POINY 000212

coODE (1) GO0264; DATA(D) ODDBCT72;: BLANK COHHON(Z).ODUOOO

600002
000001
CS0010
coocol

EXTERNAL REFERFNCES (BLOCK, NAME)

o007
0010
cc1l
(oo ¥4
3013

STORAGE

3001
306D
3003 I
0000 R

0100
%0101
c01C1
cCc101
00101
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0101
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L0101
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c0101
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3
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CAD
SUBROUTINE AD(P2,PLPAJEF2,MP2, 61,6M,62,BM ,VO,P1,EF]1,MP1,CC)
¢ .
Cc -PURPOSE MODEL OF TRANSHISSION LINES,YRANSFORMERS,
c CAPACITORS y OR IMPEDANCE POWER LOSS
c
C METHOD OUTPUT POWER AND POMER LOSS COMNPUTED FROM
C INPUT POWER
¢ .
C HRITTEN BY Y.K.CHAN VERSION 1, JULY,1977
[ o - .
€ CALL SEQUENCE
c OUTPUTS
C P2 <~OUTPUY POVWER, KW
C PL  -PONER LOSS,.Ku
c PA -PONER ANGLE,OEG
C EF2 -oUTPUT PRODUCTY EFFICIENCY
C MP2 -MAXIMUM OUTPUT POWER KW
c INPUTS
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0125
£0133
30133
0C134
J0136
co137
co140
0141
GClul
col4l
C01l41
00142
00143
0C1lay
GO14S
ac147
u01s0
201951
co1¢3
00157
co157
o160
£C160
tolel
tolo2
00164
J0164
00168
5C167

22

23
240
25%
26
21
28
26
30s
31w
32s
33
J4e
35
3ee
37
3be
398
40
4is
42

43s

que
4se
4o
q7e
48
Qa9e
124
Sis
529
53
5S4
5S5»
S6®
57
S8

59% -

6G»
61
62s
63
(XY}
65
6t
67*
6E®
69
70
Tl»
7ce
T3
Tu»
75
76
17
782

OO ON

X Xz )

ao0on

10

108

120

200

308

300

900

VO -RATED VOLTAGE MAGNITUDE,VOLTS
Pl ~INPUT POWER,NKW
EF]1 ~INPUT PRODUCT EFFICIENCY
MP1 -MAXTMUM INPUT POVWER,KW
- CC  =CAPITAL COST/YEAR,S

COMMON /CIMPL/IMPL ,JCNT/CTIME/TIME/CSIMUL/DUMITY , THAX
x 7cosvscct
REAL MPZ, MP1

2=0.

TFAX1ZTHAX® ,99999
IF(P1.67.C.260 YO0 10
P2:0.

PL=C.

PAZC. .

MP2 ZMP]

EF2ZEF]

60 10 400

CONMPUTE POVWER ANGLE

RRz=P1#+1000.7(BHeVOsVO)

RR2=RP&RR

JIF(RR2.LE.1.)G0 TO 1CO

PAZ-97,

RFC=0.

IFCINPL.EQ.2DURITEC6,108)P),BM,¥VD .
FORYATUIHEG, 13H INPUT POWER ,F12.3,33H TOO HIGH RELATIVE TO ADMITIA
XNCE 4F12.3,19H AND RATED VOLTAGE ,F12.3)
JFOIVPLEQa23ICNTZICNY ]}

60 10 220

THETAZ-ASINIRR)

PASTHETA#180.73.18159

RRC=SORT(1.-RR2)

COMPUTE POUWLR LOSS AND OUTPUT POVWER

PL=VO*VO0#(G1+4G2+2,.*GH*RRC)IZ1000.
P2zP1-PL

EFF= P2/P)

IFIP2.GE.0.260 TO 300

P2=0.

EFF=1.

IFCIMPL.NE.2160 TO 3GO0
WRITE(6,43083PL,P1

FORMATUIHC 4244 ADMITTANCE POMER LOSS ,F12.3,21H EXCEEDS INPUT POME
XR  4F12,3})

ICNTZICNT*]}

EF2=EF)
IF(P2.CT.CLVEF2TEFISEFF
MP2ZAMINICHP ) ,ABS(BM)eVOeV0/1000. )SEFF

JFLINPL.LE. 1)RETURN
TFCTIME LY, THAXIIRETURN

€c00000
cooo00
00C000
005000
£00000
ooooee
cccoco
coucoo
Lo0cod
000000
coLo00G
cotooo
0000d0
upeco3d
CcLNoe
cocoar
socol1c
00011
00GD13
000915$
cCoG1s
006015
cecnls
0oco17
000025
cocaz7y
coco32
ocoo3y
0c003S
L6CCSG
Cocosc
gcrocsao

.0C00S6

GCGOLO
coute
[eJafeyel ¥}
CCCl66
COCCe6
goouces
£a00G76
«oCc110
coo112
CCOlla
ceony
cca120
toc122
c0G125
000134
0CO134
oCG134
000134
CoG140
COC141
LeGiay
000147
00Cl62
cou116

JV
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2017}
20171
to172
00173

79¢
80=
8ls
82

CCI=CCI+CC

RETURN
END

000177
c20177
v002C2
C00263
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7.2 TEST FUNCTION GENERATOR

{nputs
Parameter/Port

CaD

C1
c2
Cc3
C4
C5

Outputs

Variable/Port
Fo

AF L o

Description
Specifies which analytic function is calcu-

lated. (See equations below for use of these

inputs)

Output variable

Calculation Seguence

Cob =1 FOo=2C1
2 Fp=C1
3 Fp=C1
4 FO=2C1
5 Fo=C1
6 FO=2C1

+ 4+ + o+ o+ o+

C2#SIN(C3#T + C4)
C2%COS(C3*T + C4)

exp (-C5%T) 3 SIN(C3¥T + C4)
exp (-C5%T) #* COS(C3¥*T + C4)
C2#T

C2¥%exp (=C3%T)

where: T = TIME

A-

BCS 40180-2




2-0810t SJ8

101

SURROUTINE AF

ENTRY POINT 000143

STORAGE USED CODE(1) 000166: -DATACD) 00C014; BLANK COMMON(2) 000600

COMMON

0003

ELOCKS

CIINE 000001

EXTERNAL REFERENCES (BLOCK, NAME?

0204
000s
aCcoe6
90cC?
2010

STORAGE

0001
0001

£0100
0101
00101
£C101
40101
Co101
L0101
o101
(0101
ap101
Sgloy
cci10l
Go101
20101
60101
co101
cciol
0C101
00101
(o101
v0lal
20101
L0101
ccio1
c0101
colo01

NELRR2%
SIN
cos
ExP
KERR3S

ASSIGNMENT

cocoz2 10L
C09%116 SOL

1e CAF
2
3s
q
Se
6w
Ts
8s
9
10
11¢
12»
13
lus
15#
16¢
17
189
19
20
21s
229"
23
2use
25
26

AN ANOAOONNOHAOONNON

(BLOCK, TYPE, RELATIVE LOCAVION, NAME)

0001 C0013n 100L D001 000035 20L 00c1 000CS0O 30L
0001 000123 60L 0000 000001 INJPS 0000 I 0000CO NCODE

SUBROUTINE AF(FO,CODyC1,C2,C3,C8,C5)

PURPOSE = TO SIMULATE ANALYTICAL FUNCTIONS

METYHOD - SEE COOING

WRITVEN BY =~ ADAM LLOYD . ' LATEST REVISION FEB 76
Llal'AIIONS = NONE

INPUT ZOUTPUT LIST

Fo OUTFUT VARIABLE : ) ANY OUTPUT VAR

coo CODE IDENTIFYING ANALYTICAL FUNCTION ~-- INPUT  PARAM
CODE= Foz : ' .

C1+C2¢STINICI*TIME+CH)

C14C29COSIC3*TINE +CY)

C14C2*EXP(-CS*TIMEISSINICIOTIME +Cl)

C1+C29EXPI-CS*TIMEDISCOSC(CIOTINE *+Cy)

CleC2+TIME

C14C24EXP{~CSeTINE)

O NE WN -

0col CO0OT3 40L
0GC3 R COO00D TIME

¢06000
a6C0o0C
goccoo
0coco0
ocCcooo
CCoo00
9Cc00o00
ao0c0eoo
cogcoo0
GCccooo
gooroo
CoCCaQ
c300060
6Co000
cogase
L0000G
400000
L0C00a
c250c0
03G60G
cocooe
ceceae
CCCoag
coonoo
cecoao
cccooo



zot

@
o
w
E
o
—
0]
?
N

00101
v0101
c0101
cC1d1
t0101
60103
0C104
cG10S
Z0106
Co107
Go110
20111
icitz
20113
co114
col1s

20116

c0117
t0120
0121
o122

27e
28
29%
30
31
32
33
34
35
J¢eo
37e
3fw
39
44
4l1e
42
43
Q 4e
45
LT
47s

[a N aNaNaly]

10
20
30
a0
50

60
10¢C

c1
c2
c3
Ca

CONSTANT INPUYS FOR ABOVE EQNS
CONSTANT INPUTS FOR ABOVE EONS
CONSTANT INPUTS FOR ABOVE FEONS
CONSTANT INPUTS FOR ABOVE EONS
CONSTANT INPUTS FOR ABOVE EONS

COMMON/CTIME/TIME

NCODE=CcOD )

GO TO (10,20+30,47,50,60),NCODE

FO=C1eC2+SINIC3IeTIMNESCR)

G0 10 10¢C

FO=C1¢C2¢COSICI*TINE+CH)

60 10 170

FOSC1eC2oEXPC(-CS*TIMNEI*SIN(CI*TINESCA)

GO 10 130

FO=C14C2¢EXP(~CS5¢TIME )SCOSLCI+TIMESCA)

60 To 1CD

FO=C1+C2eTIME

60 10 100

FOZCL4C2eEXPL-C5¢TINE)

RETUKN

END

- -

INPUT
INPUT
INPUT
INPUT
INPUT

PARAM
PARAM
PARAM
PARANM
PARAM

¢00C0o0
Gecooo
cocood
coccoa
CCC300
coccoo
0oceco
oCLo06
cold22
cocLo3s
©oco3s
COoGCou4e6
00050
cooerl
000073
0oo11la
nacilieée
ocgcr21
coo123
C00134
00C165




7.3 BATTERY

POWER (P1)

POWER REQUEST (RE1) , ———e
INPUT EFFICIENCY (EF1)—*{
MAX. INPUT POWER (MP1)——s=

BA

STORED ENERGY (PE)

——

BA

}— POWER (P2)

—a= MAX. OUTPUT POWER (MP2)
# INTERRUPT FLAG (INT)
——= POWER REQUEST (RE2)

The battery mode! is based on the circuit diagram shown below. Current fiow

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

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

~ a minimum or maximum capacity level is attained.

Basi i

RL

ADA

A A A 4

=t

RT I

;
l

rovwvs
veovw —

p— 5

FIGURE 7.3 BATTERY CIRCUIT DIAGRAM

The output power P2, stored .ener.gy .PE, terminal current |, and capacitor

" voltage VC is computed using the followlng equations:

P2 = RE1
PE = (VE2+28VD*VC)#CB/ 7. 2X10°
(P2-P1)¥1000 = (VO+VC)| - 12%RT

PE = —({+4VC/RL) (VC+V@)/1000

BCS 40180-2
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Inputs
Parameter/Port

P 1
Vo

RT

cal

rLl

RAP

EF 1
MP 1
E1

RE 1
EDE

DT

cc

oM

Qutpuis .
Variable/Port
P 2
PE

I

vC

vT

PL

TO

MP 2
INT

RE 2

Description
Input power
Internal voltage
0.001)
2.88x10°)

Terminal resistance (D

Battery capacitance (D

- Leakage resistance (D = 0.05)

Rated input power '
Input product efficiency

Maximum input power

Maximum energy storage

Power request

Energy deadband for priority resequencing
Down time for priority resequencing
Capital cost/year

Maintenance cost/year

Output power (=RE1l)

Stored energy (state of charge)
Terminal current (+=out,-=in)
Capacitor voltage

Terminal voltage

Power loss

Time when battery was discharged
Maximum output power

Priority interrupt flag

Maximum charging rate request

D - Default values supplied
1 - Battery teakage time constant in hours = CB3¥#RL/3600

_kwh

BF

Units
kw
volts
obhms
farads
ohms
kw

kw

kw
kwh

Kw
kwh
amps
volts
volts
kw

kw

kw

BCS 40180-2




Statistics

2)

;
2)

|

3)

4)

5)

Variable/Port Description Units
MPE Maximum stored energy. , kwh
SPC Sum of charging -energy ‘ kwh
SPD Sum of discharging energy kwh
Calculation ce

1)} Compute VC

ve =V 7.2X108*PE/CB + Vo2 - Vo

Solve for terminal current |

I f (P2-P1)%1000 2 (VC+V0)2/4*RT, GO TO 2!

(Veve) - Y (V@12 - ARRTH(P2-P1)¥1000
24RT

Go to 3)
| = (VC+VQ)}/2%RT and write DIAGNOSTIC

Compute VT

VT = VC+VO- I#RT

Potenfial'energy balance and power loss
PE
PL

- 14VC/RL ) (VC+V@)/1000.
(12%RT + VC2/RL)/1000.

Maximum charging and discharging rates

RE2 = MIN(MP1,RAP, (E1-PE)/TINC)/EF1
MP2 = MIN(RAP, (VC+V@)2/(4000%RT}, (PE-EDE)/TINC)
where TINC = integration step size

BCS 40180-2 . 105
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Caiculation Seguence Cont.

6) Priority interrupt logic

If PE £ EDE and TQ = 106, TO = TIME

I'f PE S EDE and TIME - T® 2 DT, INT =1 and go to 7)
0 = 10°

If PE > 2#EDE and INT =1, INT =0

If PE 2 E1, INT = -1

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

7) Compute Statistics and Costs

B [
[

BCS 40180-2
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LOT

SUBROUTINE BA

ENTRY POINT 000372

STORAGE USED CODE(1) DCDOS37; DATA(O) 00031CS5; BLANK COMMON{(2) COOCOD

COMMON RLOCKS

o003
00C4
00LS
0006

cImMPL
CTINE
CsSTrUL
cosY

cooco2
000001
000010
000002

EXVERNAL REFERENCES (BLOCK, NAME)

o007
0010
no1il
a012
o013

STORAGE

3001
cocl
0no0
2005
oocs

J0109
col101
L0101
00101
00101
0c101
neiol
00101
0101

.£0101

€C101
J0101
o101
20101
<citl
cciol
£oig1
£01C1
€0101
£0101

VDO

SQRY
DSQRT
NKOUS
N]1O2$
NERR3S

ASSIGNMENT

GoCC36
000274
0ooca2
00C0J0
c000co

1%
2%
3¢
4s
Se

T

8

98
1Cs
11
12»
13»
149
15%
169
17e¢
18»
19
2C*

100L
401L
e
oum
TIME

cea

1

e R a s NaXa N NalaNaNa e Ne Moo NaNeNsl

onol
gcol
Gnoa
0000
00co

(BLOCK, TYPE, RELATIVE LOCATION, NANE}

000111 200t oooo 000015 208F

D00314% 403L 0CO0 0O 000200 AA
D 000CO4 82 0000 R 00DO12 C
R 000013 ED2 0Cco3 I 00C00: ICNY
R 000006 TINC1 000S R COOOOT THMAX

0001
0000

" ooce

0003
gcoo

Pl,VO,RT,CB,RL,RAP EFL1,MP1,E1,RE2,EDE,OT,CC,CM)}

PURPOSE RATTERY MODEL

METHOD

WRITTEN BY Y.K.CHAN

CALL SECUENCE

QUTPUTS

P2
PE
PED

. IPE

1

Vet DD

00C136
000010
0000C0
000000
000007

SUBROUTINE BA(PZ.PE'PED'IPE.I.VC.VI.PL.TO.HPZ.INT.REZ.HPE.SPC.SPD.

COMPUTE STORED ENERGY AND POWER OUTPUT AS

"FUNCTIONS OF POWER JINPUT AND POWER REQUEST.

A RESISTOR/CAPACITOR NETWORK IS

MODEL BATTERY STORAGE.

-OUTPUT POWER, K¥

~STORED ENERGY (STATE) 4KWH
~STORED ENERGY DERIVATIVE
~INTEGRATOR CONTROL

~TERMINAL CURRENY (+z0UT,-=IN),AMPS

uUsSeEp To

VERSION 1, JUNE 3,1977

300t
AP)
cc1
InPL
THAX ]

ocol
0coo
0006
acco
GCoo

000316 snOL
Co0%011 AP2
000001 CMX
0000S 3 INJPS
000014 wAIT

000000
cocola
cocaoo
00cooc
006000
.COG000
030000
0G0930
cocaco
coo00co
cC0003
gocono
coccToo

C0cado
ocecos
€0CcooG
coococ
DCCLGC
cocooo

cocecs
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c0101 21¢ c VC ~CAPACITOR VOLTAGE, VOLTS Locood
00101 22 c VY <~TERMINAL VOLTABE, VOLTS ' Ccoooo
coi101 23% C PLL  -POWER LO0SS, KU coaooc
£0101 249 c TO TIME NHEN BATYTERY WAS DISCHARGED, HR . ceCooo
cola01 25+ [ MP2 -MAXTMUM OUTPUT POWER, KW Gocaoc
20101 26% c INY -PRIORITY INTERRUPY FLAG 00000
w0101 27+ [o RE2 -MAXIMUH CHARGING RATE REQUESTY, K¥ cconao
.e1cl 28 c STATISTICS - goceoo
Jo101 29% c SPC ~SUM OF CHARGING ENERGY, KWH occsoo
c0101 309 [ HPE -BAXIMUM STORED ENERGY KWH 000900
z01C1 31 C SPD ~SuM OF OXISCHARGING ENERGY, KMYW €ogugoc
0101 32« C INPUTS 00C000
(o101 33 c Pl  -INPUT POUER, Ku £coo00
go121 34 c VO -INTERNAL VOLTAGE, VOLTS coco00
ng1o1 35» c PT -TERMINAL RESISTANCE, OHMS ¢ocono
0101 369 c CB -BAYTERY CAPACITANCE, FARADS L3c000
Co161 37 c RL ~LEAKAGE RESISTANCE, OHMS coLooo
00101 38 c RAP -RATED INPUT POJER, KW geocoa
co101 399 C EF1 -INPUT PRODUCT EFFICIENCY coceocol
{0131 4l C MP1 -MAXTMUM INPUT POVER, KW coeocs
20101 4is c E1 -MAXIMUM ENERGY STORAGE, KWH 0CcGcoco
cC101 42 C RE1 ~PONER REQUEST, KW ) 30C000
£0101 43 c EDE -ENERGY NEADPAND FOR PRIORITY RESEQUENCING, KUH goesceo
aciol 4y c DT ~-DOWNYIME FOR PRIORITY RESEQUENCING, MR . 0GOouac
cC101 4S5 c CC -CAPITAL COST/YEAR, $ geeonoe
ceciol (T34 c CH -MAINTENAMNCE COST/YEAR, % cocaoo
~0101 47 [ 096000
£0103 4R COMMON /CIMPL/ZIMPL Z,ICRTY/CTIMNE /TIME/ZCSINUL/ZDUNIT) ,THAX/COST/CCTI,CN] gocnss
co104 45 REAL T MP2,MPEMP1INT 000003
00135 SCe DOURLE PRECISION AA ¢B+B2 cO0CO000
C0106 Sle TINC1-DUMLTI*.S oaoeaas
c01G6 52 c cCoo0o
00107 S3e IFCINPL.GT.O0) GO Y0 1CO 0ecoceo2
cei1y Sus IFIRT.EQ..99799)RT=,.001 £00005
coi13 55% IFICB.£Q0..999991CR=-2.88E8 Cpol12
G115 S6¢ IFCPLED.099999IRL=,.35 0CGo17
ce11? .57 70=1020020. copezs
00123 See INTZO cogn2e
cc121 59 THAX1ZTFAX® . 99999 cocoz?
co122 6Cs LoLo32
colz22 t1® MPE=D. i goco3e
co123 62% spPC=0, 00C033
00124 63 sP0=0. €C0J034
0C124 64s c CoLO3y
coi24 65 c CAPACITOR VOLTAGE ’ 330034
00124 66 [ 000034
co12S 67% J1C0 VC=SORT((T.2E6)SPE/CB ¢ VOwe2) -VO aCCo36
co125 LEs C 000036
20125 69% c TERPMINAL CURRENT. ccoa3e
£e12s Tus c poud36
ol b By ) 1= P2-RE1 cacosi
o127 T AAZ(P2-P1)%4000.*RT coGps53
30130 73 B=VC+VO 00C&N62
00131 T4 B2=peR coL0ose
GOl "~ ~ T¢» IFLAA.GT.B2) GO TO 200 cecovro
00l Tés I- B-DSORT(B2~-AA) cecors
rn 77 IZI/782.%RT} coc103

- ]
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6071

a0136
00126
20137
00143
L0144
0014u
COo14s
c0145
to14s
C014s
001&7
C0147
UG1la7
00147
0D1S0
£01%52
<Clis2
a0152
GCls2
cc1ss3
J0154
cO1ss
ZC156
oe1s7
C01s7
30187
20157
Z0160
tClel
co162
001le6n
Co1le6
-Cle7
00171
£o172
co173
20175
co177
cco0l
GCo2o2
0C203
00234
0C2Cu4
cC20s
3C265
30205
€020S
00z07
00210
go211
00211
0ca212
00214
ooe15
go21s
00216
00217

78%
79
8Ce
&1e
82

e
84w
85s
ARG
87
8w
899
us
91s
92
92s
Sue
9S e
96 %
97s
9Ew
9%s
100
1Ciw»
102
103»
10us
13%»

© 106%

1GTe
1CPe
109
110
111
112
1139
1lus
1158
11¢e
111
118
119
12C»
121+
122+#
123
124
125
126w
127
12€+
129
130«
1Z1»
132
130 s
1349

[aMaNal [aNalia) [a K22l

[2NaN3a)

[z XaKs]

200

300

401

60 Y0 300

I=68/(2.%RT)

IF{IMFL.EQ.2IVWRITEL6,208)P2
208 FORMATIIHD, 1SH POWER REQUESTY
1. CHECK VC,VO, AND RT. )

IF (IMPL.EQ.2)ICNT=ICNT+]

YERMINAL VOLTAGE

VIZVCeVO-IeRT

+F12.3,50H EXCEEDS BATTERY CAPABILITY

POTENTIAL ENERGY BALANCE AND ENERGY LOSS

IFCIPELNEOIPED=(-I-VC/RLI*(VC*V0)}/1000.

PL=(IsI*RT+yCsvC/RL)/1000.

MAXIMUM CHARGING AND DISCHARGING RATES

AP1= AMAX1(0.,(E1-PE}/DUNIT))

RE2-AMINL (HPl ,RAP,AP] ]
RE2=RE2/LF )

AP2= AMAX]1I(Ce o (PE-EDE )/DUMC(T) )
RP2=AMINI(RAP B2/1(40C0.*RT),AP2)

PRIORITY INTERRUPT

C-E1-EDE

ED2=EDE +EDE .
IF(PE.GT.EDF)EO0 TO 401}
IFLT0.671.999799,.)TO=TINE
WAITIZTIME-TO

IF tWeIT.GT.DY)INT=)
60 710 4103

T0:103u30C

JFC(PE .LE.ED2)60 TO QOO0
IF(PE.GY.E21)GO0 TO 403
IF(PE.GT.CIGO TO 400
INTZ=D

GO TO0 40

INTZ-]

CONTINUE

IF(IMPL.LE1)RETURN
STATISTICS
MPEZAHAX1(MPE ,PE)
SPC=SPC+TINC1*P]
SPDZSPD*TINCI#P2
IFCTIME LLT. THAXLIIRETURN
CCI=CCIeCC
CMIZCHMIeCH

RETURN
END

c00107
£00107
€00111
co01le
coo127
coG127
200127
000127
coo127
26127
L0136
000136
CoU136
Coc13e6
000144
uco154
LIC1SY
0CC1SY
000154
€G016S
CCOo17S
0GL2G7
€0c211
ccc221
03¢c221
coL221
cou221
cCC2a1-
CoL244
coc247
L0025 3
L0G261
coC2648
cec212
020274
G0G2715
co0301
000365
coC311
ooC312
000314
C00316
GOG316
000316
Loc3ye
COC316
000316
00C324
600332
000336
LoC336
COC342
660351
00OC354
GOO35UY
0003S7
0CUS36
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7.4 BURNER

MASS FLOW RATE (M) ——g!

TEMPERATURE (T1)
INPUT PONER (P1)
MAX ., INPU{ POWER

MP
INPUT EPPRCRENCY
(EF1)

—
—

—
——

BN

MASS FLOW RATE (M2)
——= TEMPERATURE (T2)
——& OQUTPUT POWER (P2)
——= MAX. OUTPUT POWER (MP2)
——a OUTPUT EPPICIENCY (EF2)

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

intet airstream to raise the air temperature from the given inlet temperature

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

over time allows calculation of the cost of burner fuel.

Basic Equation

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

MI¥CP#(T2-T1) -

NU*HF

BCS 40180-2




lnputs

Parameter/Port

M 1
cP

NU
HF
CF
FDM

Variable/Port
F
EF
MP -
T
FD
cco
ce
M
P

§1a1i§1i§§
FDU

Air heat capacity (D = 72X10_ )

‘Specific fuel cost (D

Description
Infet air mass flow rate
6
Inlet air temperature
Outlet air temperature (specified)

Combustor efficiency (D = 0.98)
5.56)
0.094)

I

Fuel heating value (D

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

Burner |ife expectancy

Maximum al lowable air mass flow rate (D=27000)
Input product efficiency

Maximum input power

Input power

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

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 40180-2
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Ib/h

" $/1b/h

years
Ib/h

Kkw
kw

kw

ib/h

ib/h
Kw

Ib/h
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The calculation sequence and defaulf values are based on a burner sized using
first principles to maintain the outlet temperature at 600°F assuming an inlet

4 1b/h. These conditions

temperature of 120°F and a mass flowrate of 2.7x10
represent the extreme conditions expected and shéuld 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

estimated from the results of Reference 1.

Calculation Sequence

1) Capital Cost
CCO = CB¥#MDM/LE -

2) Maximum air mass flow rate al lowed

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

Co | usEsEOM
MM = min [ cPr(T3-T1) * MM

If TL > T3, MM = MDM

3) Efficiency and maximum discharge power

EFF = 1 + ML¥CP#(T2-T1)/P1 (if PL>0)

EF2 = EF1%EFF ,
MP2 = min { MPL¥EFF, P1 % MIM/M1}  (if M1 > O)
P2 = P1¥EFF

1. "Preliminary Feasibility Evaluation of Compressed Air Storage Power Sys;

tems," United Technologies AER 74~00242, December 1976.

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

. l
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Calculation Sequence Cont.

4) Fuel mass flow rate

" MIXCP(T2-T1)
F = NU3HF

T2 = MAXI(TL, T3)

If ML > MIM write DIAGNOSTIC

5) Compute Statistics and Costs

CO = CF * F’

BCS 40180-2 113
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SUBROUTINE BN

ENTRY POINT 000270

STORAGE USED CODE(1) COO4l1; DATAC]) 00COS2; BLANK COMMONC(2)Y 000000

COMMON RLOCKS

0003
0004
0o00s
39066

CIvPL
Cl1INE
CsInuL
cosy

000002
0oono1
poonio
c00co3

EXTERNAL REFERENCES (BLOCK, NAME)

0007
J0180
9011

STORAGE

2001
vi06
0003
00GS

00100
¢0101
00101
00101
30101
cci01
co1dl
CC101
Co151
c01901
50131
Golo1l
C01G1
201C1
to101
<0101
co101
co101
40101
£0101
‘o101
co1o
coicl

DD

NRDUS
NIO2%
NERR3S

ASSIGNMENT

occose
ocooao
gocgol
cccoor

1
¢
3
49
5%
6
T
8e
9
1Cs
11e
12¢
13s
10
15

.16%

11
18
19
20
21
22
23

100L
cCI

JCNT -

MAX

CBN

ANOOOOONOONNONONNOON

(BLOCK, TYPE, RELATIVE LOCATION, NAME)
0001 000237 1000L Do00 000003 1010F 0001 000121 200L
cooe 000001 Cnl 0006 R 000002 COP 000s 000000 DuM
0003 T 0ODQOO IMPL 0000 000034 INJPS 0CO0 R 0D0COO0 MIM
0COD R COO0C1 TWTMAX1
SUBROUTINE BN(F oDF JIF qEF24MP2 3 T3,FD,CCoCO M2 4P2,FOUM],CP,T1,72
l -NUoHF.CF .FDN.CB.L(.HOH.EFI.HPI.PI)
PURPOSE COMPUTE FUEL REOUIRED VO RAISE TME AIRSTREANM
TEMPERATURE A GIVEN INCREMENT.
ME THOD INTEGRATE THE FUEL MASS FLOW RATE OVER TIME
NRITTEN BY F.0. MAHONY VERSION 1, MARCH 22 1977
CALL SECQUENCE
OUTPUTS
F - FUEL MASS CONSUMED SINCE TIME=(D (STATE), LB
DF - FUEL MASS DERIVATIVE
IF - STATUS INDICATOR
EF2 - OUTPUT PRODUCT EFFICIENCY
MP2 = MAXIMUM OUTPUT POWFR, KW
T3 - OUTLEY AIR VTEMPERATURE, DEG F
FD - FUEL MASS FLOW RATE, LR/HR
€CC =~ BURNLR CAPJTAL COST/YELAR, $

ccol gco107 3c0L
0C0D R 0QCGO2 EFF
0C04 R DJ0GOO TVIME

C00goo
coocod
pooace
coooco
gecooo
coo000
gocooc
cecooo
cccocro
ugcooo
jefadeledals]
coLood
cooono
000060
coceog
cooooc
o00000
uoocaoo
GCLCoo
cooooa
0Cc0930
S0C020
000000

't




[oo]
(@]
w
£
o
—
x
?
N

]9 ¢

w0101
¢g1i01
Co101
€0101
ce101
ceiol
0c101
to101
co101
o101
ccuol
©01C1
o101
0101
coi01
co101

€oluy

£o101
tcilol
c0101
£C101
c0103
00104
Goios
CO135
ceoi106
«C110
coinl
co113
t0115
co117
co121
co123
col12s
co12s
¢0127
00130
00131
00132
00134
Co13s
€013s
00135
oC13s
00137
co137
0C140
lC1la2
0Cla2
00142
oo0143
CO1u43
DD143
GC14S
0145
Galae6
00147

2ue
25%
269
21
28%
29
30%
31#
32
33
34e
35
3o
37
38
39
4Co
41
42
43¢
4y
4S »

. Q6

47e
489
49e
Sue
Sle
52
53¢
548
55»
S6»
STe
58
59
6Ce
61®
62
63
64»
65
66"
67
6e»
699
Tl
71
12
73%
74
75
76¢
17
78»
79+
8Ce

NN OOOOOOON

[} [sNa Ny

O

100

300

200

C0O -~ FUfL CcOos7T, s
K2 - OUTLET mMASS FLOW RATE, LB/HR
P2 = OUTPUT POWER, KW

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

INPUTS

M1 =~ INLET AIR MASS FLOW RATE, LB/HR

CP - AIR WEAT CAPACITY, KVH/LB-DEG F
T1 - INLET AIR TEMPERATURE, DEG F
T2 - OUTLETY AIR TEMPERATURE, DEG F
NU - COMBUSTER EFFICIENCY

HF = FUEL HFATING VALUE, KWH/LB-DEG F
CF ~ SPECIFIC FUEL COSY

FDM - MAXIMUM ALLOWABLE FUEL MASS FLOW RATE, LB/KR

CB - BURNER COST COFFFICIENTY
LE =~ BURNER LIFE EXPECTANCY, YEARS

MOM - MAXIMUM ALLOWARLE AIR MASS FLOW RATE, LB/HR

EF1 ~ INPUT PRODUCT EFFICIENCY
MPl - MAXIMUM INPUT POMWER, KW
P1 -~ INPUT POWER, KW

COMMON/CIMPL/IMPL,,ICNT /CTIME/ZTINE /CSIMUL/ZDUMET) sTHAX

COMMON/COST/CCI ,CHI COP
REAL MP2 M2 oMo NUGZLE MDM MP I MNINM

IFCINPL.GT.N) 60 TO 100

TMAX] —“THAX®*,99999
IF(CP EQs +99999)
IF(NU €0+ «99999)
IFIHF EQ0., .99999)
IFLCF JEQ. +99999)
JF(FOM.EQ. .99999)
JF(CB «EQe 99999}
IF(MDM . EQe 0999992

FOU < 0.0

CC =CRaMOM/LE
EFF=1.0

1IFtn] .EQ.0.0060 TO
MINZMON
IF(T1.6T.72) GO TO

CP = T72.0E-6
NU = D.98

HF = 5.56

CF = 0.C9%
FDM=-1.78E+4
C8 =1,.,683
MDM=2.7E ¢4
200

200

MAXIMUM ALLOWABLE AIR FLOW RATE

MINZAMINIINUSHF *FDM/CP/ET2~T1 ) ,MDN)

IFIK1.6T.M1H4) 60 TO 1000

CONTINUE

EFFICIENCY AND MAXIMUM DISCHARGE POWER

IF(P1.EQ.C.0)G0 TO

200

EFF = 1.0*M1sCP#{(T2-T1)/P1

EF2 = EF1*EFF
Hp2:-HP]

c000CC
000000
O0L000
slifefolede]
30C0O00
gooocce
ceaose
goctoo
cNooco
cecoac
003590
oeuo00
ccCcooo
00CaCL
coeooo
coooco
€00000
ccoooo
s00000
gcocea
coCGoo
Loococ
couQoo

-Logooc

cocece
£oco2o
cecLooe
soocos
£oCc012
tCoo1?
CoCO024
J0C031
coLo3s
GouQe3
GGuns3
coceso
00o0S1

000056

000057
cocoél
00G063
0cooe3
CCCL63
coo063
coD067
ccode7
C00103
06107
CoG107
cogie?
acclov?
D0ci107
000107
ccel1o
C0011U
cociz21
0co123
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00150
co1s52
00152
£c1s2
cC152
f0153
C015S
20157
Gois7
‘e1s7
col160
aC161
cCle2
co162
00162
ocle3
00163
G01le6S
00165
col66
<G1l70
coin
ce1r2
co172
00173
C0200
00200
00201
00203
00204

81e
82
83s
Bus
8Sse
86"
87»
efs
899
9C»
91e

92,

93
94
9Sse
96
9Te
98
99
10C»
101s
102
JL3e
104
1GS»
106*
137»
1089
109
11C»

[a Xz Ne]

c

1000

IF(M1.6T.0e) MP2TAMINIC(MPISEFF,P1oMIN/M1}

P2ZP1sEFF
FUEL FLOW RATE

IFULIF.NE.0) DF= M1eCP#(T2-T1) /NU/HF
IF171.67.72) DF=D.0
FO-OF

COSTS
CO = CFeoF
T3z AMAX1I(T1,T2)
M2zM1

STATISTICS
TFCIMPL.LE.1) RETURN

FDU = AMAX1(FD,FDU)
IFCTIME.LT.THAX]) RETURN
CCI= CCI + CC

CCP= COP + €O

RETURN

JFUCIMPL.EQ.2)WRITE(E,1010) M1 MIM

1010 FORMATEIHDO28HBN INLET AIR MASS FLOW RATE ,F12.3,

1

I6H BGREATER THAN MAXIMUM
IFUIMPLLEQ.R2)ICNTZICNT )
60 Y0 300
END

ALLOVWARLE

F12.3)

000125
00C1u2
€oo142
000142
Jnci42
coC14s
GeoL1s7?
000164
COGleY
00164
coules
G00171
oLy
0C0o177
CCOo177
G0c201
co0G201
coo21C
060210
cao216
coo22s
00G230
£o0G233
c0C233
00C2137
cCG25¢C
G002590
00C25GC
£c00256
pdou10

nNg
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7.5 COST MONITOR

WIND ENERGY INPUTS
o CAPITAL COSTS

o MAINTENANCE COSTS
o OPERATING COSTS

_UTILITY INPUTS

o UTILITY ENERGY DEKIVERED COST PER KWH

o ‘ RED
o VALUE OF UTILITY ENERGY > COST PER I\:'Atgiuﬂztxflio
o SURPLUS ENERGY SUPPLIED PERCENT 0

LOAD INPUTS:

o WIND ENERGY DELIVERED

o VALUE 9F ENERGY DELIVERED
e TOTAL LOAD DEMAND

This component sums the capital, operating and maintenance costs of all system
components. The ftotal 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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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 delivered to the loads is summed minus the
utility energy value and including the value of surplus energy, and factored

to give yearly energy value delivered VED. Energy value in mills is given

by
Load value/kwh = VED % 1000./TED.

Cost per value delivered is the ratio of the above two equations.

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

in mills to meet the load is then given by

Load cost/kwh = (wind system cost/kwh 3% PCW + utility cost/kwh
¥ PCU)/100.,

where

Utility cost/kwh = value of utility energy-3# 1000./utility energy

delivered.
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lnputs

Parameter/Port
CR

LE

Common Block |
cc
CcM
co
TMAX
VDE
TOE .
TLD
utv
uTD
SPD

Outputs

Description
Capital charge rate

System |ife expectancy

Total yearly capital costs

Total yearly maintenance costs

Operafingﬁand fuel costs over TMAX

Simulation time interval

Value of energy delivered (including surplus)'

Wind energy delivered (including surplus)

Total load 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 suppiied by
Wind Storage (PCW)
Utitity (PCU)
Surplus ene;gy load factor (PCS)

Total load cost per kwh

%/year

years

hr

kwh
kwh

kwh
kwh

kwh

mills

mills

1 Printout only 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 CODEt1) DD0226; DATACO) 000330; BLANK COMMONC(2) 000000
COMMON BLOCKS

oo0pe3 cost 900011

o004 ClnPL 000CO2

200s CIIME 000301

0a06 CSImMUL 00Q01C
EXTERNAL REFERENCES ¢BLOCK, NAME?

0co7 NuDUS

oo1o NIO2%
ool NERFR3S

STORAGE ASSIGNMENT (BLOCK, YYPE.>RELAYIVE LOCATION, NAME)

goo1 C0002G0 1000 onoo 000016 200QF aopen 000034 300F 0000 00U310S 40O0F ocoo 000210 SOOF
0003 R CCOCJ0 CC 00pe R 000033 CCY 0003 R 000001 CMA 0003 R DOOZ02 CO 00CY R COC032 COY
00C3 R OOCO1S CPKWH 0Ff03 R 000011 CpvV oooe CocoDn0 DuNM 0200 R 00000S EDE GCO0a 1 000COC ImPL
00Co 000313 INJPS 0000 I 0C0006 1VDE 0000 1 000001 LLE 0oco R 00CO12 PCO 0C0p R COCOly PCS
0000 R COOC13 PCU 0CG3 R 000010 SPO 3003 R COCODY TDE 0C0s R 000000 TIME CCU3 R CLCCOS TuLD
3206 R GLCUOT wMaAX 5000 R 0CQ000 TMAXL 0000 R NOCOCH TOY 0C0O0 R COOGO7 TOYN 0Co3 R COO0OODY UTD
G003 R OQOCCOs LTV 0003 R COCIC3 VDE 0000 R 00CQlO VDEN

1N

00100 1ls cosY - . oogooc
co101 2 SUBROUTINE CMEDUMM,FCR,LE) apocoo
coi101 3 c C0G200
00101 4 c PURPOSE SUMMARIZE WIND ENERGE STORAGE COSTS AND LEVELIZED 0009040
oelol Se c ENERGY COSTS PER KWH. ¢ocoeo
to101 e C 000C00
c0101 T C WRITTEN BY A.W. MARREN VERSION 1, MAY 1977 cooeog
co131 8e c goecaa
0101 9 C INPUT PARANETERS ooeoLo
20101 10 c couoeG
sg 00101 11s C FCR <~ FIXED CHARGE RATE FACTOR INCLUDING DEPRECIATION, soooeo
w coil01 12% c MONEY COST, INSURANCE, AND TAXES, PER YEAR coooco
'Y 60101 13 c LE = SYSTEM LIFE EXPECYANCY o YEARS CCG000
o Lo101 l1a» C TMAX - STMULATION TIME, HR LoCco0
5; ¢0131 15 C cc = TOTAL YEARLY CAPITAL COSTS, $ GOCCaoc
o L0101 1s¢ c CH - TOTAL YEARLY MAINTENANCE COSTS, $ 200000
go 0101 17+ c co - TOTAL OPERATING AND FUEL COSTS OVER THAX, $ Cocooo
co1 16 (o VOE - VALUE OF ENERGY DELIVERED OVER TMAX, $ coccaec
col 19» C TOE =~ TOTAL ENERGY DELIVERED OVER TMAX, KWH £2c000
a0l 20» C TLD -~ TOTAL LOAD DEMAND OVER THAX, KWH ooocoo




(o)
()
w
E-J
(=]
—
[0 0]
7
~N

=t

co101
co101
goicC1
ce1ol
GC103
0C104
701G6S
co10s
roi1os
a01C6
¢Cc1i0
CGll1l
50112
co113
gC1l1a
GC115

00116

Lo117
(o120
vci21
sci122
00122
coi23
60125
€0125
ccias
cei1zs
ce127
00132
00133
00133
00133
00134
£0135
00136
£O137
CO14S
ceiss
CO14S
0C145s
CO14S
00145
GO146
cC1a7
£0159
00151
£C152
¢0152
00153
30162
G0lo62
r0162
SCle62
16162
cC162
20162
c0162

21s
22
239
24
25
260
27¢
28»
29
ICe
31
32
33
Jue
35s
360
3I7s
38w
3%e
qCe
4le
42
43s
Q4
4se
46
47
48s
49s
SCe
Sle
52»
53
Sus
55
S6%
STe
SAs
59
63
t1ls
62e
63
(X1
65%
66%
67
68%
69
T
71e
12¢
13»
T4»
75
7t
T7»

NOOO

an

[ Xa N o]

UTV ~ VALUE OF UTILITY ENERGY SUPPLIED LESS SURPLUS YALUE,

UTD - TOTAL UTILITY ENERGY DELIVERLD, KWH
SPD - TOTAL SURPLUS ENERGY SUPPLIED TO UTILITY, S

COMMON /COST/ CC, CMA,CO,VDE,TDE,TLD,UTV,UTD ,SPD
COMMON /CIMPLZIN L /CTYINME/ VTIME /CSIMUL/ DUMLT),TMAX
REAL LE

INITIALIZATION

IFCINPL.GT.0260 YO 100
DUMM=0.0

cc -0 .

"CV¥A = 0.

co = 0.

VvoE= 0.

T0€E= C.

Loz 3.

UIvV=0.

vinD=-J.

SPD=D.

100

220
1

300

1
2

THMAX]IZ THAX®,99999

TFOTIME LT THAX]I)IRETURN
IFCIMPL.LE.1IRETURN

COST SUMMARY OUTPUT

LLE = LE
WRITEL6,200)LLE
FORMAT(IH]1435X,33H WIND ENERGY STORAGE COST SUMMARY // 1H ,40X,12,

17H YEAR LIFE CYCLE ?
COY = CO#8T760.7TMAX
CCY = CCoLE#FCRs.01

TOY = COY & CMA + CCY

WRITE(6,300)CCY,CMA,COY,TOY

FCRMAT(//7/7 30X422H0O YEARLY SYSTEM COSTS/ 1He,29X,1He/ 1MH-,42X,
1ZHCAPTITAL COST,12X,F8.,0,2H ¢ /7 1H ,42X, Q1THC(INCLUDING FIXED ,
BHCHARGES ) /7 1HO 42X ,16HFIXED O ¢ K COST, 8X,F8.0,2H S /1HO ,

3 4U2X,Z1HOPERATING + FUEL COST, 3X,FB8.0¢2H § / 1HG 42X, 5HTOTAL,

4

4800

N8 WNN e

19X,F8.042H 8 )}
EDE = TDE * B8T760./7THAX
IVOE = VOE » B76J./7THAX
TOYN = TOY*1000.7 £DE
VOEN = VOE=10C0./ TDE
CPV = TOYN 7 VDEN

WRITE(6,400)EDE +TOYN,IVDE,¥DEN,CPV
FORMATU///7 3CX4,26HC ENERGY DELIVERED /7 1H®429X1He /7 1H~-,
42X ,J6HENERGY DELIVERED, 7XyF9.0,4H KWH /7 1HO33X,50(1Hs) /
1H (33X, 1He 48X ,1H* /
IH 433X 41H#*, BX,19HENEPGY COSYT PER KWH, TXyFEely9H MILLS » /
1H 33X,1H® 48X ,1He /7 1H , ]
33X, 1CES5He»280) / 1HD,H2X,25HVALUE OF ENERGY DELIVERED,IT,
2H S /7 1M 442X, 22HIVALUE OF FUEL SAVED) / 1HC,42X,20HENERGY VALUE
PER KWH, 6X,Fbel 6H MILLS /7 1HO,42%X,24HCOST PER VALUE DELIVERLD,

000000
0Qg000
000000
00000G
cgceoag
coGccoce
C0GGCOo0
ccocug
cacoo0o
G00000
ceocoz
coooc3
COGOGH
c0G00S
<00006
0GGCOo7
zocolo
cocol1l
couar2
000013
COCQ1 4
000014
ccooz20
00C026
gocoze
coCco2e6
cecG2e6
COC04D
Co00u?
CCCCSS
ccioss
CGLOoss
ooo0cEsS
cuooe )
COLO6 6
Qogo71
cao0102
c0c162
c£gol102
oGL102
€0C102
cacioe
geol1o0e
060106
c00120
00G124
€C0o130
coolzo
0Co132
000144y
CO01u4
COGluy
CCOlua
0CG1luy
J0C1luy
GO0144
0oC1u 4

J




2 ¢

co0le62 7ee 6 2X4F6.23 0001494
Co162 199 C CoQ1l4y
00163 8 1e PCO= (TDE-SPD)*100./TLD 00C1484
00164 ele . PCU= UTD*100./TLD 200155
20165 82% PCS= SPDo}100./TLD 000154
c0l66 83 CPKUWH= (TOYMs(TDE-SPD) ¢+ UTVe1000.}/TLD 0C0160
CD0le7 84 s WRITE (6,500)PCD ,PCU,PCS,CPKWNH iccl16?
.011s 85 SCO FORMATL////7 30X,31H0 LOAD FACTOR 7 1He 29X, cocz2090
co17s 134 1 1M+ /7 JH-,42X," cCc200
Jc1Ts 679 1 26HPERCENT OF LOAD SUPPLIED , F6ely, 2ZH / 1M ,682X,22HBY TOTAL WIN C20200
00175 88se 2ND SYSTEHM /7 1HO 42X, 24HPERCENTY OF LOAD SUPPLIED,2%X,F6.1 7 co0G200
<017S 89 2 IH LulXx,11H BY UTILITY 7/ LoL2o¢
GC17s 9ue 3 1HC42X,26HPERCENT OF WIND ENERGY o F6u.1 7 £oy200
rol11s 91e 3 IH LJH2X,9HSURPLUSED / £0C2ac
c017s 92» 4 JHUO,42X423HCOST TO MEET LOAD v 3XF6.1,6H HMILLS/ £00200
<C17s 93 S 1H (42X ,2THIWIND + UTILITY) /7 1H1} ¢3c200
00175 9% e (< coL230
CC176 95 PETURN - GCG200
00177 96 END ) 00C22S

(=2
(9]
[T
H
o
faory
0]
T
N

J




7.6 COMPRESSOR (PNEUMATIC)

——-MASS FLOW RATE (M)
——ROTOR SPEED (RS)
p—a=£XIT TEMPERATURE (T2)
——MAX. QUTPUT POWER (MP2)
f——==OUTPUT EFFICIENCY (EF2)

POWER (P1) =
AMBIENT TEMP. (TA) ~ —3= 0
MAX. INPUT POWER (MP1)—3=
INPUT EFFICIENCY (EF1)—3m

The compressor model represénfs the off-design performance of a fypicalvaxial
fiow compressor. The compressor is assumed designed for a specified set of
design operating conditions and performance requirements. The mass flow rate
is assumed directly proportional to angular velocity and independent of the
pressure ratio across the compressor. This is expected to hold for #15% of
the design mass flow rate. The polytropic efficiency of the compressor is
assumed to be a weak function of the angular velocity. Initial calculafions
are made with the design polytropic efficiency, and refinements made after

the off-design parameters are calculated.

Basic Equations

The expression for the angular velocity is

RSD EFF
RS = P13} —===
S 1*MD CP*(TA+4601% [ (PR2/PA )i%A -1 ]

where:

EFF = ((PR2/PA)I(A¥NP) = 1.)/ ((PR2/PA)¥HA - 1.)
A = {GAM =1)/GANNP)
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Description Units

input power kw

RSD Design angular velocity (D = 3600) rpm

MD Design mass flow rate (D = 3000) Ib/h

cP Heat capacity of air (D = 7.2X10° ) kwh/ [ b°F

TA ' Inlet air temperature (ambient) (D = 70) °F

PR 2 Exit pressure (D = 147) psi

PA Inlet pressure (ambient) (D = 14.7) psi

GAM Heat capacity ratio (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

P@D Design outlet pressure (D = 147) psi

TID Design inlet air temp (ambient) (D = 70) °F

CK Compressor capacity cost coefficienfl(D =1.0) -

FO Compressor exponent for cost calculations - |

(D = 0.75) |

OQutputs

Variabie/Port ‘

NP Polytropic efficiency -

EF 2 Output product efficiency -

MP 2 Maximum output power . kw

TQ Torque . ft-Ib
Mass flow rate Ib/h

T 2 Exit temperature F

RS Angular velocity rpm

Ccco Cost of compressor/year $

1

CK = capital cost (known unit)/(design point mass flow rate) O
LN (outlet/inlet pressure ratiol¥*(!life expectancy of unit)
D - Default values supplied
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Statistics Description Units

MT Maximum temperature F

MF Maximum mass flow rate Ib/h

The calculation sequence and the default values are based on the assumption

of an axial flow compressor, nominally 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 subporf
the research work of Reference 1. Cost scaling was also developed in that

reference based on cost estimates obtained from turbomachinery manufacturers.

Calculation Seguence

1) Costs (First pass only)

CCO = CK ¥* (MD)3@ * LN (E?%)

If PL. >0 go to 2)
A = (GAM-1)/ (GAMINPD)
RAT = (PQD/PID)#A
EFF =1, RS =0, go to 3)

1. "Closed Cycle High Temperature Central Receivwer Concept for Solar Electric
Power,'" BEC/EPR! RP 377-1, June 1976.
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Calculation Seguence Cont.

126

2)

3)

4)

5)

6)

7)

Angular velocity iteration

A = (GAM-1}/(GAM¥NP) (Initially NP = NPD)
RAT = (PR2/PA)t¢A

EFF = (RATHNP-1)/(RAT-1)

RS = P1 EFF

RSD MD CP¥#(TA+460) 3t (RAT - 1)

Polytropic efficiency

= P10 (TA+460) +RSD, s,
NP =1 - (1 - NPD)¥*[2.0- | PA (T1D+460) RS 1770.2]

lterate until NP and RS are consistent

(If iteration doesn't converge, then write DIAGNOSTIC and exit)

Mass flow rate

M = MDIRS/RSD

Exit temperature

T2 = (TA+460)¥RAT -460

Torque

If P1L £ 0, set T® = 0 and go to 6)
TO = P1#737.6/ (RS¥*2%/60)

Efficiency and maximum power

EF2
MP2

EF13#EFF
MIN(MPL¥EFF, 1.5%MD¥CP#(T2-TA))

Compute Statistics and Costs
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SURROUTINE CO

ENTRY POINT 000420

STORAGE USFD CODE(1) (C00613; DATA({J) 0000663 BLANK COMMON(Z) 0000CO

COMMON

Qo003
0004
oecos
09006

BLOCKS

CirPL
ClInt
CSTMUL
CosT

600001
000001
ooocio
000031

EXTERNAL REFERENCES (BLOCK, NAME)

0007
Go10
0011
0012
0013
0014

STORAGE

2901
£001
0053 I
0000 R

00100
coio1
30101
€016l
70101
00101
coicl
co101
o191
030101}
00131
L0101
GCc131
£6101
ccia
[l
cricl
0101
00101
00101

XPRR
ALOG
Nk DUS
N]1O23
NSTOPS
NERR3S

ASSIGNMENT (BLOCK, TYPE, RELATIVE LOCATION, NAME)

060136
0Lc31s
€00000
ocooae

1
2»
3
ys
5%
6
1
8s
9»
1C*
119
12e

.13

14
159
16¢
17
18+
19
20

100L orol 000375 1000L 0000 000010 10I1CF " 0001 000166

400L 00CO R £OOCOS A Qoos R 000000 CC1 0005 000000
ImPL ohc0 0000S2 INJPS 0000 I 000002 ISP 0000 R 005CCD
RSNO oco4s R 000000 TIME 000S R 000007 TMAX gcco R 000001
cco
SUBROUTINE COINP,EF2,MP2,TO,MoT2,RS,CCyMT MF P1,RSO,MD,CP,TA,PR2Z,
1 PR1,GAM;EF1,MP1,NPD,PID,POD,TID,CK,FO)
C
c PURPOSE PERFORMANCE MODEL OF AXTAL FLOW COMPRESSOR
C
C METHOD COMPRESSOR 1S SIZED FROM INPUT OPERATING REQUIREMENTS.
C
c MASS FLOW IS ASSUMED PROPORTIONAL TO ANGULAR VELOCITY
c . '
C AND IﬁDEPENDENY OF PRESSURE RATIO.
C .
C MRITTEN BY F.0. MAHONY VERSION 1, MARCH 22 1977
C
c CALL SEQUENCE
C OUTPUTS
c NP - POLYTROPIC EFFICIENCY
c EF2 - OUTPUY PRODUCT EFFICIENCY
c MP2 -~ MAXIMUM OUTPUT POWER, KW
C 710 - YORQUE, FY-LB

200L
DUM
PI
THAX ]

0CCl 000271 300t
0Co0 R COCOC3 EFF
0000 R C37004 RaAY
0000 R 00O0OT XNP

000000
600000
000000
L0L000
$00Co0
000Cco0
000G00
623000
000000
cooooo
sooooc
C0G00GC
G0000G
0609
coceac
ccoo0e
cocno0
CGL000
00000
£Co0300

02



8zl

c0101
uo101
00101
CC101
¢0101
<0101
co1C1
€011
LC101
co101
00121
co101
crion
£0101
L0101
£o101
T0101
Lcio01
00101

coi01.

colo01
<0101
coi01l
co101
00101
cc103
00124
c019s
coics
£o1cs
ac107
L0111
co112
©e1l2
00113
0011S
co117
tol121
00123
co1es
00127
6C131)
00133
0C135
00137
00141
00143
00145
Co147
CCl47
CO0147
Co1l47
GC15)
co151
ne1s2
co

co

2-0810% SJ4

21
229
23»
249
25
26
27
28
29%
30
31s
32
33
34n
35»
36
31
3ae
39
409
91s
42
43
4y
8§59
4ew
47

" 4Re

49e
Sos’
Sl
52+#
53»
sS4
55
56
57s
58
59
6Cse
61
620
63
(Xt}
65%
66¢
679
68"
698
7Cs»
71»
T2
73
T4
T5%
T6%
17

] ~ MASS FLOW RATE, LB/HR

T2 = EXIT TEMPERATURE, DEG F

RS <~ ANSULAR VELOCITY, R>M

CC - COST OF COMPRESSOR PER YEAR, S/YEAR

MY - MAXIMUM TEMPERATURE OBSERVED, DEG6 F

MF -~ MAXIMUM MASS FLOW PATE, LB/HR
INPUTS

P1 - INPUT POWER, KW

RSD -~ DESIGN

ANGULAR VELOCITY, RPM

HD -~ DESIGN MASS FLOW RATE, LB/HR

CP = HEAT CAPACITY OF AIR, KMH/LB-OFG F

TA = INLEY AIR YEMPERATURE (AMBIENT), DEG F
PR2 - EXIT PRESSURE, PSI1

PR1 = INLET PRESSURE (AMBIENT), PSJ

GAM -~ HEAT CAPACTTY RATIO

EF1 - INPUT PRODUCT EFFICIENCY

MPl - INPUT MAXIMUM DISCHARGE POWER , KXW

NPD - DESIGN
PID - DESIGN

POLYTROPIC EFFICIENCY
INLET PRESSURE (AMBIENT),PSI

POD - DESIGN OUTLETYT PRESSURE (AMBIENT), PSI

VID - DESIGN INLFT TEMPCRATURE (AMBIENT), DEG F
CK = COMPRESSOR CAPCITY COST COEFFICIENT

FO ~ COMPRESSOR EXPINENT FOR COSY CALCULATION

Lkl X X la X R K XaXs Xa KaRa Ka Xa)

COMMON sCIMPL/ IMPL /CTIMEZ TIME /CSIMUL/DUM{7),TMAX /COST/CCI

REAL MD,MP1,NPD (NP HP2,M,MT MF

DATA PI  /3.141597
C INITIALIZATION
Cc
IFCINPL.6T.0) 60 TO 100
MY = 0.0
MF - 0.0
[
IF (RSD.EQ. .99999) RSD = 3600.0
IF (KD <EQe ¢99999)MD = 3.0E3
IF(MP1.EQ. +99999) HP1= 1.E8
IF (CP JEQ. +99999)CP = T2.0E-6
IF (TA E£Qs +99999)TA = 70.0
IF (PR2.,[Q. «99999)PR2 = 147.0
IF (PP1.EQ. +99999)PRY = 14.7
IF tGAM.EQ. 499999)GAM = 1.4
IF (MPDL.EQ. «99999INPD = 0.88
IF (PID.EQ. +99999)PID = 14,7
IF (POD.EQ. «99999)POD = 147.0
IF (TIDLEQ. +99999)TID = 70,90
IF (CK EQ¢ +99999)CK .= 1.0
IF (FO Qe +99999)FO0 = 0,75
NP = NPD
c
Cc cosTy
c
CC = CK*MD*»FO+ALOG(POD/PID)
THAX] = TMAX®,99999
100 CONTINUE
o
C SOLVE FOR POLYTROPIC EFFICIE”CY

000000
0coo00
€00000
cooca?
tococo
€ooodc
oooooc
coLeoo
220020
©CC000
ccoono
cgoooo
5Cco000
coogooc
ceo000
~0GoCo
cooooo
CGo00oo
cocoao
COCo00
C33I0G
gccaoecea
ccGcoc
00o000
ooococ
coocod
0CLI00
S05GCo0
gooooc
ooococ
oagnoe
gccoco2

.L00003

£oCo03
coucny
€oGo11
0CGCl16
006023
cocoic
Loo03s
Jocoa2
cooou7
COC3S4
GCCo61
gccoee
360073
GoGioo
ccoics
tcgol2
tog112
Leo1l12
coci12
0C0114
60132
00G136
00G136
G00136
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o]
O
(V2]
-3
(o]
—
0]
?
~N

6zt

TD152

co1s2
00o1s3
0C1S3
00154
20155
cG1SS
L0187
20160
co161
co162
00163
CCle3
tcloea
coleS
30166
Q0166
Gol67
cGle?
0170
L0170
cC171
o111
¢o171
o172
cCiT2
00174
op17a
390115
00177
no1717
00177
00177
0c209
00202
002063
ceac

00201
ocac2
00202
6C202
00202
00204
00204
00204
002304
00zou
0C2GH
0G205
00205
0006
po2Ce
00206
00207
00211
00212
00213

78
799
80
81»
82e
839
84u»
85%»
86
81e
88e¢
89
9Je
91
92
93
Sy
95
96"
97%
98
99 ¢
1C0s*
101
1€2+
103s
1G4 e
105
1C6
107
1CERs
1C9»
110*
111s
1128
113»
11us
115%
110%
117
11Re
1192
120+
121s
122«
123»
124»
125%
126
127+
128
129¢
13Ce
131
132+
133»
1349

L 2] (s NaRaNaXal anon [a N2 Nal c00n

on

200

400

1

AND ANGULAR VELOCITY
ISP = O

EFF=1.0
1F(P1.6T.0.0)60 TO 200

RAT= (POD/PID}I®*{(GAM=-1.0)/7¢6AN+NPD))

70 =0.0

RS=C.0

NPZNPD

G0 10 300

A = (GAM-1.0)/7(GANSNP)

RATZ= (PR2/PP1)e%A

EFF-(RAT*ONP = 1.3/(RAT -~ 1.}

RSNO = EFF¢P1/MD#®1,0/7CP/(TA*360.01/(RAT~1,0)
XNP = NP

NP = 1.0-(1.0-NPD)#(2.0-{PID/PR1#(TA*460.0)/7(TID*460.0)/RSNO)
%00.2)

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

IFIABSCINP-XNP)/NP) .6T.0.001) 60 YO 200
RS= RSD*RSNO

MASS FLOW RATE
" = MD*RS/RSD
EXIT TEMPERATURE

T2 = (TA¢a60.0)*RAT~460.0
IF(P1.LE.D.0)60 TO 400

TOROUE
70 = P1e737.6/7(RS*2.0*P1/760.0)

EFFICIENCY AND MAXIMUM POMER

EF2 = EF1eEFF

MP2 = AMIN)(MPI®EFF,1.58MDaCP2(T2-Ta))
STATISTICS AND COST SUMMATION

IF ¢IMPLJLE.1) RETURN

MT = AMAX1(MT, T2)

MF = AMAX1(NMF, M)
IF(TIME.LT.THAX]) RETURN
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7.7 PNEUMATIC STORAGE VESSEL (CONSTANT PRESSURE)

STORED ENERGY (E)

|

STORED MASS (MS)

FLOW RATE (M1) RS
TEMPERATURE (T1) —_—
LOAD REQUEST (RE1) e
MAX. INPUT POWER (MP1) ———e=
INPUT EFFICIENCY (EF1)=——e=

cs

——==0QUTPUT POWER (P2)
—=TEMPERATURE (T2)

——=o= MASS FLOW RATE (M2)
——e==MINIMUM AIR TEMPERATURE (TSO)
—=POWER REQUEST (RE2)

-»= INTERRUPT FLAG (INT)

—= 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 is 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 function of the stored gas mass,

the inlet/storage air temperature, and a leakage function proportional to

the stored energy.

Basic Egquation

The rate of energy storage is computed from the equation

m s«
[}

m e
Il

where ML :
M2

BCS 40180-2

ML#CP#(T1-TO) - NU¥E, charging

mass flow rate during charge

mass flow rate during discharge

-M2¥CP#(T2-TO) - NU¥E, discharging
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FIGURE 7.7 CONSTANT PRESSURE AIR STORAGE
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lnputs

Parameter/Port

M
cp
T
TQ
NU
R
VM
PR
LE
cv
RE
EF
MP
MDE
N
™

TEM

M

Outputs
Variable/Port

E
M
T
-V
CCo
MS
'MP
RE
INT
TS0

Description
Inlet air mass flow rate
Air heat capacity (D = 7.2X1O—5)
Inlet air temperature
Minimum air femperature (D = 60)
Leakage coefficient (D = 0.0008).

Gas constant (D = 2.009X10™°)

Maximum storage capacity (D = 1.2X106)
Vessel pressure (D = 147)

Life expectancy of vessel

Vessel capacity cost (D = 0,22)

Load request

Input product efficiency

Input max i mum power

Mass threshold for priority resequencing

~ Maximum charge or discharge mass flow rate

Maximum allowable air temperature (D = 120)
Maximum aliowable inlet temperature

Maintenance cost/year

Stored energy.(sfafe)

Outlet mass flowrate

Storage temperature

Storage volume

Cost of vessel/year

Mass of air in storage (state)
Maximum output power

Maximum charging rate
Interrupt priority flag

Minimum air temperature (=TO)

O - Default values supplied

BCS 40180-2

Units
Ib/h

kwh/ 1 b°F

kwh/ Ib
ft3
psi
years
§/ £t
kw‘

kw
Ib

kwh
Ib/hr

133



Outputs Cont,

Variable/Port

PR 2 Vessel pressure (=PR1)

P 2 Output power (discharge)

MOM Maximum allowable mass flow rate (=MD)
Statigtics

EU © Maximum stored energy

VU Maximum storage volume

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 the vessel were estimated from the results of Reference

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

1. "Preliminary Feasibility Evaluation of Compressed Air Storage Power Sys-

tems," United Technologies AER 74-00242, December 1976.
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uence

TINC = integration-step size, hr _
Cl = conversion constant = 5.43x10 2
1) Vessel Cost

CCo = CV*WM/LE

2) Storage temperature

= —E
T2 = CPIMS + TO

3) Storage volume

V = msx RELI2+460)
PRL#C1

4)  Maximum Mass and charging rate

Msm = e LERIZCL)

R¥*(T2+460)

MD1 = MIN(MDM, (MSM-MS)/TINC)

RE2 = min [MPl, MDl*CP*(TEMpTO)]/EFl
5)  Mass flow out (discharge mode)

Mo = —REL

CcP(T2-T0)

P2 = RE1

6) Maximum discharge rate

BCS 40180-2

MD = MIN(MDM, (MS-MDE)/TINC)
MP2 = CP*(T2-TQ)¥#MD

| kwh/ fi

psi

135
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Calculation Seguence Cont.

7)

8)

9)

10)

Stored energy rate

E = CP¥(TL-TO)¥ML — NU¥E — RE1

Stored mass rate
MS = M1 - M2

Priority interrupt

If MS € MDE, INT =1
If MS > 2¥MDE and INT =1, INT =0

If MS 2 MSM, INT = -1

If MS < MSM-MDE and INT = -1, INT =0

If T2>TM write diagnostic and set INT = -1
If MS < MDE or MS >MSM write diagnostic

Compute Statistics and Costs

BCS 40180-2
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SUBROUTINE CS ENTRY POINT 000427

STORAGE USED CODECt1) 0D0637; DATACO) D00125; BLANK COMMON(2) DDDCOD

@
(9]
w
F-3
o
—t
8
N

COMMON [ILOCKS

a0cCc3 civPL  CO0002
a008 crInC oO0OCD1
a00s csTMUL 000010
a9cCe cousy ccoopo2

EXTERNAL REFERENCES (BLOCK, NAME)
agoo7 NUNUS

J010 N]O2%
q011 NERF3S

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

1001 0uC326 10L 0001 000074 t00L J020 00C00& 10COF Q000 00Cc02% 1010DF acoo 000036 31020¥
00G1 Q00384 20L 0c01 000362 2C0L 0006 R 0DOOOO CCX 0006 R 000COR CHI OCCO0 R 0GOOC3 €13
0005 R CONDOO DUM 00C3 I 000001 ICNTY 0003 I 000000 IMPL Gooo 00C072 INJPS CO020 R 000001 HDI1
0009. R 0OOCO0 mMSM 0cCD4 R 000000 TIME 0G0S R 000007 TMaAX 0000 R 00CO002 THAXL :

ocioC 1= cCcs coooo0o

co101 2% SUBROUTINE CS( EoDE,JEsHSyDMS s IMS yM2,T2 ¥ ,CC MP2,RE2,INT VSO ,PR2 ccocoo

00101 3s 1 PyMOMEU,VUM14CPyToTORoVN4PR1,LE JNUyCVYyRELZEF1¢HPL MODE D, TN Cooo00

ool101 g% 2 ZTEM,CH) coceoo

20101 5s c © ocoooe

co101 6% [ PURPOSE PERFORMANCE MODEL OF CONSTANT PRESSURE STORAGE WESSEL 000600

cci0l T c » coecoo

Iei1el As C NE THOO ENERGY IN STORAGE COMPUTED AS A FUNCTION MASS AND oecool

co101 9 c : Gccooo

co101 10e C INLET TEMPERATURE. ) COGOGL

coici 11+ C 000030

701G 12+ c URITTEN BY F.0. MAHONY VERSION 1; MARCH 23 1977 500030

o010y 13» C ccceoca

36101 183 C CALL SEOQUENCE coooGo

tD101 15 c . ) ceocoa

ce101 1C» C OUTPUTS cocogc

J0101 17+ c E - STORED ENERGY (STATE VARIABLE), KWH co0000

Co101 1€ C DE =~ STORED ENERPG6Y DERIVATIVE, KH Leonroe

acial 19+ c IE -~ STATUS INDICATOR FOR E ’ ceooco

£0101 20e (o KS =~ MASS OF AIR IN STORAGE (STATE VARIABLE), LB £oucoo

LCiCl1 21s c OMS - AIR FLOW RATE, LB/HR teoocc

GC101 22 C IMS - STATUS INDICATOR FOR uS s Coacoo

t; S8101 23% C M2 - OUTLET MASS FLOURATE, LB/HR cocooo
~
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£0101
20101
00101
£0101
£0191
20101
£0101
20121
IGH
~0101
£0131
£0101
£0101
¢c1ol
20101
r0101
€0101
Zu101
00101
L0101
L0121
ce1o1
0c101
£0131
~0101
c0101
.c1ct
ce1ol
50101
#5101
©0101
¢o101
c0101
20101
0101
60103
uC104
60105
20105
L010S
00106
001Ce
co110
00112
00114
00116
00320
c0122
00124
£0126
co132
c0139
30131
c0132
00132
00133
00134

24
25
26
27
288 .
29
30
31
32
33s
I4e
35e
360
37e
388
39
QaCe
4le
42»
43
4ys
45
4o
47
488
49
SCe
Sls
52
53
5%
55
Sbe
ST»
SRs
5928
6C»
6l
62»
638
64
65
66%
67e
682
69%
TCs
T1s
722+
13
Tue
75»
769
T7*
189
719%
5)#

(22 o)

OGO NOOOONOHON

T2 - STYORAGE TEMPERATURE, DEG F

v -~ STORAGE VOLUME, FTes3

€CC - COST OF VESSEL/YEAR, $

MP2 - MAXIMUM OQUTPUT POWER, K¥

RE2 - MAXIMUKM CHARGING RATEC, KW

INT - INTERRUPT PRIORITY FLAG

TS0 ~ MINIMUM AIR TEMPFRATURE, DEG F
PR2 - VESSEL PRESSURE, pSI

P ~ OQUYPUT POWER (GTSCHARGED), KN
MDM - MAXIMUM ALLOWABLE MASS FLON RATIE, LB/HR
EU - PAXI“UM STORED ENERGY, KMWH

vu - MAXTMUM STORAGE VOLUME, FTea3

INPUTS
M1 = INLEY AIR MASS FLOW RATE, LB/HR
CP = AIR HEAT CAPACITY, KNH/LB-DEG F

1§ - INLETY AIR TEMPERATURE, DEG F
70 -~ MINIMUM AIR TEMPERATURE, DEG F
R - GAS COMNSTANT, KWH/LB-DEG R
VM = MAXIMUM STORAGE CAPACITY, FTes3
PR1 -~ VESSEL PRESSURE, PSI
LE =~ LIFE EXPECTANCY OF VESSEL, YEARS
NU - LEAKAGE COEFFICIENT . , 1/HR
< CV = VESSFL CAPSCITY COST , S/FTes3
RE1 - LOAD REQUEST, XM
€F1 -~ INPUT PRODUCY EFFICIENCY
MP1 - INPUT MAXIMUW POWER, KW
MOE - RESEPVOIR THRESHOLD MASS FOR PRIORITY
RESEOUENCING, LB
MD = MAXIMUM CHARGE 7 DISCHARGE MASS FLOW RATE, LB/HR
ITM - MAXIMUM ALLOWAELE STORAGE TVTEMPERATURE, DEG F
TEM = MAXIMUM ALLOWABLE INLEY TEMPERATURE, DEG F
CH =~ MAINTENANCE COST 7/ YEAR , 8

CONMON /CIMPL/IMPL ,ICNT/CTIME/ TIME /CSIMUL/ZDUMCT);THAX
COMMON /COST/ CCI,CHI
REAL NUGMSyHP2,INTMDM M1 ,LE, MP I, HDE MDD, M2, M SH,MD ]

IFC(INPL.6T.O) GO VO 100

IFICP .EQ. +99999) CP = T72.0E-6
IF(TN JEQ. .99999) TM= 120.0
IFET0 .EQ0. .99999) 10O 60.0
IFIND EQ. .99999) NU 0.0008
IF(R  .EQ. .99999) R = 2.009€-S
IFIVH JC0. +99999) VM = ]1,2L¢6
1F(PR1.EQ. .99999) PR} 147.0
YFICVY .EQ. .99999) CV 0.22
REL1=0.0

THAX] = TMAX®0.99999
1s0=10

CC = CcVeVM/LE
Cl = S.83E-5

£o000C
€50000
000000
cCudse
00CCOC
L0CC0C
£00CGO
co0000
£50000
£ccoso
¢00C00
cacceo
Ccou0sg
€00200
goocco
co0025
COLODO
500C00
cocooo
coooce
€0L00D
rcceoc
£0G00C
£0c000
couO0ST
c00000
c0c00C
L0000C
£oCoCo
CoLcoo
£0GOGO
200000
coo0o0
00COCO
£oca0o
cocooo
LY
00000C
C0C000
G0C000
coCN00
C00000
coco02
c0o0C?
000014
060c21
00C026
cC0033
ooco4o
LoOCO4S
00LpS2
LY
uDGOS 3
LoCCS 6
C000S56
Lo0CEs
cecocea

)
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6¢1

00134
C013S
00136
00137
00140
0C1lul
0141
oClul
col4l
tCl4l
Co1l41

col142

00142
col42
GCl42
00143
col43
00143
G0143
CO144
cC14s
L0166
2C147
co147
00147
£C147
©0150
20151
uC151
£0151
co1s1
z01S2
00153
00153
£0153
00153
co154
00154
00154
col1s4
30156
00156
50156
50162
J0162
00164
00166
£0170
£0173
t0172
00174
co176
0C250
C0204
00205
50207

00213

8ls
82
83s
a4
8S e
8 6%
87
88 e
89
90»
91
92
93
oL
95 *
96
97
98
99s
100s
101
102
103»
104
10S»
106
107
1C8»
109
11C»
11 1»
112»
113»
114
115+

1169

117»
1lee
119»
120

121

122%
123»
124
125+
120
127s
128
129%
130
131e
132s
133»
13us
135
13¢»
137

a2 N2s] (s Mo N [aRa Mgl ano aonO NOOOO

(g Nal (s MaNgl

1C0

13

"INT = Q.

PR2ZPR]
Eu= 0.
vyu= 0.
CONTINUE

STORAGE TEMPERA TURE
T2 = E/CP/NSeTO
STORAGE VOLUHE
V = MS$R#(T72+460.0)/PR1/C}
MAXTMUM MASS AND CHARGING RATE
MSM = YM*PR1%C1/R/7(T2+4460.0)
MDM =MD :
MDIZ AMINIC(MOMoAMAX]1 (0., (MSM=NS)/DUMCTII)
RE2 = AMIN1 (MP],MD19CPS#(TEN-TO)I/EF]
MASS FLOW OUT (DISCHARGE)

M2 = REI/CP/LT2-70)
P = REL

MAXTHMUM DISCHARGE RATE

MDMT AMINICMDM,AMAX1{ 0.y (MS—MDEI/DUMCTI D]
NP2 = CPetT2-~TO)*MDM

STORED ENERGY RATE
IFCIENE.D) DE=CP#(T-TO)#H]1 - NUSE -RE1
STORED MASS RATE
IFCIMS.NE.D) DHSIM1-N2
: PRIORITY INTERRUPT LOGIC
IFINs JLE. MDE) INT=1,

IFEMS.GT. 2.8MDE AND. INT.EQ.1.) INTZ=D.
IF(NS +6E.MSH) INT = -1,

"IFEHS LT, MSM-MDE AND. INT.EQe-1.) INT=0.

IFLT2 GYe TM) INTZ= -1.

IFCIMPL.LE. 1) RETURN
IF(INPL.GT.2160 TO 200
IFLT2.L7.TH) 60 TO 10
WRITE(6,1000) Y2,TM
ICNTZICNT*}
IF{NS.GT.MDE) 60 TO 20
WRITEC6,1010IMS,MDE
ICNYZICNT ]

COo0Ce4
000066
00GCe7
000C71
cogo72
GCoa74
CG0C74
cocCc74
cOGCTyY
Couc?4
c00074
00CT74
00Go74
CNGCT4
CoGCOo7s
000100
000100
006100
cocio0
000110
c00116
c00123
0006133
000133
000133
Cot133
Co014S
gou1s3
000153
C001S3
£o00153
000155

000171

coa1m)

Co0171

£oc17)

S20174

COU174
COC174
COG174
€00207
60L207
cocze?
€00214
cou222
L0024l
GCo2u7
CGL266
0CL266
000274
00c303
£0G3C7
CC0313
300322
Goo326
ud0331
ao0g340



ort
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00214
0Cc216
00222
00222
0czz22
§Cc222
00223
00224
00224
00225
00227
oCc230
00233
0Cc231
cca232
coz32

00233

ocz3s
00234
60234
00235

1389
139
140
191+
142
14 3
144
145 »
1469
14T
1age
149
150
151
152
153
154 ¢
155%
156
157
156

[a MR e]

20 IF(MS.LT.MSM) .60 TO 200
WRITE(641020) MS,MSH
ICNTZICNTe]

STATISTICS

200 EU = AMAXI(EULE)
YU = AMAX1IC(YU,V)

IFUTIME LY. THAX12? RETURN
CCI = CCIeCC
CHI=CHI+CH

RETURN .
1000 FORMAT(1HO,23HCS STORAGE TEMPERATURE,F12.3,18HGREATER THAN ALLOWM,
1 SHABLE , Fl12.3)
1010 FORMAT(1HD,25HCS MASS OF AIR IN STORAGE,F12.3,
1 26H BELOW MINIMUM ALLOUABLE.F12.3)
1020 FORMAT(1HD,25HCS MASS OF AIR IN STORAGE ,F12.3,
1 28H EXCEEDS MAXIMUM ALLOWABLE,F12.3)
"END .

0oo3ss
coo3a?
COD3S56
C0G3S56
000356
03C356
G0c362
00C367
Coo367?
000375
C00404
gogu07?
COC4G?
000%12
000636
C0Ge36
0C0Ce36
o0G636
GoGe 36
02Ce636
00C636

oJ




7.8 FLYWHEEL/CLUTCH

POWER (P1)  —
PWER REQUEST (RE1) ——sm
INPUT EFFICIENCY (EF1 )}
MAX. INPUT PQWER (MP1 )}———en

The flywheel model

KINETIC ENERGY (

1

KE)

FL

p—=POWER (P2)

———=ROTOR SPEED {RS)
[——>POWER REQUEST (RE2)

= INTERRUPT FLAG (INT)
——=0UTPUT EFFICIENCY (EF2)

—=MAX. UUTPUT POJER (MP2)

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 clutch 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 if minimum or maximum capacity levels are reached.

Basic Eguations

where

BCS 40180-2

KE = k¥ w2
. 2.8
= - - 3¢ - E )
KE PIN POUT Cl w C2 ?
k,Cl,C2 are flywheel constants

w = rotor speed in rad/sec

PIN = input power - clutch losses

P = output load request

141



Tables
CLO

CL1

inputs

Paramefer/Porf 

PR

HM

RF

SR

WT

KF

ZE

S c2

P 1
EF T
MP 1
RAP

RE 1
EQ

E1

EDE

cM

cc

OQutputs
Variable/Port

RS
KE

1

Description

Clutch losses versus rotor speed (rpm)
and torque (ft-ib), when engéged (Table
dimension = 90)

Clutch losses versus rotor speed (rpm)

when disengaged (Table dimension = 17)

" Pressure in vacuum housing

Moment of inerfia1

Radius of flywheel

Shaft radius

Flywheel weight
Coefficient of friction
Width of flywheel at tip

Windage loss coefficient (analytic default)

Input power

Input product efficiency

Input maximum charging rate

Rated power, charge or discharge
Discharge load request

Minimum al lowable storage capacity
Maximum al lowable storage capacity '
Energy deadband for priority resequencing
Maintenance cost/year

Capital cost/year

Rotor speed

Kinetic energy (state)

Includes physical drive system,

kw

kw

psi
slug-ft
ft

ft

Ib

ft

kw

kw
kw
kw
kwh
kwh
kwh

rpm
kwh

BCS 40180-2




Ou s Co f.‘
Variabie/Port

T0
T1
P 2
PLO

PLL
EF 2
MP
INT
RE 2

Statistics
;E-f——-——
MPC
MPD
SPC
SPD

BCS 40180-2

Description
Input torque (charging)
Output torque (discharging)
Output power

Clutch losses (charging)

Clutch losses (discharging)

Output efficiency
Maximum output power
Priority interrupt flag

Maximum charging power request

Maximum stored energy
Maximum charge rate

Maximum discharge rate
Sum of charging energy

Sum of discharging energy

Units
ft-1b
ft-1b
kw
kw

kw
kw
kw
kwh
kw
kw

kwh
kwh

- 143



Calculation Seguence

1)

2)

3)

4)

144

Compute flywheel constants

-7
k = é-*HW*/3.76616*10

c, = KF3NTSR%/1. 3558%10
c, = CO*PRO'e % RF4*C (1 + 2.3%ZE/RF)  (DEFAULT)
C =1.0046 % 10~/

o

lf KE< EO or KE > E1 write diagnbsfic

Compute rotor speed

W = VKE/k
RS =W3#(60/2M)

PIN=O

Compute power |losses and net power when charging

If PL =0, set T = PL@ = Py = 0 and go to 4)
TO = P1%¥737.6/W

PLO = CL®(RS,T0Q)

P P1L - PLO

IN

If P”q<0, write diagnostic

Compute power losses and output power when discharging
lf RE1 = 0, set T1 = PL1 = P2 = POUT = 0 and go to 5)
Tl = RE1%737.6/W

PL1 = CLO(RS, -T1)

BCS 40180-2
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Calcuiation Seguence
4) Cont. '

P2 = RE1 - PL1

POUT = RE1

lf P2 < 0, set P2 = 0. and write diagnostic

5) Compute power losses when disengaged

if PL >0 or RE1L >0, go to 6)

POUT = CL1(RS)

6) Flywheel kinetic energy rate’

y , 2+8
= - P - *W- 3 W
KE PIN ouT Cl C2

7) Maximum Input (charging power)

T™M = MP1#737.6/Ww
MP® = MP1 - CL@(RS,TM)

If MP@ € 0, write diagnostic and go to 8)

EFQ = EF1¥MPQ/MP1

RE2

MIN(MPQ,RAP) , (EI-KE)/TINC)/EFO

8) Output efficiency and maximum power
! RAP1 = MIN(RAP,(KE-E@)/TINC), TINC = integration step
: TM = RAP1¥737.6/W

MP2 = RAP1 - CLO(RS,-TM)

BCS 40180-2 ' 145
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Calculation Seguence

g8) Cont.

If MP2 < O write diagnostic
EF2 = MP2/RAP1

If RE1 > 0, EF2 = P2/REL

9) Priority interrupt logic

If KESEQ , INT=1
|f KE > EQ + EDE and INT=1, iNT=0
lf KE>E1 , INT =-1

lf KE < E1 - EDE and INT= -1, INT=0

10) Compute Statistics and Costs

BCS 40180-2
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Lvt

SUBROUTINE FL

STORAGE USED CODE(1) CO1333; DATACO) 000231; BLANK COMMON(2) 00000CD

COMMON BLOCKS

0303
J00s
09205
gece

ciMPL 000002
CTIME 000001
CSINUL 000010
COoST 000002

ENTRY POINT 001125

EXTERNAL REFERENCES (BLOCK, NAME)

oco7
0310
go11
0012
0013
0014
co1s

STORAGE

0001
00Go
go0ca
ocoo
0009
acco
0000
0000
o007
acoo

C0100
c0101
©0101
L0101
cCc10}
€191
C3131
£0101
o101
col103
0Gl103
00103
060103

00N~

E-- ]

T6Lu2-
8L U]
XPRR

NWDUS
NIO2S
SQRT

NERR3S

ASSIGNMENT (BLOCK, TYPE, RELATIVE LOCATION, NAME)

CC0060 10L
0CrCo6d 208F
060110 S508F

0CC022 APC
000025 ECO
CLO166 1INJPS
CGeG11 Ma
GU001S OMEGA
CUCCOO0 veLu2
0CCOCH TmaAX]
1% T CFL

2

e - 1
s 2
5» c.

6 C

T C

8 c

9e [
10%

11+ c
12» C

139

[t Jale]s]
ocol
0001
0606
0000
09c0
0060
0300
feJeo 1}

000042
000412
000S7h
000000
nooo2u
000012
0Co0013
000018
000300

DVt DD

108F
300t
600L
cCI
EC1
MNY
NNNRS
PIN
TIME

0000
goao
0001
3006
00090
J0Co
aco0
gaoo0
0G00

DV VT D

00C026
000074
000705
noooo1
£00021
000001
0oCo14
cos017
000093

105F
308F
700L
Ml
EFO
MNP A
NNNRS Y
POUT
TINC

0001
0001
0000
0000
0Co3
ocoo
2000
odo0
acoo

T O DD

000147
000440
000125
pocooe
006001
p0G 002
0CC007
000C23
0006020

SUBROUTINE FLUICLO,CLL RS KEKED,IKE ,TOT1,P2,PLO,PLI,EF2,HP2,INT,

RE 2, ME ,MPC ,MPD, SPC, SPD,
WRELJEO oE14EDE 4CM,CC)

PURPOSE

METHOOD

PR'HH.RF"SR 'UtnK F.ZE.CZ.P! .[Fl'"Pl .R‘p

MODEL OF FLYUNEEL CAPABLE OF ARSORBING POWER
AND OF DELIVERING POMER ON REQUEST .-

QUTPUT POWER™ AND KINETIC ENERGY COMPUTED FROM

POVER REQUEST AND INPUT POMER

20L
§coL
708F

ICNTY
¥PB
NNRS
RAPTY
™

0002 co031S
0001 Coosas
0000 ca000s
GCes oorcoo
0COo3 ocoooc
c0Go cGecoa
0GCo CG0012
gol0 gococo
gCCs G00GC07?

BV D VDot DD

300007
‘000007
G0G0GCY?
006007
coceo?
400007
00C207
ooGee?
GDoGco7
03037
coooc?
LoLoaT
toooa?

200L
s00L
Ak
DUM
InPL
»PO
NNT
TRLUL
THMAX

L=
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00103 14» 000007
c0103 15» C MRITTEN BY Y.K.CHAN VERSION 1, JUNE 17, 1977 coano?
00103 l6» Cc cocecor
0103 17e C CALL SEQUENCE 00¢cen7?
00103 T 1P C TABLES cocs07
30103 19% c CLO -CLUVCH LOSSES VS ROTOR SPEEDI(RPM) AND TORQUE(FT-LB) KW 00C0G?
£ol103 20% C CL1 ~CLUTCH LOSSES VS ROTOR SPEEDI(RPM) WHEN DISENGAGED KW cagecy
Goli03 21 c ouTPUTS coccuy
00103 22+ [ PS ~-ROYOR SPEFD, RPM gocoo?
oe1os3 23 C KE ~KINETIC ENERGY(STATE) ,KWH 000007
€¢Cci33 24 c KED —~KINFTIC ENERGY INCREASE RATE KW cogee?
00103 25% Cc IKE -INTEGRATOR CONTROL ¢cCLCI?
co103 26 c TO' <~INPUT YORQUE (CHARGING), FT-L8 gcocear
o103 27 c Tl -OUTPUT TORQUE (DISCHARGING) ,FT-LB 00GGOo7?
G0193 28% c P2 ~QUTPUT PONER ,X¥ oocoeo
¢0133 29¢ C PLO -CLUTCH LOSSES (CHARGING) KW onGcoo?
c0103 30 c PL1 ~CLUTCH LOSSES COISCHARGING ) 4KW ) oocoo?
€0133 31» c EF2 -0UTPUT EFFICIENCY 00LGCo7
co103 32 c MP2 ~MAXTMUM OUTPUT POWER KW Gaco07?
Co103 33 c INT -PRIORITY INVTERRUPY FLAG 00co007
5G103 3y c RE2 -HAXTMUM CHARGING POWER REQUEST cocca
co103 35S c STATISTICS ' coo007
C01i103 Jen Cc ME MAXIMUM STORED ENERGY ,XWH ¢00Go?
00103 37 Cc MPC =MAXTMUM CHARGE RATE ,KW oooeg?
3G103 3gs [ o MPD -MAXIMUM DISCHARGE RATE KW 000007
L0103 39 c SPC -SUM OF CHARGING PONER,KWH coco07
0C133 4Js c SPD -SUM OF DPISCHARGING POWER,KMH cecoo?
60103 (B c INPUTS 00C307?
0Cc103 4z2s C PR -PRESSURE IN VACUUM HOUSING,PSI €3cG607
co103 43s [4 HH  -HOMENT OF INERTIA,SLUG-FT2 000007
Go103 44» [o RF  -RADIUS OF FLYWHEEL,FTY 006007
t0o103 45 C SR -SHAFT RADIUS,FY Gogoo?
ooi103 4ee C MT ~FLYWHEEL WEIGHT,LB gooce?
0103 47s Cc KF  -COEFFICIENT OF FRICTION So06o07
v0103 48» [« ZE -WIDTH OF FLYWHEEL AT TIP,FT CoLCco?
C01923 999 C €C2 ~WINDAGE COEFFICIENT (ANALYTIC DEFAULT) €o0Gag?
ocic3 50 c Pl =INPUT POUER,KW 0000067
co1ous3 S1e c EF1 ~INPUT PRODUCT EFFICTENCY CCCo0?
cCc1a3 52e C MP1 -INPUT MAXIMUM. CHARGING RATE KM cd03017
00103 534 C RAP -RATED PONER, CHARGE OR DISCHARGE KN cocaor
J01a03 Sq» o RE1 -OISCHARGE LOAD REQUEST KW occcoy
C0103 55% C E0 -~MINTMUM ALLOWABLE STORAGE CAPACITY JKUH coooo7
00133 S6s C El  ~MAXIMUN ALLOWABLE STORAGE CAPACITY KN 00Co07
o103 STe c EDE -ENERGY DEADRAND FOR PRIORITY RESQUENCING oXKUM 00007
GC103 58 Cc CHM  -MAINTENANCE COST/YEAR,S oogoco?
co103 59 c CC ~CAPITVAL COSTY/YEAR,S Cao0C7
201G3 oCs c gocogcr
G103 b1e COMMON ICIHPLIIMPL.!CNY/CTINEI!InrlcSlﬂUL/uun(7),YHAX goocer
coli03 62% X /COST/CCI,CHI cocos?
00104 63 REAL KE.K[D.HPZ.INT.H[.HPC.MPD.KF.HP].HPO.HPA.HPB soLuoy
L0105 cus DIMENSION CLOIL),cL1t]) ’ ococo?
£0105 659 c ceaoney
C0106 66% IFCIMPL.6T.0)60 Y0 10 £00007 1
tCl1Q0 67 TINC=NUM(T7)#,5 0600012
0111 6F® rr«cz.zo..99999)c2=lx.09065-1)ocrn‘c.a)ttnro.u.eoz.xozztcnrtos.s)) cooels ‘ -
00113 69 INT=Q, 00004sS

CO1l14 0% THAX1ZTHAX®.99999 CCCuue




w 1
o
w
B3 GO114 T1e c 000046
8 no11s 72 MF=0. Graosi
o 00116 73 RE1=0. - 20C652
@ t0117 Tue MPC=0. c00053
~N 00123 75 MPG=S. cocoss
0121 6% SPC =D, £OL0SS
c0122 77 SPD=0. CeCoSe
00123 78 10 CONTINUE 00960
cC124 79 AK= JS*HM*3,.T76616E~7 C0O0Ce0
col12s 8C» C1ZKFvMT*SR®),3558E-3 ' £OG063
0c126 81s TFCUIKE .GToEO) o ANDCKE.LT.E12).0R.CIMPL.NEL2)D)IGO TO 20 couore
00133 82e TFUKE.LE.EOINRITE (6,108 IKELED £20115
0613s 83e IFUIKE GE ELINRITE (6 ,1C9IKE €L tno130
Cli142 84w 109 FORMPAT(IHD,26H FLYWNHEEL KINETIC ENERGY ,F12.3, co0143
o2 85% X 18H CXCEEDS CAPACITY ,F12.3) 000143
00143 8c 108 FORMATUINGD,24H FLYMHELL KINETIC ENERG6Y,F12.3, 00G143
CO143 £7e X 33IH FALLS RELOW MINIMUM REQUIREMENT ,F12.3) COG143
00144 8P ICNTZICNT ] 00C14)
Co1u4s 89 20 CONVINUE 00018
00146 90 NARS=CLO(2) COCia?
col47 91w NNTZCLOC 3D 00C15S
00159 92% MUSNHNT+4 000164
o151 93e HNYZMYeNNRS 06U166
0152 94e NRKNRSZCLI(2) c0017C
€153 95 e NNNRSU4ZNNNRS+& cou177
G015y 96+ To=C. coL201
0155 97 Yizo. ) ceaz202
00156 98 P2z0. 600203
0C157 99w PLOZ0 . 00u204
£0160 100 PLIZO. £002CS
cci61 101= RE2-0. 000206
L0161 1029 c ‘ coCc20G6
co161 " 133 c COMPUTE ROTOR SPEED £0G206
cole1l 1G4 c CoU206
00162 “1.5# 100 OMEGAZ1.E~-6 €Cco207
0163 1069 JF(KE.GT.C.YOMEGATSQR T(KE 7AK) 00G211
00165 107¢ RS= OMEGA®30./3.18159 coc223
00le6 108 PINZO. 60C2217
* 65166 109 ¢ £06221
c0l166 110 c COMPUTE POWER LOSSES AND NET POWER WHEN CHMARGING 002217
50166 111 C cop2217
{0167 112 1F(P1.€0.0.160 TO 2030 c00230
GG171 113 TO=P1¢737.670MEGA 00236
0172 1149 PLOSTRLU2(RS,TO,CLOCMU) ,CLOLY ) ,CLOCMNG) 4141 ~NNRSo=NNT,NNRS NNT) ceco242
00173 115 PINZPI-PLO toG2712
0C174 1169 POUT =0, 000274
CO174 117 c 000274
2C175 118% IFLPIN,GE.0.)GO TO 200 000275
c0177 1193 IF(IMPL.NEL2)GO TO 200 £ooz217
00:01 120¢ WRITE(6,2C81PLO,P] co0302
00205 121 208 FORMATU(IHD,21H FLYWHEEL POWER LOSS LF12.3, Go0311
002CS 122 X24H EXCEEDS CHARGING POWER ,F12.3) 000311
;: 00206 123s ICNTZICNTe} cocsit
© 0o0zCe 1248 c . cecesil
00206 125 c COMPUTE PONER LOSSES AND OUTPUT POWER HHEN DISCHARGING cou3ll
00206 12¢% c Leosay

cQ0co7 127+ 200 IF{RE}.EQ.0.)GO0 YO 300 000315
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2-0810t SJ9

oc211
€0212
00213
cozia
60215
00217
c0223
00223
0c22y
00225

" cc22s

06225
002258
00226
86C226
gd226
00230
0o232
00232
02232
po232
00233
00233
00233
c0233

aQ23s .

00236
00236
00237
00249
00242
Ga247
00247
C0259
0Cc2s2
0C2s3
00254
00255
002S6
00256
00256
00256
060257
00260
00261
00262
00263
00263
00264
00265
00267
cezer
60273
00274
€027s
0C27s
0G2

12¢6e
129
130
131«
1329
1339
1349
135»
Jbe
137
1389
139
1ule
J4ulse
Juz2e
143
1449
145
146
BLYAS
1489
1u9e
1509
1S1»

1529
153,
154

155

1569

157+
156
1599
160
161
162+
163
164
1659
166 %
167
168
169»
170e
171
172+
173
174
175
1769
177
1788
179
180
1E1e
182
18 3
184%

nOon

(s Nalal

(s N alal

Oonn

T1-ZRE1e¢737.6/0MEGA

PLI=TPLUZIRS,y~T1,CLO(MR),CLOC4)4CLOCHNUD 1,1 ,~NNRS o~ NNT4NNRS ,NNT)

P2-RE1-PL]
POUT=RE]
IF(P2.6T.0.,0R.IHPL.NEC.2)6G0 TO 300
WRITEL6,308)PL1,REL
3c8 FORMATILIHC,16H FLYWHEEL LOSS L,F12.3,
X27H EXCECDS DYSCHARGING POWER ,F12.3)
JCNTZICNT 1
P2-0.

COMPUTE POUWER LOSSES WHEN DISENGAGED

300 IFtP1.6T7.0.)0G60 TO &4CO
IF(RE}.GT.0.)60 TO 4CO
POUT-TBLULCRS CL1EG)CLIINNNRSO),1,-NNNRS)

FLYWHEEL XNINETIC ENCRGY BALANCE
QCO0 IFCIKELNEOIKED=PIN-POUT-CI1eOMEGA-C2¢(OMEGA®*2,8)
MAXTHMUM CHARGING POWER REOQUEST

TH=MP1+737,.6/0MEGA
HPAZTBLU2(RS qTM,CLOING) 4CLOCY 3,CLOEMNG) 41414 -NNRS ,=NNT,
X NNRS oNNT)
MPO=MP) ~-MPA
IF(HPO.GT.D.360 TO 500
JFLINFLLEQ.2)WRITE LG ,SOBINPA, NP ]
S08 FORMAT(IHO,22H FLYMHEEL CLUTCH LOSS ,L,F12.3,
X 31H EXCEEDS MAXIMUM INPUT POWER LF12.3)
TFUIMPL.EQe2)ICNTYZICNT»]
GO YO0 602G
SO0 EFO-EF1eMPO/NMP]
APC= AMAX1 (D« LETI-KED/DUMLT))
RE2ZAMINI(MPORAP,APC)
RE2=-REL2/LFO

OUTPUT EFFICIENCY AND MAXIMUM POVER

600 RAPT=UKE-EO)/CTINCS24)
RAPTZAMINI(RAPT,RAP)
RAPT=AKAX1(RAPT,RAP/1000.)
TMZRAPT®T3T.6/0MEGA
MFB=TRLUZ (RS, -TM,CLO{ME),CLOCE);CLOIMNG Y4141 ~NNRS,~NNT,
X NNRS,NNT)
MP2=RAPT-MPR
708 FORMAT(IHO,22H FLYWHEEL CLUTCH LOSS ,F12.3,
X27TH EXCELDS DELIVERABLE POMER oF1243)
WRITE (6,708 IHPB,RAPT
ICNTZICNT]
700 MFZZAMAX1(MP2,RAP/1000.)
EF2=MP2/RAPT .
IFIRE1.GTo0.0ANDP2.6YoCa)EF2SP2/RE]

000316
000322
000357
000361
Co03&63
c0Q37e
Logu0S
c0Cu0sS
ooo40sS
soculc
coouwl0
COCu41l0
0ogulcC
pocat2
voou4l12
C00412
(s JAL B
000421
oocu21}
cogcu21
000421
Te0uN G
CCUu4Q
CO0Q4uD
000u40
OCCus56
COCu4b2
cogue62
0CuLS1é
000520
0jus22
000534
COUS 34
C00S34
ceosu2
COC544
cCoS47
C0Uss57?
coos71
CCcos71
coosTi
000571
Co0S574
c00601
oou606
00Cs61S
000620
L0062GC
000655
coces?
£0G67T2
C0Ce672
L0062
coun1
QCL765
000713y
ooo71s

14
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TeT

00277
602717
00277
£C361
60302
©0303
00335
06337

30337

00311
00313

' 'GB31S

00315
00315
Qc315
00317
C0320
op321
00322
po3ses
06323
00324
00326
uC327
00327
00330
00330
GG331

185
186
167=
183
189¢
19Ce
191s
192
193
194 ¢
1959
196¢
197
1989*
199
200
2Cls
202
2039
2040
2CSe
206
207s
2089
209
210
211
212+

ao0nn

aon

PRIORITY INTERRUPTY

EC1-E1-EDE

ECO=E04EDE .
IF( IKE.GT.ECO)AND.(INT.EQ.1. 1)INT=0.
IFUIKE.LT.ECL)ANDIINT.EQ.~1.0)INT=0,

IF(KE.LE.E0)INTZL.
IFIKE.GT.E1VINTZ-1,
IFCUKF.GT.ECOYAND . (KELLTLECIIIINT=O.
1FUINPL.LEIIRETURN

STATISTICS

MFESAMAX]1 (ME 4KE)
MPC=AMAX1(MPC,KED)
MPOZAMAX 1 (HPD-KED)
SPC=SPC*TINC»P]
SPD=SPD*TINC*P2

IFLTIMELLT,THAX1PRETURN
CCI=CCI+CC
CHI=CMI+CH

RETURN
END

co0715
coar1s
000715
Coa734
toor3y
CO0742
2C0760
Ccutr76
Co0776
001004
Jol1012
€01031
o131
001031
c01031
CO1C40
CO1IC46
001054
col1062
001066
001066
coi1cr2
001101
001104
collasa
co1107
Go1107
001332

L=
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7.9 ONE DIMENSION TABLE LOOKUP

FIN

Tables

FTA

inputs
Parameter/Port

FIN
AN

Outfputs
Variable/Port

F@

- mli _\i | fo .
FIN
Description

Tabular values of function

Input quantity
ABS{AN) £ 0.5 for equispaced interpolation

(AN < O prevents extrapolation)

Output quantity

Calculation Sequence

F@ = FTA(FIN)

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

FU

BCS 40180-2
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[gp]
w
o
o
—
[0}
ﬁ)
N

11

SUBROUTINE FU

ENTRY POINT 00006S

STORAGE USED CODE(1) ODDO07S; DATA(D) 0000143 BLANK COMMON(2) 000000

CRTERNAL REFERFNCES (BLOCK, NAMED

0GO3
00Cs

STORAGE

0oaQo

ca100
36131
ogi101
cciol
co101
¢c101
roiol
Lolce
03101
coi01
co101
Go131
£o101
co101
co101
50101
c0101
oc101
00101
0101
npiol
0101
coi01
co0101
nCc131
coi01
00103
60104
L0105
0Cc106
00107
00111
coii2
00113

TeLul
NERR3S

ASSIGNMENT

COO0COS INJPS

1s
2%
3
(Y]
5
6
7¢
gs
9
1Cs
11
12¢
13
140
15s .
16»
17+
18»
19»
20#
21
22¢
23
2un
25%
26

274

288
29
30
31s
32
33
34

CFu

AN NHNONOHOON

PU

]

LI

IN

Fr

fFoO

F1
AN

BLOCK, TYPE, RELAYIVE LOCA*ION' NAME)

0000 I 000002 N C0O00 I 000000 NA

SUBROUTINE FUCFTA,FO, FIN,AN)

RPOSE -~ TO CALCULATE OUTPUT FO AS AN ARBITRARY FUNCTYION OF
INPUT FIN USING TABULAR INPUT FTA GIVING FO=F(FIN)

THOD =~ SELF EXPLANATORY

MITATIONS - MAXIMUM ARRAY SIZ2E IS 18

ITTIEN BY ~ ADAM LLOYD LATEST REVISION APRIL 17

PUT/0UTPUT LIST

R TABULAR INPUT FOZF (FIN) ANY INPUT TABLE
OUTPUT ANY OUTPUT VAR

N INPUTY ANY INPUT VAR

SETYT ABS(AN) GT,0.5 FOR UNEQUAL SPACED TABLE DATA-~~INPUT
SET ABS(AN).LE.J.5 FOR EOUI-SPACED TABLE DATA

A NLCATIVE VALUE OF AN RILL

PREVENT EXTRAPOLATION BEYOND

TABLE LIMITS

DIMENSION FTALL)

NAZ SIGNIFTA(2),AN}

NP=FTA(2)+y4

NT)

IFCABS(AN).LE.D0.5) NZ=O
FOSTBLULIFINFTAIY4) FTAINB) NyNA)
RETURN

END

0000 I 000CO1 NS

000003
C00003
030003
GO0CoC3
£000O03
cooo03
ooQocos3
00303
Z6ULd3
caccos
c00003
coceos
C000G3
00c0N33
coccos
GCGGCy
000003
coooo3

€o0co3’

COLoGcs
cocooo3
C00003
cocoos
000Cco3
coonos3
ccaocozs
cQccol
0ouoo3
cCcoolcs
CCO%2¢
ceoe3g
C0003s
cougces
000074

0003 R DONJOO0 TRLUL

n4i



7.10 TWO DIMENSION TABLE LOOK!'F

=D
@
FNA o >
e
FO
FO FNB=‘ -
44
FNA
[ables Descripti
FTA Table of functional relationships (maximum
number of table values = 144)
lnputs -
Parameter/Port
FNA Input quantity (primary)
FNB Input quantity (secondary)
AN ABS(AN) < 0.5 for equal spaced FNA data
BN ABS(BN) € 0.5 for equal spaced FNB data¥*
/
Qutputs
Variable/Port
FO Output quantity

Calculation Sequence

FO = FTA(FNA,FNB)

% A negative value for AN or BN prevents extrapolation beyond the table

boundaries.

154

BCS 40180-2



e
(9]
wn
>
o
[y
(0]
ED
N

1) ¢

SUBROUTINE FvV

ENTRY POINT 000161

STORAGE USED CODEC)) COO204; DATACO) OD0D36; BLANK COMMON(Z) 0000GO

EXTERNAL REFERENCES (RLOCK, NAME)

00Qa3
0004

STORAGE

0000
0000 1

26100
co101
oolic
00101
00101
c01C1
©0101
gcio1
cciol
sciol
c0101
00101
GG101
G0101
50101
30131
20101
90161
gc1lol
Co101
r0101
t0i01
CC1G1
&c1a1
c01J1
U013l
cgl101
0101
co101
€C123
CC104
c0190s
Co106

T8LU2
*NERR3S

ASSIGNMENT (BLOCK, TYPE, RELATIVE LOCATION, NAME)

CCh012 INJPS CrO0 I 00OCD06 NAN 0000 I DODOOT NBN 0000 I 000000 N1
CoC002 N3 00G0 I 0OCO0O03 N4 0000 I DOCOD4 NS 0009 I 00U00S N6
1e CFy

2 SUBROUTINE FVUFTALFO,FNA,FNB, AN,BN)

3 c

4 c PURPOSE - TO CALCULATE OUTPUY FO AS AN ARBITRARY FUNCTION OF INPUT

S» c VARTABLES FNA AND FNB. INPUT TABLE FYA IS USED GIVING

6 c FOSF(FNA,FNB)

Te c

e c METHOD ~ TWO DIMENSIONAL TABLE LOOKUP'

9% c

10+ c

11 (o LIMITATIONS - MAX ALLOWABLE SIZE OF TABULAR ARRAY IS 12Y12.
12» ¢
13» (o
148 c WRITTEN BY <~ GEORGE OULEBA LATESY REVISION - MAY 76
15» c

168 c
17 C INPUT/ZOUTPUT LIST

18 c :

16 c FIA TARULAR INPUT ——— INPUT TABLE
2Ce c FO ouTPUT ANY OUTPUT VaR
21 C FNA INPUT A ANY : INPUT VAR
22e c FNB INPUT B . ANY INPUT VAR
23 c AN SET apS(AN) .6T. 0.5 FOR UNEOUAL SPACED FNA DATA~ INPUT PARM
24e c A NEGATIVE VALUE INDICATES THMAT THE NEAREST END

259 c . POINT IS YO BE USED UPON EXTRAPOLATICN.
26+ c BN . SET ABS(®N} .6V, 0.5 FOR UNEQUAL SPACED FNB DATA- INPUT PARM
271+ c S A NEGATIVE VALUE INDICATES THAY THE NEAREST END
28+ c POINT 1S 7O BE USED UPON EXTRAPOLATION.
29 C
3Ce DIMENSION FTAC(1)
31» N1=FTA(3) o4
312 NZZFTAL2)4FTA(3)+q
33% N3ZFTA(2)

0COC I cOo0001 N2
0C03 R COO000 TRLU2

¢o0003
000003
eoCGOo3
€00003
€00003
¢00003
00CO03
coooo3
000003
coccos
v0CLGC3
cocoos
cocoos
cogcos
006003
0oudo3
C0G203
000C03
cccoos
C00003
Looco3
600003
0coo03
couoo3
c0Gco03
0ccoc3
CoC003
C0G003
CCu093
CCGoo3
L0C003
ooy
00go2é
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uolo07
70110
Co111
00112
00113
c011s
30116
€o120
co121
col122

35
35
36
3
3es
39
4is
41
42e
43

N4=FTA(3)

NS= SIGNIFTAL(2),AN)

N6= SIGNIFTA(3) 8N}

NANZL

JFCABSEAN) s LE.D.53 NANZD

NPNZ )

IF(ABRSIAN)Y LE.O0.5) NBNZD
FOSTBLU2(FNAFNByFTACNI)oFTACU) FTAIN2)I JNANoNBNyNSyN6 N3 NG )
RETURN

END

000035%
000044
000CS56
c0CO070
¢o0072
co0077
G0G1012
000114
coolu2
000203




7.11 AC INDUCTION GENERATOR

L POWER (P2) |
| ROTOR SPEED (RS)
f———— QUTPUT EFFICIENCY (EF2)
= QUTPUT MAX. POWER (MP2)

POWER (P1) —]
INPUT EFFICIENCY (EF1)—= GE
INPUT MAX. POWER (MP1 )~

The induction generator produces electrical power proportional to rotor slip,
i.e. difference between rotor speed and synchronous speed. This relationship
i's used to compute rotor speed given input power and the generator parameters.
Two power losses are modeled: a constant multiplicative term due fo 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 EFquations
Output power P2 and rotor speed RS are computed from the following.equations:

P2 = EEH*(P1-C¥RSZ)

P2 _ {RS/RSY-1) . . .
RAP = RAS (Powef is proportional to slip)
where EE = electrical efficiency

constant of conversion

o
H

BCS 40180-2 157
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Inputs
Parameter/Port

P 1
RAP

RSY

RAS

DA

SR

Vo

EF 1
MP 1
cc -

CM

Qutputs
Variatle/Port
P 2
EE

RS

PL

EF 2
mP 2

Description
Input power
Rated output power
Synchronous roftor speed (D = 1800)
Rated power slip (D = 0.05)
Mechanical damping (D = 0.0)
Internal stator resistance (5 = 6.4/RAP)
Rated bus voltage (D = 400)

Input product efficiency

.Maximum input discharge rate (D = 1x108)

Capital cost/year

Maintenance cost/year

Output power

Electrical efficiency
Rotor speed

Power loss

Output product efficiency

Maximum output discharge rate

Maximum output power/rated power

Totel output energy

D - Defauit values supplied.

rpm
Joule-sec
ohms
volts

kw
$
$

kw

rpm

kw

kw

kw
kwh

BCS 40180-2 J




Calculation Seguence

1) First pass only

EFF = 1
= 3
loaq = RAPH1000/VO
I BAP
-+
RAP+SR |RAT/1900

2) If PL =0 set P2 =0, RS = RSY and go to 4)

Compute rotor speed W in rad/sec using

EE(P1%#1000 - uF*DA ) (w/ug - 1)

RAP#1000 ~ . RAS
with w = RSY3(21/60) '

3) Compute RS and output power
RS = WH(60/21)
P2 = RAP(RS/RSY-1)/RAS
P2 > RAP [ DIAGNOSTIC

EFF = P2/P1

4) Compute loss, efficiency terms
PL = P1-P2

EF2 = EF1%EFF

5) ~Compufe 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 CODE(1) 000363:; DATA(O3 D00043; ELANK COMMON(2) 000000

COMMON ELOCKS

c093
0004
aa0os
G006

CImPL
CTIME
cosy

(€9 4,11/ 8

000002
gcocol
ooooa
goco10

EXTERNAL REFERENCES (BLOCK, NAME)

coe7 N&DUS
0010 N1O2%
0011 NERR3S
STORAGE ASSIGNMENT (¢BLOCK, TYPE, RELATIVE LOCATION, NAME)}
5001 0CoCe4 0L acoo 000005 100F ool 000074 20L oo0il 000172 30L
00CO R 0COCO4 B 0005 R 000200 CC 0005 ® 000001 CM 000S 000003 Cv
000& CO2000 pum 0003 R 00GJ00 EFF 9003 I 000001 ICNT 0003 1 DCOGCO IMPL
J00n R 000002 RATI CCads R 000000 TIME 0C06 R 00C006 TINC 0006 R 003007 THAX
cecio0 1 C6E
o101 29 SUBROUTINE GE(P24EEsRSoPLLWEF2,PM2 PHN,SP,P1,RAP RSY,RAS,DA,SR,VO,
colo1l 3s 1 EF}1,PM1,CCI,CMID
c010} 4 c
20101 5 c PURPOSE MONDEL. AC INDUCTION GENERATOR
<0101 bs c
cai10l T c HRETHOO HECHANICAL AND ELECYRICAL EFFICIENCIES ARE USED TO COMPUTE
co101 8 c OUTPUT POWER. ROTOR SPEED IS COMPUTED ASSUMING POWER IS
C01G1 9 c PROPCRTJONAL TO SLIP.
L0101 10+ c
celol 11 C WRITTEN BY A.We WARRENM VERSION 1, MARCH 16 1977
0101 12+ c :
Lo1d 13» C CALL SEOUENCE
00101 149 c ouTPUTS
cg101 15» c P2 - OUTPUT POWER, KW
coigl 160 C EE - ELECYRICAL EFFICIENCY
caiol 17 c RS -~ ROTOR SPEED, RPM
©01C1 18¢ C PL. -~ POWER LOSS, K¥
valol 19% c gEF2 - OUTPUT PRODUCTY EFFICIENCY
C0131 20 C PM2 - MAXIMUM OUTPUT POWER, KW
coip 21 C PMN - MAX. OBSERVED oOUTPUT POWER / RATED POWER
001t 22¢ c SP - TJOTAL OUTPUT ENERGY, KVH
colf 23» C

0020 R COOCOD3 A
co0s cceeco2 co

ooce 000032 InJdes
0C20 R CCOGO1 TMaxi

£0G00G
$00000
c0093¢
GOGCGHGG
600000
0C0320
cou0Ge
00C090
COC000
£Coooo
coccoo
005000
£0GOGG
coccoc
c00000
£0Go00
0G500C
L6000
£oCcenc
Ccs000
£0G000
000000
cocooo

19
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lo
N

191

co101
coliol
tclol
00131
c0101
oci01
20101
00131
c0131
LGc101
10131
col101
0101
cC103
LG1o4
20124
CClon
CCl1os
r.c127
(o110
£0111
co113
0Cc11S
coiy
cei1z21
cc123
CD12S
{0126
tol27
Co0133
ceci3d
0013
CC133
v0131
00133
J0134
00135
00136
CC13e6
00137
oci40
L0141
COlu42
oo143
Q0146
C0146
0147
CCisl
60152
00153
C3154
CO154
C01S4
voiss
L1157
0160
00160

24
25
26%
27
28»
29
3 e
31
32
33e
Iye
35
36
37
389
39
4Ce
41
42»
43
44
45+
4o
47l
ges
49e
SCe
S1e
S2s
53
Sus
55
S6»
S7e
58
59¢
6T
61
62
63
bus
658

668

67
689
69
76%
Tl»
128
T3
Tue
15
Ttes
71#
189
79%
80%

e XaXalaXaNaNaRaNalalalalls]

an

[a M algl

10

29

10C FORMAT(1IHO, 4CX43THRENERATOR OUTPUT EXCEEDS RAYED POWER /)

30

INPUTS
Pl - INPUT POWER, KV
RAP - RATED OUYPUY PONER, KW
RSY - SYNCHRONOUS ROTOR SPEED, RPMN
RAS - RATED POWER SLIP (DEFAULTY = .(CS)

DA - MECHANICAL DAMPING, JOULE-SEC
SR - STATOR RESISTANCE, OHMS
VO - RATED FUS VOLTAGE, VOLTS

EF1 - INPUT PRODUCT EFFICIENCY
PM1 - MAXIMUM INPUT POMWER, KU
CCl - CAP1TAL COST/YEAR, $

CHM]I ~ MAINTEMNANCE COST/YEAR, $

COMMON /CIMPLZ IMPL,ICNTY /CTINMEZ TVIME

COMMON /COST/ CC,CM,CO,CV /CSIHULZ DUMLE) ,TINC,THAX

INTTIALIZATION

IFC IMPL.GT.0) GO TO 10
EFF = 1.

THAX] = TMAX® .99999
IF(RSY.EQ. 499999) RSY =
IFIRAS,EQ. +99999) RAS = .05
IF(DA .EO0. .9999%9) DA = O,
IFISR Qs +99999) SR = b.4/RAP
IFIVO .EQ. +49999%) VO = 4NO,
IF(PH1.EQ. +.99999) PM1 = 1.E1D

PEN (0.0

sp =0.C

PATT = RAP#*1CC0O./VO

EE = RAP/ILRAP ¢+ SR*,001&RATI**2)

COMPUTE ROTOR SPEED AND OUTPUT POVER

Ift P1.6GT7. O.) GO 1O 20

P2 =0.0

PL =0.C

RS = PSY

G0 Y0 3C

A = RAP/(EE*RAS)

B = RSY/U A + RSY®#29DA#].0966E-5)

RS = Rs(A ¢ P1)
P2 = RAP*{RS/RSY -1.}/RAS
IF (P2.GT.RAP.,AND.IMPL.EQ.2) WRITE(6,100)

IFU{P2.6T.RAP +AND. THPL.EQ.2)ICNTZICNTe}
PL = P1 - P2

EFF = P2/P1
EF2 = EF1¢EFF
PH2 = AMINL(RAP, PH1SEFF)

STAVISTICS
IFCIMPL.LEC1) RETURN
PHN = AMAX1{PMN, P2/RAP}
SP T SP ¢ P2%.,58TINC

cocooo
£o0ca0
CCGGAa0
c0C0oG
cocooc
cocooc
£o0Loac
coLoos
CCo000
ccocao
gecooc
cpogoc
coon2c
oodooc
coococ
£coo09cC
coueoc
sGroce
€000G2
GoCoos
ctocea?
000014
6oLd21
£0cn2s
COLU3]
COCO4g
cocous
acoosas
cooou?
COLDS3

cOL0s3

£0G253
LOCOS 3
000064
COCO66
00060617
LoLoTC
Couor2
c6G072
coudTY
206100
C00110
000114
oue121
000143
C00143
000143
200163
500166
£eo172
eCeG174
SOULTH
Go0174
¢00233
cne212
tov221
coo221

19
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C0169
001e1
COle63
00164
0Clo4
50165
0Cle6

81e
82
B3»
sus

85e

86e
87

) COST SUMMATION
IFl TIMELLT.TMAX1) RETURN

CC = ¢C + cCl
tM = cM + CHI
RETURN

END

c0o221
003226
CCu23s
COu240
cocesc
CCO243
00C262

19
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7.12 FIXED RATIO TRANSMISSION

POWER (P1) — -— POWER (P2)

OUTPUT ROTOR SPEED (RS2)—=1 . |——MAX. OUTPUT POMER (MP2)
MAX. INPUT POWER (MP1) —3= - INPUT ROTOR SPEED (RS1)
INPUT EFFICIENCY (EF1) —3— —~= QUTPUT EFFICIENCY (EF2)

This component models a fixed géar ratio transmission. Power losses are mo-
deled by a table lookup depending on input power. Rofor input speed is used

as a feedback variable.

POWER LOSS

INPUT POMWER

FIGURE 7.12: FIXED GEAR POWER LOSS

BCS 40180-2



Tables
PLO

lnputs

Parameter/Port

GR
RS
P

EF
MpP
cC
CM

Outputs

Variable/Port

N S SN

P
TO
PL
EF
MP
RS

164

2

Description

Power loss versus input power

Gear ratio
Output rotor speed
Input power

Input product efficiency

Maximum input power (Default = 1x108)

Capital cost/year

Maintenance cost/year

- Output power

Output torque

Power loss

Output product efficiency
Maximum output power

Input rotor speed

r

rpm

kw

kw

kw
ft—Ib

kw

kw

rpm

BCS 40180-2



Caiculation Seguence

1) MP2 = MP1 - PL@G(MP1) (First Pass Only)

If PL €0, set PL = P2 =0 and go to 2)

PL PLD(P1)

P2 =P1 - PL

RS2/GR

RS1

EF2 = EF13#P2/P1

2) T@ = P2%737.6/(RS2¥2W/60)

3) Compute Costs

BCS 40180-2
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SUBROUTINE GR ENTRY POINT 0O0CISY

STORAGE USED CODE(1) 000237; DATAC(O) D00023; BLANK COMMON(2! 002000
COMMON BLOCKS

0003 CI*PL 000001

aoes CTINE 0OGQOCOD)

gcos cosvy 000004

0006 CS1MUL CcrCool10
EXTERNAL REFERENCES (BLOCK, NAME)D

g0aY7 ToLL)

0010 NEPR3S

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

ocol Co00S57 10L 0001 000113 20L 0005 R 000000 CC 000S R 00000} CM
0d0Ss coC003 Cv 0006 000000 DUM 0003 1 NODOOO IMPL a000 000007 INJPS
J007 R CI00CO TRLUL 0004 R 000000 TIMF 0CD6 R COOOOT TMAX 0000 R 000001 TMaAX]

00100 19 CGR

00101 2% SUBROUTINE GRUPLOGP2,Y0,PL,EF2,PN2,RS1,GRA,RS2,P1,EF1,PH],CCI,CNHI)

GC101 3 c .

€o101 LR 4 i PURPOSE MODEL A FIXED GEAR RATIO TRANSMISSIONM

t0101 S5 (4

C0191 6% C ME THOD POWER LOSSES ARE INPUT AS A FUNCTION OF INPUT POVER Pl.

¢olo1l Te c N

co1d1 8e (4 WRITTEN B8Y A.de WARREN " VERSION 1, MARCH 16 1977

c0101 9 - c . ' -

colol iCs C CALL SFQUENCE

o101 11» C TABLES

uGlal 12+ c PLO - POWER LOSS IN XKW VERSUS INPUT POWER IN KW

60101 13» (o

noiol 1us [ OUTPUTS

coicl 15+ [+ P2 - OUTPUT PONER, KW

0101 les c J0 -~ OUTPUT TORQUE, FT-LB

¢01C) 179 c PL - POWER LOSS, KW

20101 18+ C EF2 - OUTPUT PRODUCT EFFICIENCY

cciol 19¢ C PM2 - MAXIMUM OUTPUT POWER, KN

cel01 20 [ RS1 -~ INPUT POTOR SPEED, RPN

ocl101 214 C

col01 22% c INPUTS

uc101 239 [ GRA =~ GEAR RATYO

cox 24 C RS2 - OUTPUT ROTODR SPEED, RPM

(e]s DY 259 c P1 - INPUT POWER, KW

000S cocooz2 co
00CO I 000000 NP

000000
000000
000000
00C000
co0003C
co0o00
000000
000000
cococce
C0C009
coccceo
€0050¢c
aocooc
00C000
cocooc
¢ocooc
t00000
c0000GC
coLodo
cocLaceo
cococge
€oocac
«60udccC
€0009¢C
gcuo00

J9




(o]
O
wn
E-3
o
[a—ry
[0
ﬁ)
N

L9t

co1io1
G010}
Le101
Go101
coiclt
¢ai03
Coio0s
a013s
C010S
co1as
cglos
Lolos
301C7
o111
rC112
00113
cClle
00116
JCc117
ce1ny
oo117y
co121
0122
¢o123
col2s
c0126

‘c0127

oe13o
00131
Go131
0c131
00133
00135
00137
C0143
COlut
0142

269
27
28
29
30
31s
32
33
34w
35
360
37s
3es
399
LY
4le
j2e
43
44ye
45
4¢C»
g7
48
49
SCw
Sls

‘52e

5 3¢
Sy»
S5¢s
S
57e
58%
59
6Cs
61e
62%

[a NN Nalal

[a Xz N2]

10

23

EF1 - INPUT PRODUCT EFFICIENCY
PM1 = MAXIMUM TNPUT POWER, K
CCTI -~ CAPITAL COST / YEAR, $

CMY - MAINTENANCE COST / YEAR, §

DINENSION PLORI)
COMMON /CIMPLZIMPL /CTIME/ TIWE
COMMON /COST/CC,CM,CO,CV /CSIMUL/ DUH(TD,TMAX

INIVIALIZATION

NP = PLOC2)

IFL I%PL.GT.0) 60 YO 1D

EF2= 1.

THAX] = .99999sTHAX

RS2=1.

IFIPH1.EQ. +99999) PM1=1.E10

PM2 = PM] ’

IFIPNYLE. PLOUIONP)Y ) PH2 = PM1-TBLULIC(PM1 ,PLOCY) ,PLO(A*NP ) 1,-NP}

POWER LOSS AND ROTOR SPEED CALUCATIONS
PL=T.
P2:0.
IF(P]1 .EQ. 0.) 60 To 20
PL = TBLULIPL,PLOCUS ,PLOCGSNP ), 1,-NP)
P2 = p1 - PL
EF2 = EF1eP2/ P
RSl = RS2/6PA
TFIRS2 +GTe O¢) TO = p297043./RS2

COST SUMMATION
IFLIMPL.LELY) RETURN
IFITIME.LE. THAX]) RETURN
CC = €C ¢ CC)
CH = cM + CcMI
RETURN
END

tooooe
copooc
£oocoo
t00000
£36306
SLeeso
Louoss
£0GG00
gooooe
cocco0
couoac
L0000¢
c06037
090012
CDCGLY 4
006021
cCG023
G0UD3C
GCGG632
000032
20CH32
- C0C0S7
Co0Us?
cecoec
000562
€00162
000104
000137
CGO113
003113
coc113
G0o121
C0G130
000137
000142
ocClus
GOC236




7.13 HISTOGRAM

FIN —3m HG

The input quantity is monitored during a SIMULATE analysis. When time reaches
TMAX a plotted histogram is produced with 16 intervals that span the range
from FLO to FUP,

Inputs

Variable/Port Desgcripti

FIN Input quantity to be monitored

Fup Upper limit for histogram

FLO Lower limit for histogram

Fl,...F161 Array containing histogram data

Fal Measurement interval

Outputs

Variable/Port

AV Mean value (running sum during simulation)
SD Standard deviation (running sum squared)
SAM . Number of samples '

These quantities do not require data input values.
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SURROUTINE HG ENTRY POINTY 000430

le =)
o
w
H
o
—
[0.0]
?
N

STORAGE USED CODE(1) 000506; DATA(D) CO00166; BLANK COMMON(2) D12174 -
COMMON BLOCKS

0003 CTINE 000001
0004 CSImul 020010
0eos COVRLY 00003%
acoe ci%pPL G0J001

EXTERNAL REFERENCES (BLOCK, NAME)

0307 SORT
3010 NunNUe
2011 NIO3s
0012 AO2s
a013 NIOlsS
0014 NERR3S

STORAGE ASSIGNMENY (BLOCK, TYPE, RELATIVE LOCATION, NANE)

3901 ¢00023 100L ccoo 000052 100CF 8000 000056 1100F 60001 ao0012 1206 occo ooceoe2 1200F
aacen CGC367 1300F oco1 000034 1346 oooo C0GC7T3 143CF 0C01 CO0111 1546 oco1 060154 1666
Q001 0ce17s 1776 03501 000203 2056 0001 0oc211 2136 ocol 000216 2206 0C31 C0D223 2256
2031 0N224 2306 ocol 000234 236G 0001 000257 24 6 0001 000272 2466 0G0l C00306 2556
0001 CO00314 2626 0001 goeos3 300t 0001 000364 3036 oot 000364 3056 gooo CCOG4 7T 900F
3300 R COCC10 AX1 000C R 0ODCO30 BLANK acos 00C003 CPUSEC occs 00a0Cc0 DumM oocs CGO0N0 DUMM
CCO R CCONC36 FAX 0002 R COCOCO GRAPH 0C00 R 00CD32 HORIZ 0C00 R 0000481 HX cOoCco I 2000034 1
GNCo 3 COCuLu3 1C 0006 I CCCOCO IMPL 0000 coC135 INJPS 0C30 I 00CO37 ISAMP 0C00 T 00COu2 J
JCCJ3 Y CiC04e 41 0COZ I 000045 J2 3C00 1 00C046 J3 0C00 Y o0C0035 L 0COD R QUDG33 POINT
0C00 R COTCOO TN} 0CGC3 R 000000 TIME 0024 R 0COONT THMaAX 0000 R 00Z031 VERT 0CC0 R GLCCHC XMaX
c01900 1s CHG 300003
t0101 2% SUBROUTINE HG(SAMP AV ,SDyF1,F2,F3,Fa,FS5,F6,F7,F8,F9,F10,F11, 600093
ceci01 3 1 F12,F13,F14,F15,F16,FA, FINFUP,FLO )} ’ GoGCOo3
¢gl1o01 LR c VERSION 2. REVISED MARCH 1977 cooco3
colol S C PURPOSE - DEVELOP A RUNNING HISTOGRAM OF AN INPUT SEQUENCE 00Co03
¢o1a1 6 C CALL SEQUENCE cooco3
c0101 Ts C SAMP~ OUTPUT NUMBER OF SAMPLFES CC0203
GC101 g€ C AV =~ OUTPUT AVERAGE (RUNNING SURN) CCODO3
- te101 9% c SD = CUTPUY STANDARD DEVIATION (RUNNING SUM SOQUARED) sod003 I
o 2c1d1 10* C F1-F16 =— ARRAY WITH NUM3IER OF OCCURENCES IN EACH INTERVAL C0C0303
O goio1l 11» C FA ~ OUTPUT CONTAINING MEASUREMENT INTERVAL c0C003
Go101 129 C ‘FUP = INPUT SPECTIFYING UPPER HEASUREMENT LIMIT 0oCcoo3 m
60101 13» C FLO = INPUY SPFCIFYING LOWER MEASUREMENT LIMIT c00003
50131 14 c FIN =~ INPUT MCASUREMENT 'c00003



oLT

¢-0810tv SJ9

00103
COo104
10105
€016
60107
col10
60115
L0117
cc122
00124
L0125
00126
uD127
00139
00131
00133
00136
rox137
£0149
CO1s2
coluy
Co1l4s
CO146
201487
00152
cois2
CcCi153
nci1se
ccle6)
00161
C0162
ori163
00164
coies
un173
ce173
00175
uo176
co22)
0c2a02
00204
0C237
00210
occi2
00215S
00217
00222
gc224
coz227
00232
00235
C024)
00241
0C244
00245
00250
00252

15
l16»
17»
18
19»
2C»
21s
22»
23
249
25
r{34
27
28
29
3Cse
31
32e
33
34
35

369 .

37e
3ax
399

" apse

41=
429
43s
449
45
46
47
48"
499
5Ce
Sie
52%
53»
S4%
589
569
57
SA9
59
62%
61
628
639
Ly
65
6b e
61
66
69
T
T1s

SC

100

290
300

350

360

310
380

arco

4§50

500

600

DIMENSION FL(16)¢VD1(8),AX1(16)

DIMENSION GRAPHI114,46)
COCMMON GRAPH

COMMON/CTIME/ZTIME/ZCSIMUL/DUMET) ,THMAX
COHMON/COVRLY/DUMM I3} ,CPUSEC /CIMPL/IMPL
DATA PLANK,VERT,HORIZ,POINT/1H tIHI J1H~, 1 He

IFCIMPL,GY.%) GO TO 100
D0 SO I=1,16

F1(13=0.
FAS(FUP-FLOY/]14,.

sh=C.

AV =0.0

SAMP=ZD,0

CONT INUE

IFCINPLLLT.2) RETURN

D0 20G I-1,16

L=l

FAX-FLO®CI-1)oFA
IFLFINJLELFAX) GO TO 300
CONTINUE :
FICLIZF1(L)el,
SAMPZSAMPe],

AVZAVeFIN

SN SDSFINSFIN
IFUTIYE.LT.THAX®,.99999)IRETURN
SAMPZ-.

DO 353 I=1,16
SAMPZSAMPOFI(I)
ISAMP=SAMP
ISAMPIMAXOL1,ISAMP)
AVZAV/ISAMP
SD=SORTISD/ISAMP-AVAY)
XMAX=F1(1)

DO 360 I-1,16
IFUFLCY) .GE oXMAXD XMAXZF1(]I)
IFIXMAX.EQC.D.) XMAX=}1D.,
HX=XMAX /44

DO 370 I:-1,46
GRAPHI(1,13=VERT
GRAPHII14,I)=VERT

DO 382 1:2,113

GRAPH(I, 1)=HOR]IZ
GRAPHII 46 )THORIZ

DO 4C0 1:5,103,14
GRAPHII,46) =VERT

DO 4S° I-R,106,7
GRAPHII,1)=VERT

DO SCC I=2,458

DO S9C J=2,113

GRAPHIJ, I)=RLANK

DO 600 IC=1,16
JZIFIX(45.5-F1C¢1C) ZHX)
DO 600 J131,7
JZ2ZUIC~1)87e 10}

DO 630 J3z4,45

GRAPHIJ2,J3)=POINY

oocoos
cocaol
2cu003
cogcos3
ceeccs
000003
roucos3
500012
C0GOo12
20C013
ceoon1?
c0G020
Ccoon2
ceoo23
cocoz23
20Ccn34
2CU034
cou036
cooous
C000S53
600053
€000s7
CCCOo62
cooces
Lcoo71
000104
000111
¢coin
CoOo114
CCGl23
LG0139
CoC135
Co0C1l47
COLISY
co01%4
c00163
coG16?
Ccoo17s
€0o17s
3CC17e6
CC3203
006203
C3u204
¢00211
cco211
coczlé
000216
CoG224
000224
€C0G224
op234
nngzuo
Copese
ceo2s?
C00263
G00272
GoG272

o=
()




(@)
O
w
H
o
b
0.0}
T
N

LT

00254
00257
0eas?
ac261
00264
00264
cC0<66
C0266
6C271
ccer2
Lo27s
00276
nQ 300
006301
aci312
c0313
Ccc31le6
o317
00324
00324
50328
€e326

72%
73+

Ty4s.

75»
To*
T
78%
79
80e
81»
82+
83
84
85
86"
87s
888
89s
92
91
9..s
93

100

800

%00
1000
1100
1200
1300

l4p0

DO 700 I=1,16

AXI1(IIZF1¢I)/1SAmP
Do 8C0 I-1,8

TD1CII=FLO*(I-1092.%FA~FpZ2,

WPITE (6,900 (GRAPH(T1),1=1,114)

FORMATIINI 9X,116A107)
WRITE(6,10000¢AX2(1),1=1,16)
FORMATUIH® ,9X 1HI 4 16FT7.5,1HIZY !

YRITC16,1100)

FORMATUIH ,9X (1HI 112X, 1HI/)

VRITE (64,1230 C(ERAPHIT 4J),151,1180,022,86)
FORMAT(1H®,9X,118A1/45815X,118A17))
URITE(6,1309)¢TD1C(1),1=1,8)

FORMAT (1H¢ ,9X,B(F13.5,1X)//)

VPITE(6,1400) ISAMP,AV,SD
FORMATUIH®, 10X 14HHISTOGRAN FOR ,I7,8H SAMPLES,
194 MEANT ,F13.5,18H STANDARD DEVe= oF13.57)
RETURN

END

000306
Goo306
000306
COC31s
000314
CCG314
coc3sc
0003390
GCC340
000340
coo3sc
£oG3so
00G35S
0003sS
000367
cease?
cou3r?
coo377
Ccp4n?
00G&0?
00Q407
000s05
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7.14 HYDRO STORAGE VESSEL

RESERVOIR MASS MA

—=-0UTPUT FLOW RATE (M
INPUT FLOWRATE (M1) —= T FLOW RATE (M2)
|3 WATER HEIGHT (H2)

MAX. INPUT POWER (MP1)—3= HS | OWER REQUEST (RE2)

WER REQUEST (RE1) —m
Ipl\(l)PUT EFI?ICIENC(Y (E)Fl)__, [ INTERRUPT FLAG (INT)
=—HAX. OUTPUT POWER (MP2)

The hydro storage 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 turbine in-

let.

Basic Eguation

MA = ML - M2 - NE¥AS - NL + MDR¥AS/14052
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lpputs
Paramejer/Port

M 1
NE

AS

NL

MOR

MDM

MW

Mo

H 1
MDE

RE 1
CR

EF 1
MP 1
LE

CcM

Outputs
Variable/Port
M 2
E

H 2
M

cco .

MP 2
INT

RE 2

Description

Input water mass flow rate
Evaporation coefficient (D = 0.03)
Reservoir surface area

Leakage coefficient (D = 8.0)

Rainfall rate

Maximum al lowable mass flow rate (D = 4X105)

Maximum al lowable reservoir capacity (D=5X106)

Minimum al lowable reservoir capacity
Reservoir height above furbine

Reservoir deadband for priority resequence
Power request (discharge)

Reservoir cost coefficient (D = 0.025)
Input product efficiency

Maximum input charging rate

Reservoir life expectancy

Maintenance cost/year

Outlet water mass flow rate

Energy stored

Reservoir height above turbine (=H1)
Reservoir mass (state)

Reservoir cost/year

Maximum discharge rate al lowable
Priority interrupt flag

Maximum charging rate request

D - Default values supplied

40180-2

Units
gal/h
gal/ftz-h
ff2

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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Statistics Description ' 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 know!ledge
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—

tems," United Technologies AER 74-00242, December 1976.

BCS 40180-2
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Calculation Seguence

C1 = conversion constant = 0.377 x 10_6
C2 = conversion constant = 8.3398 Ib)galw
A = C1¥C2¥H1

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.)

4) Energy stored

E = A¥M

5) Checks

ML > MDM or M2 > MM [> DIAGNOSTIC
m>ww, [ DIAGNOSTIC

m<me D DlAGNOSTIC

6) Priority interrupt

BCS 40180-2

Lf MSMD, INT =1
IF M>M@+MDE and INT=1, INT =0
If MMM, INT = -1

| f M<MMW-DME and INT = -1, INT =0

kwh
ft—-1b

175



Calculation Sequence Copf.

7) Maximum charging rate request

MD1 = MIN [MDM, (MW-M)/TINC)

RE2

MIN (MP1,NMD1¥*A)/EF1

Maximum discharge rate

MP2 = A 3% MIN (MDM, (M-MD)/TINC)

where TINC = integration step size in hrs

8) Compute Statistics and Costs

176
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2-081

LLr

SugrRoLY

STORAGE
COMMON

cCo3
3004
o00s
0006

EXTERNAL REFERENCES (BLOCK, NAME)

INE HS

USED
8L OCKS

CI%PL
CTINME
CsTHuL
cosT

CODE (1) 00CSS1; DATACOY 000117; BLANK COMMON(23 000000

ENTRY POINT 0004&35

c00002
coonNadl
Goo0lo
000Cco2

8297 neNys
J010 N102s
0011 NERR3S
STORAGE ASSIGNMENT (BLOCK, TYPE, RELATIVE LOCATION, NAME) : ’
00c1 oocoss 100L 0003 00000S 1010F Q000 000030 1020F 0coo 000045 1030F 0co1 COCl44 200L
0001 CoC171 300L 0001 000215 400L 0000 R 0C000O4 A 0006 R 000000 CCI ocl6 R OUODOY CMI
0009 R GOCGO3 C1! 000S R 00C000 Dum 0003 I 000001 ICNT 0003 I 000000 IMPL aoco CCCOT6 INUPS
accn R UUO001 MOM1 0000 R- 00COO00 MO} 0004 R Q0CO00 VIME 0C0S R 00GCO7 TMAX 03G0 R CO0002 TMAX]
co100 1» CHS 000000
uc101 2% SUBROUTINE HS(M DM, IM M2,E,H2 yCCoMP2 4 INT,RE2 y#DU MU, ML M 1,NE 000000
cc101 3 1 s AS yNL yMOR  MOM MM HO yH1 JMDE JREL14CR EF14MP1,LE,CM) t00000
£o101 4 [ cooacoo
co101 Se c PURPOSE PERFORMANCE OF A LARGE RUSERVOIR AS AN ENERGY STORAGE CcCooo000
o101 (-3 C [@eJeYols]s]
20101 1 C DEVICE. enoroo
co101 8 c c00003o
cC101 9 c NETHOD ENERGY IN STORAGE IS CALCULAYED FROM THE POTENTIAL COJCos
co101 10+ c 20000G
£G101 11% c BETWEEN THE RESERVOIR AND THE TURBINE INLET. cooooo
G101 12+ C cecgooc
Loiol 13» c WRITTEN BY Fo 0. MAHONY VERSION 1, MARCH 30 1977 soooco
ce10s 14w c co000GC
coid 15+ c CALL SECUENCE . CCGopoD
0101 16# C QUTPUTS coceooo
£0101 17» c M - RESERVOIR MASS (STATE VARIABLE), GAL <0a000
£0101 1c» o DM -~ RESERVOIR MASS FLOWRATE, GAL/HR £o0GC0o0
20101 19 c IM - STATUS INDICATOR €0CaGgo =
coliol 20# C M2 - OUTLET WATER MASS FLOW RATE, GAL/HR ccoog0o0
co101 21s c £ - ENERGY STORED, KWH CCGo00 m
L0101 220 c H2 - RESERVOIR HEIGHY ABOVE TURBINE (zH1), FY 20Cacce
c0101 23+ C CC =~ RESERVOIR COST/YEAR, $ ' $00000



8LT

¢-0810% <29

00101
caiol
L0101
CC1ic1
coiol
rgc101
coi101
o101
Q101
00101
€011
tcid
c0101
{0101
00101
C01G1
00101
co101
co101
£0101
Cc101
coi01
{oi1c
gciol
cglo1
0C103
0C104
30105
G0106
Go106
£0107
60197
cc111
60112
00113
00114
0C114
40118
co1ile
56117
L0120
00121
coi23
co12s
00127
00131
co131
oo131
o013
00131
oc133
0C133
0Cc133
00133
00134
0013
0013

248 e
25
26%
27
28e
29¢
13
31
32»
33»
Iye
35«
3¢n
37
3 ee
39
40e
bls
42
439
4y
45
46
4 7e
a8
492
Scs
Sls
S 2%
53
5S4
Sce
S6e
STe
S8
59
6l
bls
62s
63
64
6he
66»
6T»
(¥R ]
€9
12
T1ls
72
73
T4
15
76
17
Tes
T79%
8C*

AN NOOHNOONNOOOOON

e N NaXel

[a N aNg]

100

np2 -
INT -
RE2 -
HoU -~
MU -
ML -

INPUTS

"o-
NE -
AS -
NL -
¥DR -
MOM -
MM -
no -
H1 -
MDE -
REL -
cR -
£F1 -
nPL -
e -
o T

KAXIMUM DISCHARGE RATE ALLOVWABLE, KW
PRIONITY INTERUPT FLAG

HAXIMUM CHARGING RATE REQUEST, KW
MAXIMUM MASS FLOW RATE, GAL/HR
MAXTMUM RESERVOIR MASS, GAL

MINIMUM RESERVOIR MASS, GAL

INPUT WATER nASS FLOW RATE, GAL/HR
EVAPORATION COEFFICIENT, GAL/F 7#92-HR
RESERVOIR SURFACE AREA, FTee2

LEAKAGE COEFFICIENT

RAINFALL RATE, INCHES/YLAR

MAXINMUM ALLOWARLF MASS FLOW RATE, GAL/HR
HAXTMUM ALLOWABLE RESERVOIR CAPACITY, GAL
MINIMUM ALLOWABLE RESERVOIR CAPACITY, GAL
RESERVOIR HEIGHT ABOVE TURBINE , FT

RESERVOIR DEADIAND FOR PRIORITY RESEGUENCE, GAL

POWER REQUEST (DISCHARGE), KW
RESERVOIR COSY COEFFICIENT

INPUT PRODUCT EFFICYENCY

MAXTMUM IMNPUT CHARGING RATE, KW
RESFRVOIR LIFE EXPECTANCY, YEARS
MAINTENANCE COST/YEAR, $

COHHONIC!HPLI!NPL.ICNTICT!HEIY}HEICSIHULIDUN(7).THAX
COMMON/COST/CCI, CNI

REAL M2,MP2yMDU MU ML M1 3 NE JNL ¢MDR yMDM o MM . MO o MDE ¢ MPL JLE , INT o M

REAL MD1,MDNM]

IF{INPL.GT.CIGO TO 100

RF1:=0.0
H2=H1

THAXIZTHAX*D.99999

C1 = 3.1441iE-6

INTZ=0.0
MDU=0.0
MU =C.0
ML Z1.0£10

JFINE EQ. <99999INE =0.03
IFINL EQ. +99999)INL =8,0

IFtMDM.EQe +99999IMDM=4,.0ES
IFIMM EQe +99999)IMM =5,0F6
IF(CR .EQ. +99999)CR =0.025

CC =CrRsMM/LE

A=C1l#H}
M2 -REL/A

RESERVOIR cOSY

VOLUME OF WATER DISCHARGED

360000
ccoooc
coooo0
co000092
cco00cC
gccaooo
cocooo
L0090C
cecood
00CO00d
coococ
ocouooo0
cnoaono
1Jooce
coudoo
cecoooo
€0Gco0
S0CG00
Lococa
ccood00
0260040
cono00G
coococ
CeGooc
ccoooc
coucoo
cocooo
coeoooc
cocace
goocoa
000000
ocuo00
6eoQo2
€Cou00o3
c0Go0s
200010
GCcoo10
uCoo012
CoCo13
co0014
6eGcals
cooo17
G20C24
€0Go3)
cooc3e
oocCou3l
000043
cooou3
000043
cooos s
ccooso
gooucse
cacesc
C00350
COQ05S
£000S?
000357




(]
O
wm
o
(=]
—
[09]
ED
N

6LT

00135
£0135
Q0136
0C136
00136
00136
oCiud
00140
06141
colu42
co142
c0142
00144
00152
G0152
UC154
0C1S4
00156
c0163
U0163
£0165
20165
C167
00174
0017¢
00174
00174
06176
692292G

002z

00202
00204
00204
00234
00204
00204
00206
00207
00213
00210
03211
06211
06213
00211
00213
00214
00218
£0215
00216
00216
00223
coz221
co0221
60222
0C222
00223
00223

B1s
82+
83
84
85e
86s
87
ag»
89e
9’
91
92e
93
94y
953
96
97s
98
99
100
131+
102
103»
104
135s
1068
107
1089
109»
110»
111
1122
113#
1lux
115»
116
117+
118»
119»
120
121
122
123
124
125
126
127+
120
129+
130
1319
132»
133
134»
135»
136
137

o000 (2N o)

(2]

(2 Nalal (s NaKg]

(s Xa Ny

C

c

RESERVOIR MASS FLOW RATE
IFCIN.NE.O2DH=M]1-M2-NE®AS -NL*BDR*AS/10052,0
ENERGY STORED
E SAsM
MDOM1ZMDM/ 9999
IFEM1.LT . MOM].AND.
1° M2.LT.MOM1)GO YO 200

IFLIMPL.EQ.2INRITEt6,1010)M1, M2 MDN
IFCIMPL.EQ.2) ICNTSICNT]

200 IF(M LT.MMeNDEIGO To 3IDO0

IFCINPLLEQ.2)WRITE(6410200M M
IFCIMPL.EQ.2)ICNT=ICNT#1

300 IFtM .GT.M0360 TO 800

IFIINPL.EQ.2)WRITEL6,1D300IM,H0
IFLIMPL.EQ.2) ICNTZICNTe]

PRIORITY INTERRUPY
Q00 IF(M LE.MODINT=1.0
IFtH .GT.{MO+MDE).AND.
1 INT.EQ.1.0)INT=C.O
IFIR JGT.MMIINTZ=~-1,0

IFLM LT.(MM-MDE).AND.
1 INV.EQ.-1.0)INT=0,0

MAXTHMUM CHARGE RATE REQUEST AND DISCHARGE RATE
MD1= AMINIC(MDM,AMAXLI(C. oy (MM=H}/DUK(T)))
RE2=-AMINLI(MP1,MD1%A)/EF] '
MP2-AMINT (MDH,AMAX ] (0oy (MN~-MO) JOUNCT)ID)eA
IFCINPLLLE«LIRETURN

STATISTICS
MCUZARAX]L1(DM,MDU)
MU CAMAXI(M MU )
HL ZAMIN](M ML )
IFCTIME.LT.THAX]IIRETURN

ccI=CCl+CC
CHIZCHMIoCM

RETURN

1010 FORMAT(1HO,23HHS INLET MASS FLOW RATE,F12.3, SH OR .
1 2JHOULET MASS FLOW RATE,F12.3,

co00S7Y
000057
000Ce2
6C0062
000C62
ccece2
cco077
cood17
£co102
crol1os
coUl0S
€eo1gs
goo122
coo13s
000135
(P L L
000144
goalso
g0G162
gootle2
C00171
000171
006174
C0o206
000206
C00206
00c2G6
000215
G0GC222

00p222

000241
000247
C00247
000247
ca0247
coc247
000266
003302
306311
cco3l
000326
poo326
Co0x26
COoU326
500338
Spe3ul
t003s1
Coo3si
C00357
000357
C00366
€00371
000371
COC374
CCO374
cocasso
000550

SH
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00223
00224
0C224
00225
C0225
00225
c0226

138» 2 26H IS GREATER THAN MAXIMUM.F12,.3)
139» 1020 FORMATC(1HO,19HHS RESERVOIR VOLUME,F12.3,

14Cs b 30H EXCEENED MAXIMUM ALLOWABLE ,F12.3)
4l 1030 FORMAT(1HO,19HHS RESERVOIR VOLUME ,F12.3,

182 1 24K DROPED BELOW MINIMUM,F12.3)

14 3¢ c

14 4e END

000550
C00S50
000550
c00%S0
000550
C00550
C00550




7.15 HYDRAULIC TURBINE

ROTOR SPEED (RS) —] MR (P2)
MASS FLOW RATE (M)  ——m T

WATER HEIGHT (H) — ——s=MAX. OUTPUT POWER (MP2)
MAX. INPUT POWER (MP1)}—m —-OUTPUT EFFICIENCY (EF2)

The hydraulic turbine model is based on a 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 Equations

EFF3#MCL¥*C23t H

o
I

EFF = 1-(1-EFD)3D/M

where C1, C2 are conversion constants.
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Inputsg
Parameter/Port Descripti Units
M Inlet mass flow rate gal/h
H Height of reservoir above turbine inlet ft
EFD Design pt. turbine efficiency (D = 0.90) -

ND Design pt. mass flow rate (D = 2X1O5) gal/h
M Maximum mass flow rate (D = 3X105) gal/h
EF 1 Input product efficiency -

MP 1 Input maximum discharge rate kw

CK Turbine capacity cost coefficienfl(D = 0,011) -

FO Turbine exponent for cost calculations (D = 0.5) -

RS Angular velocity rpm

X Tdrbine head exponent for cost calculations -
Outputs (D = 0.25)
Variable/Port ‘

cco ~ Turbine cost/year $

EFF Turbine efficiency -

P 2 Output power kw

EF 2 Output product efficiency -

MP 2 Output maximum discharge rate kw

cpP Turbine characteristic parameter . -
Statistics

CPU Maximum CP ' -

CcPL Minimum CP - ‘
PU Maximum output power kw %

D - Default values
1CK = Capital cost (known unit)/((MD#*481.2)3HFQ¥*HIEXH*| | fe expectancy)
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HT

The calculation sequence and default values assume a consfanf‘speed reac—
tion type hydraulic turbine nominal ly rated for 120kw and located 200 ft.
below the reservoir. The equations relating the various physicai parameters
are assumed to be Qalid 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
C1 = 0.377x10~0 —kwh

ft=1b
C2 = 8.3398 |b/gal

A = Cl¥*C2¥H

1) Costs

CCO = CK¥* (MD#*481 .2 )364F pitHiokx

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 Hahdbook", McGraw Hill,
N.Y., 1958, Section 9, p. 207. '

2. ' Carson and Fogleman, "Comparison of Methods for Converting Existing Power
Plants to Pumped Storage Facilities", International Engineering Company,
Inc., 1974.

183
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Calculation Sequence Copt.

3)

4)

5)

6)

7)

184

Output Power

P2 = EFF¥AYM

Product Efficiency

EF2

EF1%EFF

EFM = MM\ —(1-EFD )3MD

Maximum Discharge Rate

MP2 = Min { MPL#EFD, EFM¥A}

Turbine Characteristic Parameter
(1f P2 <0 go to 7)

CP = RSH#SQRT (P2#0.746)/H¥#t#1,25

If CP>100 write DIAGNOSTIC

If M> MW write DIAGNOSTIC

Compute Statistics and Costs

HT
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o
w
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o
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N

1:) ¢

SUBROUTINE HV ENTRY POINT 00030S

STORAGE USED CODEC1) 000430; DATAIO) 00007Ss BLANK COMMON(2)» 0O0OCOO
COMMON BLOCKS

0003 CIMPL 020002
0004 CTINE CO0CO1
ocos csInuL CO0010
0coe €CoSsT gconol

EXTERNAL REFERENCES (BLOCK, NAME)

ooa7? XPRR
0010 SCRY
o011 NsDUS
0012 11029
J013 NLRR3S

STORAGE ASSIGNMENT (BLOCK, TYPE, RELATIVE LOClTION'vNINE)

- 3001} 000073 1000 0C00 000003 1010F 0000 000016 1020F £001 000205 200L
Jeol £gcl113 spoL 0cos R 000000 CCI 0000 R 000001 C1 0oos 000000 DUM
0003 I 000001 ICNTY 0003 I 000000 IMPL 0000 0000S7 INJPS 0004 R 00GOOO TIME

0003 R COCCOD TMAX]

¢o100 is CHY

cCl101 2 SUBROUYINE HYUGCCoEFF 4P EF2yMP2,CPCPULCPL {PUsHsH  EFDyMDyHM
coi0l 3e 1 sEF14MPL,CK,FORS X}

00101 Qs C

20101 S c PURPOSE PERFORMANCE OF A HYDRAULIC TURBIKE

coic1 (24 C

co101 7 C METHOD OFF DESIGN PERFORMANCE 1S ASSUMED PROPORTIONAL TO
C01012 Be c

0c101 9 [ MASS FLOW RATE

col101 10» c

0101 11 C WRITIEN BY Fo 0. MAHONY VERSION 1, MARCH 30 1977
co1G1 129 [ . )

201C1 13 [+ CALL SEOQUENCE

cci101 18 (o ouTPUTS

L0101 15+ C CC - TURBINE COST/YEAR, S

GCc101 16% c EFF - TURBINE EFFICIENCY

oC101 17» C P - OUTPUT POWER, KW

(C1G1 18+ C EF2 - OUTPUT PRODUCT EFFICIENCY

£0101 19» c MP2 = OUTPUT MAXIMUM DISCHARCE RATE, KW

00101 20% ( CP - TURBINL CHARACTERISTIC PARAMETER

00101 21» c CPU = MAXIMUM CP

ocecy co00231 3cot
0C00 R CO00D2 EFM
000S ® 00COO7 THMAX

000000
c0C000
00G000
gecocce
030000
¢coccoo
coccoc
cgcaoo
coooco
0Ca300
000C00
GRIGCG
£oceco
sg0eco
Gococo
gacceeo
000Ca0
ooc2ac
CCciova
coudoo
gaccoo

1H
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20101
co101
€010l
©0191
to101
(c131
celol
coid1
c0101
¢C101
cC101
cC101
00101
uciol
GC101
£o101
c0103
c0104
GQ10%
2010s
£C135
<6107
co110
telyo
c0111
co113
20115
30117
cot2}
co123
oci23
co125
coLr26
£0127
oo127
to130
ud13l
co131
GG131
co132
ro132
go133
C0133
o135
Go136
G0136
2C136
0G136
0140
LC162
{0140
Go1s0
i0lul
20141
G014l
COly

201y

229
23
24s
25
26%
27
28
29
3Ce
31
3
33a»
34
35
369

.37

3ge
39
Q0
41
42
43e
QY
4S5
Q6
47
[ 3.X ]
49»
SCe
Sie
52»
53¢
Sqe
558
S¢n
ST
SR
56e
60s
61
629
610
64
65%
66e
67»
6e»
69¢
15
Tls
12
T2
Tus
75
769
717
78%

c cPL MINIMUR CP
C PU - MAXIMUM OUTPUT POWER, KW

c .

c INPUTS

C M INLET MASS FLOM RATE, GAL/HR

C H HEIGHT OF RESERVOTR AROVE TURBINE INLET, FT
c EFD -~ DESIGN POINT TURBINE EFFICIENCY

c MD DESIGN POINT MASS FLOW RATE, GALZHR

c MM~ MAXIMUM MASS FLOW RATE, GAL/MR

c €EF1 - _INPUT PRODUCT EFFICIENCY

c MP1 ~ INPUT MAXIMUM DISCHARGE RATE

C CK = TURBINE CAPACITY COST COEFFICIENT

c FO =~ TYURBINE EXPONENT FOR COST CALCULATIONS

c RS = ANGULAR VILOCITY, RPM

c x = TURBINE MHEAD EXPONENT FOR COST CALCULATIONS
c

COMMON/CIMPL/ZIMPL,ICNT/CTINE/ TIME /CSIMUL /DUMIT) s THAX /C0OST/ CCI

REAL MP2 M MD MM NP1

c
IFLIMPL.6T.0)GO TO 1GO
c
THAX1-THAXSD,99999
RS =3600.0
c
IFIEFDJ.EQ. +99999)EFD=D.9
IF(MD .EQ. +99999YMD =2,0ES
IF(MM JEQ. +99999)MM =3.0fS5
IFICK JEQ. «999991CK =0,011
IF(FO EQe 499999)F0 =0.5
IF(X JEQ. +999993X =0,25
c
CPL=),.DE10
CPU=0.0
PU =0.0
c
€1 = 3.1481€-6
CC =CKs(MD#4B81.2)9eFOsHesX
c
c , EFFICIENCY
1C0 EFF =1.9
c
IF(M.LE.D.0)60 TO a00
C
EFF=1.C-(1.0-EFD)OMD/M
IF(EFF.LY ,0.6) EFF=0.6
c
c OUTPUT POVER
c
800 P CEFFeMaHeC])
c
c PRODUCT EFFICIENCY
C
EF2EF)SEFF
c
c MAXINUM DISCHARGE RATE
c

EFM SPMe.9999-(1.0~-EFDI*MD

000COo0
4000600
coooco
Gouoog
gaccoc
0206000
000000
goucoo
00G0Ga
cood00
ooccoc
cgoaglco
cogcac
ococac
coceoo

C3GC00.

0oGo00
000200
00500
[asJolofe]]
segcoo
00Cco02
60000S
Qcooos
oocco?
coccie
CoCg21
00G026
£0C033
cacesc
Cocgsagp
000045
cooca?
¢0Las0
goccso
GOGCS1
000053
L0cos3
00C0sS3
000073
CoC073
000074
OCCNT4
000077
0CG134
030104
000104
G3CiCiy
coo113
coo113
500113
c00113
00G117
coct17
000117
Goa117
ooc122

iH



. 000122

MP2=AMINI(MPLISEFD EFK2H*C1) . nee13l
: ’ 00c1318

TURBINE CHARACTERISTIC PARAMETER ' 000131

: 000131

IF(P €. D.0) GO TO 390 : 006142
CP =RS*SORT(P#0.T46) /HS*1,.25 WLIEY
' . COGlus

IF(CP.LT.100.63G0 TO 200 000162
Co00l62

IFLIMPL.EQ.2IVRITE (6,1010)CP coole6S
IFCIMPL.EO.2) ICNTZICNT+1 000176
’ . cocite

IF(H.LT.MM}G0 TO 300 000205
) t2020%
IFCIMPL.EQ.2)WRITE(6,10200 M, too21a
IFCINPL.EQ.2) ICNT=ICNTel u0G222
00G222

IFCINPL.LE 1 DRETURN occ231
£oc231

STATISTICS €00231

-C0D231

CPUZAMAX1I(CPU,CP) 0006237
CPL=AMINI(CPL,CP) L0245
PU SAMAXLI(PU P ) © 000253
. ) &00253
IFCTIME LT THAX])RE TURN _ 600261
00C261

cost 000261

’ €261

€C1=CCI+CC orcoc270
: : coo270
REVURN coc2r3
. £26273

1010 FORMATEIHO,48HHY TURRINE CHARACTERISTIC PARAMCTER OUT OF RANGE ocou27?
1 F12.3) cocu27
1020 FORMATI1HO 4 23HHT INLET MASS FLOW RATE,F12.3 cocu27
1 «3TH GREATER THAN MAXIMUM DESIGN VALUE,F12.3) 00Gu27
c . Q00427
END ' 000427

2-0810v SJ4
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7.16 ADIABATIC HEAT EXCHANGER

STORED ENERGY (EC1,EC2)

}

DISCHARGE MASS FLOA (M3) | o DISCHARGE EFFICIENCY (EFQ)
DISCHARGE INLET TEMP (T3) _| . DISCHARGE EXIT TEMP (TO)
AIR MASS FLOW (M1) — —e= AIR MASS FLOA (M2)

INLET TEMP (T1) —e1  HX  —=EXIT TEMP (T2)

AVBIENT TEMP (TA) — —=MAX. OUTPUT POWER (MP2)
MAX. INPUT POWER (MP1) — o {—=QUTPUT EFFICIENCY (EF2)
INPUT EFFICIENCY (EF1) —er

The purpose of the adiabatic heat exchanger is to 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 adiabatic heat exchanger used in an
underground, constant pressure compressed air energy storage system. The adia-
batic heat exchanger operates in a manner similar to the high temperature
thermal energy storage systems currently conceived for solar thermal power
planfsl. In 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 media and exits to the turbine.

The adiabatic heat exchanger model is based on a two cell storage model. Given

the stored energy in both cells, a linear femperafure profile is computed

1 BEC/EPRI RP 788-1, "Advanced Thermal Energy Storage Systems," November
1976.
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FIGURE 7,16-1 KOUTZ-GLENDENNING ADIABATIC COMPRESSED AIR STORAGE
SCHEME (SINGLE-STAGE HEAT-OF -COMPRESSION STORAGE)
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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-

ture 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 temperature
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 |inear tempera-

ture profile is constructed as shown in Figure 7.16-3.

Basic Equations
ECL = PX — PY = NU % ECL - BE * (EC1 - EC2)
EC2 = (P2 - PX) - (PD - PY) — NUXEC2 + BE % (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
P® - PY = discharging power in cell 2

NU = storage media |eakage constant

BE = storage media mixing constant

BCS 40180-2



CHANGE

MEDIA
TEMPERATURE

™ +

T02
0 El <-——H—-—>5%

ME
ENTHALPY = STORED ENERGY PER UNIT MASS

FIGURE 7.16-2: ENTHALPY-TEMPERATURE DIAGRAM FOR HX

MEDIA TS"\\\\"-\‘T
TEMPERATURE

TS24

CEL; 1 CELL 2

f— L}z—-l-— L/:?—-l‘

TUBE LENGTH

FIGURE 7.16-3: STORAGE TEMPERATURE VERSUS TUBE LENGTH
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lnputs
Parameter/Port Description

NU Storage energy loss coefficient (D = 0.002)

ST Rated storage Hme1

BE Storage energy mixing coefficient (D = 0.0)
To1 Minimum allowable storage temperature (D = 60)
DTO Media temperature swing1 (D = 400)

PD Rated storage thermal power

TEM Maximum al lowable exit temperature (D = 240)
XD Design point fraction of molten media W%ﬁi 0.8)
EF 1 Input product efficiency

MP 1 Maximum input charging rate

CcP1 Storage media heat capacity (D = 2.93X10_4)

H Storage media heat of fusion? (D = 0.0219)

TMT Storage media melt temperature™ (D = 147)

CPF Air heat capacity (D = 7.6X10°°)

KF Air thermal conductivity (D = 1.03x10™%)

MU Air viscosity (D = 0.055)

NT Number of tubes (D = 200)

D Tube diameter (D = 0.03)

L Tube length (D = 4)

DEL Tube half spacing (D = 0.085)

K Storage media thermal conductivity (D = 0.0078)
T 1 ~Inlet air temperature

M 1 Inlet mass flow rate

cM Storage device yearly maintenance cost (D = 0.6)
CSA Storage device capacity cost (D = 50)

csB Storage device energy cost (D = 15.6)

LE Unit life expectancy

D - Default values specified

1 - Design point conditions

2 - Used for phase change media, H = O for sensible heat

HX

Units
th)~1

kw
kwh/ I b °F
kwh/ Ib
G

kwh/ 1b°F
kw/ £t °F
Ib/ ft=h
ft

£t

ft

kw/ f+-OF
%

Ib/h
$/kw
$/kw
$/kwh

years
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inputs
Parameter/Port

M 3
T 3
TA
TSO

Qutputs
Variable/Port

EC1

EC2

M

mp

TS1,TS2

T 2
MA

cco

HF

u

P 2

E1,E2

PM

EF 2
RT

(]

T®

EFQ

Statistics
TSU

TSL

ME

MT

BCS 40180-2

D ription

‘Discharge cycle mass flow rate from storage

Discharge cycle temperature from storage
Ambient temperature

Storage vessel minimum temperature

Degcription

Stored energy (state) for cell 1 (hot side)

Stored energy (state) for cell 2 (cold side)

Outlet mass flow rate (=M1)
Maximum discharge rate

Average temperatures for cells 1 and 2

Air exit temperature

Required storage media mass

Storage device capital cost/year
Convective heat transfer coefficient
Unit thermal conductance

Charge rate into heat exchanger

Energy stored at start and end of melt
Maximum al lowable charge rafe

Output product efficiency

Thermal resistance

Discharge power taken from heat exchanger
Discharge cycle output temperature

Discharge cycle efficiency

Maximum storage temperature
Minimum storage temperature
Maximum stored energy

Maximum exit temperature

Units

kwh
kwh
Ib/hr

kwh/ ft

2

-OF

kwh/ £+ 2-OF

kw
kwh
kw
°F /kw
kw

°F
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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 selection of a phase change medium involves careful con-
sideration of a number of factors [see Reference 1]). The heat exchanger
geometric parameters, i.e., tube 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
application (50 MWNe, 6 hour sforége, average temperature = 786°C), they can

be considered representative until detail design data is available.

1. "Advanced Thermal Energy Storage," BEC/EPRI RP 788-1, July 1976.
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Calculation Seguence

MA = ' PDH#STH#0,5
XD¥#H+CP1#DTD

I 1) Initial Calculations
’
1 CCO® = (CSA+CSBH#ST)#PD/LE

E1l = MAXCP1¥(TMT-TQ1)
E2 = MAX[H+CPL¥(TMT-TR1) ]
T3 = TSO=TA
A = (D¥DEL+DEL¥%2)/5.
RB(1) = D/2, RB(I+1) = SQRT(RB(!]¥#%2+A)
RN(1) = SQRT((RB(I+1)¥¥%24RB(1)%%2)/2)
g b (e
1=1
2) Storage Tempe:?fure {(see Figure 7.16-2)
01+ e
TS = & TMT :
(% - )
TO1 + oL H
where TS =

3) HX Exit Temperature Calculations

M2 = ML
P2 =0
=0

PX

BCS 40180-2

ifE<E

if E € ESE,

.
TS1 and E = EC1 for storage.cell 1 and similarly for cell 2.

HX
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3) Cont.

T2
AT

TS2 - (TS1-TS2)/2

TS1-TS2

]

If ML = 0, GO TO 7)

4) Convective Heat Transfer Coefficien’r1

0.8 0.6
=3 [0‘0215 *\NT * mowp1%0 * KF

5) Thermal Conductance

-1
U= l’ﬁ% + RT ]

UA = UXP|3D#LINT/ (CPF3M13#2)

6) Exit Temperature and Charge Rate (See Equation A2. in Appendix)

TX = T1 - AT -(1. - EXP(-UA))¥(T1 - TS1 -~ AT/2 - AT/UA)
T2 = TX = AT = (1.=-EXP(-UA) )¥(TX - (TS1+TS2)/2-AT/UA)
P2 = ML#CPF3#(T1-T2)

PX = ML#CPF¥*(T1-TX)

7) HY Exit Temperature Calculations

T0 = TS1 + AT/2
P@® = 0.
PY = 0.

If M3 = 0 GO TO 11)

1 Kays, W. M., Convective Heat and Mass Transfer, McGraw Hill, N.Y., 1966,

p. 173.
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8) Convective Heat Transfer Coefficient

0.8 0.6
_ K M3, 4 sﬂ;*fm) )
HFe = J < .oz15*< NT *MU*PI*D) ¥ ( KF

9) Thermal Conductance

Y -1
ue = ( mFro T RT
T
UA = U@HP | #DHLINT/ (CPF#M332)

10) Exit Temperature and Discharge Rate (See Equation A3. in Appendix)

TY = T3 + AT = (1.-EXP(-UA))¥(T3 - TS2 + AT/2 + AT/UA)
T = TY + AT - (1.-EXP(=UA))#(TY - (TS1 + TS2)/2 + AT/UA)
PO = M3*CPF*(Tp-T3)

PY = M3#CPF¥*(TQ-TY)

11) Energy Deposited

EC1 PX - NU % EC1 - PY - BE % (EC1 - EC2)

EéZ (P2-PX) - NU # EC2 - (Pp - PY) + BE¥* (EC1 - EC2)

If T2 2 TEM, WRITE DIAGNOSTIC

12) Maximum Al lowable Mass Flow Rate

| ' : MDM = PD/ (CPF3#DTD)

13) Maximum Allowable Charge Rate

PM = MDM 3 CPF ¥ (T1-TA)
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14) Charging and Discharging Efficlency

EFF = 1

lf T2 > TS EFF=%2%}%Q
EFO = 1

If T3 > Tse EF0=H
MP2 = MIN (MP1, PM) 3 EFF

EF2 = EF1¥%EFF

15) Compute Statistics and Cost Summation
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Appendix: Temperature Equations for a Media with Constant Gradient

Assumptions

1) Constant Gradient Media Temperature:

MEDIA
TEMPERATURE  Ts|.

0 X ——pp- L
TUBE LENGTH
2) Working Fluid Differential Equation:

) u.
Al- —— = e - - <
3x L {TS - Tf) O0< x <L

Main Resylts: Exit temperature in the charging and discharging cycles are

given by
A2. TE(L) = TF(0) + ATS - (1—exp(-UA))*<7f(0)-TSO + AE)
- UA
A3."  TF(0) = TFIL) - ATS - (1-exp(—UA))*(Tf(L)-TSL - _A_,Ig)
: Us

where ATS = TSL - Tso.
Proof: Multiplying Al, by exp(UA-X/L) and recombining terms yields:

AL, % (exptumsxsLy¥Ts) = %“*exp(UA*X/u*TS(X).

Integrating Ad. and subsltuting TS(X) = Tsp + —%—Tﬁ * X ylelds

BCS 40180-2
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X
A5. Tf(X)

Lo

Recombining terms in A5. and letting X=L yields A2. Equation A3.

from A2. by symmetry, i.e., substitute in A2:

T£(0) for Tf(L)
TE(L) for T£(0)
TSL for TSQ

TS@ for TSL.

exp (=UA#X/L)*T £(0) +QA f exp{=UA(x-y)}/L)¥TS(y)dy

exp (~UAXX/L)T£(0) + (1-exp(-UA%X/L))*(TS@® - ATS/UA)

follows
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2-0810% SO9

02

SUSROUTINE #X

ENTRY POINY 001065

STORAGE USED CODE(1) OC1517; DATA(D) 00D143; BLANK COMMON{(2) 000000

COMMON BLOCKS

0003
0004
000S
2006

CIMPL
CTINME

000002
020001

cSIMUL 0DOO1O0

cos7v

ocoeg2

EXVERNAL REFERENCES (BLOCK, NAME)

0007
2010
9011
0012
3013
0014
001S

STORAGE

0301
0001
0009
0003
00C0
00C4
09co

00100
co10l
cc101
co101
Lc101
co101
go101
00101
ccial
£o101
<0101
C0101
celgol
00101
001351
Z0131

D VO-D

SQR1
aL 06
XPRR
£xpP
NwDUS
N1O2%
NLRR3S

ASSIGNMENT (BLOCK, TYPE, RELATIVE LOCATION, NANE)

0C0301
L0637
Giocao
C00001
£o0023
3a0000
£ooc2e

is
2%
3
ML 4
5
(3]
T
8
9
10s
11%
12»
1:e
j14s
15%
16%

io0L 0030 000034 1010F 3001 000S14 200L 0001 000236
JocL 0061 0007184 SCCL 0C00 R 000016 A 0CC6 R DJ0ODO
DELY 0005 CC00J0 DUM 0000 R 000033 EFF 000c R 00GO3C
ICNT 0303 1 COCO00 IMPL 0000 00C107 INJPS 0000 R COGOOO
PX 0C00 R 000027 PY 2000 R COGOO1 RB ¢coco R DOJ007
TInE 0GOS R 00C3OD7 TMAX 0GO3 R CODO1S TMAX] 0C00 R 00CD22
L4 0C00 R 000032 VY 0C00 R 00C024 UA 0C30 R 000031
CHX
SUBROUTINE HXCEC14DEL¢IEL4EC2,DE2,IE2,M2,MP2,T51,T52,T2,MA,
1CCoHF JUPoE1,E2,PM EF2,POyTO,EFO R TSU,TSL MEJMY NU,ST,BE,TO01,0TD
2 oPOSTEM XD, EF 1, MPLoCP o Ho THT o CPF o KF oMU NT Dyl DEL 4K 4T
3 ' oML CM,CSA,CSELLE M3,T3,TA,TSO)
[
c PURPOSE PERFORMANCE OF ADIABATIC HEAY EXCHANGER DURING CHARGE
c
c CYCLE
c
o ME THOD HEAT STORAGE MEDIA ASSUMED TO CONTAIN NO TEMPLRATURE
c
(o GRADIENTS. ENERGY DEPOSITED IS A FUNCTION OF TEMPERATURE
o
c AND THCRMAL CONDUCTANCE
c

2056
cCcl
HFO
MDM

IsC
uo

0001 000264
ocoé 000001
ooce oooo17
0coo conol s
0CSo coco2s
0CcCo cuoc21

DOV =D

¢ooo00
00G0G3
©00G600
cadoco
cogoco
00G200
0Cc000G
Laceoc
g0Gcoo
(o efelelofy)
aoccoo
C0OCZoo
couooc
00GC00
¢oGooo
coaooc

2146
(o) ¢

Pl
TEMP
TSH

XH



14+ 4

2-0810% S24

c0101
00101
co101
C0101
30101
£0121
00101
3c101
(0101
20101
20101
t0101
201901
£0101
001G1
{0131
20101
tc101
€0101
co101
50151
50101
L0101
76101
t0101
£0101
£0101
£0101
cC131
£0101
c0131
$0101
GC1cl
uoiol
€011
L0191
c0101
te1ol
£0101
t9101
20101
00101
uci01
cC101
u6101
ac101
£0131
to10l
L6101
50161
re101
10101
t0101
C0101
50101
6010°
0010

17+ 4
i8» C
19+ C
20 c
21 C
22s [
23¢ C
24 c
25 c
6 C
27 [
‘28% c
299 C
3Ce c
31e o
32 C
33» c
3use Cc
35 (o
30 C
37 c
3B c
.39 c
q0s (o
4l c
42s C
93 c
a4 c
4S» C
Q6% Cc
47 (4
48 c
49 C
S0 c
Sis’ Cc
529 Cc
53 Cc
S4us [
55% c
Sew Cc
57 c
s8¢ C
S9# c
¢Co Cc
61» c
62¢ C
63 c
bus Cc
659% C
669 c
6T c
689 C
69 c
70% c
71 c
T2% [
T3 C

CALL SEOQUENCE

OUTPUTS

EC1
DE1
1E1
£C2
DE 2
1E2
»2
np2
151
12
12
1 d )
ce
HF

EFO

MRITTEN BF F. 0.

STATISTICS

Tsu
TSL
NE

Ny

INPUTS

NU
ST
BE
701
oTD
PD
TEM
X0
EF1
npP1
cP1
H
TMT
CPF
KF
L1

MAHONY VERSION 2, JUNE 1977

STORED ENERGY (STATE ) FOR STORAGE CELL 1, KWMW

ENERGY RATE FOR EC1l, KW
STATUS INDICATOR FOR EC!

STORED ENERGY STATE FOR STORAGE CELL 2, KMH

ENFRGY RATE FOR EC2, KW

STATUS INDICATOR FOR EC2

OUTLET MASS FLOW RATE, LB/HR

MAXTMUM DISCHARGE RATE ALLOWABLE, Ku
STORAGE TEMPERATURE IN CELL 1, DEG F
STORAGE TEMPERATURE IN CELL 2, DE6 F
AIR EXxIT TVTEMPERATURE, DEG F

REQUTIRED SYORAGE KEDIA MASS L€
STORAGE DEVICE CAPITAL COST/YEAR, $

COMVECYIVE HEAT TRANSFER COEFFICIENT, KUH/FT2-F

UNIT THERMAL CONDUCTANCE , KMH/FI2-F
CHARGE RATE OF HEAT EXCHANGER

ENERGY STORED AT STAPT OF MELTY PHASE, KuM
ENERGY STORED AT END OF MELT PHASE, NUH

MAXTMUM ALLOWABLE CHAREE RATE, KW
OUTPUT PRODUCT EFFICIENCY

DISCHARGE POMER TVAKEN FROM HEAT EXCHANGER, KW
DISCHARGE CYCLE QUTPUT TEMPERATURE, DEG F

DISCHARGE CYCLE EFFICIENCY
THERMAL RESISTANCE, DEG F/xW

NAXIMUM STORAGE TEMPERATURE, OEG F
MINIMUM STORAGE TEMPFRATURE, DEG F
MAXIMUM STORED ENERGY, KWH

MAXIMUM EXTITY TEMPERATYURE, 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 VTHERMAL STORAGE POMER, KW

MAXIMUM ALLOWABLE EXTT TEMPERATURE, DEG F
DESIGN POINTYT FRACVION OF MOLTEN MEDIA MASS

INPUT PRODUCTY EFFICIENCY

MAXIMUM INPUT CHARGING RATE

STORAGE MEDIA HEAT CAPRCITY, KWH/LS-F
STORAGE MEDIA HEAT OF FUSION, KWH/LSB
STORAGE MEDIA MELT TEMPERATURE, DEG F
AIR HEAT CAPACITY, KWH/LB-F

AIR THERMAL CONDUCTIVITY, KMH/FT-F
AIR VISCOSITY, LB/FT-HR

~ NUMBER OF H/X TUBES

TUBE DJIAMETER, FT

TUBE LENGTH, FT

TURE HALF SPACING, FT

STORAGF MEDIA THERMAL CONDUCTIVITY

000000
cpoocoo
coococ
coooocC
$0CC0G
Gouooc
sCoelc
000C00
Z2503C
Loudoo
cocooc
coccoo
cCcoDOd
coeccocg
06GCo00
u0G000
a0G60Cco
cegloo
0CL000
000000
900900
cooucoo
00Gg00
ceeaco
coceog
coooco
00G6C00
accooo
05000C
cooooc
G0C000
0CC203
ccooeoo
£0s300
ccocoo
J0o000C
€00009
cocooo
coocao
cccooo
couode
000000
cocooc
cococa
GoocLc
coogoc
coooo0
Co00CC
oogoooe
€C0Go03
no303ce
cogo00
ogocacc
Logance
€0J000
coo000
coooco

XH



2-0810t SJ4

110 4

co101
coilcl
co101
£0101
C0101
~C101
~G191
tg101
ueoliol
coigl
c0131
rcio3
00104
80105
col1c6
t0107
L6167
co111
a0111
00113
Q0o11s
ac11?
o121
oci123
£o12s
c0127
Go131
0C133
€2135
CC137
00141
r0143
col4s
G0147
Go1S1
c0153
t01ss
00157
co1lel
00161
c0153
oCl6y
{0165
CCle6
Cole7?
00170
coi71
cC172
0c173
0C174
co17s
6C176
GC117
00200
002C1
c0202
06202

T8e
75
76
17
78%
798
8ce
8l
82«
83
8ye
85»
66
T
68¢
898
9l
91s
922
93s
94
9S e
96
97
98e
998
100
101#»
1C2e
102
1Cu4 e
105
1C6»
107
108
109
110s
111»
112+»
113»
114
115
116
117+
118=
119+
1239
121
122+
122»
124
125»
120
127
1289
125»
1309

OO OOON

Tl -~ INLET AIR TEMPERATURE, DEG F

Ml - INLET MASS FLOW RATE, LB/HR

CH4 - STORAGE DEVICE YEARLY MAINTENANCE COST SIKH
CSA =~ STORAGE DEVICE CAPACITY COST, S/KM

CS8 - STORAGE DEVICE ENERGY COST, $/KWH

LE <~ UNIT LIFE EXPECTANCY, YEARS

M3 - DISCHARGE CYCLE MASS FLOW RATE FROM CS, LB/NKR
T3 = DISCHARPGE CYCLE TEMPERATURE FROM CS, DEG F

TA = AMBLENT TEMPERATURE, DEG F

TS0 - STORAGE VESSEL MINIMUM TEHPERATURE FROM €S, DEG F

CCHMMON /CIMPL/IMPL JCNT/CTYIME /YINME ICSIHUlIDUHlT)o?PﬁX

COMMON /COS

17 CCI,Cv]

REAL M3,MOM NUM2 HP2 HASMENT,HP], HU.NY.HI.LE KF 4K oL
OIFENSION RRL6) RNIS)
DATA P1/3.141597

IFLINPL.GT,

IFINU .fQ.
IF(eL .EQ.
IFITO01.EQ.
IFLDID.EQ.
IFLTEM.EQ.
IFLCPl.EQ,
IFtn  .EQ.
1FtxD .£Q.
IFLTIMT.EQ.
IF(CPF.EQ.
IF(RF .EQ.
IFtmMu .EQ.
IFI(NT .EG.
IF(D .t0.
IF¢L .to.
IFLOEL.EQ.
IFtK  .£Q.
IFLCH EQ.
IFLCSA.EQ.
IF(Csh.EQ.

TSL=1.0E8
PO=0.0
¥SU=0.0
HE=Q0.C
MT=C.0
#3-0.0
TI=TA
7S0=1a

0)GO TO 100

«99999)INU =0.002
«99999)8F = 0.0
«999991701-60.0
«99999)0T0=4N0.0
«999993TEM=240,0
e99999ICP1=2.93E~4
«99999)H =2,188E-2
«999993XD =0.8
«999991THY=147,0
299999 ICPF=T7.6E~S
«99999IKF =1,03E~%
+99999)IM15) =0.055
»99999)INT =209.0
«9999910 =3.0F-2
«99999)L =4,0
«99999 1DEL =8.5€-2
+99999)1K =7.8E~3
«99999)ICH =C.6
«9999931CSA=S5D.0
«99999)CSB=15.6

MA ZPDs[.S*ST/{XDeH+CP1#DTD)
CC ZUICSASCSBeSTISPD/LE

CHM= CMsPD
€1 -—MAeCP1ls

(TMT-TO 1)

€2 =MASLHOCPI*(THT-TO1))

TEAX]IZTHMAXS

T7.99999

A CU(PsDEL+DEL®*2}) /5,0

000000
000000
npeoec
ecoooc
coooac
c0C000
e0co000
¢Co000
[defvialeln)
400000
pooooo
200Qco
0ococo
¢caoo0o
0000GO
000o0no0
300000
coacGo
¢Co000
GoGeo2
000007
Louo1 3
LC0029
coocas
0cun32
000037
GOUQouY
LG03s51
cacese
c0CCe6
€co0073
cogclog

0105

Goo112
goo117
COLI24
C0G13)
C0G136
C0C14a3
CD0143
02G1s50
GCO152
€0G153
000154
000155
CCO1S6
Gocis?
£3G160
C00162
c00163
c0o017s
CDu203
£00206
c0G211
cec2le
u0g221
cec221




00202
00232
00203
pcai3
0C204
60207
00210
00210
00212
0Gc212
00213
CC216
co216
co0220
00220
ac222
00220
gc221
00221
gra22
00224
00226
c0227
05231
coz23
00233
09234
ceca3s
0C23s
0C236
00237
00240
GC241
02242
gc242
C0243
00243
go2a3
Goz43
egcau4s
CG24a5
c02as
C0245S

co2ue

cozu7
60250
00251
002%1
00251
ge2si
06252
00253
C0zs3
€0253
GC25~
002s

0025

¢-0810t SJ4

131%
132#
133s
13us
1359
1362
1372
138
1392
1400
141
142

1430

lua s
145%
14¢4¢
147»
1489
149
1509
151
1529
153
1549
1559
1569
1572
1582
159%
16Ce
161s
162
163%
164
165%
10L%
1679
168%
169»
17Cse
171
172
173
174
175%
176
171
178
1790%
18Cse
181%
182+
183%
18 43
1859
1869
187%

(2 2 2 o BN o ] (2]

"

(s NaNsl (e NeNs) [aNa X TN 5 ]

a0

2C

30

100

CORPUTE THERKAL RESISTANCE OF MEDIA
RBE11:=D/2.0

00 20 1=1,5
RBUIS1)-SQRTERB (I I®*22A)
RNCII=SQRT((RBII*2)¢s2+RBII)X#2)/2,0)

R=0D.0

DO 30 I=1,.8
R=ReALOGERNEI+1)I/RNEI D)

R=RoD/2.0/K
STORAGE TEMPERATURES
7Si=1vMy
IFSECL1.LT.FID TS1= TOle ECLl/7¢MARCPL)
IFLEC]1.GTE2} VS1= TO1e (EC1/MA - HI/CP}
TS2-TImMT
IFUEC2.LT.E137S2= V019 E£C2/7(nA®CP1).
IFCEC2.6T.E2) TS2= TOls (EC2/8A - HI/CPI1
DELY=- TS1 - ¥S2
TSH= TS19o +SsDELY
TSC= 1S2 - »SeDELY
T2z TSC
H2=M}
P =0.0
PX=0.C
US1.0/R
IF(M1.LT.0.001)60 Y0 200
CONVECTIVE HEAT TRANSFER COEFFICIENT
HF =KF/D*€0.0215¢{H1/NTVS4,0/HU/PI/D)#20 ., 8¢(CPFENU/KFI*20.6)
UNIT THERMAL CONOUCTANCE
U = 1.0781.0/HF 2R}
UAS USPIeDILINT/(MiIeCPF92,.)
TEMPZ DELT/ZUA
UAZ 1. - EXP(-UA)Y
EXIT TEMPERATURE

IX= T1 - DELY - UAS{T)-TSH-TEHP)
T2= 1X~= DELT = UA®{TX-(TS1+TS2)%.,5-TENP)

CHARGE RATE

P TH12CPF2(T1-T12)
PX = M1eCPFelT1-TX}

000221
600221
€0623C
00C230
065236
£0C236
600245
00C24 S
€00263
C0C263
cCco264
000264
LDG264
€0027+
00G274
c00274
000274
c00301
020301
C00302
€50315
c00327
006331
006341
oCG3a1
coC3s3
000356
009362
6C0362
000365
000366
co00370
6CO371
C0G372
600372
00037S
000375
000375
U0037S
C00400
00G400
00CuaG
ceouce
Gnou32
LAY
000452
00045S
o0C4SS
GOO45S
LOCuss
coCu463
000473
00Cu73
000473
coce?3
COUSD4
£CoSa7?

AH



o o]

(g9 ]

w

= 00255 188 c . 000507

S 0G255 189+ c HY EXIT TEMPERATURE CALCULATIONS £00507

— 00255 19Ce c G0GS07

P 00256 1919 200 TO = TSH CO0S14

i 06257 102+ PO =0.0 : C00515

™ cc260 193¢ PY=0.0 c00S516
002¢1 194 IF(M3.LT. «DO12GO TO 390 cC0S17
ocoe6l 195 Cc cCGS17
05261 1960 ¢ CONVECTIVE HEAY TRANSFER COCFFICIENT c0DS17
CCz2el 197» C ocos17
00263 1989 HFO =KF/0¢(0.0215¢{M3/NT$8.0/MU/PI/D)*¢0.084(CPFONU/KFI*20.6) occs23
0063 1950 c . 000523
00203 209G ¢ UNIT THERMAL CONDUCTANCE 00523
£o0ze63 201e c £0L523
00264 2u2e UOS1.0/01.0/HFO+R) Co05SS
0265 203e UAZ UOsPI4DSLONT/(H3SCPFe2,) €00563
o0cree 2Gae TEMP= DELTZUA 00US75
0267 205 “UAZ EXPL(-UA) - 1. 600600
00267 2069 c £0066C
00267 227e c EXIT TEMPERATURE AND DISCHARGE RATE 00060C
00467 2C8e c ‘ £0069G
0C279 205e TYS T3¢ DELTe UASU{T3-TSCeTEMP) C00606
o027 210+ TOS TYe DELT ¢ UASCTY=(TS1+TSZ)*.SeTENP) t0Cs16
nca212 211 PO =n3eCPF$1T0-13) : £00627
00273 212 PY= M3SCPF#(T0-TY) 00G632
00273 213 c ' CCU632
00273 214 ¢ ENERGY DEPOSITED CCO0632
00273 215 c . C00632
c02713 216 . ¢ _ £00632
00274 217 330 IFCIE1.NE;0) DEI= PX- PY -NU¢EC1 ~BE#(EC1-EC2) 000637
coz7e 21ee IFCIE2.NE+3) DE2= P-PX - (PO-PY) -NUSEC2 +BES(EC1-EC2) 00653
00276 Z15e c c0065 3
£0333 z2Ce IF (T2.LT.TEM) 60 TO SO0 . C00667
00300 221 c C0G667
€032 2220 © IFLIMPL.EQ.2)WRITEL6,10100T2, TEM 500673
£o307 223 IFUIMPL.EQG.23 ICNT-ICNT+} 6Co795
00307 224e c £0c70%
o327 225 c MAXIMUM ALLOMABLE CHARGE AND FLOW RATES 600705
cni07 226 c : : GCD705
00311 2279 500 MDR= PO/ (CPF#DTD) C00714
GC311 228 ¢ 000714
00312 229+ PM ZMDNECPF#{T1~TA) £0072¢
00312 230 c ' poo72c
LC312 231 c CHARGING AND DISCHARGING EFFICIENCY _ 660720
00312 232¢ c ' c06720
00313 233e EFF=1.0 000726
00313 2348 c 000726
20314 235 IFUT2.6E.TSO)EFF=(T2-TS0)/CT1~TA) £oo73e
£0314 236 c 00GL73C
G316 237 EFO =1.0 Lou74c
co3ls 23R8 c : COGT40
£o317 239+ IFCT3.GT.TSOIEFO=(TO~TAIZLT3-TSO) £o0TN2

N L0317 240 c 00742

S £es21 241 MP2ZAMINICHP] ,PH)SEFF COG754
G0 321 2420 c cO0754
0c322 243 EF2=ET1EFF : £00763

00322 - 244 C . L0063



00322 2use c 000763
30322 246 c STATISTICS C00763
00322 2470 c c00763
00323 2uge IFCIMPL.LE. 1IRETURN 000766
00323 249 c , 0cov66
50325 250 TSU =AMAX1(TSU,TS1) c0G77S
00326 251" TSL ZAMINICTSL,TS2) 501003
00327 252 PE = AMAX1(ME, CCI+EC2) c01011
60332 2539 HT  SANAXIUMT ,T2) €C1920
cC339 254 c coio2¢
n0331 255 . IFCTIME.LT.THAX1IRETURN 001026
c2331 256 c ’ 501026
co333 257e CCI =cCIecC co103s
0C334 256 CHIZCHMIeCH L0104C
05335 259 CH= CM/PD 001043
co33s 260 c C01043
00336 261 RFETURN ' 601046
00336 262 c c01046
00337 263% 1010 FORMAT(IHD,22HHX  EXIY TEMPERATURE ,F12.3 001516
60337 2640 1 +35H  GREATER THAN MAXIMUM ALLOVABLE oF12.3) CO1516
06337 26S5e c 001516
00342 26¢s END co1s16

¢-0810% SJd




7.17 ADIABATIC HEAT EXCHANGER - DISCHARGING CYCLE

MASS FLOW RATE (M1)
HX EXIT TEMP. (T0)

HX EFFICIENCY (EF®)

i MAX. INPUT POWER (MP1)—3

| INPUT POMER (P1)

=
—3
—]

—

HY

—==MASS FLOW RATE (M2)
—s=EXIT TEMPERATURE (T)

—=>-DISCHARGE POWER (P)
—a-MAX. OUTPUT POWER (MP2)

. |—s=-OUTPUT EFFICIENCY (EF2)

HY is the discharge ¢ycle complement to HX. All the calculations to obtain

the exit temperature and heat exchange power deposited or withdrawn are done

in HX. The results are then passed to HY for summary.

BCS 40180-2
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Inputs

Parameter/Port
M 1
TO

P 1
EFo

MP 1
Outputs
Variable/Port
M 2
T

P 2
me

EF

Statistics
TL
TU
SP

Description
Air mass flow rate from storage
Exit temperature from HX
Discharge power from storage
Discharge cycle efficiency from HX

Maximum power from storage

Exit air mass flow rate (=M1)
Exit temperature (=T@)
Discharge power

Maximum discharge power

Output product efficiency

Minimum exit temperature
Maximum exit temperature

Total energy discharged

Calculation Sequence

1) M2 =M
T =70
MP2 = MPL¥EFQ
EF2 = EFD
P2 = PL¥EFO

2) Compute Statistics

Units
tb/ hr

kw

kw

Ib/hr

kw

kw
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[e~]
o
w
£
o
—
x
?
~N

SUBROUTINE MY

EMTRY POINY 000064

STORAGE USED CODEC13 GCOQ13S; DAVACOD ODOO1I7: BLANK COMHONI2) 000000

Comnnon BLOCKS

o003
2004

cIrPL

000601
CSINMUL 000007

EXTVERNAL REFERENCES (BLOCHKH, WAMED

2005

NERR3S

STORAGE ASSIGNHENTY

3001

00100
goi0l
00101
c01G1
co101
0101
L0101
70101
ocio1
oC101
{01a1
o101
50101
cc101

20101

33101
£0101
c0101
co101
cC101
G010l
{0101
{e1ol
C01C}
tc1d1
£0101
colci
ucladl
oc101
oci101

oCcoo007 100L

13
2¢
39
a8
3]
6%
79
8e
9
1C¢
119
12»
13+
14
15%
16%
17%
186¢
19%
20%
21%
22¢
2313
24
2¢3%
26¢
27e
28#
29%
3090

CHY

AN OO NOONANOOOADND

1BLOCK, TVPE, RELAVTIVE LOCATION, NAKE)

0004

000000 DUM 0003 T .000000 IWPL 0000 000002 INJPS 0004 R 000006 TINC
cooooo
SUBROUTINE HYIN2,T P2 MP2,EF2 ;TLTUSSPoH1,TO,P1,EFO,MP]) 000000
) co0000
PURPOSE PERFORMANCE OF ADIABAYIC HEAT EXCHANGER DURING DISCHARGE €0oo000
: £o0eoc
CYCLE c0L0oo0
oococo
HETHOD CONMPUTE EXIT CONDITIONS USING6 HEAT EXCHANGER STATE coo0ac
: CCca030
DETERMINED IN HX 0coZco
0000320
WRITEN By Fo 0. MAHONY VERSION 1, MARCH 27 1977 poorce
cooocce
CALL SEQUENCE coooce
OUTPUTS 0DG0OG
M2 - EXIT AIR HMASS FLOH RATE (=M1), LB/HR cgcocc
T ~ EXIT TVEMPERATURE (=70}, DEG F gouoocC
P2 =~ TOTAL DISCHARGE POWER, KU coucao
MP2 - HAXIMUM DISCHARGE POWER, KW 0oGCoo
EF2 - OUTPUT PRODUCY EFFICIENCY 00c00C
000Ccco
SYATISTICS Leecoo
TL = MINIMUM EXIT TEMPEPATURE, DEG F GOGGo0
TU = MAXIMUM EXIT TEMPERATURE, DEG F Loodeo
SP - TOTAL ENERGY DISCHARGED, KWH G00CoC
CGCOGC
INPUTS . coccoa
M1 -~ AIR MASS FLOW RATE FROM STORACE, LB/HR Jccaco
T0 - E<IT TEMPERATURE FROM HX, DEG F goocec
Pl = DISCHARGE POMZR FROM STORAGE, Ku cooo00




owe

¢-0810% S24

co101
ceciol
oC101
£0103
00103
coiCy
00104
70135
00105
0107
o010
u0110
00111
co112
00113
Co1l4
C011S
co11é
ool1e6
03117
co117
w0121
co122
00122
cli1as
o123
co124
col2s

Jl»
32
33»
34
3Se
36
37
3Ese
399
4Ce
41s
42s
W3e

4.

4S5e
a6e
qQ7»
Qe
§ 48
SCse
Sis
52¢
53

548

55
S6s
STe
S8

(2] (o] (o} [aXaNal

100

EFO0 ~ DISCHARGE CYCLE EFFICIENCY
MP1 =~ MAXIMUM POWER FROM STORAGE, XKW

COMMON /CIMPL/IMPL /CSIMUL/DUMLG),TINC
REAL M2,MP2 H]1,MP]

IFLINPL.GT.0060 TO 100

TU =G.0
SP =0.0
TL =1.0E10
M2 =M}
T =70
P2 SPI1%EFO

MP2=MPl*EFO

"EFQTEFO

IFLIMPL.LE.1)RETURN

TL AMINIITL T )
TU SANAXIITU ,T )

SP =SP ¢P28TINC/2.0

RETURN
CND

00Go00
CoCcao0c
£o6000
q0C3aGC

-g¢oaecge

000000
cacesce
306000
poccoo
ceaooon2
GCO0CO3
soo0c03
000C04
Gococe?
C0GO1GC
pouo12
ogoo1s
cogcae
gcecoz0
coce22
ocaogc22
goc23)
00Ga37
coco3?
00C04S
GCCO4 s
coC0s52
00C134




7.18 INTEGRATOR WITH SATURATION

IT

AMA
GKL
FIN 1 FO
" S
GKL
AMI
loputs
Parameter/Port , Descripti
FIN Input
GKl Integration gain
GKL Saturation limiter gain
AMA _ Upper |imit of output (Default = 1036)
AMI Lower |imit of output (Default = —1036)
Outputs )
Fo Output (state)
Calculation Seguence
FO = GKI3% [ FIN-GKL¥*(FO-AMA) ] if FQ > AMA

FO@ = GKI * FIN

FO = GKI¥ [ FIN-GKL*(FO-AMI) ]

BCS 40180-2

if AMI SFQ SAMA

if FO <AMI
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SUBROUTINE IT ENTRY POINT DOOOS1}
STORAGE USED CODEt3) C00067; DATALO) 000007; BLANK COMMON(2) 000000

EXTERNAL REFERENCES ¢BLOCK, NAME)

0003 NEPR3S

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

0000 R 00DOOO EPS 0000 000003 INJPS

00100 1+ c1vY 006000

00101 2e SUBROUTINE IT(FO.FODOT,IFO,FIN,GKIEKL,ANA,ANT) 900000

Gd101 3 C VERSION 2. REVISED OCT 8 1976 €0c000

. 56101 as c 000000
40101 se C PURPOSE - SIMULATION OF AN INTEGRATOR WITH SATURATION 0CCOGG

<0101 6 ¢ £ccooo

10101 Te ¢ CoC00G

co101 be € NEYHOD - SEE CODING 0060GO

c0101 9 4 006000

£0101 109 c cocooo

€o101 11+ C LIMITATIONS - EXCESSIVELY MIGH VALUES OF GKL MAY RESULT IN POOR Gocooo

6101 12+ c STEADY STATE CONVERGENCE cCocoo

00101 139 c 000000

ceiol 1ue ' cocoos

sc1o1 159 C WRITIEN BY =~ ADAN LLOYD LATEST REVISION - NOV 75 €00000

€G101 169 c coocoo

ceio1 117 c coco00

50101 16¢ € INPUT/OUTPUT LIST . ccooeo

00101 19¢ c c00000

n0101 20 c Fo INTEGRATOR OUTPUT ANY OUTPUT STATE 00co00

uG1el 21e t fopoT OUTPUT DERIVATIVE ANY OUTPUT DERIV GeCeac

€010} 22+ c 1Ifo INTEGRATOR CONTROL -—- PROGRAM VAR £00000

T0101 234 C FIN FUNCTION INPUT ANY INPUT VAR cacoo0o

00101 24» €  GKI INTEGRATOR GAIN ANY INPUT  PARAM £cu000

coicl 25+ € GKL DERIVAYIVE LINITER GAIN ANY INPUT - PARAN. 000000

= 30101 26+ C AMA UPPER LIMIT OF OUTPUT ANY INPUT  PARAM 30C000
»n o010t 27 c WHERE DERIV. LIMITER STARTS GoGCa0
e "0101 28+ € AMI LOWER LIMIT OF OUTPUT . ANY INPUT  PARAM v0C000
o C6101 29 c WHERE DERIV. LIMITER STARTS uoccog
o 00123 3Ce EPSFIN Loocon
= £0103 31e € wmemmmmeeme- PROVIDE DEFAULTS THAY ELLIMINATE SATURATION 000000
o 00104 32 IFUAMA.ED,.99999)AHAZL.£36 GCooc1
5017 33 IFCANILEQ..999991ANI=-1,E36 coccos

001! 34¢ IF(FO.GT.ANAIEPS = FIN - GKL® (FO-AMA) 005013

n01) 35 JFEFOTY.AMIIEPS = FIN - GKL®(FO-AMI} voco24
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00114
o116
0117

368
37»
38

IF(IFO.NE.QIFODOT=GKIEPS
RETURN ‘
END

000035
000082
000066




7.19 DC-AC INVERTER

N

DC POWER (P1) E—
INPUT MAX. POWER (MP1)— g

[— AC POWER (P2)
~—® OUTPUT EFFICIENCY (EF2)

|- OUTPUT MAX. POMER (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.

' INVERTER
vDC

TRANSFORMER

L]

JE]

L

"p— E——

- FIGURE 7.19 INVERTER FUNCTIONAL DIAGRAM

BCS 40180-2




lnputs
Parameter/Port

P 1
RT

vDC

DI

RI

RAP

EF 1
ne

cc

Ou s
Variagble/Port
P 2
iDC

PL

EF

MP

Description
DC input power
Transformer resistance (D = 0)
Rated DC voltage (D = 100)
Inverter confact potential (D = 0)
Inverter resfsfancé (D = 0.005})
Rated input power
Input product efficiency
Maximum input power

Inverter cost/year

AC output power

DC input current

Power loss

Output product efficiency

Maximum output power

D - Default values supplied.

BCS 40180-2

IV

kw
ohms
voifs‘
volts
ohms

kw

kw

kw
amps

kw

kw

as
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Calculation Sequence

lf PL €0, P2=1IDC=PL=0, EFF =1 and go to 3)

1) Input and output current
IDC = P1%#1000/VDC
IAC = Vé*IDC/T

2) Power loss and output power
PL = (IDCHDI4RI*IDC) + VI*RT#*IACZ)/1000
P2 = PL - PL
EFF = P2/P1

p2<0 [ Diagnostic, EFF =1

3) Efficiency and maximum power

EF2 = EF1¥EFF

MP2

MIN(MPL, RAP)*EFF

4) Compute Costs

BCS 40180-2




Al

(2o
O
w
>
o
—
3
;o SUBROUTINE IV ENTRY POINY 0O017S
STORAGE USFD CODE€1) 000261; DATACD) 0000865 BLANK COMMON{2) CO000D
COMMON DLOCKS
goos clnPtL COOCO2
0034 CIIME D00JD1
0205 CsINUL CO0210
00GC6 coSsSY Goooo1l
EXTERNAL REFERENCES (BLOCK, NAME)
onro? SQRY
colo tNDUS
3011 N1O2s
Qo112 NLCRR3S
STORAGE ASSIGNMENT (BLOCK, TYPE, RELATIVE LOCATVION, NAME)
0001 0Gs03G 100L 0001 000C&7 200L 3000 000008 208F 0001 000145 &400L 0C06 R 000pOO CCI
2065 oLeoo0 DuUM 0200 R 000003 EFF 0000 R 0O0CO0O0 IAC 0003 I 000001 ICNT C003 1 J00GG0 IMPL
3060 0C0034 INJPS 0000 R 020001 PY 0C04 R 00CQO00 TIME 0005 R 0J00CT TMAX 0C0O0 R COCO02 yMAxl
co100 1s cry ’ coocoo
0101 2% SUBROUTINE IV(P2,1DC,PL ,EF2,MP2,P1,RT,VDC,DI ,RI,RAP,EF1,MP1,CC) cocoao
coi1c01 3 C . coo0G0
co101 4 C PURPOSE SOLID STATE INVERTER/TRANSFORMER MOOEL cocod0
C0101 S» Cc CooGoo
t0101 (X C . RETHOD COMPUTE AC POWER AS A FUNCTION OF 0Lo00
vQl01 T C INPUT DC POMER GCooo0
colol a» C 0c0oo00Q
co0101 9 [of NRITTEN BY Y,.K.CHAN VERSION 1, JUNE 2, L977 0C0000
cCci01 1Cs C ) gcooeco
0o1C1 11% c CALL SEOUENCE 636000
£0101 129 C OUTPUTS 006000
co101 13 c P2 -=AC OUTPUT POMNER, KM 00GOND
co101 1y c I0DC -DC INPUT CURRENT, AMPS c0C300
co101 15+ C PL ~POMER LOSS, K¥ £OLCOoC
co191 16 Cc £EF2 -O0UTPUT POWER CFfICIENCY gccoao
co101 179 Cc MP2 -MAXIMUH OUTPUT POWER, KXY CCcocao
opiol 188 [ INPUTS ooceoo
00101 19 [ Pl ~-DC INPUTY POVWER, KW cocaoo
ai o101 20» C RT <~TRANSFORMER RESISTANCE, OHMS ¢GCcac
~J o131 219 C VOC ~-RATED DC VOLTAGE, VOLTS googcoce
u0101 22» c 01 ~INVERTER CONTACT POTENTIAL, VOLTS uouooe
£o101 23% Cc RI ~INVERTER RESISTANCE, OHMS CO0020
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c0101
co101
colol
£0131
o101
¢o103
0104
I01GS
oe10s
<0107
cc111
o113
co11s
couz?
ro121
c0i21
<0121
co121
fo122
GOo124
G0125
roi1ze
coi27?

DC134G .

co131

00132 -

or133
00133
00133
G0133
00134
CO0135
C0136
20136
L0136
00136
90137
G014
3G141
Go142
oC142
00144
20145
50146
c0153
30153
ccisa
00156
00156
c01s7
00161
0163
C0164
30165

240
25
260

27

289
29
3G
3le
32
33
349
35s
368
37s
3t
39
4Ce
4le
42s»
43
44
45 e
46
47

aBe

49
50%
Sls
52¢
53%
sS4
55
5¢0s
STs
588
59s
6 (%
61
62%
63¢
640
6Ss
6 ¢
6Ts
6Ew
69
70
T1s
T2
13
Tne
5%
76%
T

OO 6OH

[s N o Nl

ao0n

o000

100

200

208

400

RAP -RATED OUTPUY POWER, KW
EF1 =-INPUY PRODUCT EFFICIENCY
MP1 -MAXIMUM INPUY POWER, KM
CC -INVERTER COST/YEAR

COMMON /CIMPL/IMPL ,TCNT/CTINME/TINEZCSTMUL/DUMNIT), THAX/COST/CCI

REAL IDC,MP2,MP1,IAC
DATA P1/73.1481597

TIFLIKPL.GT.0) GO TO 100
FF(RTEQ..99999)IRT=C,
IF(VDC.E0,..99992)VDC=190,
IF(D1.E0..99999101=0.
IFIRI.EQ..99999)RI=,005
TPAX1-TRAX®.99999

COMPUTE INPUT AND OUTPUT CURRENT

IF(P1.67.0.)60 TO 200
P2=0.

1pc=0.

PL=0.

FF2-EF1
FP2ZAMINL(MP1,RAP)
60 10 40C ’
JOC=P1+1000./7VDC
IAC=SORT(6.)%IDC/P]

PONER LOSS AND QUTPUT POVER

PLZCIDC*(DI*RISIDCI*SQRT(3.)*RTHIAC*IAC)/1000-
P2=P1-PL
EFF=p2/P1

EFFICIENCY AND MAXIMUM POVER

EF2ZEFISEFF
MP2=AMIN] {MP] ,RAP)
MP2=MP2+EFF
IFIP2.6T.0.2G0 70 400

EF2<EF]

HP2ZAMIN]L (MP],RAP)

TFIIMPLLEQL.2IMRITE(6,208)PL,P1

FORMATIIHG, 14HIV POVWER LOSS ,F12.3,21H EXCEEDS INPUT POWER
128H CHECK RATED DC VOLTAGE vVDC )

IFCIMPLLEQ.2YICNTZICNT+}

P2z0.

IFCINPL.LEL1IRETURN
IFLTIME LT THAXIDIRE TURN
CCI=CCl+CC

RETURN

EnD

wF12.3,

000000
00L00C
00300
CGLa00
£00900
ocoooce
£0G09C
£0C000
006CO00
€0000¢
206002
CaLeGe
copo13
£0CO017
Coco2y
coce2s
L00024
0C002%
G00C3C
600932
000033
0OLO3Y
coco3s
000037
GCOO04S
GOCO4?
COLGS2
300052
C0G0S52
£0C0S 2
CoC06C
60CO07S
060077
Co0077
£0coT7
006077
£00101
£0C103
coo111
co0114
co0114
ceei?
000121
500123
G0C135
0cc13s
£00135
C0G143
03C143
C6L145
£0C153
006162
00C16S
c0026C




7.20 FIRST ORDER LAG

FO

FIN GAI
=t 0 emesseememmes
TCH +1
Inputs .
"Parameter/P Ef Description
FIN Input quantity
GAl Gain
TC Time constanf1 {hours)
F@ Output variable (sfafé)
Calculation Sequence

FO =.(GAl * FIN - FR)/TC
NOTE: d.¢. gain = GAl; time constant = TC

infinite frequency gain = 0

pole location = ?é rad/sec.

1 ¢ 1c =0, then FO = FINXGAI

BCS 40180-2
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SUBROUTIAE LA ENTRY POINT 000026

STORAGE USED CODE (1) 0DOOAS; DATACO) 000010; BLANK COMMON(2) 000C0O
COMMON BLOCKS

o003 cI1o 000003

EXTERNAL REFERENCES (BLOCK, NAME)

0008 NERR3S

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

0201  €CCO10 10t 0003 000002 IDIAG 0000 000000 INJPS 0003 000000 IREAD
©0100 1e cLA
00101 2 SUBROUTINE LACFO,FODOT,IFO,FINsGAT,TC)
c0101 3e c
c0191 ae C PURPOSE - TO SIMULATE FIRST ORDER LAG Fo Al
t0101 Se c ceee I ceemccecneo
c0101 6s c FIN t1.4TCeS)
£C101 e c
00101 8e c
u0101 9e C METHOD - SEE CODING
00101 10 c
60101 11+ c
cci01 12¢ C WRITTIEN BY =  ADAM LLOYD LATEST REVISION NOV TS
Lo101 13¢ c
20101 14 c
cc101 154 C  INPUT/OUTPUT LIST
€0131  ~ les c
ac101 17 € Fo TRANSFER FUNCTION OUTPUT ANY OUTPUT STATE
co101 18¢ ¢ FobDot TRANSFER FUNCTION OUTPUT DERIV. aNY OUTPUT STATE
20101 19+ c IFo INTCGERATOR CONTROL -— PROGRAM VAR
50101 2Ce c FIN TRANSFER FUNCTION INPUT WY INPUT VAR
c0101 21 € GAI TRANSFER FUNCTION GAIN --- INPUT  PARAM
{c101 229 c Tc TIME CONSTANT SECs INPUT  PARAM
00103 22 COMMON/C10/ IREAD, INRITE ,JDIAG
0C1G4 240 IF(TC.NELC.) GO TO 10
c0106 258 FO= GAI*FIN
00107 26 RE TURN
50110 27 10 IF(IFO.NE.O) FODOT=(GAISFIN-FO)/TC
L0112 28e RETURN
co1rz 25e £HD

ocos €o0001 JURITE

cooooo
coG000
cocooo
000003
000000
ogucoo
ceonco
cogooe
£acood
coooog
03C000
006004
¢20000
cecrooc
€o00G09
60G00¢
onccco
o efelele]s]
00C000
Loeeco
coGcCo0
0eGoo0
ceceoo
0ccooe
coceol
0C3004
€00010
coaoo1e
000044

A



7.21 LEAD LAG

FO

FIN N GAH(TCIHS + 1)

TC2¥s +1

inputs

Parameter/Port Descripti

FIN Input quantity

TC1 Numerator time constant (hours)

TC2 Denominator time constant (hours)

GAl Gain '

Outputs

Variable/Port

X1 Intermediate quantity (state)

FO Ouftput quantity (variable) :

Calculation Sequence

NOTE:

BCS 40180-2

Fo (X1 + FINX¥TCL¥GAl)/TC2

X1

GAI#FIN-FO
d.c. gain = GAl

P . _ GAIXTC]
infinite gain Tco

zero location 1’ rad/sec

T TC

pole location = > » rad/sec

T TC




Tz

2-0810¢% SJ9

SUBROUTINE LL ENTRY POINT 000022

STORAGE USED CODE¢1) 000031; DATA(O) 000004; BLANK COMMON(2) DO0OOOGO
COMMON RLOCKS

0003 cio 000003

EXTERNAL REFERENCES (BLOCK, NAME)

0034 NERR3S

STORAGE ASSIGNMENT (BLOCK, TYPE, RELAYIVE LOCATION, NANME)

0003 500C02 1DIAG 0003 000000 INJPS 0003 000000 IREAD 0003 000003 IWRITE
0100 1» e c00000
coi01 2% SUBROUTINE LL(X1sX200V,IX2,FO,FIN,TC1,TC2,6A1) 000000
¢cio1 3e c ‘ 0C0000
£0101 4 C PURPOSE - YO SIMULATE LEAD LAG TRANSFER FUNCTION : e o] [s] A
cc101 5 c ’ 000000
ocio1l 6* c FO  GAI*(1.47C1sS) 0cC06a
roick 7s c cecee T ccmmcnmcccccanan 230C000
c0101 8 (o FIN (1.¢7C2%S) cococo
L0101 9e ¢ : secoed
00101 10+ c 53C000
50101 11 € MWETHOD <~ SELF EXPLANATORY 0cu000
0101 129 c . ‘ £Cceoo
£0101 13w c 000000
0101 14e C LIMITAVIONS -  NONE ) 0ocoo0
Go101 15% c ‘ ) c0G006
tc101 169 c 000000
20101 17 € MRITYEN BY <=  ADAM LLOYD LATEST REVISION NOV 75 oceodd
o101 18w c COC00G
00101 19 c uacooo
001C1 208 C  INPUT/OUTPUT LIST : G00OGG
c0101 21 c . CCoooo
0101 22» ¢t  x1 STATE VARIABLE ANY OUTPUT STATE c0cCoo
00101 230 € x1007 STATE VARIABLE DERIVATIVE ANY OUTPUT STATE €0Cccoo
c0101 24 c Ixi INTEGRATOR CONTROL - PROGRAM VAR coopou
£0101 25w € Fo TRANSFER FUNCTION OUTPUT ANY OUTPUT VAR 000000
coicl 26 € FIN TRANSFER FUNCTION INPUY ANY INPUT VAR c00000
col01 27 (S TIMYE CONSTANT (NUMERATOR} SECS INPUT PARAM cacnoo
0101 288 c TC2 TIME CONSTANT (DENOMINATOR) SECS INPUT PARAM . CCcon00
co101 29 C GAl TRANSFER FUNCTION GAIN -— INPUT PARAM oocooc
oec1o 308 COMMON/CIO/IREAD,IWRITE ,IDIAS 000000

G01a 31 FO-(X1eFIN®TCI®GAT)I/TIC2 : cooooc
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¢C105
coi07
ce110

IFCIXN1.NC.OIXIDOY= GAJeFIN-FO
RETURN

END

000005
cocol13
CcoGc033

11
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7.22- ELECTRICAL LOAD

VALUE OF ENERGY,DELIVERED (VDE)

A

MAX. INPUT POWER (MP1) —3
INPUT POWER (P1) i |
RECORDED LOAD (LO1) — LO |—> POWER REQUEST (RE1)
LOAD PROFILES (PD,PW,PY )}z
TIME INPUTS (TD,DW,WY) —mmed

This component represents electrical load either by a user-specified data
file time 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-specifiéd 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 Eguation
LO2 = [PD(TD) + CN(f)] ¥* PW(DW)#PY (WY )3NC
where

PD, PW, PY are the daily, weekly, and yearly profiles, respective-
ly, and TD, DW, WY are the time of day, day of the week, and week

of the year, respectively. NC is a normalizing constant.

CN is a colored noise term with user-specified correlation time, standard

deviation and mean.

24 BCS 40180-2



Tables

PD

PW

PY

Inputs
Parameter/Port
P 1
MP 1
NC |

VE

L® 1
0

DW

wYy

CT

MN,STD

Qutputs

Variable/Port
RE 1

VDE

Lo 2
TIM

CN

Statistics
SRE
SDE

Description
Daily profile (tabular with TD)

. Weekly profile (tabular with DW)

Yearly profile (tabular with WY)

Power delivered

Maximum |nput Power deliverable (D = 1X10

Normal izing constant

Value of Electrical Energy
Electrical load data file inpuf.
Time of day

Day of week

Week of year

Correlation time of random noise

Mean (D = 0) and std. deviation of random noise

Input Power Efficiency

Power request

Value of energy delivered (state)
Electrical load

Last time a random sample was used

Colored noise sample

Total energy requested
Total energy delivered

Percentage of load met

D - Default values supplied

BCS 40180-2
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)

Units
kw

arbitrary

arbitrary
kw
kw

$/kwh
kw

hr

kw

kw
kw

hr
kw

kwh
kwh




LC

Calculation S
1) Initialize CN(O) (first pass)
2) Check for data file Input
If LOL = .99999 go to 3)
L2 = L1 and go to 5)
3) Generate colored noise CN
If TIM = TIME go to 5)
A= (exp ( =4/CT), CT>0, A= integration step size, hr)
0. CT=0
CN = AHCN+W,
Where W Is white nolse generated by RN with
Mean = MN # (1-A) and standard deviation = STD # ° 1-a2
4) Compute LO2
L2 = (PD(TD) + CN) ¥ PW(DW) # PY (WY) 3 NC
TIM = TIME
5) Power request and value dellvered
RE = MIN(MP,LD2)/EF1
6) Statistics ‘
VOE = P1WE

SRE = SRE + L@2# A/2
SDE = SDE + P1# A/2
PC = 100.% SDE/SRE

BCS 40180-2
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SUBROUTINE LO

STORAGTL USED CODE(1) 0004T7T1; DATA(O) 0000SS; BLANK COMMON(2) 0DO000

COMPON BLOCKS

ENTRY POINT 000348

ceco3 cIimMPL 0O0OCO1
J0uCy CSInuL 00C3O10
000s CTINRE 000001
0006 cosY 030006

EXTERNAL REFERENCES (RLOCK, NAME)

uoC? RN
3010 TBLUlL
0011 EXP
oci2 SQRTY
0013 NCRR3S
STORAGE ASSIGNMENT (¢BLOCK, TYPE, RELATIVE LOCATION, NAKE)
0a01 cecooe2 100 0001 000070 100L 0001 000233 1S50L 0000 R Q0CO00S A 0C00 R 000000 AX
ocee ocoo00 cC 0306 R OOOOO4 COE 0006 000001 CH 0006 000002 Co 0006 R 00CO0S5 CRE
D3C6 R COTTO3 Cv ac00 R 000011 oOLO 0cos 000000 DUN 0003 I 000000 IMPL occo 000022 INUPS
0CCO T CLOCO1 WD 003G I 00CO%2 NW 0300 I DOCOO3 NY 0010 R 000000 TBLU1L 00GS » CODGCOO TIME
0C3J4 R 0O0GO6 TINC 0004 R 0JCO07 TMAX 3002 R 000004 TMAX]L 0000 R 000010 ¥ 0000 R LO0G12 wWLO
0000 R GGCOOD& wWMN 0000 R 00CUO7 MHSD 0000 R DOOO13 YLO
co1g00 1 cLo cogooz
ce101 2% SUBROUTINE LO (PD,PV,PY,VOE,DVD,IVD ,RE LO2,SRE,SDELPC,TINO,XN, go0co02
co101 © 3 1 TD,DW MY XNC,CToXMN,STD,VE,LO1,PHAX,PO,EF) ccaooo2
- 20101 4s c i cGCod2
o010l S o PURPOSE GENERATE ELECTRICAL LOAD FROM DAILY, WEEXKLY, YEARLY AND 000002
0Ccilo1 (34 [ RANDOM PROFILE DATA AND EVALUAYE PERFORMANCE STATISTICS oouco2
Go101 T c : : . c0coo2
<0101 8s c ME THOD COLORED NOISE IS ADDED TO A MEAN DAILY PROFILE AND MULTIPLIED 006002
CoiC1 9 C BY WEEKLY AND YEARLY WEIGHTING FCNS. POWER REOQUESTED 1S EITHER G506
J0101 1C» ( THE GENERATED LOAD OR THE MAX. POWER DELIVERABLE. G0CCo2
Co161 11» c ’ cooco2
L0101 12» C WRITTIEN BY A.W.WARREN - VERSION 1, MARCH 9 1977 poceo2
(c1cl1 13+ C £oocG2
c0i01 14 e C CALL SEQUENCE ccgoloz F
coidl 15 C TABLES cocoo2
B CcG101 1ce [ PD ~ MEAN DAILY PROFILE, KXW 000002
~ uelol 17+ 4 PW -~ MEAN WEEKLY PROFILE, - 0066352 c
20101 1a» C PY ~~ MEAN YLARLY PROFILE, = wocco2
co101 19» c c0c002
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20101
&o101
No101
oci101
£0101
coio1l
0101
cG1C1
€G131
20101
c0101
<0101
©0101
<C101
o101
to101
<0131
S0101
<0101
L0101
Z0101
<0101
{0101
co191
roio1
cCc101
C0103
0C104
20105
00106
20107
60137
c0107
co107
L0111
00112
00113
00114
£0116
00120
=0121
{0122
oo123
col124
co12s
g012¢6
C012s
co126
00126
00130
30132
00133
00133
00133
0011~
0012

(e} &

20s
21
229
23
2he
25
26%

2T

28»
29
3Ce
31
32
33s
Jus
3Ce
36
37
389
39
uDe
4l1s
42
43s
499
4S5
4¢ce
47
48e
49
50
Sl»
52
53e
b4
55
5¢e
5Ts

‘SE*

59
6C»®
6l
62%
63w
64
6 s
66
61
68
69
721
717
12:
73+
Tus
75+
76%

o000

ann

[a N aNe)

OO OAOAOAOANAOHOONOOHOOANON

oUTPUTS
VDE -
pvo -
vo -
RE -~
Lo2 -
SRE -
SDE -
Y
TIno~
XN -

INPUTS
L
ow -
Yy -
XNC -
cr -
XuN -
sTp -
ve -
Loy -
PHAX-
PO -
€F -

VALUE OF ENERGY DELIVERED (STATEDY, S
DERIVATIVE OF VDE

INDICAYOR FOR VDE

POWER REQUEST, KW

ELECTRICAL LOAD OEMAND, KN

SUK OF ENERGY DESIRED, KWH

SUM OF ENSPGY DELIVERED, KuH

CUMULATIVE PERCENY OF LOAD DELIVERED, -~
LAST TIME A RANDOM SAMPLE WAS USED, HR
COLORED NOISE SAMPLE, KW

TIME OF DAY, HR

DAY OF WEEK (1-7)

WEEK OF YEAR (1-52)

NORMAL IZING CONSYTANTY, -

CORRELATION TIME OF RANDOM NOISE, HR
MEAN OF RANDOM NOISE, Ku

STANDARD DEVIATION OF RANDOM NOISE, KW
VALUE OF ELECTRICAL ENERGY, $/KVUH
ELECTRICAL LOAD DATA FILE INPUT, XW
MAX. INPUT POWER DELIVERABLE, KW
POWER OELIVEREOD TO LOAD, KW

INPUT POMNER EFFICIENCY

DIMENSION PD(1),PU(1),PY(])

REAL LO1,L02
COMMON /CINMPL/

IMPL /CSTMUL/ DUMIGE) yTINC THAX/CTIME/TINE

COMMON 7COST/CC,CM4CO CV,CDEsCRE

DATA AX/.99999/

ND = PDIL2)
NV = PHI(2)
NY = PYL2)

INITIALIZATION

IF(INPL.GT.0) 60 YO 10
IFUXHMNGEQ. «79999)XMNZD.
TMAX]1 = THAX%*.99999

TIM0=-1.
SRE =0.C
sSPrE -0.0
PC =0.2

CALL RNUXN,AX 4STD, XMN}
IFIPHAX.EQ. .99999) PHAX = 1,.E10

CHECK FOR DATA FILE INPUT

10 IF(LO1.EQ. .99999) GO TO 100

L02 = to!
60 10 1SC

GENERATE COLORED NOISE SAMPLE XN

100 IFt TIMOJ.EQ.TIME) GO TO 150

A=Q.

0c0002
0006002
coon02
306092
000002
gecocoz
ccoca2
CoC002
006002
Ceeco2
couno02
caccge
oococ2
cecece
coccoz
€oco02
accceoe
00ceo2
toooo02
ccoeo2
gogoo2
cacao2
000002
couoone
CCocou2
00G6Cco2
600032
goocoe
00G002
000002
coceoz2
000002
ccopa2
coooo02
cocon2
cGootl
ooLo20
000027
gooc32
000036

00CG41

c00043
GOGCu 4
co0045
COCO4 6
G0GGSY

‘COGCS4

00C0S4
COCO0S4
Couo62
£aCo64
000066
LoGoos66
20GCC66
ocooes
roco7c
uoccore

J1



x©

(9

w

s €o137 77 IFI(CT.6T.0.) A = EXP(-TINC/CT) £00073

o 00141 78%¢ UMN = XMN®(1.-A) goc116

® 00142 79 USD = STD*#SORT(1.-A%A} €00122

o co1as 80 CALL RN(W,AX,NSD,WHN) - 0DC133

ro 20144 gle XN = XN®A + W 00C141
anlsa 62 c . COMPUTE ELECTRICAL LOAD DEMAND Leo141
00144 83e ¢ ceo14l
aoius gus OLO = TBLUM{TD,PD(&),POIND*4) 41,-ND) : cocius
DC146 8se WLO = TELUL(DN,PW(4),PHINN+a) 41 ,-NW) CO0164
50147 86s YLO = TRLUI (WY, PY(GD,PYINYOUD} 41 ,-NY) £00203
50150 87e L02 = (DLO+XNISWLO * YLO®XNC 0co222
zo1s1 Bes TIMO = TIME 60623C
ug1s2 89e 1S0 RE = AMINI(PHAX,LO2)/EF £00233
ac1s2 S0e c PERFORMANCE STATISTICS €00233
c0152 91 ¢ " 100233
30153 92 IFCINPLLLE.1) RETURN ou241
£0185 93 " IFLIYN.NE. O) DVD = POSVE £0025¢
06157 %qe SRE = SRE + LO2%0,5¢TINC 000261
tC160 95 SODL = SDE ¢ PO*0.5#TINC ooLz66
£0161 96 IF(SRC.GT.0.) PC = 100.#SDE/SRE coc271
20161 97 c o0L271
ac1e3 98 IFCTIME.LT.THAX]) RETURN coC309
‘00165 999 CV = CV + VDE U00337
So166 10C+ CDE= COE ¢ SDE~ PO#O.SeTINC ° : £00312
role? 101 CRL= CRE ¢ SRE- LO2%D.5¢TINC 600316
€0170 102+ RETURN oce3s2s
co171 103» END CoLs 10

~




7.23 MULTIPLY AND ADD

FO

FIN
E— e
Ci1
— - FO=CTHFIN + C2

c2 o
inputs
Parameter/Port Description
FIN Input quantity
C1 Input quantity
c2 input quantity
Outputs
Variable/P
FO Output quantity
Calculation Sequence

FO = CL¥FIN + C2

|

BCS 40180-2



o«
(9]
w
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o
—
0]
|O
N

SURROUTINE MA ENTRY POINT 000012
STORAGC USED CODE(1) 0DDD16:; DATACD)Y 000004; BLANK COMMON{2) 00DO00

EXTERNAL REFERENCES (BLOCK, NAME)

o003 NERR3S

STORAGE ASSIGNQEN' (BLOCK, TYPE, RELATIVE LOCATION, NAME)

00C0 000000 INJPS

c0100 1e CcCHA . - 000000
co101 2 SUBROUTINE MACFO,FIN,C1,C2) 000000
co101 3 c . 00000
20101 a0 C PURPOSE - TO SIMULATE THE EQUATION OUTPUT=C1<INPUT ¢ €2 6L00Co0
30101 5% c £00000
o101 (X c : 000000
$o101 T € METHOD - SEE CODING 000000
£0101 g c : o00oGcoa
cr1o1 9 c ' . coooae
60191 10e € MNRITIEN By = ADAM LLOYD LATESY REVISION NOV 75 C00c20
t0131 11* c ‘ L0C0O00
¥9d101 12 c , GoGOCo
zoicl 17 c LINRITATIONS = NONE 00C0GO
50101 14 c . . : ) GC0COo00
o011 15 c . £OG0CO
€101 16% c INPUT/0UTPUT LIST ‘ . cocooo
c0101 17+ c soooco
20101 18 ‘€ FO OUTPUT VARTABLE ANY ] OUTPUT VAR ‘ c300C0
00101 19 C FIN INPUT VARIABLE ANY INPUT VAR £000G0
00101 20+ c c1 CONSTANT MULTIPLIER -——— INPUT PARAN 00020
0C191 21» c c2 CONSTANY ADDITION -—- . INPUT  PARANM ¢00000
00103 22 FO=CI*FIN + C2 . cococo
001C4 23s RE TURN ) cccoos
£0105 24 END ' ' c0Cc01S

174
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7.24 MULTIPLY, DIVIDE, AND ADD

FNA o
FNB .
c1 -
c2 ~ |F@=crtFNA + c2¥NB + Fo_
c3 o CIHFNAMFNB + C4¥#FNA/FNB + C5
CA -
C5 o

loputs

Parameter/Port Description

FNA input quantity

FNB fnput quantity

C1 Input quantity

c2 Input quantity

C3 Input quantity

C4 Input quantity

C5 ’ Input quantity.

Outputs

Variable/Port

Fo Oufpuf quantity

Calculation Seguence

FQ = CL¥FNA+C2HFNB+C3#FNAKXFNB+C4¥HFNA/FNB+C5

i
\
\
BCS 40180-2
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o
fry
0]
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1174

SURROUY

STORAGE USED CODE(1) D0OD64; DAVACO) D00023; BLANK COMMONS23 000 D0O0D

CONMON

goo3
0004

INE MB

PLOCKS

TRMESS 00OCO2
000003

clo

ENTRY POINY Q000S1

EXTERNAL REFERENCES (BLOCK, WAME)

000s
09Cs
goor

STORAGE

0001
0CC3

00100
30101
40101
u0101
co101
0g101

<0101

©0191
50101
20101
€G101
co101
c0101
€91231
£01C1
to1c1
£0101
co101
c0101
£0101
c0101
50101
25101
£0101
ub101
oo0103
00104

NubUS
nN102s
NERR3S

ASSIGNMENT

C00030 10L
0CO000 IFATAL

1e
2
3
4=
Se
(1
7%
8
9s
10s
11s
12%
13»
14»
15
lés
17
1¢&»
19
2Cse
21
22%
23
24
25
26%
27

CH8

OO OHAAOOONNOAOOONOON

(BLOCK, TYPE, RELATIVE LOCATION, NAME?

PURPOSE -~ TO SIMULATE THE EQUATION

LIMITATIONS -~ IF FNR=0 DURING DIVISION, FNB 1S SET TO E-20.
DIAGNOSTIC MESSAGE IS GIVEN,

IN

FO
FN
FN
c1
c2
c3
Cy
¢S

aGoo 000303 20F 3001
0ooo 00001S INJPS 0004

SUBROUTINE MB(FQO,FNA4FNB,C1,L2,C3,C8;C5)

ITTEN By - GEORGE DULEBA

PUT/0UTPUT LIST

OUTPUT VARIABLE

A INPUT VARTABLE A

B INPUT VARIABLE B
HULVIPLIER 1
MULTIPLIER 2
HULTIPLIFR 3
MULTIPLIER §
ADDIVIVE VARIABLE

COMMON/ERMESS/IFATAL,TERR
COMMON/CIO/IREAD,IWRITE ,1DIAG

0000582 30L
000000 IREAD

LATEST REVISION

ANY
ANY
ANY
ANY
ANY
ANY
ANY
ANY

Y=C1eXA*C2eXBoCIoXAXBOCHSXA/XRCS

MAY 76

OUTPUT
INPUT
INPUT
INPUY
INPUT
INPUT
INPUT
INPUT

000002 IDIAG
0008 1 000001 IWRITE

VAR
VAR

VAR
VAR
VAR
VAR
VAR

ocos

0Cco000
000000
c00000
J0C000
00coog
G0Gcooo
C0Lo0G
cogecc
000C00
aogcoo
cooooa
ccgeco
ccoooo
oooeoQ
oococe
C3C0C0
caouooo
cocooo
000000
(eskolele] ¢]
CcoGCOo0
000000
ooocoo
Lcucoo
LocLcou
6CCo00
c00000

000001 1ERR



(24
(93
wn
P
o
—
x
?
N

:010s
col06
20110
co112
00113
JC11s
00116
ac11e
00117
cC122
1iC121

28"
29
3Ce
31s
32+
33»
349
35
36e
37
38

10
20

30

FO= CI1oFNA ¢ C2%FNB ¢ C3eFNA¢FNB ¢+ CS
JFLC4.£Q.0.99999) GO TO 30

ITLFNR.EQ.D.) 60 T0 10 ?
FO= FO » CysFNA/FNB

RETURN

MRITECIURITE ,20)
2:0RS:Y(I.JDI. SIHWARNING- DIVISOR IN mB EQUALS 0., HAS BEEN SET=1.

-2

0= FO » CasFNA®]l.E+20

RETURN

€ND

00C000
pcoel2
00C01S
oooc17?
0CGo24
ucGe3o
0CC034
coQ0034
000034
cogo042
L0CC63

d



MC

7.25 MULTIPLY AND ADD

FIN -
F10 -
FIp -
€ | FO=CHEFIN + C2¥ 10 + C3#FIP + CA O -
Cc2 e
C3 o
C4 -
loputs
Parameter/Port: ~ Descripti
FIN Input quantity
Flo Input quantity
FIP Input quantity
C1 Input quantity
c2 Input quantity
c3 Input quantity
c4 Input quantity
Outputs
Variable/Port
FoO : Output quantity

Calculation Seguence

FO = C1#FIN + C2¥F 10 + C3¥ IP + C4

BCS 40180-2 238




¢-0810% SJ8

SUBROUTINE MC ENTRY POINT 0OCO0020

STORAGE USED CODE (1) 000024; DATACO) 000008 ; BLANK COMMON{2) 000000

EXVERNAL REFERENCES (BLOCK, NAME)

0003 NLRR3S

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

0000 0CcOoCo0 INJPS

50100 1 cec oo00C0
0101 29 SUBROUTINE MC(FO,FIN,FIO,FIP,C},C2,C3,C4) 000000
00101 3 ( 000000
co101 §s c PURPOSE ~ T0 SINULATE THE EQUATION FO=CI1sFINeC2eFIOC3IsFIPCY cooooc
JC101 Ss c gooooc
9G101 (.34 c cooooo
cc101 Te C METHOD -~ SEE CODING ¢ogo0a
coicl 8e c ooocco
gol101 9e c 00C000
£0101 1" 1* c MRITVEN BY =~ ADAM LLOYD LATESY REVISION NOV 75 c0G000
00131 11 c cooo000
ueiol 129¢ C 6GGCcog
20101 13 C LIMITATIONS ~ NONE ' 000000
LGC101 14 C &coooo
cc101 15 c . €00000
0C1a1 lee c INPUT/ZOUTPUT LIST | codoo0
00131 17» c gocooo
£o101 17 e C FO OUTPUT VARIABLE ANY OUTPUT VAR GGCCGO
c0101 19+ . c FIN INPUT VARTABLE ANY INPUT VAR ccoooo
celol 20 c FIo INPUT VARTABLE ANY INPUT VAR écccoo
0101 21+ C F1pP INPUT  VARIASALE ANY INPUT VAR ocococ
20101 22% c cl1 CONSTANT MUL TIPLIER —-—— INPUT PARAN G0000C
00101 23 c c2 CONSTANT MULTIPLIER - INPUT PARAM co0000
00101 24% C Cc3 CONSTANT MULTIPLIER == INPUT PARAHM 00CGo0
¢c101l 25 C (o] CONSTANT ADDITION —-—— INPUT PARAM 000000
00103 269 FO=CIsFIN®C2¢FI0+C3sFIP+CA 600000
. 80104 27» RETURN opoonl1l
0310% 28w E ND coog2s



7.26 AC INDUCTION MOTOR

POWER (P1) - [~ POWER (P2)

INPUT MAX- POWER ——# MO — - OUTPUT EFFICIENCY (EF2)
ROTOR SPEED (RS )——== o OUTPUT MAX. POWER (MP2)

The induction motor produces mechanical power 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 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.

Basic Equations

P2 = EE#PL + DANRSZ#C

where

P1,P2 = input and output power

EE = electrical efficiency
DA = mechanical damping
C = conversion constant

BCS 40180-2 4 ' 27




il

lnputs

Earamgfer/Png

P
DA
RS
RSY
SR
Vo
RAP
RAS -

Variagble/Port

[
EE
TO
PL
EF
NP

Statistics
MT

MPN

SP

1

2

Description
Input 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 slip (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 loss

Output product efficiency

Output maximum power

Maximum torque
Maximum output power/rated power

Output energy sum

D - Default values supplied.

Units

kw
Jjoule-sec
rpm

rpm

ohms
volts

kw

kw

kw

ft-Ib

kw

kw

ft—ib

kwh

BCS 40180-2




MO

Cal i uence

1) Compute electrical efficiency (first pass only)

IRAT = RAP¥1000/VO

_ 2
EE =1 SR*IRAT/RAP*IOOO

2) Diagnostics
’ PL >RAP [ DIAGNOSTIC

SLIP =1 - RS/RSY > RAS [» DIAGNOSTIC

3) Output power and power loss
W= RS¥(2M/60)
P2 = EE¥PL - DA% w2/1000
PL = P1 - P2

4) |f P2 > 0 go to 5)

PL >0 [ DIAGNOSTIC

EF2 = EF1, MP2 = MIN(MP1,RAP)

Go to 7)

5) Compute torque
T@ = P2¥1000/ W ¥k

k = 1.3558 joules/ft-ib

259
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Catculafli Se e C .

6) Efficiency and maximum output power

EF2

EF13%(P2/P1)

MP2 = MIN(MP1,RAP)*(P2/P1)

7) Compute Statistics and Costs

MO

BCS 40180-2




SUSROUTINE MO ENTRY POINT 000312

(o]
O
w
-3
o
—t
0]
o
1
N

STORAGE USED CODE1) 0004345 DATACD) 000102 BLANK COMMON{2) 0950(C00
COMMON BLOCKS

0003 clmPL  QOO0ODO2

q0Gs CTIME 000201

L00S CsTrUL CO0D10

3306 cos1 000010

EXTERNAL REFERENCES (BLOCKX, NAME)

0007 NuDUS

3010 Nl02s
0011 NERR3S

STORAGE ISSIGNMENT (BLOCK, TYPE, RELATIVE LOCATION, NANME)

000 0pcc62 100L ocol 000106 2C0L 0000 000004 208F 0001 €00135 300L 0Co0 000017 308F
Jocl Goc213 &00L 0209 000032 &D8F 0001 000201 a0SL 0001 000235 500L 0CcGé ®R COOC0I CCI
00G6 R 0OCCCO1 CMI 0006 000092 COP J00S R 000000 Dun 0003 I 000CO1 ICNY 0C03 1 0002300 1MPL
0000 00NCe6 INJPS 0000 R COCO03 OMEGA 0003 R 000002 SLIP 0006 00GCO4 TDE 0GGs R CLDGCOC TINME
00CO R CUOLO1 TINC 0006 000305 TLD 000S R 003007 TMAX 0000 R 000000 THMAX1 ocos coo0007 UTD
gcaé DCOCBe UTV 0606 000G03 VOE

20100 1 . CMO 000000

G010} 29 SUBROUTINE HOCP2,EE4TO(PLEF2 ,MP2MToMPN,SP, 000800

00101 3 1 Pl,DARS,RSY SRy VO,RAP,RAS,EF1 yMP14CC,CM) 000000

ooi101 4e c 00go000

co1G2 S5s c PURPOSE AC INDUCTION MOTOR MODEL 300cC00

00101 6* c ) 0goccoo

coici T [ METHOD ME CHANICAL POWER AND TORQUE CALCULATED ccJaooo

~0101 8s c FROM INPUT AC POWER AND ROTOR SPEED cogooc

Gol10l 9e C . . ccagooo

50101 10 c HRITYEN BY V.K.CHAN VERSION 1, JUNE 13, 1977 Louada

00101 11% C cooono

GO101 12¢ c CALL SEOQUENCE tecloo

©6131 13 (o OUTPUTS coCooGC

¢0101 149 C F2 —OUTPUT MECHANICAL POWER, KW cocnao

L6101 15» c €€ <-ELECTRICAL EFFICIENCY ’ 600Go0

0101 169 c 70 ~MECHAMICAL TORQUE,FT-LB ' 0oCcag

g L0101 17 [ PL -POWFR LOSS XH coccoc
hary £oi101 189 C EF2 -QUTPUT POWER EFFICIENCY cogoao

00101 19 c MP2 ~0UTPUT MAXIHUM POWER,KW ) cooooo

€Jo101 2C* c STATISTICS oocooo

col01l 219 C MT -MAXIMUM TORQUE,FT-LB ' . cooouo

0



¢-08T0% SJ4

00101
00101
c0101
goiol
00101
0c101
70131
caici
L0101
20101
0Cc1901
0101
36101
c0131
co1G1
30101
001903
00103
00108
00104
20105
s01C7?
ucll1
a0113
c0118
c0117
col21
eCci123
€312y
00125
a0126
cci217
{0127
ccia2r
cci27
GG130
€0131
G0133
00140
C0140
20141
CO143
00144
0C146
cl1s3
cGC153
GCISY
00154
CC154
40154
L0156
00157
&016Q
tClol
G162
00164
70166

22
23
24
25
2¢e
279
28
29
3Ce
31»
32
33e
3ae
35
36»
37+
3ge
39
ans
qale
Q2
43
CL R
45
468
47
48
49
SC»
Sle
52
539
S4e
55%
56%
57*
S8
59»
60»
6le
62%
63
64
65
669
67
689
69%
1Ce
718
129
T3
Tu»
15
76
17+
788

OO NNADOOOOON

HaNal,]

(2N a2l

MPN -MAXTMUM OUTPUT POWER/RATED POWER
SP-QUTPUT PONER SUM
INPUTS
P1 ~INPUT PONER,KW
DA -MECHANICAL OAMPING,JOULE-SEC
RS ~ROTOR SPEED,RPM
RSY =-SYNCHROMOUS ROTOR SPEED,RPMN
SR ~-STATOR RESISTANCE ,0HMS
VO -RATED INPUT VOLTAGE,VOLTS
RAP ~RATED INPUT POWER KW
RAS -RATED PWER SLIP
€F1 -INPUT PRODUCT EFFICIENCY
MP1 -MAXIHUR INPUT PONE,Xi
CC ~CAPITAL COST/YEAR,S
CHM -MAINTENANCE COSY/YEAR,S

COMMON /CIMPL/IMPL ,IJCMT/CTIME/TIMEZCSINUL/ZDUNLTY, THAX

X /7C0SV/CCI,CH1,COP,VDE, TOE,TLO,UTV,UTD
REAL MP2 ,MT ,MPN,NHP]

IFCIMPL.GY.D)0O0 TO 100
IF(DAED0..99999)D0A=0.
IF(RSY.EQ.<99993)IRSY=1800.
IFCSR.EQ..999991SP =8, /RAP
IF{V0.£EQ..99999)Vv0=400,
IFINPL.E0.99599)HP1=].LB
IF(RAS.EQ.+99999)RAS= .05
THMAXLI-TMAX® .99999

HY=C.

MPNZO0.

SP=0.

TINCZDUMIT)s.S

COMPUTE ELECTRICAL EFFICIENCY
EE-1.-SR*RAP*1000./¢VO+VO)

130 TF(Pl.LE.RAP)GO TO 200
IFCIMPL.EQ.2)WRITE(6,208)P1,RAP

208 FORMATU1HO,18H MOTOR INPUT POWER F12.3,23H .6T.RATED INPUT POWER

1 Fl12.3)
IFLINPL.EQ.2)ICNTZICNT]
2CC SLIP=1.-(RS/RSY)
IF(SLIP.LE.PASIGO YO 300
IF(IMPL.CQ.2IWRITE(6,308)SLIP RAS

3C8 FORMATIIHC,11H MOTOR SLIP,F12.3,25H EXCEEDS RATED POWER SLIP,

1 Fl12.3)
JFCINPL.EQ.2JICNT=ICNT»]

COMPUTE POWER AND POVWER LOSS

300 QMEEAZRS*3.14159/30.
P2=CE#P1-DACOMEGA®OMEGAZ1000,
PLZP1-P2
Te=o0.

IFIP2.67.0.)60 T0 400
IFtP1.LE.C.)GO Vo 409
IFUIMPL.EQ.2)WRITE (6,408)SR,DA

goCcogo
coocooQ
€500040
gceceod
¢ooooa
gececo
00GGOoG
coccac
000000
¢0oo0Q
¢00000
coocoo
coccoo
00C030
ovoocoo
00go0g
€Jaccod
GCCOo00
ocacoo0
o0oao00c
Gcocon
coccoz

. J90006

Gooni3
G0Gp21
¢0co26
cocol3
00Gcu0
COCO43
00C044
Locous
coo046
00COBa 6
CCCOué

. GOCQu4e

00ces1
C00062
00CTe6S
cocor?
GOGCD77
200077
tGo106
Lool111
00Cl14
coc12é
£0G126
Co0126
0pG126
ac0126
00C126
J06135
cool4L
000147
CQ2CIs1
0C152
00C15S
co0160

J



(o]

(@]

w .

N o173 19 408 FORMAT(1HO,19H STATOR RESISTANCE ,F12.3,12H OR DAMPING , 000172

ot 00173 80» XF12.3,204 TOO HIGH FOR MOTOR ) coo172

o 20174 8ls IFCIMPL.EQ.2)TCNT=ICNT ] 00G172

§> 00174 82 c : 000172

[\ Co174 82e c EFFICIENCY AND MAXIMUM OUTPUT POVER 000172
Co174 8a c coC172
60176 85+ 409 CONTINUL GCo201
o117 86* P20, 000201
zc2o0n 81 EF2:=EF) . . 00G201
06201 88 e MP2-AMINI LKPL JRAP) 000203
00202 89 G0 10 STO : 006211
oczos U 400 EF2-EF1eP2/P1 ) c0o213
or2c4 9le MP2-AMIN]1({MP] ,RAP) P2 /P] 000216
0023s 92 IFARSNELCo)TO=P24737.6/70MEGA 00G226
(o208 93s c Qoo22¢
0Cc237 94's SO0 IFUIMPL.LE.]1)RETURN 000235
00207 95 c £C023S
00207 96 ¢ "STATISTICS 0c0235
0c207 97 [ coG23s
00211 98 MTZAMAX1(TOMT) - 00C243
00212 994 MPNZAMAX 1 (P2/RAP MPN) © £CC251
co213 105 SP=SP+pP22TINC 0cc260
00213 101 c 006260
00214 1C2» ) IF(TIME LY. THAX]IDRETURN . C0C264
00216 103» €cl=CcCcl+CC coc13
00217 104» CHIZCMI+CM Got27e
00217 105 c coc276
00220 106+ RETURN c00301
00221 107 EnND 000433
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7.27 POWER ACCUMULATOR

PA

POWER REQUEST (REQ) ———==

INPUT POWER -
(P1,P2,P3,P4)

PRIORITY SEQUENCE
(PS1,PS2,PS3,PS4)

MAX. POWER
(MP1,MP2,MP3 ,MP4 )

INPUT EFFICIENCY
(EF1,EF2,EF3,EF4)

PA

————== MAX. OUTPUT POWER (MPO)

| POWER REQUESTS
(RE1,RE2,RE3,RE4)

= PONER OUTPUT (PO)

This component sums power from four input ports and aliocates power requests

to each port'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 to weight within priority,

and then allocated to the next priority ports. (See 1.2.3 for further dis-

cussion.)

BCS 40180-2




Ingutgl
Pgrameter/Port
RE 0]

EF 1,2,3,4
P 1,2,3,4
PS 1,2,3,4
F 1,2,3,4
MP 1,2,3,4
Outputs
Variable/Port
MP 0

RE 1,2,3,4
P 0

SP

Statistics
SRE

PC 1,2,3,4

Description
Load request
Input efficiency from port i
Input power from pért | (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

Suppiemental power request to meet I|oad
(Power deficit) = RE - Lwp,

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
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CALCULATION LOGIC PA

PO = ZP(k)
IF PS(k)€0 SET MP(k) =0 k =1,2,3,4
MPO = ZMP(k)

\

~N YES e RE(k) = MP(k)/EF(k)
CMPOS REQ? - ™le s = REO-MPO

NO. * G0 TO @

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

N NO { 1>4?) YES 0

e SUM MAXIMUM POWER SMP FOR [ = [+1
PORTS WITH PRIORITY I I

1
C SHP = 0? } XES
o
C SMP < RL ?)_NQ_..- GO TO FAIR SHARE ALLOCATION
Q) (NEXT PAGE) '

YES

® SET EACH PRIORITY I REQUEST
AT MAXIMUM POWER

e RL = RL - SMP

e GO TO @

246 BCS 40180-2




PA FAIR SHARE ALLOCATION

BCS 40180-2

7

e ROLD = RL

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

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

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

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

NO |
<:RL - ROLD?:> ~(3)

YES

]

e ALLOCATE FAIR SHARE OF REMAINING REQUESTS
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

27
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SUBROUTINE PA

ENTRY POINT 000S20

STORAGE USED CODE(1} 000752; DATA(O) 000110; BLANK COMMON(2) 000000

COMMON BLOCKS

goo3
0004

CImnPL

0000

1

CsSTMUL 000010

EXTERNAL REFERENCES (BLOCK, NAME)

gacs

STORAGE

J0C1
rlal o) |
0001
00C1
0003
00G0
0000
9000

00100
col01
60101
coi01
00101
co101
coio1l
10101
coio0l
uglol
40101
«0101
£0101
60101
€0101
GC1d1
co131
co101
€Cc1l01
30101
01c”

DD D~

NECRR3S

ASSIGNMENT

000376
0C3306
000417
ccoz72
ceceono
Joccla
C00C43
gocolo

1s
2%
3e
4%
Se
6
1
as
9
10»
11s
12»
13
s
15%
106¢
17
les._
199
2C#*
21

100CL
2736
S00L
900t
ImPL
MP
SRO

L]

CcPA

OO ON

PN NEDUN -

BLOCK, TYPE, RELATIVE LOCATION, NAME)}

0001 000401 2000L 0001 000235 2346 0co1l
0001 000325 30586 0001 000363 325G coo1
0001 000301 e00L 0001 0oCc316 7CCL 0001
0204 000000 ouUM 000D R 0O0J230 FR 0000 R
00cQ 00C0SS INJPS 0000 T ©OCO4l X 0000 R
0CO0 R 000GCO4 PR 0000 R DOOCGOJ R 0000 R
0000 R 002020 sw 0004 R 0J0006 TINC 0000 R

CCO0 R 0GOO40 X1

SUBROUTINE PA(MPO,
Rl1, R2y R3, R4,
PC,SP,
SR4PC1,PC2,PC3,PCa,
RO,
EFl, EF2, EF3, EFa,
P11, P2, P3, P8,
PR1, PR2, PR3, PR4,
Wl, N2, M3, Wa,
MPl, MP2, MP3, NP4}

PURPOSE . MODEL POWER ACCUMULATOR

METHOD, PRIMARY REQUEST ALLOCATION RESULTING FROM PRIORITY
ASSIGMMENTS. SECONDARY REQUEST ALLOCATION RESULTING
FROM WEIGMT ASSIGNMENTS.
THAY 1S, REQUESTS ARE ALLOCATED ACCORDING TO
* PORT PRIORITY (HIGHEST PRIORITY = 1)
¢ PORT WLCIGHTS (IN CASE OF EQUAL PRIORTYIES. )

FORMAL ARCUMENT DEFINITION.
Rlyeeey R4 POWER REQUESTS IN XW (OUTPUTS)

000244
00C104%
000161
C00042
000034
000024
000036

2816
4oL
8oL
FRU

Shp
TINC1

ocal 000264
ocol 000301
ococi 000353
00GO0 T 000037
0000 n 00LCO3S
0C0D R 00CO44
0Goa coooo7?

000000
cocoos
900000
00G0o00
06aGoG
000609
gceooa
coccaoo
<0CC00
coceac
Gcoooo
G0G0Q2GC
£eCceod
Cegaao
ocoooo
00C000
000000
0C00300
000000
Ccooao
cecorod
cocood
cocooo

2546
800L
800L

[ ]

toLo
SR]1
THMAX

vd



(o)
o
w
F -
(=]
—
[0}
‘?
~

) (4

oc101
c0i01
50101
cc131
£0191
ac101
£o101
60101
co101
20161
£0101
{0101
00123
Co1CH
€0195
00125
50105
L0135
C0135
0105
60106
£C106
30106
£0107
to1cy
co167
LC110
¢0110
40119
co111
co111
40111
00112
60112
z0112
00113
00113
ac113
co113
co113
oc11a
00114
00114
50115
£C115
56115
co1le
£0120
00121
cC123
co12s
G0127
00121
00133
20135
6G137
20141

28
25%
26
271e
28s
29
30
31
32s
313
349
35
3t
3I7=
3as
39
4Co
Qe
42
43
Q4
45
LT3
q7e
48e
49
SJe
Sle
52
53»
549
55
Sts
STs
Sbe
59
6C®
61"
62
63s
64
65w
bbe
67
6Re
69e
Il
T1»
T
T3 e
Tue
75
76%
T
8%
79
80s

(2 X 2] (oM o] OO0 OO [a X e}

OO0 OHOON

(g3 ] [a s B aNalal

(oW 4]

on

HPo TOTAL MAXIMUH POWER {OUTPUT)
SP SURPLUS REQUEST. (OUTPUT)
PO TOTAL LOAD IN KW (OUTPUT)
SR SUM OF ENERGY REQUESTED, KWH (OUTPUT)
PClyscasPCl PERCENY OF CuM LOAD DELIVERED (OUTPUT)
RO TOTAL POWER REQUESTED,KW (INPUT)
Plyecsey PO INPUT POVER IN KW LINPUTS)
PRlgeeay PRY PORT PRIORITIES (INPUTS)
Wlyeeoo U PORT MEIGHTS (INPUTS)
MPly eesp HPY MAXIMUM POWERS {INPUTS)
EFly ooy EFH EFFICIENCIES (INPUTS)

COMMON STORAGE

COMMONZ CIMPL /7 IMPL

COMMON / CSIMUL 7/ DUM(6), TINC, THAX
REAL MPC HPI,HP2 NP3, MPY

LOCAL VARIABLES
RIK} IS THE POWER RFEQUESY AY PORT K
REAL RU4)

PRIX) IS THE PRIORITY ASSIGNED Y0 PORY K
REAL PRt4)

HiK) IS THE WEIGHY ASSIGNED YO PORY K
REAL W(4)

MPEK) IS HAXIHUM POWER TO BE ALLOCATED YO PORT K
REAL MP4) :

SWEI) IS THE SUM OF THE WEIGHTS ASSIGNED Y0 PRIORITY-I PORTS
REAL Su(y)

SEP(1) IS THE SUK OF THE MAXIMUM POWER AT PRIORITY-I PORTS
REAL SHPt4)

FRU IS “FAIR SHARE™ UNIT FOR PRIOCRITY-I PORTS

FRIK) IS THE COMPUTED “FAIR SHARE™ REQUEST FOR PORT X
REAL FR{G)

LL IS THE LOAD LEFT AT EACH POINT IN THE ITERATION
REAL LL,LOLD

IF IMPL TS 2ERO, YHEN ASSIGN DEFAULT VALUES
IF ¢(IMPL .GT. O) GO TO &0
RO = 0.0 ’

IF (PR1 .EQe 0.99999) PR1 = 1.0
IF (PR2 .£Q0. 0.99999) PR2 = 2.0
IF (PR3 .EQ. 0.99999) PR3 = 3.0
IF (PR4 £0. 0.99999) PPY = 4,0
1IF (WP} .EQ. 0.99999) MP1 = §,0f8
IF (MP2 JEQ. 0.99999) MP2 = 1.0E8
IF (MP3 .EQ. 0.99999) MP3 = 1 ,0Ff8
IF (P4 EQ. 0.99999) MPY4 = 1.DESB

IFIP)] +£0. +99999) P1=0.0

cocooo0
coooo0
coGooo
0CL000
uaoCoo
000300
cccooo
eccogo
060C200
caccoo
cceooa
couvooce
€30000
€o00040
£256060
cCco0000
coCo00
00G03G
220036
(sle] Aslepel
Co0Noo
ccocroo
000000
ceooao
cocoao
00000
coGono
coonao
0CCCoO0
a0Goo0d
0CcGoo0o0
00l030
cecooa
00G6o0d
00G00J
J0CGacC

" groooo

Q000900
000Cc0o0
S0CCo0
cccoao
c00acCco
ocLcoo
ceceooc
oocoooo
CCCoO00
cooooo
€JLo0J2
000C03
coootao
gooois
coco22
£0Co627
30003y
GOCOou1
COGOo4 6
GOG3S3

vd
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00143
0G145
cCcluy
G0151
c0152
G01S3
00154
c01S5
00156
noisy
CG157
00157
cC1s7
c01s?
(0160
c01l61
00163
co165
DC167
00171
00172
00174
90175
£0176
co177
00200
0C201
acz202
coz292
30232
06202
acz202
0C202
00203
00234
0020s
00206
00207
00210
00210
00213
gea211
cCc13
oczi1s
00215
gr2a1e
co217
00220
06221
cgaz2
gc223
00224
£c22s
co226
gar~>
00:

00,

8le
aze
83e
84e
85+
86
87
88%
89
9L
91e
92
93
94 ¢
95
96
978
9As
99
100
101»
132
103+
104
106
106
107s
158
1Co»
110%
111s
112
113»
1149
115«
116
117+
116
119
12C»
121+
122»
123
124 %
125
126%
127»
12f»
129
13G»
131
132
133»
134»
135%
1362
137=

n"OOM

[aXsNaleN,)

80

IF(P2 «EQe +99999) P2=0.0
IFEP3 .EQ. +99999) P3I= 0.0
IF(P4  LEQ. 0299999) P4=-0.0
SR=C.

PC1=0.

pPC2=0.

PC3=0.

pPCu=g.

TINC1= 0.SeTINC

CCNTINUE

IF THF TOTAL MAXIMUMN POWER IS .LE. TOTAL POWER

REQUESTED, THEN SUBMIT REQUESTS AT MAX-POWER, SET REQUESY
SURPLUS EQUAL TO THE DIFFERENCE, AND RETURN

PC = Pl ¢« P2 ¢ P3 ¢ P&

IF(PRI.LE.Q.0) MP1=0.

IF(PR2.LE.O.0) HP2=0.

JF(PR3I.LE.O.O) MP3=0.

IF(PRY.LE.O.O0) NPRZ-C,

NP3 = MP] ¢+ NP2 ¢+ NP3 o MPAR

If (MPC .GT. ROY O TO B8O

Rl = HPL/EF)
R2 = MP2JEF2
R3 = MP3I/EF3
Ra = MP4/EFS
SP = R} - MPO
60 Y0 SCO
CONTYINUE

PROCEFD WITH ALLOCATION ALGORITHM SINCE THE sum OF
ALL MAXIMUM POMER INPUTS EXCEEDS THE TOTAL REQUESY RO

INITIALIZATION
tL = RJ

R1 = J.0

R2 = 0.0

R3 = C.0

R4 = 0.0

SP = C.0

IF THE TOTAL REQUEST (OR LOADS IS ZERO, THEN RETURN
IF (RC +LE. D.0) 60 TO SODO

RI1)=R1
R(2)=R2
RE3)=R3

R4 DI=RY
PRE1) = PR1
PR(2) = PR2
PR{3) = PR3
PRE4) = PRY
¥il) = w1}
ME2) = W2
ME3) = W3
Wiy) = Wy
MP(L) = MP1
MP(2) = MP2
MPI3) = MP3

£0G60S?
000063
000067
'00C073
0coc7s
CCoc1s
020076
G00077
too100
000304
c0C104
000104
£00104
000104
0coloa
£oc110
€30114
00120
00124
000130
0060135
00p340
C0G143
U0G146
000151
ceciss
GoC157
GCetlesl
cocl6l
CCo161
000161
£00161
00G161
gcolel
00162
00C163
0Col64
L00165
V00166
coules
cooles
000167
CCG171
Co0173
COL1T5
oc17
060201
600203
£0c20S
€0G237
6co211
£0G213
oec21s
coo2117
000221
cov223
coc22s

id



0]
(e
w
=3
(=]
-t
[0
7
nN

 {~ 4

290232
pe23s2
00232
00232
00232
c0233
00233
Goe3le
ccz236
00237
CC2up
00243
60245
00245
0Q024s
30245
0C247
00247
co247
co02a7
00251
gcas)
co2sl
00251
00253
00256
0C260
CD0260
00263
00262
00262
02262
00263
00263
00263
00265
00265
J0zes
D0z66
20266
3C266
£0266
00266
QC267
00267
00267
acz270
00270
0C270
0cz270
02271
0C272
00275
ge2r?
00301
G0323
00303

138+
139»
1409
141
1429
1430
14 ue
1us=*
146
347
1489

31499

15Ce
151
152+
153e
1542
1559
156 ¢
1572
15¢»
159
16Cs
1618
1629
163
1642
165
166
1679
168%
1699
170
171
172%
172
174
17
176»
177
176
179+
IR0
181%
182+
16 1
184 s

.185%

186
187
180
189
190
191»
192+
193
194 »

(s Nz NaNa]

n‘

noNn [a N e Ny] [a M alsl

(o] [z N o] (g X 2] o0

[ NaNaNaNse

(s X2 Kal (2N g]

100

200

6G0

700

" MPij) = mPY

ITERATYE ON PRIORITY I FOR I = 1, 2, 3, 8
DO 1000 I = 1, &

XI =}

OBTAIN SUM OF MAXIMUM POWER FOR PORTS WITH PRIORITY I
SvP(I) = 0.0

00 100 K = 1,4 §

IF (PRIK] .EQ. XI? SHPCY) = SHP(I) ¢ MPIK)

CONTVINUE

IF NO PRIORITY-I MAXIMUM POMER EXISTS, THEN PROCEED MWITH
THE NEXT HIGHER PRIORITY
IF t(smwptX) .EQ. 0.0} €0 TO 1200

IF YHE SUM OF ALL PRIORITY-] MAXINUM POMER .G6T. LOAD
LEFT, THEN GO AROUND
IF (SMP{1) .GV. LL) 60 TO 400

THE SUM OF ALL PRIORITY-I MAXIHNUM POWER JLE. LOAD
LEFY, SC SURMIT EACH PRIORITY-1 REQUEST

DC 202 K = 1, &

IF (PR(K} EQ. XI) RIK) = MPLK]}

CONTINUE

UPDATE LOAD LEFTY
Lt = LL - SHPLI)

IF THE REMAINING LOAD IS 2ERO, VHEN EXIT THE ITERATION
IF (LL .t€. G.0) 60 T0 2000

OTHERWISE, PROCEED WITH NEXT HIGHER PRIORITY
60 70 13C0

CCNTINUE

THE Sum OF THE PRIORITY-1 MAXIMUM POWER EXCEEDS THE
LOAD LEFT, SO COMPUTE AND SUBMIT FAIR SHARE REQUESTS
Y0 EACH PRIORITY-1 PORY

CONTINUE

SAVE LL FOR LATER REFERENCE
LOLD = Lt

DETERMINE FAIR SHARE UNITS FOR ALL PRIORITY-]
PORTS 10 WHICH NO REQUEST HAS BEEN SUBMITTED
SWEI) = 2.0

DO 102 K = 1, 4

1F (R(K) .Nf. 0.0) 60 TO 7GO

IF (PRIK) JEQ. XI) SKEYI) = SHEI) < UW(K)
CONTINUE

FRU = 1.0 7 SM(I)

000227
cop227

. 060227

00c227
00C227
00Cc235
00¢23S
cou23s
000235
00G24¢Q
00L244
CO024 0
C03253
cou253
006253
Loc2s3
tD0253
000253
600253
000253
000255
ooe2s5s
000255
vec02ss
003264
coceey
coo272
p0c2172
¢gcar2
coc2vr2
Cc0c2712
Goo212
coc21s
c0o027S
€0G6275
000277
0GC217
¢oL201
cno3otl
coc3ol
coL30g
coCc301
006301
oogczinl
col301
poc3cl
coC301
000301
005301
000301
coo302
goC306
000306
coG307
000317
000317
coc3i?

vd



(4”4

G0323
00333
00303
00304
00397
S0311
co311
oc311
ce3ls
c0313
30213
60314
00314
00316
0C32)
o629
20320
00320
00320
60320
20329
0323
ca32o0
U532
00322
00322
C0322
£0322
30322
oc324
03327
0C 331
00333
00334
06336
cc337
00337
co343]
00340
No3u2
C0342
o0342
Co342
oCc343
00C 344
-C34S
00346
00347
60353
oc3s2
006353
00354
20356
00357
oC3¢e0
0G361
CD362

2-0810% SJ9

195»
196»
197
198
199+
200+
201
202
203*
244
205
256
207
2T
269#
21Cs
211
212%
213
214
215
2164
QlTe
218 %
219»
220
221w
222
227
224 %
225%
226%
227
228%
229+
2309
231
232
233+
234s
235
23 6%
237
23R8
239
240
241"
cuz2s
243
244 s
245
246
247
24 e
49e
50
Sls

(a2 Xq]

(2] am No

OO OON

o000

[a Mol e TN o BN 2 ]

8Co

?C0

1000
2000

5C0

FIRST, SUBMIT FAIR SHARE REQUESTS TO PORTS FOR WHICH THE
FAIR SHARE REQUEST EXCEEDS THE MAXIMUM PONER. CONSIDER ONLY
PCRTS T0 WHICH NO REQUEST HAS BEEN SUBMITTED

DO BCO K = 1, &

IF (R(K} .NE. g.0) 60 TO 800

IF (PRI} +NE. XI) GO TO 8OO

COMPUTE FAIR SHARE
FRIK) = {(WiK} » FRU) » LL

IF FAIR SHARE EXCEEDS MAXIMUM POWER, THEN SUBMIT REQUESY
IF GFPIK) +GE. MPEIK)) RIK) = MPIK)

- = - AND REDUCE LOAD LEFT TALLY

IF (FPIK) .GEs MP(K)) LL = LL - MP(K)

CONTINUE '

IF LL «NE. LOLD, THEN LL WAS REDUCED DURING THE
PROCESSING IN THE "DO 800" LOOP ABOVE. THIS CHANGES
THE FAIR SHARE COMPUTATION. 17 1S THEREFORE
NECESSARY. 7O GO BACK VYHROUGH THE “DO 800" LOOP 1IN
OFDER TO RECONSTDER ANY PORT WHICH MAY NOW

SATISFY THE RFQUIREMENT THAT FR(K) .GF. MP(K)s ONLY
PRIORITY-1 PORTS TO WHICH NO REQUEST HAS BEEN

MADE ARE ELIGIBLE FOR RFCONSIDERATVION

IF (LL «LY. LOLD) GO TO 600

FINALLY, SUEMIT REQUESYS TO THOSE PORTS FOR WHICH THE FAIR SHARE
oLTe THAN THEIR MAXIMUM POWER. CONSIDER OMLY

PRIORITY-1 PORTS TO WHICH NO REQUEST HAS BEEN SUBMITTED

DO SCO K =1, &

IF tRIK) .NE. C.0) 60 TO 90D

IF (PR(K) .NE. XI) GO TO 900

RIK) = FRIK)

CONTINUE

LL=2.0

60 70 2CCO

CONTINUE
CONTINUE

FINALLY, ASSIGN OUTPUTYS TO NON-SUBSCRIPTED FORMAL PARAMETERS.
ALSO, MODIFY ALL REQUESTYS ACCORDING TO THE INPUT EFFICIENCIES

R1 = R(1) 7/ EF) :
R2 = RI2) 7 EF2

R3 = R(3) /7 EF3

R4 = RI4) / EFQq

SP = (L .

IFUIMPL.LE.]1) RETURN

SPFO= SR

SRZSR+ RCsTINC]

CIF(SR.LE.C.) RETURN

SRO=SKO/SR

SRI= TINC1*100./SR
PC1l= PC19SRO ¢ PleSRI
PC2= PC2*SRO ¢ P2sSR}
PC3I= PC3I¢SRO ¢ P3IsSR]

000317
000317
ooc317
00G325
0pC32S
020326
coo326
600326
Lco331l
ooL33)
00G331
000335
CoQ33s
900343
DGC354
C0G354
060354
00354
COC354
GO03S4y
030354
GBO3S4
CCC3S4
g0C3s4
00C354
oCc 354
c0C354
600354
000354
£00363
oCco3¢s
GDG364
c0GC367
coo3rs
000373
000374
COC374
00G401
cocuo1
LoLuol
Lecaol
c00u01}
coGu01
socuo1l
coCcu03
oCcuoe
Locull
CJ0u1ly
Cc0Cu117
crou2s
coou27
coCu33
CoCuy]
COCh44
c00450
000454
C0Cu62

1d



o]
(9]
w
=3
o
ot
0]
T
Ny

00363
00364
00365

252
253
254

PCA= PC4y*SRO ¢ PgeSR]
RETURN
END

coGCe70
000476
€o07s1

vd



7.28 POWER DIVIDER

INPUT POWER (PQ) ———— ———=POWER ALLOCATIONS
' (P1,P2,P3,P4)
POWER REQUESTS ————{{AX. OUTPUT POWER
(RET,RE2,RE3,RE4) ‘ (MP1,MP2,MP3 ,MP4)
PD
PRIORITY SEQUENCES ———= ——>—TOTAL POWER REQUEST (REO)

(PS1,PS2,PS3,PS4)

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

INPUT EFFICIENCY (EF)

- This component allocates power to four ports plus surplus based on priority,
port requests, and allocation weights for equa! priority ports. Each port

is assigned a priority sequence from 1 to 4, and a weighting F.>0, 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 available 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 total 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 to other components, although such connections are not re-

quired. (See 1.2.3 for further discussion.)

BCS 40180-2




' Inguts1
Parameter/Port Description Units
i P 0 Input power | h kw
| RE 1,2,3,4 Power requests of output ports I kw
| PS 1,2,3,4 Priority sequence (default =1,2,3,4) -
I F 1,2,3,4 Allocation weight (for equal priorities) -
| MP Maximﬁm input power (default = 1x108)' kw
' EF Input efficiency - T -
l Qutputs
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

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

physical device.

BCS 40180-2




CALCULATION LOGIC

L4 NT(k) = ] k = 1’2’3’4 l
o IF PS(k) = 0, RE(k) =0 k =1,2,3,4
® REQ = ZRE(k)

eP(k) = RE(k)
( reospo 7 T >{eSP = PO-REO
— *G0 TO

eINITIALIZE ALLOCATION LOGIC
SP=pP(k) =0 k=1,2,3,4

I=1, PL=PO |
YES

1 NO ( 1>4 7 )
® SUM REQUESTS SR AND COMPUTE WEIGHTS TaT4]
WT FOR ALL PORTS WITH PRIORITY I
YES

C SR = 07 } 2

NO

N\ N e GO TO FAIR SHARE
( SR<PL? ) ALLOCATION (3
: (NEXT PAGE)
YES

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

® UPDATE PONER AVAILABLE PL

eG0 T0 @

BCS 40180-2




PD FAIR SHARE ALLOCATION

POLD = PL

o 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)/SH)* PL

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

(15 L = pon? —2 ()

YES

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

SP = PL
MP(k) = MP * WT(K)
REO = MIN(REO,MP)/EF

EXIT

BCS 40180-2
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SUBROUTINE PD

STORAGE USED

COMMON BLOCKS

0003

CIMPL

00000

1

ENTRY POINT DDO&S2

CODE (1) Q000642; DAVALD) DOO106; BLANX COMMONI2)Y 00O0O0CO

EXTERNAL REFERENCES (BLOCK, NAHED

20Cy

STURAGE

agol
2301
2501
3000
v oke)
3020
[o]u) r3e]

00122
00101
00101
36101
0101
59101
20101
£C101
£0101
00101
co101
ac101
sCol
70101
20101
30101
523101
CC1lol
5010}
0ciol
co101
£0101
001071
ao10]
26101

VOO

NERA3S

ASSIGNMENTY

£G2373
0CONTS
CGH276
oC2630
DGOCHD
ccroes

ol elotord]

12
2%
3s
4
5%
(3
T
8
9%
100
11s
122
13
14
15
16
17»
18
19»

23

21%
22%
23»
24
25s

100m
30000
600L
FR

Fi

[

SR

CPD

AOOOOOOOTIOOO0NOAON

NN LD NN -

BLOCHK, TYPE, RELAVIVE LOCATION, NANKE)

RCL263
00GGusS
ogoLs2
R 033G36
000055

0CC3 R 000010

0nC1 oD0172 2166 0201 080202 2246 0001}

(a1s]0) } 000322 3C26 ceel 000357 3226 cooy

6001 0003:%3 7T30L 000l GClile BOL cael

NCOG R 10CO46 FRU OZ0N0 R 0BONO2X% Fi JCon

COCO I 020043 X 0C23 I 0000CO InPL 00GOo

0000 R CO0O034 PL 0C20 R N0G6D4S POLD

0000 R 000320 SW 0C20 R 000314 W 0000 R COO0CH3

SURROUTINE POL
Pl, P2, P3, Pu,
RO'
SP4PM]1,PMN2,PH3,PMAO,
PO.
R1, RZ2, R3, RN,
PR1, PR2, PR3, PRu4,
Wi, W2, W3, w8, PH, EF)

PURPOSE . MODEL POWER DIVIDER

METHOD. PRIMARY FLOYW ALLCGATION RESULTING FROM PRIORITY
ASSIGNMENTS. SECONDARY FLOW ALLOCATION RESULTING
FROM WEIGHT ASSIGNMENTS,
THAT IS, TOTAL AVAILABLE POWER IS ALLOCATED
ACCORDING TOD :
® PORT REQUESTS
* PORT PRIORITY (HIGHESY PRIORITY = 1)
& PORT WCIGHTS (IN CASE OF EQUAL PRIORTIES) '

ALLOCATION SCHEME.

IS SUM OF ALL REQUESTS .LT. POWER AVAILABLE PO
YES.

FULFILL EACH PEQUEST

2536
408
8coL
Fe
INJPS
PR

Wi

ocey COD3ES
agce C0027:
oul: Cariseé
ocon [ T
oCeo Con un
QGCLo OLCGOx
ouLe peoGae?

O D=0

000000
L000sC2
00030
ooocco
€Ca26ca0
0Cc0000D
00GO00
ccoooc
(o]ofo]sfo]
£0Cco00
600c0o
ctyonc
€o00000
cocooe
c00000
{o00co
(o]}
Gopooa
£0COGG
€0G000
£OC600
CoLooo
000003
GoooQo
couoco




x
(9]
w
F -3
o
—t
2
N

00101
20101
70101
00101
c0101
00101
¢C101
€013l
(o102
CC101
0101
Z01C1
20101
coio0l
cc101
co0101

‘¢ca101

50101
£0101
00101
ac101
50101
10101
co101
c0191
6C101
¢C131
00101
00133
26103
oc103
0Cc153
c0193
06104
ccice
00108
5C135
c018s
c013S
30136
£0106
COo136
v0107
cc1a7
c0137
00110
00110
€0110
c0111
30111
CG111
ee1ld
co111
50112
00112
&C112
00113

26%
271
28
29
3Cs»
31
32
33
34
35
368
37
3ge
39
QCe
qle
42
83
44 ¢
§5
4o6e
q7e

.ye¥

4 9%
sC*
51%
L.Y4 4
53»
Sa e
55
56
57e
589
59
60s
61
02%
63¢
6uw
65
66
6T7e
68¢
69
Tie
71
T2e
T3e
4
75
T6#
17
78
79%
80
8ls
82

AOA0 0ANAONAACOOANAOANNANNNANOANN

OO N OO0 A N N0

o0

UPDATE PONECR AVAILABLE
€xX1T )
NO. : _
IS SUM OF ALL PRICRITY-1 REQUESTS .LT. PO
‘[s.
FULFILL E2CH PRIORITY-1 REQUEST
UPGATE POWER AVAILABLE (TO PL)
GO ON TO PRIORITY-2 REQUESTS
‘RO,
ALLOCATE “FAIR SHARE™ 10 EACH PRIORITY-1 PORT
EXIT.
1S SUM OF ALL PRIORIVTY~-2 REOUESTS ,LT. PL

AND SO ON AND SO FORTH

FORMAL ARGUMENT DEFINITION.

Pleeeces PU POWER ALLOCATIONS IN KW (OUTPUTS)
RC TOTAL POWER RFQUESTED (OUTPUT)
P SURPLUS POWER (OUT PUT)
PMlgeesyPNG  PORY MAXIMUM OUTPUT POWER IN KWV

0 TOTAL POMER INPUT IN KW (INPUT)
Rleeees RY PORT REQULSTS IN KW LINPUTS)
PRI ..., PR® PoRT pRIORITIES CINPUTS)
Wlgeney W PORT WEIGHTS CINPUTS)
PH MAX TMIM INPUT POMER IN KM (INPUT)
EF . INPUT EFFICIENCY (INPUT)

COMMCN STORAGE
CONMONs CIMPL /7 INPL

LOCAL VARIARLES

PI{K) IS THE POMER ALLOCATED 7O PORT K
REAL PL4)

RtK) IS THE POMER ReQLE ST AT PORT x
REAL Ry} ’

PRIK) IS THE PRIORITY ASSIGNED TO PORT R
REAL PRE4)

WIK) IS THE WEIGHT ASSIGNED TO PORT K
REAL W(y)

SWLI) IS THE SUM -OF THE WEIGHTS ASSIGNED TO PRIOR ITY-1 PORYS

REAL Swia)

tQUTPUT?

SRCI) IS THE SUM OF THE REQLE STS AT PRIORITY-I PORTS

REAL SRU4)

FRU IS “FAIR SHARE™ UNYT FOR PRIORITY-I PORTS

FRUK) IS THE COMPUTED “FAIR SHARE™ ALLOCATION TO PORT K

REAL FRUW)

PL IS THE POWER LEFT AT EACH POINT IN THE ITERATION

REAL PL

000000
000600
000000
c00000
£0000¢
coccoo
£0G00G
ccoaoc
£OC000
006000
£o0D00
ccoooc
c00000
€00620
L0G00C
206000
00C000
00000G
€000C0
coLoao
€0G000
¢0G3Co
000900
€00000
G0CCao
£0CO00
€06000
c0GGOD
£C0000
0cGEo0
C0CCOT
000000
$0C600
c0coac
00LCID
502050
€00000
£eco00
00G03C
006600
000000
LGOS
CCO003G
c0G0Co

. £0099¢C

cococo
00Gc000
oo LC30
000000
000020
CCCoaG
-ococc
oecooo
LGCOOG
£Cccooo

0o0cog €
Louooe

ad



oci13 83e c 000000

00113 84 c IF IMPL IS ZERO, THEN ASSIGN DEFAULY VALUES ' 600000

00114 ese IF CIMPL .GT. D) 60 TO a0 coco00

o116 86 R1 = C.0 cogro2

coilr 87+ R2 = 0.C 000C03

00120 LY R3 = 0.0 000004

co121 a9s R4 = 0.0 couoes

| ue1z2 90 TIFIPH.EO. .99999) PM=],.E8 . 600036
| 00124 91e IF (PR]1 .EQ. 0.99999) PR]1 = 1.0 copo13
‘ 00126 92 1F (PR2 .£Q0. 0.99999) PR2 = 2.0 206020
0C130 93 1IF (PR3 .€EQ0. 0.99999) PR3 = 3.0 £eco2s

00132 9uw» IF (PR4Y EQ. D.99999) PR4 = 4.0 006G32

0c134 95 IF(PM EO0. .99999) PHM= 1.E8 . coce3?

00134 96 % c INITIALIZATION OF F™S L0o037?
00134 97% . c 000037
Go136 938 a0 CONTVINUE COdCu4sS

00137 99 Fi= 1. oooce s

0014 13Ce F2= 1. ' goctas

00141 101 F3z 1. Co0047

00142 132+ Faz 1. cosese

G0142 103 ¢ 000CS0

00142 1G4+ ¢ IF THE TOTAL POWER REQUESTED 1S .LE. TOTAL PONER 000050

00142 icse c INPUT, THEN SATISFY REQUESTS, SET POMER SURPLUS 200CSG

oG142 1Ce» c EOUAL TO THE DIFFERENCE, AND RETURN c00050

00143 107 ITtPRI.LE.D0.D) R1=0.D oooesi

7145 108 IF(PR2.LE.0.0) R2=0.0 60G05S

col1s? 155« 1IF(PR3.LE.0.0) R3-3.0 000061

go1s1 110s IF(PRULLE.D.0) R8=0.0 c00065S

0153 111# RC = R1 ¢ R2 ¢+ R3 + R4 000071

00154 L1129 IF (RC .GT. PO) GO YO 80 000076

o156 113s P = R1 000101

G157 1149 P2 = R2 c0G103

00160 115+ P3 = R3 €0c105

20161 116 P4 = Ay ) toc1o7?

cCle2 117¢ SP = PL - RD coclll

or1e3 118 - 60 T0 3700 00C114

00164 119 80 CONTINUE 00C1te

c0164 12C» c 000116

00164 121 c PROCEED WITH ALLOCATION ALGORITHM SINCE THE Sum OF goclle

oCis4 1229 c ALL RLQUESTS EXCEEDS THE TOTAL AVAILARLE POWER PO coolle

GGled4 123# ¢ : 000116

coley 124 c INITIALIZATION coclie

00165 125% PL = PD coo1se

60166 12¢% P1 = 0,0 coc117

co167 127 P2 = 0.0 covi20

G170 128 P3 = 0.0 £o0121

® 00171 1299 Py = D.O , togi122
o co1712 130% SP = 0.0 cooi23
wn 00172 131s c 000123
Y 20172 132+ c IF THE TOYAL PONER IS ZERO, THEN RETURN 000123
= 6c173 133¢ IF (P2 .EQ. 0.0) GO TO 3000 ' 000124
o 0C17s 134» PL1) = P1 000126
ﬁD 00176 135» P(2) = P2 cec130
[} co1re 1369 Pi3) = P3 €00132
0026i 1379 Pt4) = P4 000134

0020 1389 RI1) = R} 000136

€020z 1399+ R(2)

R2 000340
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00203
00204
CG295
20236
00207
00212
00211
acz212
00213
00214
o211y
00214
0C214
0G214
0215
60215
0G220
60220
00221
gc222
00223
00226
0J232
00232
GCa32
00234
pca2le
co249
00242
0C244
GCZuy
o244
00244
00246
00246
0G246
00246
00252
00259
114 38]
00259
00252
00255
00257
00257
0G2s7
00261
002¢2
00262
C0263
00263
00263
00263
CD263
GC263
00264
SG264

14l
1410
142
143e
l144s
145
1448 -
147
148 »
149
150
1519
152
153
154+
155
156
157»
158
159
160
16l
1629
163e
1¢4e
1659
166»
16 7
168
169¢
170
171
1729
173
17qe
175+
1769
177
17 i
179
1809
18 1»
182+
183e
18u»
18%»
186%¢
187»
188
189
190%
191
192
193s
194
195
1969

aNNno--

[ o 2N 2 ]

(s NaKal [a Nz Nl

[a Mg Xs]

[aXeNeNale] (2]

ol

130

200

4§00

600

R(3) = R3
R(&) = R4
PR(]) = PR1
PR(2) = PR2
PR(3) = PR3
PR{4) = PRY
Wel) - M1
We2) = W2
¥ie3) - w3
Vsl = W

ITERATE ON PRIORITY I FOR I = 1, 2, 3y &
0O 1000 1 =1, &

XI = 1

OPTAIN SUM OF REQUESTS FROM PORTS HITH PRIORITY I

SR(1I) = C.0

¥7=0.C

DO 100 K = 1, §

IF (PRIX) LEQ. XIJ SRII) = SR(I) + R(K}
IFIPRIK) .EO0. XI) MWT= uTe WiK)

CONTINUE

IF(PR]Y .EQ. XI) F1= Wi/vuY
IFt PRZ.EQ. XI) F2 =W2/WT
IFIPR3 EQ. XI) F3= W3I/7uY
IF(PR4 .€Q. XI) F&=- UWa/ZUT
IF(PL.LE.O.C) GO TO 10CO

IF NO PRIORITY-I REQUESTS EXIST, THEN PROCEED MITH

THE NEXY HIGHER PRIORITY
IF tSRtI) .EQ. 0.0) GO TO 1000

IF THE SUM OF ALL PRIORITY-I REQUESTS .6T. PONER

AVAILABLE, THEN 60 AROUND
IF (SR{1) .67, PL) GO TO 400

THE SuM OF ALL PRIORITY-I REQUESTS JLE. POWER
AVAILABLE, SO FULFILL EACH PRIORITY-1 REQUEST
DO 200 K = 3, &

IF (PR(K) .EQe XI) P(K) = RIK)

CONTINUE

UPDATE POWER AVAILABLE
PL = PL - SRILI)
60 10 1330

CONTINUE

THE StM OF THE PRIORITYY-I REQUESTS EXCEEDS THE
POWJER AVAILABLE, SO COMPUTE AND ALLOCATE FAIR
SHARE TO EACH PRIORITY-1I PORY

CONTINUE

000142
CO0lus
000146
coC150
crol1s2
COG154
Co0156
C3C163
voole2
Cool64
CCL164
opcléea
CO0164
000164
cogo17v2
000172
00G172
goc172
000175
000176
0006202
coo232
coc207
coGa217
coC217

00G217

003225
000233
£00241
cou247
000247
L0c247
000247
cou252
000252
000252
000252
GOC254
G0G2S4
coL2ss
506254
£0C263
000263
Los271
000271
coca71
000271
C00274
Sec274
00G276
coo27e
coc276
00276
coc276
coo27e
co0276
100276

ad
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0Cc268
00265
0C26S
C026S
00265
00266
C0267
0c272
00274
or27e6
C03l0
€030
cCc 03
00329
26303
cc3aoa
Lc3ol
03334
L0336
co35e
C0306
co31Q
00310
CC310
coz11l
0e311
00213
£031s
¢0315
0315
£o31s
GO315
oD31S
00315
©co031s
00315
00315
00317
00317
60317
ac3?
00317
00321
00324
C032e¢
uo330
00331
00333
00333
00334
00334
00334
00334
0323

6C33

0033

00343

197

198%

199
2CCs
201e
202
203
204 s
205
206
227
2L8%
20%s
21Ce
211

21:e
213s’

214
215
216*
217#
218+
219
2200
<21
222+
223»
2249
225s
226
221»
228%
2299
23C»
231
232+
233
234»
235
230%
237
238
239
243
241
242
24 3*
2449
245
246
247s
2489
2498
251
251+
2529

253

(2]

anNOo

SAYE PL FOR LATER REFERENCE
POLD = PL

OFTERMINE FAIR SHARE UNITS FOR ALL PRIORITY-I
PORTS FOR WHICH NO ALLOCATION HAS BEEN MADE
S¥I1) = 0.0
00 700 K = 1, &
IF (P(K) .NE. 0.0) 60 YO 709
IF (PRIK) .EQ. XI} SWEI) = SW{I) ¢ W(K)
700 CONTINUE
FRU = 1.0 7 swtI

(s Xa o]

FIRST, ALLOCATE FAIR SHARE T0 PORTYS FOR WHICH THE

FAIR SHARE EXCEEDS THE REQUEST. CONSIDER ONLY PRIORITY-I
FORTS, AND CONSIDER ONLY PORTS TO WHICH NO ALLOCATION

HAS YET BEEN MADE

DO BJO X = 1,4 &

IF (PIK) .NF. D.0) GO TYO-800

IF (PR(K) .ME. XI) GO TO 800

[sBaNaNale]

COMPUTE FAJIR SHARE
FREK) = (W(K) * FRU) » PL

IF FAIR SHARE EXCEEOS RFQUEST, THEN FULFILL REQUEST
IF (FRIK) .GE. R(K)? PEK) = R(K)
= = = AND REDUCE AVAJILARLE POWER
IF (FR(K) .EE. R(K)) PL = PL - PUK)
800 CONTINUE

a 00 0N

1F PL NE. POLD, THEN PL WAS REDUCED DURING THE
PROCESSING IN THE DO 800" LOOP ABOVE. THIS CHMANGES
THE FAIR SHARE COMPUTATION. IV IS THEREFORE
NECESSARY TD GO BACK THROUGH THE “DO 8CO%™ LOOP IN
ORDFR T0 RECONSIDER ANY PORT WHICH MAY NOW

SATISFY THE REQUIREMENT THAT FR{K) ,GE. R(K). ONLY
PRIORITY-I PORTS FOR WHICH NO ALLOCATION HAS BEEN
MADE ARE ELIGIBLE FOR RECONSIDERAYION

1F (PL .NE. POLD) GO ¥O 600

OO NOOAN

FINALLY, ALLOCATE PONER TO THOSE PORYS REOUESTING
MORE THAN THEIR FAIR SHARE. CONSIDER ONLY
PRIORTYIY~1 PORTS FOR WHICH NO ALLOCATION HAS BEEN MADE
DC 900 Kk = 1, &
IF (P(K) .NE. D.0} GO TO 900
IF (PP(K) .NE. XI} GO TO 900
PIK} = FRIK)
900 CONTINUE
PL = G.0

(2]

1000 CONTINUE

c
c
Cc FINALLY, ASSIGN OUTPUTS TO NON-SUBSCRIPTED
[+ FORMAL PARAMETERS
Pl = PL))
P2 = P2}
= PU3)

P3

000276
Coo276
000276
C00276
€0a276
ceoz271?
000303
Co0G303
000304
C00314
0CO314
00G314
00034
000314
GOC314
600314
cou322
cCto322
000323
£00323
000323
000326
G00326
00326
60G332
coG332
00034¢
C003S1
£CG3sy
000351
000351
COoG3sl
C0G3S51

000351,

00C351
000351
00G351
COC3513
€0C351
€Cca3s1
6CG3S1
€00351
Co0C3s?
C0Q357
620363
€0G0363
C00367
00367
€00367
00g373
€o0373
00G373
coc3rs
coc373
¢00l73
co03175
€35377?

g
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114

Q0341
ce3a2
00343
00344
00345
Go3us
003a7
0C3s0
ee3s1

254¢
255»
256%
257»
258
259%¢

_260¢

261%
262¢

3gco

P4 = Plg)

SP = PL

PMI=PMsF]

PH2=PM3F 2

PHI=PMSF 3

PMycPHsF L

ROz AMINLCRO,PMD/EF

RETURN

END

000401
coG403
gogsugde
GOCu1G
cocu13
00Gu16
coou21
Locy3cC
Cooe41

ad



7.29 PRIORITY INTERRUPT

INT———’J a—’PSZ
PS1 3w PI
PS 3—— 3PS 4

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

power requests when minimum or maximum capacity is approached.

tnputs
Parameter/Port
PS 1
Ps 3
INT
Qutputs
Variable/Port
PS 2
PS 4
Equations
PS2
PS2
PS2
PS4

PS4

Description
Input priority for PS4 output
Input priority for PS2 output (defaul {=PS1)

Inferrupf 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

BCS 40180-2
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SUBROUTINE PI ENTRY POINT 000040

STORAGE USED CODE(1) CO0061; DATA(Q) 000010; BLANK COMMON(2) 000000
COMMON ELOCKS

0003 CImnPL  0Q00D01

EXTERNAL REFERENCES (BLOCK, NAHE)?

0004 NERR3S

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

<001 000010 10L ~ 0003 I 000000 IMPL 0000 000002 INJPS
00100 ' 1% cPl .
0101 2¢ SUBROUTINE PI(PS2,PS8,PS1,PS3,INT)
co101 3e c
90101 Qe € PURPOSE CHANGE PRIORITY OF POVER ALLOCATION YO STORAGE COMPONENTS
¢0101 13 c
{0101 b C WRITTEN BY A.W.WARREN ’ VERSION 1, APRIL 14 1977
teio Te c
G101 8e €  CALL SEQUENCE
00101 9 c PS2 - OUTPUY PRIORITY (D TO ])
c0101 10# c PS4 - OUTPUT PRIORITY (COMPLEMENT TO PS2}%
(0101 11 c PS1 - INPUT PRIORITY FOR PS2
vo101 12 C PS3 - INPUT PRIORITY FOR PS4
00101 13 c INT - INTERRUPT FLAG
00101 14 c = NO INYERRUPT
rtolal 15 c 1= INCREASE ALLOCATION PRIORITY
G101 16» c ~1= DECPEASE ALLOCATION PRIORITY
o101 - 17e c
co1a3 18¢ REAL INT
LC10o4 19 COMMON ZCINPL/IMPL
00105 20 IFLIMPL.GT.D) GO YO 10
0107 21 IF(PS3.EQ. .99999) PS3I=PSI]
L0107 22% c
GO111 23 10 PS2=PS1
o112 24 PSU-PS3
00113 25% IFUINT.6T.0.) PS2=1,
cc115% 268 IFLINT.LT.C.) PS2-0.
00117 27 IFIINT.GT.0) PS4= Q.
cg121 28¢ RETURN
0Cc122 29 END

000000
000CO0
cooo00
€cd0000
c3G0Q0
codo000
£occoo
£03000
COL2CC
cocooe
cogooc
cocooc
¢oooco
C0Go0D
cooooo
coGuCoo
003000
cgocoo
60co00
£oacoo
c0G002
000002
000010
Loooll
cooo13
cooez¢c
pocc24
C0CO30
000060

Id



7.30 HYDRAUL IC PUMP

INPUT POWER (P1) ——p
MAX. INPUT POWER —»- PU
(w1)

INPUT EFFICIENCY —®1

—& MASS FLOW RATE (M)

—e= MAX. OUTPUT POWER (MP2)

& OUTPUT EFFICIENCY (EF2)

(EF1)

The hydraulic pump mode! is based on a constant speed design. The pump is

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

of f-design performance the pump efficiency is assumed to be functionatlly

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)*SQRT(MD/M)

where Cl1, C2 are conversion constants

BCS 40180-2



lnputs
Parameter/Port Descripfi Units
P 1 Input power kw
H 1 Height of water above inlet ft
! EFD | Pump efficiency at design pt. (D = 0.90) -
i ND Mass flow rate at design pt. (D =,ZXI°5’ gal/h
E EF 1 Input product efficiency -
| MP Input maximum charging rate kw
M Maximum allowable mass flow rate (D = 3X105) gal/h
cK Pump capacity cost coefficientl(p = 0.011)
FO Pump exponent for cost calculations (D = 0.5) -
Y Pumphead exponent for cost calculations (D=0.25) -
Outputs
Variable/Port ‘
M Output mass flow rate gal/h
EFF Pump efficiency . -
cco Pump cost/year ' $
" EF - 2 _ Oufpuf product efficiency -
MP - 2 Maximum oufpuf power ' kw
i ics.
M2v Maximum output mass flow rate gal/h
|
|
|
I
i
s D - default values

1CK = capital cost (known unit)/ ((MD¥481.2)34FO*HL #%Y * expected |ife time)
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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.

Calculatl Seguence

kwh

-6
Cl = 0.377%10 PP

C2 = 8.3398 Ib/gal

1) Costs (first pass only)

cC = CK*(MD*481.2)F0*H1**Y

1. L. Marks and T. Baumeister, '"Mechanical Engineers Handbook", McGraw Hitl,
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




2) Mass flow rate and pump efficliency
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

P1/ (C1¥#C2#H1)
A¥(1-EFD)¥* V MD
x2

EFF = 1-(1-EFD)¥ VMD/X

3) Product efficiency and maximum charge rate
EF2 = EF1¥*EFF
MP2 = MIN(MPLHEFF,  MMCIHC2¥HL)

4) Compute Statistics and Costs

BCS 40180-2
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SUBROUTINE PU

ENTRY POINT 0DO216

STORAGE USED CODEt3?Y 000313; DATA(OY 000033; BLANK COMMON(2) 000000

COMMON BLOCKS

00a3
0004
oocCs
09GC6

CIMPL 000001
CTIME 000002
CSIMUL GCGCN10
cosT coacol

EXTERNAL REFERENCES (BLOCK, NAME)

Jocr
0010
oo
0012

STORAGE

000l
onoe R
0004 R

c0100
co1C1
co101
C0101
co101
co101
00101
50101
00101
co101
coi01
Lo1c1
001C1
c0101
€0131
00101
co101
coial
00101
ccion
gol

cC1

Fol\'l

CURIC

XPRR
SOPT

NCFR3S

ASSIGNMENTY

0ono73

000000 C€CIX

ogcooo

1»
2%
3s
4
S»
(24
Ts
g
9
10»

11s

12
13
j14
15%
168
17
18
19%
2%
218
22%
213

cpPu

OO0 OOO0O0N0

100L
TINE

{BLOCK, YYPE, RELATIVE LOCATION, NAME)

ocol 000182 200L 3000 R 000004 ANS 0000 R 000002 A3
0000 R 000001 C1 0005 000000 DuM 0003 I 000000 IMPL
000S R 020007 TMAX 3000 R 00COO0 TMAX1

SUBROUTINE PUCHEFF qCCL,EF2 MP2,M20,P1 ,H] EFD ¢MDEF14MP] 4 HN
1 'CKFO,Y)

PURPOSE PERFORMANCE OF HYDRAULIC PUNMP

ME THOD COMPUTE PUMP FLOW RATES ASSUMING CONSTANY SPEED WITH
EFFICIENCY A FUNCTION OF SORTU(FLOW RATE)

WRITTEN BF Fo O. MAHONY VERSION 1, MARCH 29 1977

CALL SEQUENCE

OUTPUTS
M - QUYPUT MASS FLOW RATE, GAL/HR
EFF~ PUMP EFFICIENCY
CC - PUMP COST/YEAR, S

EF2 - OUTPUT PRODUCY EFFICIENCY
MP2 = MAXTIMUM OUTPUT CHARGE RATE, K¥
M2U -~ MAXIMUM OUTPUT MASS FLOW RATE, GAL/HR

INPUTS
P1 ~ INPUT POWER, KW

0000 R 000003 As
0000 G00C20 INJPS

£00200
600C00
020000
000650
00000
c00000
€0000C
t00003
066000
00G000
GeCoos
600000
000000
L00000
¢0G000
00G0J0
c0C000
£oocos
00930
£0000G
€0c000
c00030
£oCo00

Jd
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we

20101
cel101
£0101
co101
20101
30101
[ c) §v) |
L01C1
cl101
0101
c0103
0Q1C3
00104
cC104
30105
cO01GS
¢o0107
co1G7
u0110
J0119
30111
ac113
¢0115
co117
Gol21

. 00123

20125
60127
cei27
€C13d
00131
00132
00133
00133
00133
00133
00135
C0136
50136
0c137
C0140
00140
00142
00143
£0143
CC143
CC143
00144
acius
n0145S
00146
T0146
00146
ac146
(0152
£0150
EC151

289
25%
26%
27
2¢*
29
30
31
32+
31
34
3cs
36
37s
38
39
4Ce
41
428
§3e
Qae
45s
4ee
q7e
48%
q49s
5Ge
S1s
52s
53
Sy
5S5»
56
57s
Sas
590
6C»
61
62%
63"
(X}
65%
66¢
67e
68w
6 Se
Tle
11
12
T3
T4®
76
T6%
T1»
Te»
79
8l»

[ 2 B o | N O O aAanonoOonnn

aoO0n

[aNeNa]

oMM

H1 = HEIGHT OF UATER ABOVE INLET, FY

EFD ~ PUMP EFFICIENCY AT DESIGN POINT

MD ~ HASS FLOW RATE AT DESIGN POINT, GAL/HR
EF1l - INPUT PRODUCT EFFICIENCY

MP1 - INPUT MAXTMUM CHARGING RATE, KU

MM~ MAXIMUM ALLOWABLE MASS FLOW RATE, GAL/HR

CK = PUMP CAPACITY COST COEFFICIENT
FO = PUMP EXPONENT FOR COST CALCULATIONS
Y = PUMP HEAD EXPONENTY FOR COST CALCULATIONS

. COMMON /CIMPL/IMPL /CTIME/TIME/CSIMUL/DUNIT) ,TMAX /COST/CCI

100

200

REAL M MP2oM2U MDD HP] oMM
IFLINPL.GTL.0)60 TO 100
THAX1I-THAX#.99999

€C1= 3.14841E-6

IFI(EFN.EO0. +99999)EFD=0.9
TFUMD .EQ. «99999)IMD =2.0ES
IFLHP1.[Gs -99999)IMP1Z].E8
IFEMM LEQe «99999)MM =3,0t5
IFECK ECe «999991CK =0.011
IF(FO +EQe +999991F0 =0.5
IFLY  .EQe +99999)Y =D.25
CC =CHotMDeg8l.2)0sF0vHIERY

M2U =C.0C
EFF= 1.0
M= C.0

IFtP1 .LE. 0.0) GO YO 200

SOLVE CUBJIC ECUATION FOR M AND EFF

A3z ~P1/(C1%H1)
A4 S-A3*(1.0-EFO)SSORTIND)

CALL CUBIC(A3,AG,ANS)
IF(ANS.LE.O.) GO TO 200

M ZANS®e2
EFFS1.0-¢1.0-EFD)*SORTI{MDIZANS

PRODUCT EFFICIENCY AND CHARGE RATE

EF2ZEF1SEFF
HP2-AMINL(MPL1#EFF HNeH1eC])

IFCLINPL.LE . 1)RE TURN
STATISTICS
M2USAMAX I (M2U M )

IFCTIMELLT. TMAX]ID)RETURN

000900
000000
006000
£00000
coooac
006000

oooseo
coQo00
50000
coGnuo
c000ao
000000
C0GO00
coacoo
500000
Go0od0Q
000002
opoeo2
c€ocaos
005005
000C07?
coo01 4
00321
u0pn26
000033
GCGcuo
00004S
©c0ps2
00G0osS2
000071
CoCLa73

.000074

Q00975
CCOp7sS
00007S
00007s
000100
cC0165
€00105
000115
000122
000122
ooao12s
Co0013¢0
000130
00C130
0CC130
000142
G00144
C0014y4
€0C156
coulse
C00156
C0C156
003165
Couv16s
coo173

Nd



(474

2-0810% SJ4

50151
30153
C0153
JC154
00155

Bls
82«
83
g
ass

N

CCI=CCI+CC

RETURN
END

000173
€00262
G0G202
006205
Goo3l2

id



RE

7.31 AC-DC RECTIFIER -

AC POWER (P1)  —» |—s DC POWER (P2)
INPUT MAX. POWER RE 8~ QUTPUT EFFICIENCY (EF2)

(MP1) _ | OUTPUT MAX. POWER (MP2)

This cdmponenf models a solid-state rectifier/transformer. Power losses due
to resistive heating and contact potential loss are modeled. Default parametfer

values determining power losses are based on 200 kw rated power.

TRANSFORMER
IAC IDC

} §||€ RECTIFIER i
g >

vic | L l— _1 vl)-c

FIGURE 7.31: RECTIFIER FUNCTIONAL DIAGRAM
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tnputs
Parameter/Pqrt

P 1
RT

XT

VAC

DR

RR

RAP

EF 1

cC

Quipuis
Variable/Port
P 2
AAC

PL

EF

MP

Descripti
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 input 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.

RE

kw
ohms
ohms
volts
volts
ohms

kw

A kw

kw
amps

kw

kw

BCS 40180-2



Calculation Sequence

1)

2)

3)

4)

5)

Compute transtormer power angles

Y = SIN(8) = VBEXT#P1#1000/VAC2

ABS(Y)>1 [ DIAGNOSTIC
Input and output current
If PL <0 set P2= IAC = PL = 0., EFF = 1 and go to 4)

IAC

VAC V2=2003(6) / ( V 3#XT)
" = VAC V2_2* \/1—Y2 / ( V 3XT)
IDC = *#IAC / V6 -

Power loss and output power

PL = ( V3*RT*IAC? + IDC¥(DR+IDC¥RR))/1000
P2=PL - PL

EFF = P2/P1

P2 £0 [ DIAGNOSTIC, EFF =1
Efficiency and maximum power

EF2
MP2

EFL¥EFF
MIN(MP1 , RAP)¥EFF

Compute Costs

BCS 40180-2
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SUBROUTINE RE ENTRY POINT 000257

STORAGE USED CODEC13 CD0352; DATA(O) 00D073; BLANK COMMON(2) 000000
COMMON BLOCKS

0003 CIMPL 000002
0004 CTInE , 000001
co0s CsSTMUL C20010
006 cosy €ooo001

EXTERNAL REFERENCES (RLOCKX, NAMNE)

neov K&0US
J010 N]oz2s
0011 SGRY

0012 NERRI3S

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

acel 000042 100t ecoo 000307 108F 0001 000100 200L 0001 000117 3000 0asco 000034 308F
ocot Con214 &g0L 0006 R ;000000 CCI ooos 000000 DUN 0000 R 00CDO06 EFF COC3 I 0C0021 ICNY
0000 R GQOOOD IDC 0003 Y 000300 ImpL 0000 600063 INJPS 0000 R 0DOCOOL PI 0C0D R CODD32 ROOT3
0004 R 0CCO00 TIME 0005 R NADOOT THAX 0C00 R 000003 TMAX1 0000 R 000OCY Y GCOO R COODOS YY
00120 1s CRE 600000
0101 2 SUBROUTINE RE(P2,TAC;PL,EF2,HP2,P1,RT XT,VAC ,DRRR,RAPEF1,MP1,CC) 000000
coiol 3e c . 00co000
901901 qs c PURPOSE SOLID STATE RECTIFIER/TRANSFORMER MODEL 0oeccao
0101 Se c G0Co0G
00101 6 ¢ ME THOD COMPUTE OUTPUT DC POWER AS A FUNCTION . uooooc
c0101 7+ c OF INPUT AC POVER ccCoos
20101 8 c 00000
00101 9% c WRITTEN BY Y.K,CHAN VERSION 1, JUNE 1, 1977 £0GCa0
celol 10s c £0a000
0£G191 11 C  CALL SEQUENCE 00C000
>4 00101 12 c OUTPUTS 000000
P 0101 12» c P2 -DC OUTPUT POMER, KV coceos
N 0101 148 ¢ 1AC -AC INPUT CURRENT, AMPS Loccoo
o co101 152 c PL -POWER LOSS, Ku £00000
'0-5 0101 16 c EF2 -OUTPUT PRODUCT EFFICIENCY . : cccooc w
S ¢0101 171 c MP2 -MAXTMUM OUTPUT POWER, KW ' c00000
go Gc101l 18% c INPUTS 06000
0101 19¢ c P1  -AC INPUT POWER, KW coo000 H
2C» c RT -~TRANSFORMWR RESISTANCE, OHMS 000000
219 c XT <~TRAMSFORMER REACTANCE, OHMS (0GCao
22 c 0Cco000

VAC -RATED AC VOLTAGE, VOLTS
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we

coiol
£0101
¢0101
0101
60101

5101
£0101
60133
006104
€0105
00107
¢0107
£0111
Vo113
00115
c0117
co121
co123
0c12s
00127
tC127
$0127
98127
Co139
co131
00132
G013
cCin2
00142
00143
0C145
00145
00145
70185
0C146
CO150
co1s1
00152
00153
60154
00154
£0155
G0156
eci1se
£0156
cC156
00157
00160
oclel
00162
00164
LC1T1
oc172
00174
2017s
C017s
rc17s

23
28
25
2¢%
27
28
p X2
30s
31e
32»
33
3 ae

35

360
37
38
39
409
a1
42
yle
Q4»
§59
86"
4ls
46 ¢
49
50
Sle
52
53
Sus
55»
S ¢
STe
58s
59»
€0e
61
62
63w
64 »
659
6 ®
67%
68%
69
708
11
T2
Tis
Ty
75%
16
77
T8%
TS

2 N s EaNaNaNa)

[N o Mgl

[aNaN,1

a0On

190

108

200

300

-338

DR ~RECTIFIER CONTYACT POTENTIAL, VOLYS
RR  -RECTIFIER RESISTANCE, OMMS

RAP -RATED INPUT POWJER, XM

EF1 -INPUT PRODUCT EFFICIENCY

MP1 ~MAXIMUM INPUT POWER, KV

€CC -~RECTIFIER COST/YEAR, $

COMMON ZCIMPL/IMPL ,ICNT/CTINE/TIME/ZCSIMUL/DUNITY, THAX/COST/CCY
REAL JAC,MP2,MP1,1DC

DATA PI/3.14159/

DATA po0OT3/1.732057

IFLIMPL.GT.0) GO TO 100
IFIHMP1,EQ..999991MP1=],(8
IF(RT.EQ..99999) RI=0.
IFLXT.EC..99999) XT=,03
IFtVAC.EQ..99999) VAC=a4Q,
IT(PR.ED..99999) DR=Q,
IF(RR.£0..,99999) RR=,02
TMAXI-TMAX$.99999

COMPUTE TRANSFORMER POWER ANGLES>

YZROOT3I*XTeP1%1000.7(VACSVAC)
YYZYey

IF(YY.LE.1.760 10 200
IFCIMPLLEQ.2)WRITE (e 108IPLoXT4VAC

FORMAT(IHG, 19HRE, AC INPUT POVER ,F12.3,49H 100 LARGE IN RELATION
170 TRANSFORMER REACTANCE ,F12.3,22H AND RATED AC VOLTAGE LF12.3)

TIF(IMPL.EQ.2)ICNT=ICNT}
YYSAMINItLl. YY)

INPUT AND OUTPUT CURRENT

IFC(P1.67.0.,360 TO 300
P2z=0.

TAC=Q.

PL=C.

EFF<-1.

60 70 4CO

JAC=VAC*SQRT(2.~-2.%SQRTI1.-YY))/LROOT3eXT)
IDC=PI*IAC/SQRT(6.)

POVER LOSS AND OUTPUT POVER

PL=CROOT3ISRTSIACSTACIDC*(DR+IDC*RR}) /1000,
P2zP1-pPL - - :

EFF=P2/P )

1FtP2.67.C.) GO TO 4GO

IF{INTL LEQ.2)WRITE(6,3081PL,P1

FORNMATI1HO, JUHRE POVER LOSS ,F12.3,21H EXCEEDS INPUT POWER ,F12.3)

IFLIMPL ,E0.,2)ICNTZICNT ]
p2:z-c.
EFF=1.

EFFICIENCY AND MAXIMUM® POUER

c00000
coC000
C00000
cooDnoo
(defelelod e
200000
cogooo
€00GC00
Goooco
€00003
cocace
€0dC20
004000
c0Go02
ctooco?
coog13
€00020
ooacezs
tooc3)
CCCo36
CCD0O036
C0U03e
000036
0oogu2
5060S1
000053
oouose
pogersy
c00071
J0Jyo71
000100
cogicec
toolocC
coail100
€00105
cocil1o
pocili
cooll2
co0113
tocl11s
coo11s
coc117?
coo14¢
£oG140
00C14C
¢00140
cocl47
00C161
000163
coC1ésS
co0170
00G202
000202
soo21¢
too211
¢00211
6500211
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00175
CGl7e6
no177
00200
Gi2201
00203
C020S
C020S
C0z06
coc207

80»
81»
az2e
8ls
84
B85
866"
87s
88e
89s

c

Q00 EF2-CF1+EFF

HPZZAPINL (MNP RAP)
NP2Z=HP2*LFF
JFUINPL.LE.1JRETURN
IFCTIME LT THAX]1DRETURN
CCI=CCI+CC

RETURN
END

coo211
000218
000216
C0C22%
C30226
0po23S
CCg244
000244
00C247
000351

14



7.32 RANDOM NUMBERS

MEAN . -—
STANDARD DEVIATION ————

RN ————= RANDOM NUMBERS

This component generates an uncorrelated sequence of normally distributed

random numbers with a specified mean and standard deviation.

Inputs

Parameter/Port Degcripti

MN Mean value of sequence

SIG Standard deviation of sequence

NSTl Start parameter. (Use any odd integer
greater than 1). Default supplied.

Outputs

Variable/Port '

FO Random number output

1

|f RESET parameter > O then succeeding simulations use NST to start random

sequence.

BCS 40180-2
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SUBROUTY

INE RN

ENTRY POINT 000065

STORAGE USED CODEC1) CCD1N5; DATA(O) DOOD3I3; BLANK COMMON(2) 000COO

COMMON BLOCKS

o003

CImPL

000003

EXTERNAL REFERENCES (BLOCK, NAME)D

g00s

STOKAGE

2001
0003 1

KEPR3S

ASSIGNMENT

GG0026 1236
000330 IMPL

0900 b ooDCC2

00100
00101
coict
Q00101
20101
60101
£0101
€011
00101
20101
Go1GY
oci01
00101
£0101
0103
D104
0165
10110
sc112
00114
co116
66120
0121
00122
co12s
€0126
60132
Go131
00132
00133

1s
2
3
Qs
s
¢
T
8s
9
1C»
11»
12»
13*
lus
15
i16®
17»
18+ .
19
20
21»
22%

.23

2us
25%
26%
27
28»
29%
b ¥4 J

4

CRN

OO0 N

(BLOCK, TYPE, RELATIVE LOCATION, NANME)

ocol £0C021 SL 0000 R 000006 AXOQ 0000 I 00C007 I
GoC3 000024 INUPS 0003 I 000002 ITEST 0C00 D 000GC4 SUM

SUBROUTINE RN{U,AX,SIG,AMN}
VERSION 2. ' REVISED ‘MAY 1977
PURPOSE - GPINERATES A NORMALLY DISTRIBUTED RANDOM NUMRER
CALL SEQUENCE
U - RANDOM NUMBER OUTPUT
AX- A START PARAMETEP WHICH CONTROLS THE BEGINNING POINT
OF THE OUTPUT SEQUENCE. AX SHOULD BE ANY ODD INTEGER
GRFATER THAN ONE. THE DEFAULT VALUE OF aXx IS §31669.
AX IS UPDATED FOR NEW CALLS TO THE SUBROUTINE.
SIG- THE NESIRED STANDARD DEVIATION OF YHE SEQUENCE
AMN- THE DESIRED MEAN OF THE SEQUENCE

DESIGNED BY * ROGER HW. CALL SEPT 1976
CCHMMON JCIMPL/IMPL 4TJCNTITEST
DOUBLE PRECISION X,Y,SUM
DATA Y /253967.D07 AX0/0.7
IFC(INPL.GY.CIGO TO S
JFUPXEQ.e99999) AXZH31469,
IF(AX0.EQ.0.) AXO=- AX
IFLITEST.EQ.)) AX= AXO
X ZAX
SUM=C.DT
DO )} I=1,12
X= DMODIX$Y,16777216.00)

SUMZ SuMs X/16777215.00
AX= X
UZ(SUM-6,CIeSIG+ANN
RETURN

END

occs coNcol ICNT
0GCO o CJ0Q00C X

000030
€00030
003000
0006330
oocooa
gcgoaoc
£oogoc
006000
cacooc
C0C330
coceoo
«0Gas0
000000
cooc0Q0
C30G00
cooooo
G00Co0
Leecog
coGo02
00C007
c0Ca13
Goo021
3006022
co0026
ooco2e6
C00C36
COoCou3
LoUCyS
C00054
000104



7.33 SATURATION FUNCTION

FIN

CG C'I

ipputs

Pa eter/Por

C2

FO

Description

FIN Input quantity
c1 Slope O <FIN<C3
c2 Slope FIN>C3
C3 Positive saturation intercept
Cc4 Slope O >FIN>C6
C5 ~Slope FIN<C6
cé6 Negative saturation intercept
Outputs
‘ Varigbie/Port
‘ Fo Output quantity
[ Calculation Sequence
| F® = C1#C3 + C2#(FIN-C3) if FIN >C3
FO = CL¥FIN if 0<KFIN<C3
FQ # CA%FIN if O>FIN>C6
FO

BCS 40180-2
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SUBROUTINE SA

ENTRY POINT 000051

STORAGE USED CODE (1) COCOT6; DATA(D) DOOO13; BLANK COMMON(2) (00000

EXTERNAL REFERENCES (BLOCK, NAME)

0003

NERR3S

STORAGE ASSIGNMEINT

co01

Go100
So1m
ocio
co101
00101
£C101
cci01
co1G1
cciol
€o101
3C101
co101
aci1ot
o101
00131
coial
00131
aC101
CC1lG}
aG131
coi101
001214
culo1
co101
co121
uo1GC1
00101
cG101
co101
G101
co101
00101
Go101
Co1d:

co10

Goo0o17 10L

ls
2
3
as
5
6%
T
Ge
9
1Cs
1lls
12%
12e
199
15+
169
17»

10

19»
20
21e
22
23
24
25%
26%
27
2t s
29
30»
31
32#
33
Iy»
35

CSA

OO NNOOHNOON

(BLOCK, TYPE, RELATIVE LOCATION, NANE)

0001 000042 100L 0001 000027 20L 0001 - 00CD37 30L

SUBROUTINE SAtFO.FIN,C1,C2,C3,C4,C5,C6)

PURPOSE = T0 SIMULATE SATURATION

METHOD - SEE CODING. C3 AND C6 ARE VALUES OF THE INPUT AT WHICH
SATURATION OCCURS. €3 IS GREATER THAN C6. THE ROUTINE
CAN SIMULATE A CHANGL OF SLOPE AT THE ORIGIN (Cl.NE.CAH)
PROVIDED C6 1S LESS THAN ZERO. SIMILARLY THE SLOPES
IN THE SATURATION REGION (C2 AND CS5)CAN DIFFER,
THE SLOPES CAN BE POSITIVE OR NEGATIVE

WRITTEN BY =~ ADAM LLOYD LATEST REVISION ~ NOV TS5

LIMITATIONS - USE OF 2CRO SLOPES (C2=0 OR CS5=0) IN THE SATURATION
REGION SHOULD BE AVOIDED. IV IS DCSIRAELE THAT THE
SLOPE RATIOS C1/C2 AND C4/CS5 SHOULD NOT gXCELD 100.
EXCESSIVE SLOPE RATIOS MAY RESULT IN VERY SLoOM
CONVERGENCE

INPUT/Z0UTPUT LIST

Fo OUTPUT VARTABLE ANY OUTPUT VAR

FIN INPUT VARTABLE ANY INPUT VAR

c1 SLOPE )} FIRSY ANY INPUT  PARAM
c2 SATURATION SLOPE ) SLOPE . ANY INPUT  PaARAM
c3 SATURATION INTERCEPT) ANY INPUT PARAM
Cy SLOPE ) SECOND ANy INPUT PARAM
cs SATURATION SLOPE } SLOPE ANY INPUT PARAM
ce SATURATION INTERCEPT) ANY INPUT PARAM

IFLFIN.GTLC3)G60 TO 10

ocoo 020600 INJUPS

p0000C
0coooc
co0eo0
£oL00G
CC0000
ccocac
ceLQoe
00CG00
cgoooo
coGGoa
€o9co00C
c0eo00
GCo020
oocoGo
goouono
¢ocooo
0002C0
ccooao
c2C03C
cocoao
€0GJC0o
- L0o000
caococ
200C00
CeOGSS
£osgeo
600000
Soueac
Cacooo
coocoo
cocecoc
coccou
coccea
¢0400Q
COCaG0o



11:'4

(o4
(9]
w
.
o
—
(0.2
?
N

GOo10S
00107
o0111
a0112
Go112
00113
00114
00114
¢C11s
cClle6
notle
oCc117
0123
cci121

J6*
37»
38
36
L 308
4le
429
43e
44
4S9
46
47e
4es
49

c

c

C

IFCFIN.LT.C6)GO TO 2
IF(FIN.LT.0.260 TO 3
FOZC14FIN
60 T0 1CO

POSITIVE SATURATION

10

20

30
10C

FO=C19C3+C2%(FIN-C3)
60 10 103 i !
NEGATIVE SATURATION
FOZCUSCOHCSS(FIN-CED
GO0 T0 100
NEGATIVE UNSATURATED
FO=C49F IN
RETURN
ENMD

(]
0

0000013
ogoco?
000012
CGCOoLrs
COoC1S
006017
gocu2s

- couo2s

000027
003035
02003S
600037
coccy 2
0ougTs




"

7.34 SINGLE POLE SWITCH

VA1 _
h \ vo1
s
V81
—_— L0
vB1 VB1 VB1
V01 |y VA1 Vo1 VA1
| 1. 1 |
TC1  TIME  TC2 TC1  TIME  TC2
swi=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

lnputs
Parameter/Port D ripti
VA1 Input to switch
VBl Input to switch
Swi Switch control parameter
TC1 Time for first switching (hours)
TC2 Time for second switching (hours)
Qutputs
Variable/Port
Vo1 Switch output
Calculation Seguence
If SWL = 0 then
VAl TC1 < TIME < TC2
Vel =
VB1 otherwise coe
If SWL =1 then
VBl TC1 < TIME < TC2
Vol =
VA1l otherwise

BCS 40180-2
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SUBROUTINE Sw ENTRY POINT 000C42

STORAGE USED CODE (1) DDOO&47; DATA(O) ODCNOT; BLANK COMMON(2) 000CCO
COMMON BLOCKS

30C3 CIIMC 000021

00Ga cl1o 0o0cos3

EXTERNAL REFERENCES (BLOCK, NAME)

00CS NERR3S

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

Q008 C00002 10146 0000 000303 INJPS 0004 C00000 IREAD 0008 000001 IVRITE 0C00 R 000000 SX
Q003 R COO0CDO TVINE

00100 1 csw 000600
00101 2e SUBROUTINE SW(VO1,VAL,VB1,SW1,TC1,T7C2) coococ
c0101 3e c 000000
co101 o C PURPOSE - TO PROVIDE SWITCH CONTROL FOR ONE VARIABLE 000000
€0101 - Se c 60G000
850101 ce ¢ . €000G0
¢0101 70 C METHOD - SEE CODING cou00¢
t0101 A c ‘ £C0G00
0c101 9 c 6COCO0
GO101 1C» C WRITIEN BY ~— ADAM LLOYD LATEST REVISION NOV 75 (0CCOoG
c0101 11e c 00C000
G01G1 12 c £0G00J
co101 13 C LINITATIONS - NOT MORE THAN TWO SWITCHINGS AT TIMES TC1 AND TC2 £0G03C
¢0101 149 ¢ cacoee
60191 -15% c £0000¢
0G101 les C  INPUT/OUTPUT LIST coo00c
co101 17 c c000CO
£G101 18 € vol OUTPUT VARIABLE NO 1 ANY OUTPUT VAR coGCo0
€0101 19% C  vai INPUT VARIABLE NO Al ANY INPUT VAR 205000
00101 2C» c w8l INPUT VARIABLE NO Rl . ANY INPUT - VAR 000600
<0131 21 c swl SMITCH CONTROL INITIAL VALUE --- INPUT  PARAM 006003 m
56191 222 c : 1.  VO:VR o S £Ccocoo .
00101 23 c 0. vo=zva £06000
no1o1t 24 c. 1C1 TIME FOR FIRST SWITCH SECS INPUT  PARAM 000C0G
celot 25 c 1c2 TIME FOR SECOND SWITCH SECs INPUT  PARAM 6000G0
€C1G1 26 c t1€2.67.7C1) 600000
00103 270 COMMON/CTIME/TINE COD0GO
CO1G4 28+ COMMON/CIO/IREAD,IWRPITE ,IDIAG L0C00C

aC1Cs 29 SX-SwWl €ocoog



2-0810t S29

00106
co110
co111
co113

CO0ll4 -

3C®
31»
32%
33
34

IFLTIME.GToTClaAND e TIHE.LTTC2)SX=ABSEISUI~1,)
YO1:=vAl

IF(SX.57.0.5)¥01=vB1

RETURN

END

co0201
c0G023
000025
00C033
cocoae

MS
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7.35 TWO POLE SWITCH

———
-__——_Ck\ﬁ~\*}f . Vo1
|
| et
~_ - V@2
5 o

Y

SEE SW FOR SWITCH CONTROL LOGIC

lnputs
Parameter/Port Description
VAl input to switch 1
VA2 Input to switch 2
VB1 Input to switch 1
VB2 Input to switch 2
SW1 Switch control parameter
TC1 Time for first switching (hours)
TC2 Time for second switching (hours)
Outputs
Varigble/Port
Vo1 Output from switch 1
| Vo2 Output from switch 2
i
|
i
/
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SURROUTINE SX ENTRY POINT 0Q00S2

STORAGE USED CODE (1) DCO0062; DATACO) 0COOOOT; BLANK COMMON(2)} 0O00QCO

COMMON BLOCKS

0063
2004

C1Ing
c1o

000001}
000003

EXTERNAL REFERENCES (BLOCK, NAME)

2605

NERR3S

STORAGE ASSIGNFPENT

(BLOCK, TYPE, RELATIVE LOCATION, NAME)

09Cs QJCCC02 IDIAG onco 000003 INJPS o008 0060000 IREAD 0004
0003 R OCO0000 TVIME
¢010Q i» cSXx
cc1io1l 2% SUBROUTINE SX(VO01,V02,VAl1,VA2,VBl1,VR2,SW1,T7C1,TC2)
co0101 3s C )
{C1l01 Qe c PURPOSE - TO PROVIDE A SWITCH COMPONENT FOR TWO VARIABLES
cc1o1 Se. C
t0101 €s Cc
co101 T Cc METHOD - SEE CODING
cci01 8s c
¢celot Se C
c0101 10» c MRITTEN BY -~ ADAM LLOYD LATEST REVISION NOV 7
co1o1l ile C : '
G0101 12+ Cc
coi101 13» [ LIMITATIONS - NOT MORE THAN TWO SWITCHINGS AT TVIMES TCl AND T
¢ol0l 149 C
0cicl 15» c
56101 1¢€» C INPUT Z70UTPUT LIST
c0101 1 [
>01GC1 lee C Vol OUTPUT VARTARLE NO 1 ANY OUTPU
20131 19+ C voz CUTPUT VARIARLE NO 2 ANY OUTPU
co101 2C* C val INPUT VARIABLE NO Al ANy INPUT
sc101 21» € VA2 INPUT VARTIARLE NO A2 ANY INPUT
0101 22% [ VB1 INPUT VARIABLE MO BI ANY INPUT
201901 23% C YR2 INPUT VARIABLE NO B2 ANY INPUT
50101 2u % C Sk1 SWITCH CONTROL INITIAL VALUE -—- INPUT
20101 25% [ 1. vo:-vVvB
c0101 26% ¢ _ =C. vO=-va
o 27 C TC1 TIME FOR FIRSY SUITCH SECS JNPUTY
3 22+ C Tc2 TIME FOR SECOND SWITCH SECS INPUT
Co._. 29s C (1€2.67,.,1C1)

800001 IWRITE

S

c2

T VAR

T VAR
VAR
VAR
VAR
VAR
PARAM

PARAN
PARAM

000 R CGCCOC SW

006000
ccotoo
GOGCIl
coocoa
00GOo00
{00200
€0G000
coccoo
cogscac
ceoico
£oo0e90
-¢0GTo0
coccoc
0ooCGo
€3000C
caceac
toco0o
¢eo000
cocodc
Jcceoo
C00000
cogeec
tocooc
C20000
¢oenagd
cooroo
£cogcou
GOOLOOC
anofocC

XS
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6

cC193
00104
20108
01Ce6
uCl110
ce111
co0112
00114
eG116
colt7

3C»
31
32»
33s
34
3

- 360

37
38
39

COMMON/CTINE/TINME
COMMON/CIO/IREADZINRITE ,IJDIAS

33128

IFCTIME «GT.TCl1oAND  TIMELT.TC2ISUTARS(SHL-1,)
VO1:=-VAlL

Y02:=-yA2

1IFISW.GT.0.5)V01=VB1

IFISU.6T.0.53V02:VB2

RETURN

Enp

coCco00
€0G0o0
c00000
20CG01
€0C023
cooo2s
ocoe27
Co0035
0OC0Cu4 3
£00061

XS




7.36 THREE POLE SWITCH

Parameter/Port

VAl
VA2
VA3
VBl
vB2
vB3
SW1
TC1
TC2

Qutputs
Variable/Port

Vol

Vo2
Vo3

VAl
o x VoI
vBl | —
VA2 © :
Ooie Vo2
vez | =
VA3 i
N Ok\l\e VO3
VB3 =
—_—t 0O

SEE SW FOR SWITCH CONTROL LOGIC

Input to
Input to
Input to
Input to
Input to
Input to

Description
swifch 1
switch 2
switch 3
switch 1
swifch 2 -

switch 3

Switch control parameter

Time for

Time for

first switching (hours)

second switching (hours)

Output from switch 1

Output from switch 2

Output from switch 3

Y
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Q
fary
[0.0]
ﬁ)
N

L (4

SURROUTINE SY ENTRY POINT 000063

STORAGE USED CODE(1) 000077; DATALO) DO0O11:; BLANK COMMONC2) 000000

COMMON RLOCKS

0003 CIINE 000001

00Ce cIo Goooo3

EXTERNAL REFERENCES (BLOCK, NANME)

0J30S - NERR3S

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

o0cCs 000002 IDIAG 0oeo 000003 INJPS
3003 R 000000 TIME

000a

000000 IREAD

000

000001 IWRITE

SUBROUTINE SY(VO1,V02,V03,VAl ,VA2,VA3,VB],VB2,VB3,SW1,TC1,TC2)

PURPOSE ~ TO PROVIDE A SVWITCH COMPONENT FOR THREE VARIABLES

LIMITATIONS =~ NOT MORE THAN TW0 SMITCHINGS AT TIMES TC})

colo00 1® csy

20101 2e

coil 3e . c

co101 4s c

col01 Se c

G0161 6% c

40131 Te € METHOD - SEE CODING

%0101} ae c .

£C101 94 c o

€0101 109 € MRITTEN BY = ADAM LLOYD

©0101 11 c ,

neClo1 12+ c

20131 13% c

50101 1us c

00101 1¢» c .

20101 16% € INPUT/OUTPUT LISY

co1d1 17+ c

nol1ol 18¢ c vo1l OUTPUT VARTABLE NO }
£o101 15 c vo2 OUTPUT VARIABLE NO 2
c0101 2Ze € vo3 OUTPUT VARIABLE NO 3
goiol’ 21 c  val INPUT VARIABLE NO Al
c0101 22» c VA2 INPUT VARIABLE NO A2
a0101 23» C Va3 INPUY VARIABLE NO A3
€C101 249 c vBl INPUT VARIABLE NO B}
colo1 25 € VB2 INPUT VARIABLE NO B2
60161 20 c v83 INPUT VARIABLE NO B3
00131 27+ c swi SWUITCH CONTROL INITIAL VALUE
c0101 25 c ’ z1. vozvB
€010} 29% c =0. VGZVA

LATEST REVISION

ANY
ANY
ANY
ANY
ANY
ANY
ANY
ANY
ANY

NOV 75

AND TC2

ouTPUT
ouUTPUT
QUTPUT
INPUT
INPUT
INPUT
INPUT
INPUTY

" INPUT

INPUT

VAR
VAR
VAR
VAR
VAR
VAR
VAR
VAR
VAR
PARAM

GCCO R 000000 sW

cooooc
000000
gogQoogo
co0000
coocoo
ccooac
£0co0cC
0000D0
c00000
coooac
000300
Goooao
C00GOoG
¢00000
60p000
ccoooc
2C0C00
0oL00c
¢0o000
Co0ugao
uooo000
C3CGCo0
cococao
006000
C00C00
ucogoo
gocooo
00GC00
coooao

AS
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co101
c01a1
06101
00103
00104
co10s
Q010s
c0107

-00110

co11ll
6o113
60115
cciiv
coi121
co122

30
31=
32
330
34
35
360
37+
3ew
39s
Qlie
41e
4le
43»
94 e

C
C
c

7C1 TIME FOR FIRST SWITCH SECS
T1Cc2 TIME FOR SECOND SWITCH SECS
(1C2.6T.7C1)

COMMON/CTIME/TYIME

COMMON/CIO/ZIREADLIMRITE ,IDIAG

SW=SW1

VOol1zval

V02 =yA2

VO3I=VA3

IFCTIME cOToVC1oAND S TIME LT, TC2ISUSARSISUL -1,
IFISW.GT.0.5)v01=VB1]

IFtSW.6T.0.50V02=VE2

IF(SW.CT.0.50v03=VvB3

RETURN

END

INPUT
INPUT

PARANM
PARAM

gooogoo
co0000
00C000
[l Jefsle] o}
£aGooo
CCc0090cC
coao01
coCo03
0GoCcos
oco007
6oGo3s
000337
Cccoous
£0a0s3
000076

A
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7.37 FOUR POLE SWITCH

loputs

Parameter/Port
VAl

VA2
VA3
VA4
vBl
VB2
VB3
vB4
SW1
TC1
TC2

Outputs

Variable/Port
Vo1

Vo2
Vo3
Vo4

BCS 40180-2

VA1
Ov\'\& v
vB1
0 :
VA2 i
e R
‘—0‘\1\(} Vo2
|
vB2 - [
VA3 K {
A*Om\*\\c Vo3
VB3 - o |
VA4 - I
VB4
- —O0

SEE SW FOR SWITCH CONTROL LOGIC

Description
Input to switch 1
Input to switch .
Input to switch
Input to switch
Input to switch

Input to switch

W N B A WwWN

Input to switch
Input to switch 4

Switch control parameter

Time for first switching (hours)

Time for second switching (hours)

Output from switch 1
Output from switch 2
Output from switch 3
Output from switch 4

293
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SUPROUTINE $2 ENTRY POINT 000073

STORAGE USED CODEC(1) 000112; DATALD) 000011; BLANK COMMON(2)} 000GCOD

COMMON RLOCKS

0003 CTINE 0QO0OCO1}
0004 clo 000003

CXTERNAL REFERENCES (BLOCK, NAME)

00GS NERR3S
STORAGE ASSIGNMENY (BLOCK, TYPE, RELATIVE LOCATION, NAME)

00049 GGCO02 InlA6 0030 000003 INJPS 0004 000000 IREAD 0004 000CO01 IWRITE 0CCO R 000000 sSW
0003 R COCO00 TIME

goio00 1e €S2 €00000

—

£0101} 2% SUBROUTINE S2(VO01,V02,V03,V04 ,VALl ,VA2,VA3,VAq,VB1,VB2,VB3,VB4, 000000

00101 - 3 3 SW1,7C1,7C23 c00000

0101 (1] c . . R 000200

00101 Ss c PURPOSE ~ TO PROVIDE A SMITCH COMPONENT FOR FOUR VARIABLES coucoo

co1lcl 6% C 000000

Co101 Te C cooooc

20101 8 [ METHOD - SEE CODING coo0n00

0191 9 ¢ j -£oo000

col01 1Ce [ ) ) caGooc

co101 11s 4 MRITTEN BY - ADAM LLOYD LATEST REVISION NOV 75 co00000

0101 12 Cc 200300

Goiol 139 Cc C¢oCco0u

0101 149 C LIMITATIONS - NOY MORE THAN TWO SHNITCHINGS AT TIMES TCl AND TC2 coooo0

G010l 15 C coo0ac

ceci101 1¢ce o cooo0g

0101 17= [ INPUT/Z0UTPUT LIST cocoooo

colol C cogooo

g 60101 C vol OuUTPUT VARTABLE NO 1 ANY OUTPUT VAR 000000
(7] co101 - C voz OUTPUT VARIABLE NO 2 ANY OUTPUT VAR . 0gsooe
' 00101 - C vo3 QUTPUT VARTAFLE NO 3 ANY OUTPUT VAR cogeoe
[an] 00101 C vou OUTPUT VARIASLE NO 4 154 OUTPUT VAR oocod0
E; Lo151 Cc val INPUT VARIABLE NO Al ANY INPUT VAR . caococ
o o101 Cc VA2 INFUT VARIABLE NO A2 AmY INPUT VAR cogaoe
&, coi10® C VA3 INPUT VARIAKLE NO A3 ANY INPUT VAR 200000
GC10 Cc VAY INPUT VARIABLE NO A4 ANY INPUT VAR ceocoo

Cc ve 1l INPUT VARIABLF NO Bl ANY INPUT VAR 000000

[ VB2 INPUY VARIABLE NO R2 ANY INPUT VAR C0Go00

C v ~ _INPUT VARIADLIFE NO B3 ANY INPIIT VAD nAAOAA &

S
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a6C

00101
0Cc101
00101
00101
00101
£0101
£0101}
aC103
G104
cC10S
2C1¢6
60110
co111
£o112
00113
COo114
Lo1l16
60120
col122
Q0124
00125

30
31
32
33
34
35%
36
31s
3gs
398
40s
41s
4y2e
43s
LR J
a5
LT
47
482»
49
50

2N alaBaXsNeRsl

vBY4 INPUT VARIABLE NO B8&

Sl SWITCH CONTROL INITIAL VALUE
=1 Vo‘-‘VB
=0. YO=-VA

TC1 TIHME FOR FIRSTY SWITCH

Tc2 TIME FOR SECOND SKITCH
t1€2.67.7C1)

COMMON/CTIME/TIME

COMMON/CIO/IREAD, INRITE L,IDIAG
SU=SW1

ANY

SECS
SECS

IFCTINE .GT o TCloANDTIMELT TC2ISU=ABS(ISH]L~14)

vol=-val

VOo2:z=VA2

VO3I-VA3

VOy-VvVAy
IFISW.6T.0.5)V01=VB]
IFESVW.6T.0.5)V02=-VB2
IF(SHW.GT.0.5)V03=VB3
IFISW.GT.0.5)V0a=VBY
RETURN

END

INPUT
INPUTY

INPUTY
INPUT

VAR
PARAYM

PARAM
PARAM

(e]s]s]ale]s]
000000
Gooo0o0o
€ocooa
codeco
GeGcao
200000
cogece
cooeoo
goccoo
C00001
cooo023
coua2s
coouaz27?
600031
000033
800G04 1}
pocous?
CDJ0SS
occoée3
000111

A
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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 al lowed per model. The component Tl is used to sup-
ply the time input T. The data files must be catalogued using the names F1,
F2, or the JCL procedure file XQTANALYSIS modified appropriately. |f tape

data is used, it must be read into permanent storage files in a prior job

step.
lnputs
Parameter/Port D ipti 1 Units
NST Number of records to skip at start

R Simulation time referenced to start of year hr
ITF Indicator function:

0 = no read
J = read data into Jth array (J<8)

1 NST = (start time of simulation-start time of file)/(data increment x 446)

BCS 40180-2




Outputs

Variable/Port Description Units
VAR Output variable at time T

N Length of file record

T0 Time of first data value in current record hr

H Time increment between data values hr

Record Structure

1st record = identification header, 28 words
Nth record (N>1): 448 words
first word = time of first data value in hours (T0Q)
second word = time increment between data values (H)
J+2 word = data value at time = 70 + (J-1)H
(J=1,...,446)

|f the useful data ends in the middle of a record, then an end value = .99999

is used to signal end of information.

Calculation Sequence

If ITF = 0 RETURN
1) Initialization. (First Pass Only)

o Read 1lst record and write out identification header data and unit

number. (Error exit to 6))

¢ Read past NST data records. Go to 4)

BCS 40180-2 ‘ 297




2) File location incorrect; use initial value

o IfT 2T0 GO TO 3)
Write diagnostic
VAR = A(1,J) (J=I1TF)

Return
3) Table Interpolation for Output

o I§T2T0+N*H GO TO 4)
XT(1) = T0
XT(2) = To+H
VAR = TBLUL(T,XT,A(1,J),0,N)

Return

4) Read Next Data Record

If end has been encountered previously go to 5)

Read next record into array A{*,J).
N = last value. (Error exit to 6))
T0 = Al1,d)
H = A(2,J)
GO TO 3)

5) End of File. Use last value.
VAR = A(N,J)
Write Diagnostic
Return

6) Read Error Encountered

Write Diagnostic and STOP

If end encountered, set

TA
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w
E-3
o
—
(0]
?
N

SUBROUTINE TA

ENTRY POINT 000343

STORAGE USED CODE (1) COO4C3; DATA(J) 007132; BLANK COMMON(2) 000000

COMMON EBLOCKS

2003
0008

CIMPL 000002
DATARD 000700

EXTERNAL REFERENCES (BLOCK, NAME?

2008
2006
acc?
0010
3011
0612
2013

STORAGE

o001
0009
acoo9
onc3
00G0
gooo

Q0100
co101
coiol
co101
€0101
20101
Go101
20101
L0101
i'0101
Co101
ccl101
<C1a1
<0101
coi01l
0G101
co101
co101
no10!

T3 e

NIRAN
TBLUL
NunUS
11038
NIO2S
NSTOPS
NERR3S

ASSIGNMENT

€C0321 100
CCT046 30F
0C7076 9OF
€aCCo0 IMPL
0C7031 L1
c07026 X

i
pd
3
a9
5
6"
T
g
98
10»
11
12%
13#
142
15
169
17+
1is
19»

o
-t
»
-}
m

OO OONNONN

tBLOCK, TYPE, RELATIVE LOCATION, NAME)

onot 000102 100t 0001 00C231 16176 0000 007035 20F
0001 000176 300L 0001 000262 s0OL 0001 005244 60L
0200 R 0N00OJ00 A 0000 R 006760 B QC0C I COT7038 Y
S00C I 007014 IND 2000 007121 INJPS 0C00 T DOT7D33 IUN
ocoC I DOC7033 N 0000 I 007032 NO 0006 R 000000 TRLU}
0000 R 007024 X7
SUBROUTINE TA(VAR,NOUT,TOsHNST,TL,ITF)
PURPOSE READ TIME HISTORY DATA ON STORAGE DEVICE
HfTHOﬁV USE NTRAN SEQENTIAL BLOCK READ FROM MaSS STORAGE
INTO CORE. LINFAR INTERPOLATION IS USED TO OBTAIN
VALUE AT SPECIFIED TVIME T, )
WRITTEN BY A.W. WARREN JUNE 1977
CALL SEQUENCE.
OUTPUTS
VAR = OUTPUT VARIABLE AT TIME T
NOUT ~ LENGTH OF DATA BLOCK LAST RFAD
10 = TIKRE OF FIRSY DATA VALUE IN CORE, HR
H = TIME INCREMENT BETWEEN DATA VALUES, HR
INPUTS

0C01 000135 2Q0L
0000 c07062 80OF

0Ca3
0000
oocsy

0C7027 o

D v e

-0C0000
oc0000
ooucoo0
0oceoo
cocoac
0CcoCco
cocooo
J0cooo
0o0cag
00000 .
c0060G
cooo0o0
{ooodaQ
cccooo
0000C3
couceo
gocooc
000060
GOGOCQ

€00001 ICNY

acopoo 1EMP

-
b —
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00101
£o101
c0101
o101
a0101
nci101
0C103
gCc104
{0195
26106
00136
CC1loe6
¢0106
colii0
so111
n0112
c0114
GOLl1S
c011s
c0117
€020
Go121
co123
co127
00133
oc131
co132
00133
00133
00133
00133
n0134
00136
0e137
a0144
00144
co14s
00147
co14?
cole7
C0147
Co1s0
00152
00153
00154
20185
CD156
£oi1se
00156
0C1Se
co157
nClel
cole2
0016y
0

co

FO.ue

20
21
22¢
23
24
25%
268
27
28%
29
3Zs
31
32
33e
3y
35
36%
37
3e»
3os
43
41
4z2s
43s
4ys
4S»
46
47s
(]34
49
50
Sis
52
$3s
54
55%
56¢
ST
5¢s
59
60"
6le
629
63%
6he
65
609
6Te
6 e
69
70¢
71
12
73
Tu»
75
169

ANOOOO

[a X2 Nal

NN Xs) (s XaXe)

[a R aNal

20

100

30

200

3co

NST ~ NUMBER OF BLOCKS TO SKIP AT START

T = STMULATION TIME REFERENCED TO STARY OF YEAR, MR
ITF =~ INDICATOR FOR LOGICAL UNIT TO READ
=0 NO READ

leesoeB8 FOR LOGICAL UNITS 11,...18, RESP,

DIMENSION Af436,8),B128),IND(B),XT(2)
COMMON /CIMPL/ IMPL,ICNT /DATARD/ TEMP(44B)
REAL NST4NOUT,ITF
DATA X/.99999/

INITIALYIZE AND POSIYION THE FILE

VAR=X

JZITF+,001

IF(J.EQ.C) RETURN

IUNZ J+10

IFCIMPL.6T.N) GO YO 100

CALL NTRAN(TUN,103

CALL NTRANCIUN,2,28,B,L1,22)

IF(LY.LT.0)GO TO 10

WPITEt6,2C) IUN,B

FORMAY(1HO, SOHIDENTIFICATION HEADER FOR UNIT,13/7¢1H ,10A6))
NCZ NST#16.+¢.001

CALL MTRANCIUN,6,N0,22)

INDEJIZ L]

60 T0 350

TOO MANY BLOCKS READ

IFIT.GE.T0) GO TO 2C0

VARZ A(1l,u4)

IFCINPL.EQ.2) WRITE(6,30) VAR,IUN

FORMATEIHE,y 39HFILE DATA OUT OF RANGE, INITIAL VALUE= ,
F12.5,9H ON UNIT,I4)

JIFCTMPL.EQW2)ICNTEICNT ]

RETURN

TABLE INTERPOLATION FOR OUTPUT

T 4T GE.TO*NOUT*H) GO TO 300

XT¢1)= 10

XT(2)= TG+H

NZNOUT

VAR = TBLUXIT XT,A181,J),0,N)
REYURN

READ NEXT DATA BLOCK

IFEINDIS).EQ.0)GO TO 40O

CALL MIRANCIUN,2,448,TEMP,INDtJY 422)
IFCINDCS).LT.0260 TO 10

T0= TEMPLL)

HZ TEMP(2)

DO SuU Iz1,446

000000
gocooo

goocoo

cocoQo
co0000
ooocaoc
Gogcoace
ooucac
C00000
cocaco
coCooyg
cooooc
£00Gc00
6300020
cccool
£00012
Joucl?
coocz2
006022
000026
Govg3l2
Coo0o42
000045
cooese
ccocse
teGore
C00076
003100
cooloo
ocu160
cco106
¢0o102
geo10s
coC111
60C123
ooou123
0oGc123
000131
000131
ccoi3l
coo131
0cC138
C00142
000144
00G1u4e
coo1ss
co0172
csu172
coci72
cee72
cog176
LCo200
t00212
006220
coG222
Co0gz222

toc231

7l
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TOt

00171

00173
00175
Co176
20117
00201
gcsol
00201
GD201
ugzCl1
Go202
00z03
00204
00211
0G211
30212
0C214
00214
oczala
00214
0021s
00c20
00221
oca22

T7»
78+
79
8Cx»
81
82s
82s
84s
858
8 &
87
88 %
A0s
9
91
920
93
94s
95
9¢s
97
98 %
99s
1G0»

[a N aNeNal

anOn

50

60

400

80 FORMATIIHO,Q)IHTIMNE POINY PAST TABLE RANGE. LAST VALUES

10
90

IFUTEMP(]*2).EQ.X?GO TO 60
AlIJ)= TEMPL]+2)?

IzIe}

NCUT= I-1
IT(T.LT.44TIINDCSI=O

60 T0 200

END OF USEFUL DATA REACHED
(99999 DATA VALUE ENCOUNTERED.)

NZ NCUTY
VARZA (N, J)
IFCIMPLL.EQ.2)VRITE(6,800VAR,IUN

] F12.5,9H ON UNIT,I4)
IFCIMPL.EQ. 23 ICNTSICNT ]
RETURN

READ ERROR OR END OF FILE REACHED

WRITE(6,90) JUN

FORMAT(IHD, 3I3HREAD ERROR OR END OF .FILE ON UNIV,I8)
StoP

ENO @ SUBROUTINE TA

000231
00G234
000240
00G24 4
L002sQ
00L260
CdL260
Locze0
0CL260
C0G26G
cou2e2
¢0c270
cec217s
cou3ay
200307
C003907
alc3ys
000315
C20315s
See3ls
000321
coc32é6
000326
CoCy402

Vi



7.39 SECOND ORDER TRANSFER FUNCTION

FO

FIN - 215+ 20
s2+P1S + PO

Inputs
Parameter/Port Descripti
FIN tnput quantity
20 Numerator coefficient
Z1 Numerator coefficient
PQ Denominator coefficient
P1 Denominator coefficient
Qutputs
Variable/Port
X1 Intermediate state
FO Output quantity (state)

Calculation Sequence

XL = ZO¥F IN - PO¥FO
FO =

X1 + Z1¥F IN - P1¥FQ

NOTE: d.c. gain = %% ; infinite frequency gain = 0.

TF

BCS 40180-2
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€0¢

SUBROUYINE TF

ENTRY POINT 000027

STORAGE USED CODE(1) 0D0O035; DATALD) 000004; BLANK COMMON(2) 000000

COMMON RLOCKS

0003

clo

000003

EXTERNAL REFERENCES (BLOCK, NANE)

00Cs

NERR3S

STORAGE ASSIGNMENT

0003

£0100
co101
€0101
00101
coi1o0l
20101
co103
<C101 -
£C1d1
00101
C0o101
c0101
colo01l
0101
00101
gciol
60101
o101
001901
£0101
Go101
CC101
£Cc1d1
00101
J01G61
co101
0e101
sClal
G0101
00101
c0101

{BLOCK, TYPE, RELATIVE LOCATION, NAMNE)

0C0002 JD1A46 0000 000000 INJPS ocos 000000 IREAD 0003

000001 IWR1TE

1 CTF

2+ SUBROUTINE TF(X1,X1DOT,1IX1,F0,FODOT,I1FO,FIN,20,21,P0,P1}

3 c N

4 € PURPOSE - 10 SINULATE A SECOND ORDER TRANSFER FUNCTION WITH

Se C FIRSY ORDER NUMERATOR

6 c

Te C Fo 21sS + 20

B c R —————

9 c FIN 2
10e c S + P1#SePOD
11* C
12# C METHOD ~— SELF EXPLANATORY
13 c
1us c

15% € CLIMITATIONS - NONE

16¢ c :

17 c _
1ee € WRITTEN BY ADAM LLOYD LATEST REVISION NOV 75
19+ c ’ ’
22e ¢
21+ € INPUT/OUTPUT LIST
22+ c - ' o '
23 c x INTERMEDYATE STATE VARIABLE ANy OUTPUT STATE
2us ¢ x1poT STATE VARIABLE DERIVATIVE ANY . OUTPUT STATE
25% ¢ Ix1 INTEGRATOR . CONTROL .- PROGRAM VAR
269 cC ¥Fo TRANSFER FUNCTION OUTPUT ANY CUTPUT STATE
27 ¢ FoDOT . TRANSFER FUNCTION OUTPUT DERIV. ANy OUTPUT STATE
2t [o IFO INTEGRATOR CONTROL - PROGRAN VAR
299 C FIN TRANSFER FUNCTION INPUT ARY INPUT VAR
30 c 23 NUMERATOR COEFFICIENT AN‘ INPUT VAR
31 F VAR

21 MUMERATOR COFFFICIENT ANY INPUT

000C00
coQoeco
00goo0
200000
£oCCo0
€0G000
£0gc0o0
gggcoc
G0G0D0
pacceo

coceeo

c0Q003
elofelefe e
oooco0
COCCGO
gooood
00GcoC
coGcoo
cogoco
£00000
00G6Guo
00000G
cocooc
uoocou
200c0C
c0c0se
Z0G00G
cooocc
ccocac
[a)efexe]o)
TOCTG0

il
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G010}
cGC101
00103
00104
af s) §of
coli10
co111

32» Cc
33» c
34
35+
36¢
37s
38

PO DENOMINATOR COEFFICIENT
Pl DENOMINATOR COEFFICIENT
COMMON/CIO/IREAD,INRITE ,IDIAS
IFCIX1.NE.DIX1D0T=Z08F IN-PO*F 0
IF(IFO.NL.OIFODOT=X14214FIN-P19FO
RETURN
END

17SEC2
1/5¢cC

INPUTY
INPUT

VAR
VAR

£o0000
Geooo0
coocco
cjoowo
co0007
npuc2o
COGO3y

1l



7.40 TIME CONVERSION

Converts simulation running time in hours fto time referenced to start of
day and start of week, and computes number of days and weeks elapsed since

start of year.

Inputs
Parameter/Port Description Units
TO initial time of simulation from start of year hrs
TIME Running time (input via common/CTIME) hrs
Outputs

| Variable/Port
™W Time since start of week hrs
0 Time since start of day ‘ hrs
WY Number of weeks -

" DY Number of days » -
My Number of months (approx.) -
T Running time from start of year hrs
DW Day of week -

Calculation Seguence _
AMOD (T,168)

T = AMOD(TO+T IME,8760) ™ =

WY = T/168+1 - TD = AMOD(T, 24)
DY = T/24+1 DW = TW/24+1
MY = T/730+1

BCS 40180-2 305
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SUBROUTINE T1 ENTRY POINT 000122

STORAGE USED CODE(1) 000155; DATACO) DDO031; BLANK COMMONG2) 000000
COMMON BLOCKS

0003

CITNE

000001

EXTERNAL RFFERENCES (BLOCK, NAME)

0COoq

NERR3S

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

cooo 000013 INJPS 0000 I 000002 MY 0000 I .000000C ND 0000 T 000001 NW
co100 ie crI
co101 2s SUBROUTINE TI(T ,TD,TU,D¥ DY NY,ANY,TO}
00101 e c
90101 LE g c PURPOSE CONVERT SIMULATION TIME TO DAILY, WEEKLY, MONTHLY UNITS
coici S [
oc101 (14 C WRITTEN BY A.W, WARREN VERSION 1, MARCH 3 1977
20101 e c
co101 gs C CALL SEQUENCE
ceicl Se C T = SIMULATION TIME FROM START OF YEAR, HR OUTPUT VAR,
00101 1Ce c TI0 - TIME OF DAY, HR OUTPUT VAR,
20101 11s c T¥ - TIME SINCE START OF WEEK, HR OUTPUT VAR,
co101 129 [ DW - DAY OF WEEK OUTPUT VAR,
Co191 13» c DY = DAY OF YEAR OUTPUT VAR,
<0101 14 C WY - WEEK OF YEAR OUTPUT VAR,
00121 15« c ANY -~ MONTH OF YEAR LAPPROX.) OUTPUT VAR,
Go101 “16» C YO - SIMULATION INITIAL TIHE FROM STARY OF YEAR, HR INPUT PARM
o101 17 c .
€0103 lee COMMON /7 CTIME /7 TIME
00104 19% T = AMODCTO + TIME ,8760.)
co10s 2C» TD = AMOD(T ,24.)
c0106 21e TH = ANODIT,168,.)
20107 . 22+ ND = TW/24.+)1.001
€o1llp0 23% DWW = ND
Soill 24 ND = T/24.41,001
co112 25 DYy = KD
cci13 26'¢ N¥W = 7/168.+1.001
00114 27s NY = N
30115 2t % MY =-7/73C.*1.001
00116 29 AMY = ny
Go116 30e c
o0l 31 RFTURN

0003 R 000000 VIME

000090
0go0000
CCCo00
cecooc
aoceca
000cco
002000
c000200
G000Ga
306000
G0ocoo
€0GGCo0
coGCoc
[sle] A elel]
0ocooo
C0000Q
c0acoo
603JCc090
gococo
(Munechiyj
CCCO15
coco23
00CO034
€00037
coacsa
ccocss
3000¢5
cacorc
Goc102
C04102
0ca105

11



000154

END

32¢

60129

307
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7.41 THERMAL LOAD

0oL

VALUE OF ENERGY (VDE)

AMBIENT TEMPERATURE (TA) ——pm '
POWER DELIVERED (LD) —®™ TL {—®= 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.
Bagic ion

RE = TLO(TA)#TWT(TD)H*NC
where

TL® = Thermal load versus temperature table a
TWT = Daily profile weighting function
NC = Normalizing constant

2% .

308 BCS 40180-2




Tables
TLG
TWT
lnputs
Parameter/Port
TA
LD
TD
VE
NC
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 delivered

Time of day (0-24)
Value of thermal energy

Normal izing constant

Load request

Total value of energy delivered (state)

Cumulative percent of load delivered
Total energy delivered

Total energy requested

. kw

kw

$/kwh

. kwe

kwh
kwh




Tl

Calculation Segquence

1) Compute load request

RE = TLO(TA)#TWT(TD)NC
2) Value of energy dynamics

&DE = LD¥E
3) Statistics

SLD = SLD+LD¥# &/2

SRE = SRE+RE¥* A/2

PC = 100.% SLD/SRE

where A = integration step size

310 | BCS 40180-2
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(9]
w
B -]
(=]
-t
(o]
'O
~N

SUBROUTINE Tt

ENTRY POINTY 000173

STORAGE USED CODECI} 000251:; DATA(O? 0000333 BLAMK COHRMON(2) 000000

COMMON

2003
0004
ooos
0006

EXTERNAL REFERENCES (BLOCIK, WAHED

o007
0010

STORAGE

3001

0006 R

0000 I
3000 ®

00100
co101
00101
coiog
Go101
co0101
ccio1
00101
cclo01
coi0l

<0101

<0101
colo1
co0101
co101l
0101
€o101
20101
co101
coliol
cc1ol
cC1o1
001C)
601C1

BLOCKS

CInPL COODCIL
€SInut 000030
CTIHE ' 000001
cos?T 000006 - -

TBLUL

NERR3S

ASSIGNMENT (BLOCK, TYPE, RELATIVE LOCATION, NAME?

000034 100L o006 030000 CC 3006 R 000004 CLD 0006 000001 CM
CCO00S CRE 0206 R 0p00O3 CV 000¢ 000000 DUM 0003 I 000CO0 IKRL
£OC00D ITL 0CO0 ¥ 000001 ITY 0007 R 000000 TBLUL 0005 R 000CO0 VIKE
C00003 TINCI- 0CO0 R 00000Y TLD G004 R 000007 TMAX 0000 R 00D002 TMAX1
1s cTL . ’
2e SUBROUTINE TLETLO o THV cVOE 4DYD , TVD,RE 4PC o SLO, SRE o TAoLD, TD 4 VE o NC D

3e ¢ .

qe €  PURPOSE COMPUTE EMERGY RESPONSE FROM A VHERHMAL LOAD REQUEST

5 c

6 C  NBETHOD ENERGY DELIVERED 1S EQUAL TO THE LOAD REQUESTED OR

7 c '

'Y C THE HAXIMUM DISCHARGE RATE.

96 c .

1Ce C MRITTEN BY F. 0. HAHONY VERSION 1, APRIL 1 1977

11 c

129 € CALL SEQUENCE

13s c TABLES
1as c TLO - THERMAL LOAD AS FUNCTYTON OF AWBIENT TEMPERATURE

15% c TUT - DAILY PROFILE MEIGHTING FUNCTION VS VIME OF DAY

169- c
17e c OUTPUTS

18¢ c VDE - VALUE OF ENERGY DELIVERED SSTATE), ¢

19% c OVYD - DERIVATIVE OF VOE
20% c 1VD - INDICATOR FOR VDE
21s c RE ~ LOAD REQUEST, KV
229 c PC - CUMULATIVE PERCENT OF LOAD DELIVERED
23» c SLD - TOTAL ENERGY DELIVERED, KuH
24 c SRE - TOTAL ENERGY REQUESTED, XNH

0CCs coeo02 co
0300 030012 InNJPS
0CCu R 000006 VINC
0000 R GOCOOS TW

c0goo1
000001
0000C 1
020001
LCG0a1
0C6001
oou001
0C0N01
£00C01
000001
60C001
coCo01
€00031
200001
600Ccal
C0Ga01
C0CoG1
£00001
00301
ccuoo1
£000C1
200001
coocol
r0G001




i
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co101
coiol
0101
€0101
coicl
CG101
co101
Go101
co103
00104
00105
c0106
00106
20107
co119
col1l
coill
£0111
00113
00114
COL1l4
€g11s
00116
co1y
0117
00117
00117
co117
c0120
co121
¢0121
coi22
Gol122
tol122
co122
00123
00123
0C12s
co12s
col2s
0125

00127 .

G0130

00133

00131
co131
C0133
00123
c0135
00136
00137
oc13y
o1~
co1

2S5
26%
21
28%
29¢
3Cce

31s

32
33
3G
35#
360
37
3=
39
Q4Cs
41e
42
43
a4
aS»
Rbf
47

48 -

499
5Ce
Slse
§2¢
53»
54s
55
S6e

ST

Ses
59
60e

61%

62e

639
64

1

659’

66

67s

68e
690

‘70

71
12
73
Ty*
5%
T6%
77
T8

s NaXsEaNaRaXalal

(e N aNaKal

. 1C0

[a X s Mgl (o 2N N o 2 o BN 2}

(2]

INPUTS - e L
TA =~ AMBIENT TEMPERATURE, DEG F
LD =~ POMER DELIVERED, KU
TD -~ TIME OF DAY, HR
'VE = VALUE OF THERMAL ENERGEY, S/KWH
NC = NORMALIZING CONSTANT FOR LOAD REQUESY

DIMENSION TLOC(3),TWTL(S)
COMMON/CIMPL/ZIMPL /CSIMULZ DUN(6) ¢TINC,THAX/CTIRE/TINE

. COMMCN/COST /CC,CM,CO0,CV,CLD,CRE
"REAL LDNC

"ITLZTLO(2)

ITHZTUTL2) . ‘ .
IFCINPL.6T.DIGO TO 100 '

THAX1ZTHAX®D.99999
TINC1ZTINC®.5
PC =0.0 oo ; .
SLD=0.0 St
SRE=0.0 _ )
COMPUTE LOAB REQUEST

TLO=TRLULETA,TLOCA D, TLOCITL*G)1,~ITL)
TUSTBLULC(TO THT QD o TUTLITW L) o1 ,-1TW)

“RE STLD*TWeNC

VALUE OF ENERGY
TFLIVO.NECIDVOSLD*VE

" IFCIMPL.LE.1)RETURN

PERFORMANCE STATISTICS

SLD=SLD+LD*TINC]) , . . o
SRE=SRE+RE*TINC1 oo S R

IF(SRE.GT.0.0)PC=100.0*SLDO/SRE
IFCTIMELLT.TMAXLIIRETURN
CV=CV+VDE

CLO=CLD*SLD-LD*TINC]

CRC= CRE* SRE-RESTINC]

RETURN
END

cocoo1l
c00a01
00001
acocol
coC001
o00001
£00001
£00001
Goocal
€0c001}
c0GCOo1
c00001
ccoool
roLcol
0gce10
000017
000017
cooo17
cegne2
ceaces
£000625
coon3o
ooCo31
gooc32
+000c32
000032
cogCc32
coQo32
000034
cocos3
000053
000073
ccJ073
cocor3
coGo73
00u076
38076
£oo103
occiasls
00ci03
CCC103
G0G115
600124G
too120
COG124
000124
00C133
C003323
Cnc142
GoClus
cCols51
000151
C0C157
c002s0

1L




TP

7.42 AMBIENT TEMPERATURE

RECORDED TEMP (TAl)

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 time histories on storage files or by
generating a set of random humbers with user specified random variations.

If user supplied profiles are available, then the temperatures are genera-"
ted from the following equation:

TA2 = [PD(TD) +CN(t) ] *PY (WY ) /M@

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 MO is the average value of PY: .

BCS 40180-2
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Tables Description Units
PD Daily profile versus TD f

PY Yearly profile versus WY arbitrary
inputs

Parameter/Port _

TA 1 Ambjent temperature data file °F

™ Time of day hr
wY Week of the year -

CcT Correlation time of colored noise hr

MN Mean temperature of colored noise ¢
STD 4 Standard deviation of colored noise %
Outputs

Variable/Port

CN Colored noise sample °

TA 2 Ambient temperature °

AV Mean of daily temperature °

MO Mean of yearly profile

TIM Last time a random sample was generated hr

314 BCS 40180-2




Calculation Sequence
1) Initialization (first pass only)

2)

3)

4)

Compute AV, MO, and initial CN

av=mn+ = N pPo(
N .
J=1
Check for data file input
If TA1 = .99999 go to 3)
TA2 = TAL

Return

Generate colored noise sample CN
If TIME =(T|M RETURN
A = [ EXP(-TINC/CT)  CT>0
(0. CT=0
where TINC = integration step size
CN=CN #*¥ A+ W.
Where W is white noise with'mean = MN¥(1-A) and

standard deviation = STD¥* \JI-A2
TIM = TIME

Compute Temperature o
TA2 = (PD(TD) +CN) #PY (WY)/MO

BCS 40180-2
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SUBROUTINE TP ENTRY POINTY 000265

STORAGE USED CODEC(1? 000350; DATACO) 000044 ; BLANK COMMONGC2) COOUCO

COMMON BLOCKS
0003 cCIvPL 000001

0034q CSTMUL C00O007
C00s CTINC 000301

EXTERNAL REFERENCES (BLOCK, NAME)

00Cé6 RN
8007 TaLUL
0012 £xp

go11 SQRY
0012 NERR3S

.

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

Dpo1 000121 10L 0001 000127 :00L 0001 000057 1176 0001 0003102 1276 0co1 000287 1S0L
0060 R CO0GOS A 0000 R 000ODO AX 0000 R 000031 OTP 000% 000000 DUM G000 1 CO0003 I
0003 I GCC000 IMPL 06C0  000C16 INJPS 0000 I 00000& L 0Coo I 00GCO1 KD 0CC0 1 DUDDO2 NY
0007 R 0G0000 TRALUL 0005 R 000000 TIME 0004 R 000006 TINC 0000 R 00CO10 W 0C00 R COOO06 WMN
0003 R 0GOGO7 WSD 000C R 000012 YTP
ocico 1 cTe - , 0006007
50101 2 SUBROUTINE TP (PD,PY,TAO,AV,XM,TINO XN, TAT, VD MY ,CT,XNN,STD) €0Co007
00101 3 ¢ £00007
cC101 ae € PURPOSE GENERATE AMBIENT TEMPERATURE FROM DAILY, YEARLY AND RANDOM DATA £00007
00101 Se c pOC0O?
zeicl P C  METHOD COLORED NOISE WITH SPECIFIED PARMS IS ADDED VO A MEAN DAILY ¢00007
€G101 Te c PROFILE AND MULTIPLIED BY A YEARLY PROFILE. £oGo07
26101 8w c , £OCas?
00101 9% C MRITTEN BY A.M. VARREN VERSION 1, MARCH 7 1977 c0co0?
€013l 1Ce c G0Gac7?
= €010} 11e €  CALL SEOUENCE 000007
n L0101} 12+ c TABLES couoa?
o £G1o1 13+ c PD - MEAN DATLY PROFILE, DEG.F £00co?
o co101 1ue c PY - MEAN YEARLY PROFILE, OEG.F Looco?
'o-o‘ Lu1ol 15+ c OUTPUTS £0ceo? q
S 00121 169 c TAO - AMBIFNT TEMPERATURE OUTPUT, DEG.F 0ocoO07
o oro-- 17+ c AV - MEAN DAILY TEMPERATURC, JEG.F 60Gen?
i 189 c XM - MEAN YEARLY TEMPERATURE 4DEG.F £00007 1
c TIMO~ LAST TIMF COLORED NOISE WAS USED, HR $506007
c XN - COLORED NOISE SAMPLE, DEG.F £ocoa?

nocoo?
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LTE

©0101
00101
Lo101
00101
Go1d1
cC101
{0101
u0101
00103

G013y

00105
0c1G5
celos
CcCc1ia7
<0110

‘00111

00113
c0114
0G114
co115
cC1l1le
00121
L0122
col24
01248
00125
60126
00131
006132
00134
00134
00134
00135
GC137
col43
GC140
0140
[ R TDY
00143
00144
NO146
aciuy
C01s50
30151
G0o151
€co0is1
£0152
Co153
G154
ne1ss
QG185
£0156
00157

22
23
24
25«
268
27
289
29
3Ce
Ile
32
33
Jue
35
360
37
3ee
39
40
4ls
42
43
a4
a5
a6
87
ag»
49
SC»
S1s
52%
53s
S4s
55%
S6se
57e
58»
59
6Ce
61%
62%*
63
bu»
65
66*
67
689
69
T2
Tl»
T2
73
Tue

e NaNaXaNzNaRalsl

[ Mgl

30

10

100

150

INPUTS -
TATI - TEMPERATURE INPUT. FROM DATA FILE,DEG.F
10 - TIME OF DAY, HR

MY «~ MEEK OF YEAR (1-52) .

CY -~ CORRELATION TIME FOR COLORED NOISE, MR

XMN -~ MEAN TEMPERATURE OF COLORED NCISE, DEG.F
STD - STANDARD DEVIATION OF COLORED NOISE, DEG.F

DIMENSION PNL1),PY(])

COMMON/CIMPL/IMPL /CSTMUL/DUMIG) ,TINC /CTIME /TIME

DATA AX /.99999/ )
INITIALIZATION

NO=PD(2)
NYZPY(2)
IFLIMPL.GT,. D) GO TO 10
TInOo=-31.
CALL FNUXN,AX,STD, XHN)

AV = 0.

00 20 I=1,ND

L = 3+NDel

AV AY ¢+ PDIL)
AV AV/ND oXNN

XM=0.
00 3G EF=1,NY
L=3eNvel
AMZXHPY (LY
XMZXM/NY
CHECK FOR DATA FILE INPUY

JFITALI.EQ. 99999} 60 TO 100
TA0 = TAl
GO T0 150
SENERATE COLORED NOISE SANPLE XN

1Ft TIMO0.EQ.TIME) GO TO 150
A=C.
IFICT.6T.0.1 AZEXP(-TINC/CT)
WHN = XMNe®(1.-A)
USD = STDe¢SQRT(1.-A%A)
CALL ON(W,AX,WSD,WMN)
XN =. ASKNe+W
COMPUTE AMBIENT TEHPERATURE

DIP = TBLUL(TD4PO(N),PDLU+ND) 41,-ND)
YIP = TBLULIUY ,PYLU) PY(4ENY)41,-NY)
TAg = (DTP + XNISYTP/ XM

TIMO=TIME

RETURN

END

c00o037
Qodo07?
coouoo?
cocona?
Loceca?
cocoo7?
ooLco?
coceny
poa007
G0QGoY
coooo7
c00oea7?
©0o007?
coaoo0?
CCa016
00s02%
©c0oGC30
oeoo3s2z
000032
alsRels LN
£ocos?
ooecsy
cooce2
603071
0030071
caocre
€c00102
coc102
0001G7
00G11y
000114
COC114
00G121
coo123
c00125
£oc12s
coo12s
coo127?
c00131
203132
£0o1s52
c0o156
00c167
C0G175S
606175
€o0o17s
coca01
¢00220
ceL23?
tog2us
000244
cno2.y
coo3u7y

dl



7.43 VARIABLE RATIO TRANSMI!SSION

INPUT ROTOR SPEED(RS1) ——p
OUTPUT ROTOR SPEED(RS2) ——pn

POWER (P1)

INPUT EFFICIENCY (EF1) ——on
MAX. INPUT PONER (MP1] ——o»

.-——’

o POWER (P2)
[ OUTPUT EFFICIENCY (EF2)

TR
—® MAX. OUTPUT POWER (MP2)

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 a table lookup depending on gear ratio and input power.

Power
loss

318

GR,
GR,
GR

\\

GR = gear ratio
(secondary independent variable)

Input power (primary independent variable)

-'\.‘U‘-

FIGURE 7.43 TRANSMISSION MODEL - LOOKUP TABLE

BCS 40180-2
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Descripti

Power loss versus input power and gear
ratio (TABLE DIMENSION = 66)

Input rotor speed

Output rotor speed

Input power _
Input product efficiency
Maximum input power ‘
Capital cost/year

Maintenance cost/year

OQutput power

Output torque

Power loss

Output product efficiency

Maximum power output

kw

rpm
rpm
kw

kw

kw
ft-ib -
kw

kw

319
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Calculation Sequence

1)

2)

3)

4)

{f PLSO or RS1<0 set P2 =T@ = PL = 0 and go to 4)

Determine gear ratio and power terms

GR = RS2/RS1
PL = PLO(P1,GR)
P2 = PL - PL

Determine output torque
TO = P2%#737.6/ (RS2¥(2T/60))

Efficiency and maximum power
EF2 = EF1*(P2/P1)

If P20, set EF2 = EF1 and write Diagnostic
MP2 = MP1 - PLO(MP1,GR)
mp2<0 > DIAGNOSTIC

Compute Costs

BCS 40180-2
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SUBROUTINE TR

ENTRY POINY 000307

STORAGE USED CODEC(1) 0O0O374; DATAID) 00007S: BLANK COMHON(2) 000000

COMMON 8LOCKS

0003
0008
2045
0006

CIMPL
CTINMt
CSInuL
cos?t

goo0o002
oocceol
0coo0ld
000002

EXTERNAL REFERENCES (BLOCK, NAME)

0007
0010
0011
G012

STORAGE

0g01
2000
20GC3
0000
vidCco

00100
co101
t0101
00101
00101
00101
00101
00101
ao1c1
oc101
60101
00101
60301
ceiol
0101
0C101
001G1
50101
uCiol
cc101
ro101

X et 4 D

T8Lu2
N NUS
NIO28
NERR3S

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

cooeis
000006
00000l
00C001
oceoco

1
2%
3
4
Ss
6e
T
ge
S
10
11»
12
13»
14%
15
16
17+
1ce
19¢
209
21

10L ooo1 000245 &4o0L 9000 000007 408F 0001 000165 &09L
AMP2 0006 R 000000 CCI 0006 R 000001 CHMI acos 000300 DUM
ICNY 0C03 I 000000 IMPL a0co 000047 INJPS 0000 I 000004 KNG
NNGR GO00 I 000002 NNP1 0037 R 000000 7TBLUZ 0004 R 000000 TVIME
THAX]L
CTR
SUBROUTINE TR(PLOP2oTOoPLEF2,MP2,RS1RS2,P1,EF1,MP1,CCHCNH)
c
c PURPOSE TRANSHISSION MODEL
c
C HE THOD OUTPUY POMER AND TOROUE COMPUTED FROH
c INPUT AND OUTPUT ROTOR SPEEDS. POVER
C LOSS MODELED BY TAPLE LOOKUP DEPENDING
(4 ON GEAR RATIO AND INPUT POVER
c
c HRITTEN BY Y.K.CHAN VERSION 1,JUNE 17,1977
C
C CALL SEQUENCE
C TABLES
c PLO ~POMER LOSS VERSUS INPUT POUER AND GEAR RATIO LKW
C ouUTPUTS
o P2 ~0UTPUT POVWER, KUY
C TO0O -0UTPUT TORQUE,,FT-LB
c PL -POWER LOSS,Ku
c EF2 -OUTPUT PRODUCT EFFICIENCY
c MP2 -MAXIMUHM POWER QUTPUY,KY

0000 coco23 SOsF
0000 R CO0DOS5 GR
0pgoo 1 000003 Ka
0CGS R COCCOT THAX

C000013
coo003
cCcD00C3
coooo3
c00003
Go0003
C0o003
cooco3
000003
cocoo3
ccoogs
cooo003
GooGol
ZCOCC3
ccooes
eLoos
ccasos
CCGO0C3
£ooco3
coccos
roooo3

dl
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nc101 22»
co101% 23
00101 F{}}
00101 259
coic} 26
tolol 27
coi101 2ee
oo1C1 29
col101 30s
00103 31
00103 . 32s
C010n 33
€010S 34
€010s 359
00106 360
col1o0 37e
ro111 38
00112 39
COo113 QQ0s
00114 41s
cells 42
20116 43
£0116 4 e
0G1l16 45
uolle 46
Go117 47
00120 48
00121 998
Co122 50
00123 S1s
G0124 52%
20126 538
c0127 S48
001331 55
00132 56
00133 STe
00133 SBs
00133 59¢
50133 60»
00134 61e
oC134 62
C0134 6l¢
co134 - 6uv
col13s 659
00136 66®
ro140 67e
uC14t 68%
COl46 69
Co1l46 Cs
CO147 Tl»
co151 72%
081s2 13
co1sz2 - Tus
00153 75%
0Cc1s3 76%
ch1sn 17
i T8¢

(e XN NaNaNoNaNalsl

[a X2 N4 )

10

100

200
3c0

[aRalNsl 00

408 FORMAT{1HO,25H TRANSMISSION POWER LOSS oF12.3,

809

INPUTS
RS1 ~INPUT ROTOR SPEED,RPM
RS2 ~OUTPUT ROTOR SPEED,RPM
P1  ~INPUT POULR,KW .
EFY -INPUT PRODUCT EFFICIENCY
HP1 -MAXIMUM INPUT POMNER KU
CC -~CAPITOL COST/YEAR,S
CM =MAINTENANCE COST/YEAR,S

TOMMON/CTIHPL/INPL ,ICNT/CTIME/ YINE/ZCSINMUL/DUN LT o THAX

X 2C0ST/CCLCHT
REAL MP2,HP]
DINCNSION PLOLY)D -

IFCINPLL.GT.0IGO TO 10
TEAX1ZTRAX® .9 9999
RS2:RS1

CONTINUE

NNGR=PLO(3)

NNP 1ZPLO(2)

MySNNGRY

MNG SNNP L *MY

COMPUTE GEAR RATIO AND POWER TERNS

P2=0.

70=0.

PL=O.

EF2=CF)

MP2-nP1
IFLCRS1.LE-D.).0R.(P1.LE.O.))GO- TO 800
P2=P1

IFLRS2.LE.D)60 TO 400

GR=RS2/RS1

PL=TBLU2(P] yGR4PLO (MG ) 4PLOIY) 4PLOIMNG) 41,1,=NNP]1,=NNGR,NNP1,NNGR)

P2=P1-PL
OUTPUT TOROUE
T0=P29737.6¢30./(RS2¢3.14159)
EFFICIENCY AND MAXIMUM PONER
EF2=EF18P2/P)
IFLEF2.61.0,160 ¥O 409
EF2=EF)
1FCINPLLEQ.2)HRITE (6,408)PL4P1
X 21H EXCEENS INPUT POWER ,F12.3)

TFCIMPL.EQe2)ICNTSICNT 2}
CORTINUE

AMP2=TBLU2ENP1,GR,PLO (M) PLO LAY ,PLOCMNG) 41, 1,~NNP],~NNGR,

XNKRP 1 4NNGR)

MP2zFP1-AMP2
IFIMP2.6T.0.0G0 TO 400
IFCIHPLOEQ.2VHRITE (64 S0B8ARP2 ,HP)

c00003
ccCoo3
coCDo3
600003
00LCO3
£0GCo3
500003
00003
C0CO03
€cCo03
2TL003
£00003
500003
C00003
co00003
cooece
602011
LCCaTY
couo1a
€00022
£0G031
000033
000033
coco33
000033
90Ca3s
C00G36
L00037
000040
000042
0C004 4
00L060
006262
600571
000078
c00124
000124
0oL124
C00124
L0126
000126
c0C126
000126
Co0G134
00014C
Gon1u2
co0144
L00156
LGU1S6
Co01S6
CCO16S
50G16S
CCOl65
coo22c
£0G226
000222
cocz24

dl
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00163
CCle3
00164
uol6y
20166
cel70
gc172
00173
00173
00174
00175

79
8(s
8le
82*
83
848
85
86
87«
8&e
89s

c

sos8

400

FORMATIIHO ,25H TRANSMISSION POWER LOSS ,F12.3,
X 29H EXCEEDS MAXIMUM INPUT POMER +F12.3)
IFLIMPL.EQ.2IICNTZICNT ]

IFCINPL.LEL1YRETURN
JFCTIME LT THAXLIIRETURN
cc1=cclecC

CMI=CHI +CH

RETURN
END

000236
GC023%
co0236
cco23é6
cop24s
c00253
€00262
0006265
C00265
coG270
000373

dl



“7.44 THERMAL STORAGE CHAMBER
STORED |

ENERGY (E)
\

POWER REQUEST (RE1) & LOAD DELIVERED (LD)
INPUT POWER (P)  ——p TS ——&— POWER REQUEST (RE2)
MAX. Irzm )PONER —o = INTERRUPT FLAS (INT)

The thermal storage chamber is modeled by a "lumped" parameter approach.

The entire storage media mass is characterized by a single temperature (no
temperature gradient). The storage media is either a sensible heat or a phase
change media. Energy is input via electrical resistance heaters and wi thdrawn
by a heat exchanger. Energy is deposited in the media at a rate equal to

the available electrical power up to a maximum charging power. The discharge

heat exchanger fluid mass flow rate is adjusted to provide the desired heat
load demand. The maximum mass flow rate condition determines the maximum
thermal load. The maximum energy |imit represents the point where the maxi-

mum media temperature is reached.

The model initially calculates 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 temperafure is

determined based on the energy level.

E = P- LD-NUKE

BCS 40180-2



[ables
HT

lnputs

Parameter/Port
P

RE 1
NU
TS
vo
™1
TO1
DH
PD
PM
MFM
TOE

EF 1
MP 1
CP2
T02
TM2

CSA
CcsB
LE

Description

Media temperature versus enthalpy in KWH/LB1

Input power

Demand thermal I|oad

Stored energy loss coefficient (D = 0.02)
Rated storage t ime2
Rated input volfage2

Maximum al lowable storage temperature (D = 212)
Minimum al lowable storage temperature (D = 60)
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)
Inpﬁf product efficiency
Maximum input charging rate (D = 1.X108)
Working fluid heat capacity (D = 2.93X10-4)

Working fluid return temperature (D = 40}

Maximum al lowable working.fluid temperature

= 212)
Effective heat exchanger fhermal reslsfance4
3.08X10.
Storage device year!y maintenance cost

(0 = d.e)
Storage device capacity cost (D = 50) L
Storage device energy cost (D = 15.2)

Unit life expectancy

D - Default values specified
1 - See Figure 7.44
2 - Design point conditions

BCS 40180-2

kwh/ b
kw

kw
Ib/h

kw

kwh/ 1b-"F

°F

°F

F /kw

$/kw

T $/kw

$/kwh

years

35
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TS

Qutputs

Variable/Port ‘Descripti Units
E Stored energy (state) kwh

! Input current amps
MmP 2 Maximum discharge rate allowable kw
INT Priority interrupt flag ‘ -

T Storage temperature °F

M " Required storage media mass - b
cco Storage device capital cost/year . $
. RE 2 Maximum charging rate request kw
M ' " Working fluid mass flow rate Ib’h
LD Power Delivered e kw
Statistics

TSU Maximum storage temperature o °F
TSL "Minimum storage temperature . °F
ME - Maximum stored energy. . ' ’ kwh
MU Maximum working fluid mass flow rate Ib/hv

™
T
ME————,e———— — — — — == - =
t + —
" Hy H, ENTHALPY = E/M

FIGURE 7.44: TEMPERATURE ~ ENTHALPY DIAGRAM

BCS 40180-2




T

The calculation sequence and default values assume‘a thefmalnsforagé deviée
sized to provide 10kw for 24 hours. A paraffin wax phase change storage me-
dium is assumed. Water is assumed as the thermal transport fluid. Costs are
assumed to be given by data for the phase change storage device given in
Reference 1. The thermal resistance value, R, fs~assumedfequal’fo'fhaf de-
termined for the device of Reference 1. The value for the maximum charging
rate, PM, reflects the acceptance of twice .the design charge rate. The ac-
tual numbers which should be used will depend on specific design and per-

formance requirements obtained from a desired application.

Calculation Seguence

1) Media mass, capital cost, maintenance cost (first pass)

W - PDXIs

DH
CC = (CSA+CSBH*TS)3PD/LE
CM = CMPD

2) Storage Temperature and Working Fluid Temperature

T = HT(E/M)
TF = min{TM2,max [ T2, T-RELR ]}
E2 = MHT L(TM1)

1. "Advanced Thermal Energy Storage," BEC/EPRI RP 788-1, July 1976.

BCS 40180-2 | - 3




Calculation Seguence Cont.

3)

4)

5)

6)

7)

328

Discharge Rate and Thermal Load

E1 = M*HT L(To1)

MP2 = MFMCP2#(TF-TQ2)
LD=MIN(RE1,MP2, (E-E1)/TINC)
MW = LD/ (CP2%(TF-TQ2))

Diagnostic Checks

MF S MFM
P<PM
TOL S TS ™

Current calculations

| < P¥.000
Vo

Energy dynamics
E = P-LD-NUME
Maximum Charging Rates

RE2 = min(PM,MP1, (E2-E)/TINC)/EF1

where TINC = integration step size

BCS 40180-2
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Calculatio eguence Conf.

8) Priority resequencing

if T<TOL, INT =1

if T 2 TOL+TDE and INT=1, INT=0
if T2 TM, INT=1

if T< TMI-TDE and INT=-1, INT=0

9) Compute Statistics and Costs

BCS 40180-2 329
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SUBROUTINE TS

STORAGE USED CODE(1?) 001071;

COMMON BLOCKS

0003
000u
000s
G006

cImpL
CTINE

0000
cooo

ENTRY POINT 000622

02
o}

CsSInuL CO0DO010

COosST.

ooge

92

EXTERNAL REFERENCES (BLOCK, NANE)

o007
0010
2011
0012

STOKAGE

gool
oceo
0003
0007
0cGo

00100
D010}
00101
¢o101
90101
00101
co101
00101
00101
cao101
¢olol
coi10l
00101
c0101
20101
0G101
ca101
40101
coinl
£o1l0’
nolo

DO =D

DAVA(D) 0003313 BLANK COMMON(2) 000000

000083 3030F
000002 NH

0000 R 000001 TINC

T6LUY

NubUS

NIO2%

NERR3S

ASSIGNNENT (¢BLOCK, TYPE, RELATIVE LOCATION, NANE)

0C0o164 100L G000 000007 1010F gceco 000025 102CF 0000

GGCO06 A 0006 R 000p00 CCI 0006 R 000001 CHM 1] Q00S R 000000 DUNM
cgocel ICN 0003 I 000000 IMPL acoo 000107 INJPS 0000 I
CGOGO0 TBLYY - 0C0C R 000004 TF 0004 R DOOCOO TVIME

000G00 TMAX]

1 cT1s

2% SUBROUTINE TSU(HT E OEoTEoIoMP2oINV T M, CCO,RELNF,LD ‘
3e 1 pTSUGTSLGME JMFU 4P yRELI 4NU,TSO,VO,TN1,TO1,0H,PDyPM,
& 2 MFH,TOEEF1,MP1,CP2,¥02,TH2,R,CM,CSA,CSB,LE)

S C

62 c PURPOSE COMPUTE ENERGY CONTAINED IN A THERMAL STORAGE MEDIA

T* c

8s C METHOOD A PHASF CHANGE OR SENSIBLE HEAT MEDIA IS MODELED AS

9 c

1C» C A SINGLE TEMPERATURE MASS WITH NO GRADIENIS.

1le C

12¢ C WRITTIEN BY Fo 0o MAHONY VERSION 2, JULY 1977

13 C

14e c CALL SERUENCE

15% c

i6» c TABLES

17 C HYT = MEDIA TEMPERATURE VERSUS ENTHALPY IN KWHW/LB, DEG F
189 C OuUTPUTS :

19¢ C 3 -~ STORED ENERGY (STATE VARIABLE), KWH
20% C DE -~ POMER INTO STORAGE, KW
21¢ G IE -~ STATUS INDICATOR

0G0 CO0407T 200L
0oCo R COO0QD3 E1
COCO R 06POOS PHM1
0CCS R COD0D7 TMAYX

£00000
£60000
060000
c00000
060000
coooes
c0000C
GCCCOO0
coccac
£00000
c0C000
CCOUOS
60GOGC
C0GOCO
000606
£0005C
00000
ceceoo
006000
coocoo
€00C00

Sl
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c0i01
£0101
0011
cC101
co1o
£0101
co101
cciol
20101
ctlol
£0101
t0101
¢o101
€010}
cciol
¢C101
Goiol
ceiol
0101
coli01
co101
20101
<0101
00101
00101
cGlol
30101
celol
50101
ociol
uC101
00101
co101
roi101
(o101
rG101
0101
G0103
001Gy
00105
co10s
co1C6
GO0110
coill
<o
telll
a0112
00114
£ol16
rtolzo
ce122
00124
00126
00132
co132
00134

e

22¢
23
24
25%
268
27%
28
29
30
31
32
33
s
358
36
37
38
39
4ns
41
q2s
43
4ae
§5*
46
47
48
49
SOs
Sl
52#
53
S4»
55%
56
57
58»
59«
60
61%
62
638
b4
6=
669
61»
68
69
ICe
Tl
729
13
The
75
16
77>
TRe

NN NOONONANNANOANONOONANNONANANANOON

INPUTS
]
RE1
NU
150
vo
1r1
101
DH
PD
PH
MFN
D€
€F1
HP1
cpP2
102
™2
R
cH
csa
csB
LE

= INPUT ELECTRIC CURRENT, KXW

= MAXTMUM DISCHARGE RATE ALLOWABLE, KW
= PRIORITY FLAG INTERRUPT

~ STORAGE VEMPERATURE, DEG F

= REQUIRED STORAGE MEDIA MASS, LB

- STORAGE DEVICE CAPITAL COST/YEAR, §
= HAXIMUM. CHARGING RATE REQUEST, KW

- WORKIMG FLUJD MASS FLOW RATE, LB/HR
~ THERMAL LOAD OELIVERED, KW

- MAXIMUM STORAGE TEMPERATURE, DEG F

- MINIMUM STORAGE THEMPERATURE, DE6 F
- MAXIMUM STORLD ENERGY, KWH

= HAXIMUN WORKING FLUID MASS FLOW RATE, LB/HR

- INPUT POUWER, Kuw

- THEPMAL DISCHARGE REQUEST, KW

- STORAGE CNERGY LOSS COEFFICIENT, 1/HMR

-~ RATED STORAGE TIFME, HR

- RATED IMPUT VOLTAGE, VOLTS

- MAXIMUM ALLOWABLE STORACGE TEMPERATURE, DEG F

~ MINTHUM ALLOWABLE STORAGE TEMPERATURE, DEG F

~ DESIGN POINT ENTHALPY, KWH/LB

-~ RATED STORAGE THERMAL POVER, KN

~ MAXIMUM CHARGE PAVE, KW ' : :

- MAXIMUM WORKING FLUID MASS FLOW RATE, LB/HR

- TEMPERATURE DEADBAND FOR PRIORITY RESEQUENCE, DEC F
- INPUT PRODUCT EFFICIENCY

- MAXIMUM INPUT CHARGING RATE, KM

- MORKING FLUID HEAY CAPACITY, KWH/LB-F

- MORKING FLUID RETURN TEMPERATURE, DEG F

- MAXIMUM ALLONABLE WORKING FLUID TEMPERATURE, DEG F
- EFFECTIVE HEAT EXCHANGER THERMAL RESISTANCE, F/KU
- STORAGE DEVICE YEARLY MAIMNTENANCE COST, S/KV

- STORAGE DEVICE CAPACITY COST, 3/KV

- STORAGE DEVICE ENERGY COST, S/KVH

- UNIT/LIFE FILE EXPECTANCY, YEARS

COMMON/CIMPL/ZIMPL,ICN/CTYIME/ZTIME /CSIMUL/DUNIT) ,THAX /COST/ZCCI,CMI
REAL MU I 4MP2INT MF LD HME JHFUMFM MP]1,LE M

OIMENSION H

IFCIMPLL.GT.
TMAX1ZTMAXS
TINCSZ DUMIT

IF(NV.EQ. &
IFtINt.EQ.
ITET01.E0.
IF(PM. EQ,.
TIFLPFMEC,
IFC1DE.CQ.
IF(CP2.EQ.
IFt702.E0,
IFLTH2.E0,
IF(R .EQ.
JFICm JEOQ.

T(1)

)60 10 100
«99999
)

99999)INU=0.02
«9999931TH1=212.0
«999991701-60,0
«99999 ) PM=2.0*PD
«99999IMFM=9009.0
«99999)TDE=4,D
¢99999)CP2-2,93E-4
¢999991702=40.0C
«99999)TH2-212,.0
«999°99IR =-3.08E-4
»99999)CH =(,6

300000
c0cocg
€006090
06000
€6Cc000
Goceeo
JCL000
500500
oococo

-00CCO0

00co000
coocoo
cocogo
poccco
caLeos
coccoo
00GCOoQ
€oGcoa

506900

¢000900
006900
¢ooaco
¢COoCGgo
CGCcono
000C00
c00000
$:3ac00
C533¢C0
CDOCGY
GBGAse
266200
coceoo
coooco
000J0G
Gocooo
coccoe
coocao
coCuao
000000
cocooa
Goco00
co00oc
coG003
GeLoos
oocooe
600006
000010
000015

.ceuc22

Co0027
CoCC3s
cogou2
(AL
00GeS4
Gouos1
cocees
20G6C73

Sl
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20149
00142
CG1lay
0C144
00146
cCia7
00147
£0153
£0151
co1s82
£0153
00154
QnisSs
€C1sS
20156
60156
00156
cal56
CO157
00160
Colel
:0lel
0161
uClel
CClel
c0162
co162
£0162
00162
o0163
pet164
20166
¢0166
00166
cGleo
go167
00167
c0171
oc173
co11s
cG17s
£0176
00203
00210
0C212
G212
aCc229
00220
00229
00220
00222
00222
06222
00:

00«

C0:

co223

79
8Cs
als
829
83e
8use
85e
8¢
87
. 88»
89
90
91s
92
93s
9y
95%
96
9T
98%
99
100%
101
102+»
1039
134
105
106»
107»
1G8»
109
11Ce
111»
1128
113»
1l4»
115+
1169
117»
1189
119»
12Cs»
121
122
123
1249
1253
12 6%
127*
128
129»
130»
131»
132»
133
134
135%

ann

(s I e N a N o] an6n o0oan

(2 X2 X3]

[z Nz NaNsl

A

100

200

IF(CSP.EQs +999992CSAZ50.0
JF(CSB.EQe +99999)CSB=15.2
IFIMP1.EQ. «99999) HMP1= 1.0E8

INT=0.0
REX=3.D

TSU=0.0
ME =0.0
WFU=0.0
TSL=1.0E8
CH=Z CnePD

M ZPO*TSO/DH
CCO=(CSACSR*TSOI*PD/LE

COMPUTE STORAGE TEMPERATURE

NH= HT(2)

1= TRLULCGE/ZMHTIq) JHT(GoNH] ] (NH)}

E1T MATBLUSITML HT(NoNHDI JHTLG),1,NH)
WORKING FLUID TEMPERATURE

TF —aAMINL(THM2 ,ANAXL(TO2,T-REL*R))
MAXTMUM DISCHARGE RATE AND THERMAL LOAD

MP2=MFHSCP2¢(TF~-T02)

IFCINT.EQ.3.0MP2=0,

LD ZAMINICREL MP2)
WORKING FLUTD MASS FLOM RATE

IFILD.GT.0.0) MF =LD/CP2/(TF-T02)

IFUIMPL.LE.1)GO TO 200

IFIIMPL.GT.2) 60 TO 200

PM1= PM/.9999

IF(MF GT.MFMIWRITEC6+1010)MF JHFM

IF(P  .6T1.PM1 JWRITE(6,1020)P ,PN

IFIMF.GT.MFM ,0Re P.GT.PMI1JICNCICN®1]

IF(Y .LT.TO01.0R.

1 T GT.TH1INRITE(6,1030)7,701,TH]

IFLT.LT.TO1l .OR. T.GToTM1) ICNzICNe¢1}
CURRENT CALCULATION

I =P*]1000.0/V0

ENERGY STaATE

IFC(IENE.O)DE=P-LD-NU*E

000100
coC105
00p112
coo112
GoOo117
c00120
c00120
000121
ogoi22
coGi23
co012s

cooi26

000126
coa13l
co013s
200135
00C135
co0135
DRI L L
J00182
coci73
€6o173
000173
000173
000173
000212
udo0212
006212
geo212
000226
0CG234
000240
coC24¢
000240
00G240
005246
c0024¢6
000255
£00261
600265
C0G265
0006270
coG253
cocsle
000337
GOC337
ceoe36s
306365
000365
£CO365
CoU437
COoCu07?
C0CuG?
[eJedol N on |
000407
€00ul2
0Co4Y12

1




(=]
(9]
(72 ]
£
o
—
.
?
N

1131

00223
00223
00223
00225
00226
00226
00226
00226
0e226
00227
062217
0c231
20231
00231
00233
00233
toz3s
c0235
£0235
co237
00237
0c241
0242
00243
00244
00245
20245
C0245
00245
00247
00252
cu2si
Gr2s1
00252
0C253
00253
00254
0G254
00255
0025%
00255
00255
00256

136
137+
138»
1399
140
14l

1420

143

T 16y

145 ¢
146
147
14689
149+«
150»
151
152»
153
1S4 ¢
155
15¢Cs
157
158
159
16Ce
lols
162+
163»
164 e
165
166%
167
168%»
169
175
171+
172
173»
174»
175%
176
177
178

[aNaNaNal o0n

(2]

o060

C

1

1010 FORHA?(]HO 26HTS MORKING FLUID FLOW RATE,F12.3
» 32H EREATER THAN NAXIHUN ALLOWED,F12.3)

1

) 1020

1
1030

1

2

MAXTMUM CHARGING RATE REQUEST.

A= AMAX1CEL1-€4+0.)/TINC
RE “AMIN1(PM ,MP]1,A)/EF]

PRIORITY RESEQUENCING
IF(Y.LE.TO1)INT=1.0

IF(Y.GE«(TO1+TDE}.AND,
"INT.EQel1)INT=0.0

TIFUT.GE.THIJINT==1.0

IFCT.LT.(TM1-TDE) . AND .
CINT.EQ.=1.)INT=0.0

IFLIMPLLLE« 1)RE TURN

TSUSAMAXL(TSULT)

TSLZAMINICTSL,T )

ML SAMAX1CME o€ )

MFU=AMAX 1 (MFU,MF)

IFCTIME.LT.THAX1)RETURN
cost

CHIZCHIOCM

ccIzcclecco

CH = CM/PD

RETURN

FORHAT(IMC 14HTS INPUT POWER,F12

s AUH GREATER. THAN HIXIHUH ALLOWED CHARGE RATE,F12,.3)

FORHAT(IHO. 23HTS STORAGE TEMPERATURE
» 20H OUTSIDE MINTMUM ,F12.3
¢15H - AND MAXTIMUM,F12.3)
END

F12.3

000412
200412
Local2
000422
coCa32
Gocu3s2
000432
uoLe32
CGou32
ocouus
cocasus
0pcuss
coCcus3
GoCus 3
coGu72
€DoN72
cOLSGOo
c005C0
0050
coos17?
0oecsS17?
000526
COCS 34
000542
o00Lsso
0CCSSée
LC0SS6
000SS6
onLsse
000565
00GS73
00573
U0L573
cces7e
00107C
gai1070
goi1o070
c01C70
001070
00107¢
coi1c7?e0
01070
c01070

Sl
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7.45 TURBINE (PNEUMATIC)

MASS FLOW RATE (M) — ]
TEMP (T1) —
ROTOR SPEED (RS) ——s» —— POWER (P2)
INPUT PONER (b]) . TU ——®=MAX. OUTPUT POWER (MP2)
MAX. I&PPU]T) PQNER — [—® OUTPUT EFFICIENCY (EF2)
INPUT EFFICIENCY

(EF1) .

The turbine model® is based on a high pressure ratio, constant angular velocity
design. The fobihé‘is assumed to be designed to a set of of operating con-
ditions defined iﬁlfefhs of user specified parameters. The polytropic effic-
iency is only*wéaklf related to angular velocity. Initial calculations are
made with the design polytropic efficiency, and refinements are then com-

puted after off?desigh parameters are calculated.
Basi uati
The equation for oufpuf power P2 is

P2 = MHCP*(T1-TA)

BCS 40180-2



lpputs

Parameter/Port Description

M Inlet mass flow rate

cP Air heat capacity (D = 7.2X10 °)

T 1 Input air temperature

TA Ambient air temperature

MO Design mass flow rate (D ='4800)

TID Design inlet air temperature (D = 600)

PID Design inlet pressure (D = 117.6)

‘P20 Design exit pressure (ambient) (D = 14.7)

T20D Design exit fehperature (ambient) (D = 70)

PS Storage vessel pressure ‘

RS -Angul ar velocify

EF 1 Input prodﬁcf efficiency

mp Maximum input power

P 1 Input power

CK Capacity cost coefficienf1 (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

P 2 Output power

cCce Turbine cost/year

PR Back pressure

T0 Torque

D - Default values supplied

1 CK = Capital cost (known unlt)/[(deslan point mass flow rate)F
(design point temperature + 460)

where LE = |ife expectancy in years.

BCS 40180-2

TU

Units
Ib/h

o
kwh/ib/ F

kw

psi
ft-1b

¥ LN (inlet/outlet pressure ratio)#LE],

335




Outputs Cont.

Variable/Port Description Units
EF 2 Output product efficiency -

MP 2 Maximum discharge power kw
Statistic

NoP Maximum power observed kw

The calculation sequence and the default values are based on the assumption
of a high pressure ratio, constant angular velocity furbine, 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 ﬁprk of Reference 1. Cost scaling was
also developed in that reference based on cost estimates from furbomachihery

manufacturers.

b ]

1. "Closed Cycle High Temperature Control Receiver Concept for Solar Electric
Power, " BEC/EPRI RP377-1, June 1976.
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Calculation Sequence

1)

2)

3)

4)

5)

6)

7)

Costs
CC = CK3*(MD )34 @3%(T1D+460 )3GHN(PID/P2D)

Back Pressure PR determined by

PR = (M/MD)¥#PID#* V}T1+460)/(TID+460)
£ PR > PS write DIAGNOSTIC

Efficiency
RAT = (PID/P2D)3¢(2/7)
EFF = (RAT-1.)/{RAT¥(1/NPD)-1)

Power Out

P2 = MXCP#(T1-TA)H*EFF

forque
lf RS = 0, set TO = 0 and go to 6)
T@ = P2%(737.6)/(RS¥#2 W/60)

Efficiency and maximum. power
EF2 = EF1#EFF
'MP2 = min (MPLXEFF ,MD¥CP¥*(T1-TA))

Compute Statistics and Costs

BCS 40180-2

TU

337




11

SUBROUTINE TU ENTRY POINT 003335

STORAGE USED CODE (13 O000471; DATA(D) DO0O65; BLANK COMMON(2) 000CO0
COMMON PLOCKS

0003 CIMPL 000002
Qocs CTINE 000001
J00S CSTHUL 000010
3006 (423 000001

EXTERNAL REFERENCES (BLOCK, NAME)

oco7 XPPR
0010 - ALOG
011 SQRT
9012 \DUS
0013 N]O2S
001a NERR3S

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

o001 00C137 100L 0G01 000304 1000L 0000 000004 1010F 0001 000208 200L 0001 000233 300L
J0CG6 R JCCCOD cCl goos 000000 DUN 0000 R 060003 EFF G003 I 000001 ICNT 0003 1 C00000 IMPL

00C0 200047 INJPS G0GO R 000000 P1I 0000 R 000002 RAY 0008 R 000000 TIME 0CLS R GCOCOD7 TmaX
0000 R CO0001 TMAX) .

|11

00100 i» cTy . ‘ £oooao
00101 2% SUBROUTINE TUIP2,CCoPR,TOEF2,MP2 ,MOP,MCP,T1,TA,MD,TI0,PID,P2D, 000000
co101 3s 1 T204PSyRS,EF1,MPL,P1,CKF6,NPD) €0G000
050101 4e c : ) ’ geococ
20101 5* C PURPOSE TURBINE PERFORMANCE MODEL ' cgccoa
€0101 [ 34 C €0900¢C
oo101 T C ME THOO COMPUTE TURBINE POWER OUTPUT FROM INPUT DESIGN cod000
oo101 e c . cacooo
@ 20101 9% c CONDITIONS AS A FUNCYION OF INLETY TEMPERATURE . GOCCOG
o0 00101 1Cse [ C0CCac
“» £0o101 11+ c AND MASS FLOW RATE ) 006000
£ co101 12% o ’ . . €2503C
Ez co101 13 c WRITIEN BY FoO0s MAHONY VERSION 1, MARCH 22 1977 ccceoco
[o2] 001G1 14 c - 00Gooo
ﬁp 00131 15» (o CALL SEQUENCE cconca
n coci01 16» c OUTPUTS coocoo
c P2 -~ OUTPUT POVER, KW €00000
c CC = TURBINE COSY PER YEAR, $ €2Gouo

C PR - BACK PRESSURE, PSI1 ocgoe0 ~
C T0 -~ TORQUE, FT-LB goccao




[o2]
(@]
w
£
o
[ry
(o]
?)
N

65S

00101
00101
Go191
00101
coicl
¢o101
60131

6101

nC101
¢0101
00101
00101
£0101
cc1ct
00101
£0101
00101
£C131
0Cc101
50101
50101
acio1
56101
00103
ocClicu
56195
£010s
iC107
£0111
00113
c0115
00117
a0121
00123
ae12s
cc127
96131
60133
00135
00137
20149
00141
00142
001852
co142
0C143
co184
00145
20145
0C146
Co146
rclue
00146
GO146
40150
co1s1
%0152

21
22%
238
2u»
25¢
26%
27
28¢
29
3ne
31
32+
33
Jus
35%
36
37
38
39
40
4le
429
43
4qe
459
hee
4 s
48
49

S0e.

Sle
S2e
53»
Sy»

5Se
56%

57
S8
59
6%
6le
62%
63
[ XX
65
66*
670

689,

699

73e

Tie
12
1=
Tus
75%
769
77

AONOOOOOOOANANOADONNOOOON

o0

(s X o RaNe] [}

100

200

EF2 - OUTPUT PRODUCT EFFICIENCY
MP2 = MAXIMUM DISCHARGE POWER, KW

MOP - MAXIMUN POWER OBSERVED,XW
INPUTS . '
H = INLET MASS FLOW RATE, LB/HR
CP -~ AIR HEAY CAPACITY, KWH/LB/DEG F
Tl = INPUT AIR TEMPERATURE, DES F
TA = AMBIENTY ATIR TEMPERATURE, DEG F
MD - DESIGN MASS FLOW RATE, LB/HR
TID -~ DESIGN INLET AIR TEMPERATURE, DEG F
PID - DESIGN INLEY PRESSURE, PSI
P20 -~ DESIGN EXIT PRESSURE (AMBIFNT), PSI
Y20 - DESIGN EX1T TEMPERATURE (AMBIENT), PSI
PS =~ STORAGE VESSEL PRESSURE, PsI
RS = ANSULAR VELOCITY, RPM
EF1 - INPUT PRODUCT EFFICIENCY
MP1 = MAXIMUM INPUT POWNER, KW
P1 ~ INPUTY POMER, KW
CK -~ CAPACITY COST COEFFICIENTY
F ~ TURBINE HASS FLOW EXPONENT FOR CAPITAL COSYT
6 = TURBINE TEMPERATURE EXPONENT FOR CAPITAL COST

NPD ~ DESIGN POLYTROPIC EFFICIENCY
COMMON /CIMPLZIMPL,ICNT/CTINE/ TIME /CSIMUL/ZDUM(T),THNAX /COST/CCI
REAL MP2,MOP, M MDD, NP],NPD
OATA PI /3.14159/

IF(IMPL.GT.0) GO YO 100

IFICP «ED. +99999) CP = T2.0E-6
IFLTA EQe +99999) TA = 79,0
IFIMD .EQ. +99999) MD = 48G0.

IFCTIN.EQ. +99999) TID=600.D

IFCPIN.EQs +99999) PID=117.6

IFLP2D.EQe «99999) P2D0=14,7

IFCT20.EQe +99999) T2D=70.0

TIFICK +EQ. +99999) CK =0,015 .

IFLF  LEQ. «99999) F =0.75

IF(G  .EQ. 99999) 6 =0,5

IFANPD EQ. «99999)INPD: «88

HOP = (. ’

RST AMAX1(D.0,AMINLIIRS, &000.))

THAX)T. 999998 THAX

CC = CKeMD**F#(TIN*a60.)*sG*ALOGC(PID/P2D)
' - "DETERMINE BACK PRESSURE

RAT= (PID/P2D3%#,.2857
EFF= (RAT-1.0)/7(RAT*s(1./NPD) ~ 1.0)
PR = M/MD*PIDSSQRT (Y] + 460.00/7(TID+360.))
IFtPR.GT.PS) GO 70 /1000
POMER OUTPUT
P2= MeCP*(T1-TAISEFF

70 = 0.
IFERS.EQ.Ce «+ORe Pl.EQ. 0.) GO TO 300

000000
CoCc000
gooo00gc
000060
2000C 0
eoocogs
0Gcono
co0G030
cogccoo
¢ocooa
000000
gaouoo0
coopgoe
cececcoo
pocooe
£cocooo
gocoCp
£oc200
£o0GR00
ceoooo
€¢CCo00
cccooo
coL000
ooccoa
cooooo
goueoa
006020
caccoon
Qocco2
Goeoo?
uoLol1e
oopo21
LoGo26
pocn33
00Cn4 g
coocas
0CL0S2
00GCS?
COCp6s
2CCG71
G00072
C0G104
coglo17
000107
000107
coo13Y
peciae
U00162
000162
006200
C0C25G
C0G206C
£og200
cou200
00C204
c0G212
006213




¢-0810¢ SJ4

Jo1s2
00154
ao1ss
Co154
J0154
C015S
20156
00157
aclel
tCle2
00l64
00164
t016S
L0165
ZC166
GD173
00173
00174
00174
00176
¢0176
00177

78
79
8Ge
81e
829
83e
A4 e
85%
80
87»
ses
8 9%
90»
91
92
93
94
95 %
96 ¢
97+
9
99%

an0n a6

300

TORQU:
T0 = P2e¢7137 «6/tRS22,0%P1760.0)

EFFICIENCY AND MAXIHUM POWER

EF2 = EF1EFF

MP2 = AMINI(MPLI*EFF ,MD*CPSIT1-TA))
IFCIMPL.LE. 1) RETURN

MOP = AMAX1(MOP,P2)
IFCYIME.LT.THAX]1) RETURN

tcl = ¢CI + cC

RETURN

c
1000 IFCIMPL.EQ.2)WRITE(6,1010) PR,PS

1010 FORMAT (1HO,21HTURBINE BACK PRESSURF ,F12.3,
39H GREATER THAN STORAGE VESSEL PRESSURE ,F12.3)

IFCINPL.EQ.2)ICNTSICNY )"
60 Y0 290

000213

00c223
c00223
¢oo223
000223
000233
oeo23s
0006251
000260

000266

coo027s
000275
600300
c003Ca
0oC304
CGC315
goo31s
000315
G0C315
occ323
00C323
goca7cC

L
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7.46 UTILITY

SURPLUS POWER (PO) —ml - BASELOAD GENERATION (P1)
PEAK POHER REQUEST (RE) —m ut. e PEAK LOAD GENERATION (P2)
| ‘ — MAX. PONER 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
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Oytputs
Variable/Port

P 1
MP 2
P 2
co

Statistics
SR

SPO

SP

VSP

Description

‘Baseload generation (default = 0.)

Cost of baseload generation/kwh

Maximum power capacity (default = 1x108)
Surplus.powerirefurned to utility

Peak generation request '

Cost of peak oad generafidn/kwh

Capital cost/year

Maintenance cost/year

Baseload generation (= BS)
Maximum power capacity (= MP1)
Peak load generation

Cost of energy used (state)

Sum of requested peak generation
Sum of output energy
Sum of surplus energy

Value of surplus energy

kw
Kw
kw

kwh
kwh
kwh

BCS 40180-2




UT

Calculati e

1) Power outputs
If BS > MP1, write diagnostic
P1 BS, MP2 = NP1 .
P2 = MIN (MP1-BS,RE)

2) Energy cost dynamics

| -CO = BS¥CB + (P2-POI¥CX
o = ‘(CP if P2-P® >0

0 if P2-PO<O

3) Statistics ,
SR = SR + RE * TINC
el = (© if P2>PO
= \(Pe-P2)*TINC if P@>P2
‘ " SP@ = SP@ + (P1+P2-PQ)*TINC + DEL

SP = SP + DEL
VSP = VSP + DEL % CB

’  Where TINC = integration step size/2
|

4) Compute Costs

343
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SUBROUT

INE UT

ENTRY POINT 000217

STORAGE USED CODEC1) 0003a)1; D‘YA(D) 000045; BLANK COMMON(2) 0000CD

COMMON

0503
0004
3C0S
0306

BLOCKS

CIMPL 000002

CTINME
CSInuL
cosy

0000
0000
8000

01
0
11

EXTERNAL REFERENCES (BLOCK, NAME)

9907
2010
0011

STORAGE

0001
0006
00¢co
U000 R
00G6 R

001C0
o101
00101
Loisl
Coi01
0101
00101
co1d1
20101
L0101
L0101
coicl1
c0101
Cc0101
20101
co101
¢0191
co191
201~
001

o1

00101

NNDUS
N102s
NERR3S

ASSIGNMENTY

2030053
ceeao2
Q00023
Scnong
000006

17+
18
192
2C»
219
22%

100L
cop
INJP
TINC
urty

cur

OO OO NOOON

(BLOCK, TYPE, RELATIVE LOCATION, NANME)

0001 000146 200t 0000 000004 208F 0006 R DOODOD CCI. 0C06é R 000001 CM}
0000 R 000002 CX 0005 R 000000 OUM 0003 I 00COD1 JICNT 0003 I 000000 IMPL
0006 R 000010 SPD 0006 R 000004 TDE Q000 R CoOD03 TERM 0008 R CO000O VIME
1 0cos 000005 TLD 0005 R 0DO0OOT TMAX 0000 R 0OO00OD TMAX1 0C06 R 0GDOOT UTYD
0006 R 00CGO3 VOE :
000000
SUBROUTINE UT(P1,MP2,P2,C0,C0D,1C0,SR,SPO,SP,VSP 000000
1 : sBSsCB MP14PO4RELCP,CC,CH) 000000
000000
PURPOSE MODEL OF UTILITY CAPABLE OF PRODUCING 60000C
BASELOAD AND PEAKLOAD POMER, AND OF 00C30G
ABSORBING SURPLUS POWER pogooc
000000
ME THOD COMPUTE PEAKLOAD GENERATION AND ENERGY COST ooooog
ccooc
MRITTEN BY Y.K.CHAN VERSION 1,JUNE 8,1977 ro00Go0
20020
CALL SEOQUENCE cogcon
OUTPUT 00L000
Pl <~BASCLOAD GENERATION,XW G0OGa0
MP2 -MAXIMUM POVER CAPACITY,KW €oCo0o =
P2 ~PEAKLOAD GENERATION,KW 000Go0
€O =-COST OF ENCRGY USED (STATE), $ cCcuLzocC q
COD -ENERGY COST RATE, S/HR GOLCOG
ICO ~INTEGRATOR CONTROL FOR CO cooooo
STATISTICS ‘ c00000
SR -SUM OF REQUESTED PEAK GENERATION,KM

cocecce



(=24
(9]
(%)
B
o
—t
024
9
[aN]

00101
co101
L0101
L0101
00101}
£0101
¢0101
co101
€010l
uo101
col01
co101
ccio1l
06103
00103

c0o106.

00108
co13s
00107
co111
co113
oCl1s
£Lo11s
CO01lle
00117
co12d
00121
co121
ne121
col21
toiz2
co123

c0125 -

00131
00131
00132
00134
00134
0013S
00136

-60137

00137
00137
00137

~-00140

cotul
oC143
00145
cc1as
20145
00145
Lcau7
30180
co1s1
00153
CO154
(0155

23
249
2S5

2¢e

27s
28s
29
30
31
32
33
R {1}

35

3¢
37
3E»
39
[
41
42
430
Qye
85
a4
q47e
48e
49
53
S51»
§2%
53s
5S4
55
S0
STs
5¢%
5 9%
6Ce
61
62
63
bus
65%
669
67
68
69
ICs
Tle
122
13s
T4s
75
169
770
78%
76%

AN NOONOON

[2 X2 X,

(s XaNql

[ X2 Xa)

208

100

SPO ~SUM OF OUTPUT ENERG6Y, KWH
SP ~SUM OF SURPLUS ENERGY, KWH
VSP -VALUE OF SURPLUS ENERGY, $

INPUTS
RS -BASELOAD GENERATION (DEFAULT=D.)eKH
C8 ~COSTY OF BASELOAD GENERATION/KWH, S
HP1 -MAXIMUM PCWER CAPACITY, KN
PO ~SURPLUS PONER RETURNEN T0 UTILITY,.KW
RE ~PEAK GENERATION REQUEST, KXW
CP ~COST OF PEAKLOAD GENEPATION/KWH, S
CC -CAPITVAL COST/YEAR, $
CH -MAINTENANCE COST/YEAR, $

COMMON ZCIMPL/IMPL JJCNT/CTIMEZTINEZCSINUL /DUNLET D, TRAX
X /COST/CCICMI ,COP,VDE,TOE,TLO,UTY,uTD,SPD
REAL nP2,MP1

IFLINPL.GT.0I60 YO 100
IFIBS.EQ0..99999)85=0.
lf(HPl.EQ..99999"\?1:1.[8
THAX1=TRAX®.99999

SR=C.

sP=0.

SPO=0.

vsP=0.

RE=0.

PO=0.

COMPUTE POWER OUTPUTS

TINCIZDUMLT)e.5

IF(BS.LE.MP13GO T¥O 100

WRITEL6,208IBS,MP1

FORMAT(1HO,10H BASELOAD 4F12.3,32H EXCEEDS MAXIMUM POWER CAPACITY,
1 F12.3)

IFLINPLLEQ,2)ICNTZICNT e}

B8S=MP]

PIZBS
NP2:=MPl
P2=AMINILRP1-BS RE)

COMPUTE ENEREY COST
cx=0. '

IFIP2.6T.POICK=CP
IFLICO.NEL.DICOD=BS*CB+(P2-PD) #CX )

- . IFCIMPL.LE. 1 IRETURN

STATISTICS

SRZSR+RESTINCE

SPOSSPQe (P1eP2-PD)¢VINC]
IFtP2.6T.P0O) GO TO 200
TERM=(PO-P2)STINC]

SPO= SPO*TERM

SP= SPs TERM

000ocoQ
co0L000
goacaoc
caococ
C0C300
LoGeoo
00C000
cecoco
CoLo00
000500
¢0uGao
co000Q
coooco
Z000006
€0CCoo
cococa
000000
gecooo
00£C02
G9L006
000013
CO0CO16
cocol?
£G0020
coco21
cod022
c00G23
coocz23
c00023
goco23
ceoc2s
LoGc217
€ceCC33
cocou2
tocos2
£o0o042
coocse
00C050
00LOS3
CCLLOSHY
CDOUGS &

LooGs 6

C0C0S6
00U0S6
cocCed4
0C0065
000073
C00104
6001G4
Co0194
C0d104
C00113
c00117
00G125
C00131
000135
000137

mcncnae s o d
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00156
c0157
00157
30157
00161

Gol162 .

cole3
00164
coles
CCleéb
CCle7
Lo173
co171

80
81
82s
83
8ue
85»
86
87s
88 e
89
90
91
92se

200

VSP= VSPe CBeTERM

IFCTIPE.LT.THAXIIRETURN

-€CCI=CCI+CC

CHIZCHMIOCH.
VDE=VNE ~COeySP
TOE=TDE -SPO*SP
Ulv=ulveCco
UTDZUTD<SPO
SPD= sSPDesSP
RETURN

END

000141
COG146
000146
000146
000154
C00157
00C162
00Gl66
Joui7r2
CoC175
£0G230
000203
COU34G



7.47 WIND

RECORDED W IND

HISTORIES (WV1) .

(PD,PY,DF) L L
WD p————WIND SPEED (WV2)

TIME OF DAY (TD)  ——or

|

0

|

|

|

‘ WEEK OF YEAR (MY) —

This model computes wind speed either from user SUppliéd time histories (data
tape) or by generating a set of random numbers with user supplied daily and
yearly average profiles and user specified random variation. |f user supplied

profiles are available then the wind speeds are generated from the fol lowing

equation:

Basic Equation
W = [PD(TD) + N(T)J*PY(WY)/M
where ©~  PD is the user supp!lied daily mean profile’

TD is the time of the day
PY is the user supplied yearly profile

WY is the week of the year

N is white noise with user specified probability distribution

J
M=% L PY(D)
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Tables
PD
PY

lpputs
Parameter/Port
w 1
TO
wy

Outputs

Variabie/Port
wv 2

M
TIM

Statistics

AV

Descripti

Daily profile versus TD (default = 0)

Yearly profile versus WY

Density function for white noise terms
(tabular with speed W)

Wind
Time
Week

Wind
Mean
Last

speed data file input
of day

of the year

speed
of yearly profile

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

miles/hr

BCS 40180-2



1) Compute distribution function and mean M (first pass only)

(z DFV.) : viﬁww
FIW) = /

XDF(V‘)

2) Check for data file input
If W1 = .99999 go to 3)
w2 = wi
Go to 5)

3) Generate white noise input N
If TIME = TIM go to 5)
U = random noise sample, uniformly distributed [0,1]

Interpolate to find N = Flu

TIM = TIME

'4) Compute wind speed
W2 = [PD(TD) + N ]% PY(WY)/M

5) Compute Statistics
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SUBROUTINE WD ENTRY POINT 000432

STORAGE USED CODE (1) 00O473; DATACO) DOOO63; BLANK COMMON(2) co0000
COMMON ELOCKS
oco3 cIvpPL  0CO001
0008 CIIME 0C0001
EXTERNAL REFERENCES (BLOCK, NAME)
000S UNTF
0006 TeLUl
0co7? NERR3S
STORAGE ASSIGNMENT (BLOCK, TYPE, RELATIVE LOCATION, NAME)

0001 000245 10L 09201 000253 100L 0001 000074 1226 0001 000133 1376 ocol 000353 150L

0001 000202 1556 G001 000225 1656 0CO1 000146 4OL 0000 R 000018 A _ 0OCO R CODUDS AMN
0000 R CTDOIA DMV 0000 1 000306 1 - 0003 1 000003 IMPL 0033 000028 INJPS . 0000 I 00COOG IX
00C9 1 C00007 L GCOJ T 000302 ND 020C 1 000001 NP 0C00 I 0OCC12 NP1~ . 0000 I GOOCO3 NY
J0C0 R 0COOCH SUM 0006 R 00C000 TRLUL 000& R 000003 TINE 0000 R 000011 U 0000 R 000013 WN
00CO R 000G1S YNV

£01Co 1 cvo . 000016
00101 2e SUBROUTINE WD (PD¢PY,WF NVO,ANV AV XM, TINO o MVI,TD,VY) ‘ : 000016
60101 3 c - - S0G016;
C0101 4e C  PURPOSE GENERATE WIND SPEED FROM DAILY, YEARLY, AND RANDOM PROFILE DATA 000016
c0101 RY) c o o “ 7 ) cocole
©0101 6 C METHOD RANDOM NOTSE WITH SPECIFIED DIST. IS ADDED TO MEAN DAILY PROFILE 600016
20131 Te c AND MULTYPLIED 3Y A YEARLY PROFILE. INITIALLY THE OENSITY TABLE cCcoo16
£0191 8e c WF IS CONVERTED TO A DIST. FUNCTION. i ' . cocol e
0C1G1 9e c L00016
3c101 1Cs C MRITTEN BY A.M. WARREN VERSION ‘1, MARCH & 1977 co0016
00101 11# c : : ‘ uccol6.
- 20101 12+ C  CALL SEOUENCE : : ococle
o 00101 13 c TABLES : ' ~ 600016
n 50101 14 c PO - MEAN DAILY WIND PROFILE, MPH GOLO16
. co101 154 c "PY - MEAN YEARLY WIMD PROFILE 000016
e ce1o1 16# c MF - WIND FREQUENCY FUNCTION (NON-GUST, RANDOW COMPONENT), HR S0L016.
) ¢c101 17+ c . ' cocole
< c0101 1¢te c oUTPUTS To0016
r~ cG101 19% c WVO - WIND VELOCITY OUTPUT, MPH 000016
eo1s 20 c AMY - MAX. OBSERVED WIND SPEED, WPH 000016
G01¢ 21 ¢ AV - MEAN DAILY WIND SPEED, MPH - cboole
RY3Y 22 c XM - KEAN YEARLY WIND, - £00016
°C161 23s 3 TIMO- LAST TIME A RANDOM SAMPLE WAS USED, HR ccoole




x
(3]
wm
-3
(=]
—
(o]
o
1
N

T6¢

60101
£0101
00101
ac101
50131
oC101
20101
00103
€0104
©010S
n0i0s
2105
00105
<0107
00110
coll
00112
00118
£0115
00116
co117
0c121
06124
c012S
©0126
00127
00130
00131
06133
00134
co135
60135
G0136
00141
50142
co148
00144
00144
30145
00147
coisi
ceisy
00153
20156
00157
20160
60162
£0162
00163
00164
GO0l67
5173
50172
00173
00173
00173
80174

26
25%
26%
27
28%
20
30
31»
32
33»
34s
35
36
37
3es
39
a0
41
q2e
43s
a5e
§ e
468
47e
489
49e
50
Sls
52+
538
sS4
SSs
56
ST
58
599
60
6le
62
63
b4
65
66
67s
68¢
69
10e
T1e
12¢
73
Tus
15#
T¢s
17s
T8
79
80*

AOOOOON

ann

30
&0

25

15

10

INPUTS

MVYI -~ VIND VELOCITY INPUT FROM DATA FILE, HPM

T0 - TIME OF DAY, NHR
MY = WEEK OF YEAR (1-52)

DIMENSION PD(1),PY(1),¥FL1)
COMMON/CINPLInPL /CTIME/YIME
DATA IX/1/

INITIALIZATION

COMPUTE MEAN DAILY WIND SPEED AND DIST. FCN

NP=UF(2)

NDZPD(2)

NYZ=PYI2)

IFCINPLL,ET.0) 60 TO 10

SUM=G.0

AMN=0.0

TIM0z=~1.

IFCMF(4+28NP) EQe 1) 60 TO &0
00 20 I=1,NP

MFII42) = NF(Ie3)

L = 3eNPel

AZMF (L)

WF(L)=SUN

SUMZSUNe A

AMN = AMN ¢ ASUF(2+])

APN = AMNZSUM {

MFL3eNP)= MFINPe2)e2, = YFINP+)1)
WrtL+1)= 1.

DO 30 IT1,NP
L=3eNPol
MFIL) = WFILD/SUN
CON T INUE
DEFAULT TABLE FOR PD

1F(PDI2).EQ. 1.99999) PDI&I=].
IF(PD(2) .EQ. 1.99999) PD(SI=O0,
IF(PDI2).EQ. 1.99999) PO(2)=1.

AV = 0O,

D0 25 I=1,ND

L = 3¢NDe]

V = Ay+POD(L)

V = AV/IND ¢ ANN

P

A
A
XM=0. )
D0 15 I=14NY
LZ3eNYe] .
XMZXMePY L)
XM=XM/NY
AMY D,
CHECK FOR DATA FILE INPUT

IFL WVI.ERe «99999) GO To 100

000016
000016
coGal 6
000016
£oao16
000016
000016
cooale
coool1e

coccle

00C016
c0G016
(oJeoYed ¥ )
cooo1e
€0092%
000034
cooo43
CoQou 6
Co00a7?
coopSce
000052
C0GI74
G00074
cooo7e
000101
0001CS
000107
co00111
gootie
cool2et
£00124

000124
00G133

cco133 |

006140
Cool4é
COO0l46
Co0146
00C146
000151}
coo17l
000171
CoC176
¢0p202
c00202
c00205
Co0214
C0GC214
00221
gog22s
goc22s
cog232
ceca3?
CoG243
C00243
000243
000245




(A

[*od
(]
(%]
+»
o
—
024
?
(4]

20176
00177
30177
00177
00200
0Cc202
C0203
GCc20y
0C204
00204
00205
C0236
oc207
g0210
ac21a
00219
00211
00213
00214
0g21s

81
82+
83
8ye
3.3
86
81
88
89
90
91
92
93
94
95«
96
97»
98 %
99s
100»

100

150

MVO = ¥V}
60 Y0 150

GENERATE WHITE NOISE WITH DIST. WF

IFt TIME.EQ.TINO) 60 YO 150

CALL UNIF(U,LIX)?
NPL1=NPe}

WN = TELUICU,NF(8eNP) ,UF(3),1,~NP1)

GENERATE WIND SPEED USING DAILY AND YEARLY PROFILES

DMV = TBLULITD,PDt4) ,PDLG+ND) 41,~ND)
YWY = TBLUL (MY, PY{4)PY(GONY) 41 ,=-NY)
NV0 = (DWV ¢ UNI® YWV /7 XM

TIMO=TIME

MAX.
IF(InPL.LELL) RETURN
AMV = AMAXICANV ,WVO)
RETURN
END

OBSERVED WIND SPEED

000247
000251
c0C251
000251
00253
£0025%
¢00261
0CG264
CDC264
C0G264
000303
coo0323
000343
ooG3sc
000350
606350
00G353
cop36}
606367
coo472

J



7.48 TURBINE/GENERATOR

WIND VELOCITY (WV) e WP -» OUTPUT POWER (P2)

This component uses a power curve relationship with wind velocity to model

the wind turbine and generator. It may be used in place of the more detailed

wind turbine-transmission-generator components where a simplified analysis

is desirable, or where a nonstandard wind generator model is desired. The

model may be used for either A.C. or D.C. power generation.

Basic Equations
L / W< WO
re1s0 (e
P2 = V¥1/1000 wWo € w<swi

PMAX -
POMER
OUTPUT
(P2)
WVO WIND VELOCITY W1
(CUTIN) (cuTouT)
FIGURE 7.48: OUTPUT POWER VERSUS WIND VELOCITY
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Tables
PW

lnputs

Parameter/Port -

wo
w1
w
cc
cm
EC

Outputs

Variable/Port
|

P 2

Statistic

Ml

sP
co

Description

Wind generation power versus wind velocity

1

Bus voltage (Rated).
Power cutin velocity
Power cutout velocity
Wind velocity

Capifé| cost/year
Maintenance cost/year

Control Energy Rate

Bus current

Real power output ~i oo

Maximum current
Maximum power
Total output energy,

Total! operating costs

-

Output power including mechanical and elecfrlcal‘efficfencies

kw

volts
mph
mph
mph

$/hr

amps
kw

amps
kw
kwh

BCS 40180-2




1) Initialize statistics
2) Compute P2 and |
P2='(PW(WV) WVOSWVSVWI)
o) otherwise

| = P2%1000/V-

1

3) Compute Statistics and Costs

BCS 40180-2 o 355
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SUBROUTINE WP ENTRY POINT 000153

STORAGE USED CODE(1) 000232; DATAC(O) 00002%; BLANK COMMONC2) 000000
COMMON PLOCKS

0003 CIMPL 000001

00208 Cos?Y 000003

Q90s CTIME 0OO0CO1

9C06 cSIruL 000010

EXTERNAL REFERENCES (BLOCK, NAME?

0007 TBLUL

3010 NERR3S

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

0001 0CCO4e 10L 3001 000068 25L 0004 R 000000 CC 0004 R 000001 Cn
00G6 0CO0J30 DUNM 0003 1 000000 IMPL 0000 000006 INJPS 0000 I 000000 N
000S R CLCOOOD TINME 0006 R 000006 TINC 0006 R D000QT TMAX 000C R 000001 TMAX]

00100 1 cup

qoiol 2» SUBROUTINE WP  PUBIPOJAMI, ANPSP,COoVO NV C,NV1,UV,CCT CHILEC)

co101 3 C

00101 4@ C PURPOSE MODEL THE MIND TURBINE AND GENERATOR USING A POMER CURVE

gg101} Se C

co101 6" C WRITTEN BY A.W. WARREN : VERSION 1, MARCH 3 1977

00101 T c

Co1ct 8 c CALL SEOUENCE

301012 9 c TABLES

Jo101 1Ce c PW - WIND GENFRATION POWER IN KW VERSUS WIND VELOCITY IN MPH

%0101 11» [

00101 12 c OUTPUTS

00101 1e c BI = OUTPUT BUS CURRENT, AHMPS

00191 lus c PO -~ POVER OUTPUT, Ky

C0101 1S5+ c AMI ~ MAX. OBSERVED CURRENT, AMPS

90101 16 C AMP - MAX, OBSERVED POWER, KW

co101 17s C SP - TOTAL OUTPUT ENERGY KWH

J0101 iae c CO -~ OPERATING COST, $

00131 19% Cc

00101 20 C INPUTS

Jciol 21s C VO - RATED PUS VOLTAGE, VOLTS

ac101 22+ c WV0O - POWER CUTIN VELOCITy, MPH

€0 22 Cc WVl - POWER CUTOUT VELOCITY, MPH

co 249 C NV - WIND VELOCITY, HPH

e 25% ¢ CCTI - CAPITOL COSY /7 YEAR, $

0C04 R 000002 coP
0007 R 000000 TBLUL

€00600
c0000C
C00000
£00000
0oceoo
006000
coceoo
caoonnc
50C000
000000
000000
U0060G
000000
000000
£0C000
£20000
00200
cC0000
000000
cocaco
5C0Cs0
000000
€00000
L0G0oo0
£00000

d
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LSE

c0101
J0191
CCciol
co103
00104
60135
co10s
co10s
Lo10s
30106
S0107
co111
co112
oo113
00113
00113
00114
oC116
20117
90120
c0121
0ol22
00123
co12s
CO126
cag127
0€130
0C13d
00131
00133
00134
J013s
0l136
00137

260
27
28
29
3Cs
31
32=
33s
34
35
36
31s
38»
39
40
4ls
h42e
a3s
4y
4se
a6
47
L. X J
49
50%
Sls
52
53»
5S4
55
S6%
STe
Ses
5 Se

o000

[aNaNsl

10

20

CHMI = MAINTENANCE COSTY /7 YEAR, $
EC =~ CONTROL ENERGY RATE, $/HR

DIMENSION PW(1)
COMMON / CIMPL / INPL
COMMON/COSY/ CCoCM,COP /CTIME/ TIME /CSIMUL/ DUME6),TINC,THAX

PONER OUTPUT CALCULATIONS

PO = C.
IFINV.LT.NVO .OR. WV.GV.MV1) GO 10 1g
N = PUt2)
PO = TELUI(NY,PN{B) ,PULG*N],1,-N)
BI = PO*1000/V0
SYAVISTICS
IF(INPL.GT.0) 60 TO 20
co0= 0. ‘
AM]I = Q.
AMP = Q0.
sP = q,

THAX1ZTHAXS 99999
IFCINPL.LE.1) RETURN
AMYI = AMAXLCAMI,BI)
AMP = AMAX1(AMP,PO)
SP = SP o POe,.5¢TINC
CO= CO + EC®,5¢TINC h

. COST SUMMA TION
IFC TIME.LT.TMAX])) RETURN -

CC = CcC + CcC1

CH = cM o CHT <
coPz COP + CO
RETURW

END

00G000
000900
£CC00G
00C200
€0G000
£0G0CO
£0G000
000000
¢C000G
000050
6Caool
c0oo17
cow026
co0046
CO004 6
CeC04 6
000051
C000S Y
coGess
£0ars6
000057
00C060
00C064
C0GCT2
cccioc
00G196
000113
000173
006120
000127
600132
C00135
COC140
000231

d




7.49 WIND TURBINE

WIND VELOCITY (W)= —POWER (P2)
WT :
ROTOR SPEED (RS)— ——GEAR RATIO (GR)

This component models the wind turbine in terms of physical properties such
as blade radius, power coefficient, and design tip speed ra'rio.1 The step-up

gear ratio is computed based on design rotor speed.

Basic Equations

Output power is given by

P2 = CP*1/2*AD*A*(WV*C)3*k
where:
CP = effective power coefficient (tabular with W)
= ﬂ*(BR)2
= 1.4667 (mph to ft/sec. conversion)

1.3558 x 10_3 (ft-I1b to kw-sec. conversion)

1 nasA cr 134937 "Design Study of Wind Turbines — 50kw to 3000 kw - For
Electric Utility Applications”, Kaman Aerospace Corporation, February
1976.
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loputs -

-~ Parameter/Port

w
VO
VR
RS
RSG
BR
EC
AD
LAM
cPm?
cpP

cc

CM

Oufgdfs
Variable/Port
P 2
TO

co

GR

RAP

statistics
MT

MPO

SP

1

LAM =
2

BCS 40180-2

Description
Wind speed
Mean wind speed (yearly)
Rated wind speed (default = 1. 35 x VO)
Rotor speed

Generator shaft speed (de5|gn)(defaulf

1800)
Blade radius J
Cost to opefate controls
Air density (default = 0.0023)
Design tip speed ratio (default = 9.4)
Maximum power coefficient at VO (default = 0.4)

Effective power coefficient (default table
versus VO/WV)
Capital cost/year

Maintenance cost/year

Output mechanical power
Mechanical torque

Total operating cost
Step—up gear ratio

Rated output power

Maximum torque
Maximum power

Total energy delivered

LAM may be computed using the design equation:
SQRT(8/ (3% sol idity constant * design Iift coefficient))
|f default CP table not used then set CPM =

CP(rated wind speed)

WT

Units
mph

mph

mph

rpm

rpm

ft

$/h
slugs/ff3

kw
ft-Ib

kw

ft-ib
kw
kwh

359




1)

2)

3)

4)

360

lati uence

First pass - Compute Gear Ratio and Rated Power

RS = (LANM@*C/BR)#(60/21)

GR = RSG/RS
RAP = ,5%CP1¥AD¥AX(VR¥C)>
where

CP1 =<CPM*F(V@/VR) if CP default used

CPM otherwise

Compute power coefficient CP

If W =0 set P2=T@=0 and go to 4)

If CP default used, then
CP = CPM¥F (VO/WV)
where F is shown in Figure 7.49

Power and torque
A = MR
P = .5*CP*AD*A*(WV*C)3
TO = P/(RS¥21/60)
P2 = Pk

Compute Statistics and Costs

(C

(k

1.4667)

1.3558 x 10°)

BCS 40180-2




¢-0810% SO8

19¢

1.0 ’,/”’—’-T--;\*\\N
.8 \
p \
Cpg = MAX. OUTPUT PONER COEFFICRENT
4 Cp = OUTPUT PONER COEFFICIENT
/ Vo = WIND VELOCITY AT ¢
(DESIGN WIND VEL.)
/ V. = WIND VELOCITY ‘
0 ,2 4 .5 .8 1.0 1.2 T.2 T.6
Yo
v

FIGURE 7.49 GENERALIZED MACHINE POWER OUTPUT PERFORMANCE
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SUBROUTINE MT

ENTR

Y POINT 000274

STORAGE USED CODE 1) COO4A13; DATA(O) 0000T0; BLANK COMMONC(2) 000000

CONMON

0003
aoGs
000S
0006

ALOCKS

C1lMPL
CTINE
CSIMUL
cos7y

000001
000C31
ocoo10
Coo9203

EXTERNAL REFERENCES (BLOCK, NAME)

2007
0010

STORAGE

a0a1
0006
o000
0807
0209

00100
20101
00101
50101
50101
£0101
cc101
20101
00101
©0101
00101
cc1o01
00101
£0101
50101
cc101
G6101
5C101
cc101
GO101
60101
£oint
co1

TeLul
NERR3S

ASSTIGNMENT

000122
ccecoz
ccocoo
00C000
(00G31

248
21»
22%
23»

100L
col
F

(BLOCK, TYPE, RELATIVE LOCATION, NAME)

T

THAX

Cur}

OO0 NNNO

1

coo1 000211 200
0000 R 000033 CP}

0003 I 000000 ImMPL
0004 R 0CO000 TIME

0000 r 000034 A
0000 R 000026 C1
Gcoo 000051 INJPS
0D0S R 000006 TINC

0006 R 000000 CCI

‘0000 R 000027 C2

000p R 00003s P
0000 R 00C032 TINC2

SUBROUTINE WUT (P2,70,CO.GR,RAP,MT ,MPO,SP,WV,VO,VR,RS, RSGsBR,EC,
' ADyLAN,CPM, CPyCCoCM)

1
PURPOS

ME THOD

URITTE

CALL S

E MODEL WIND TURBINE POWER OUTPUT

COMPUTE POWER COEFFICIENT AND ROTOR SPEED FROM PHYSICAL
RATED POWER COEFF. 1S 3/4 OF CPM.

DESIGN PARAMETERS.

N BY A. M. MARREN

EOUENCE
OUTPUTS

VERSION 2, APRIL 6 1917

P2 = OUTPUT MECHANICAL POVWER, KW

T0 = OUTPUT MECHANICAL TORQUE, FT-LB

CO -~ OPERATING COST SuM, &

GR -~ TURRINE/GENERATOR GEAR RATIO

RAP = RATED OUTPUT POWER, KXW

MY -~ MAXIMUM TORQUE STATISTIC, FT-LB

MNP0 - MAXIMUM POWER STATISTIC, KW

SP -~ TOTAL OUTPUT ENERGY DELIVERED, KWH
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8.0 EXAMPLES

This secfionvglves five simple example simulations using the SIMMEST program,
These examples exercise all physical components of the SIMAEST l|ibrary and
many of the model features such as Fortran code insertion and the file read
capabillity. Each example contains the input data for model generation and
analysis, selected printer output generated by the programs and a discussion ,
of the results obtained. It is recommended that a user work through and under-
stand the model 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 output is afso included.
Figure 8.1-2 shows the input data fto 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 statement 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 input RSIGR
to WT is a 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)

LOCATION=15 Ti

LOCATION=3 TAN INPUTS=TI

LOCATION=11 WD INPUTS=T1 , TAW(VAR=W)
LOCATION=31 Wr INPUTS=WD

LOCAT |ON=35 &R INPUTS=WT

LOCAT ION=51 HG ~ INPUTS=WT (P =FIiN)
LOCATION=39 GE INPUTS=GR

LOCATION= 7 TAL INPUTS=TI

LOCATION=19 Lo INPUTS=GE, T1, TAL (VAR=LO)

FORTRAN STATEMENTS
IF{IMPL.GT.O} GO TO 2
WRITE (6,100) (TEMP(I1)},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 taking 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 aré 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 output resulting from the FORTRAN STATEMENTS
code. This data is formatted 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. Almost 40% of the time the turbine reaches rated power (800 kw).
Figure 8.1-7 shows a crossplot 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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mph. The load-time profile for the simulation is shown in Figure 8,1-8. Daily
peaks and troughs 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 simplified 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 divider, which delivers power to the load as a first prior-
ity, and battery storage as second priority, Similarly, if the load cannot
I 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 inciud-

ing the priority Interrupt.

Figure 8.2-2 shows the model generation Input data for the model. The com-
ponents are generally defined in the order of 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 geheral 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, |t may

be observed that the utility is connected up to the surplus port of PD, Thus
the baseload power sent to MAB in effect is reduced whehever the load and
battery cannot absorb all the power generated. The last component defined

Is the cost monitor CM, which receives cost input data from other components
through a common block rather than by model connections., Figure 8.2-3 shows
the mode! schematlic generated by the program., Most of the connection inputs
are shown but occasionally a model connection will be overprinted. For exam-
ple, the input REIPA 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 DESCRIPTION BATTERY TEST CASE

LOCAT ION=74 Ti

LOCATION=61 . WD INPUTS=TI

LOCATION=21 wP INPUTS=WD

LOCAT | ON=42 MAB INPUTS=WP (P, 2=FIN) ,UT(P,1=C2)

LOCATION=33 PD INPUTS=MAB(FO=P) ,MAB(FO=MP) ,PA(1,1),PIB(2,2),
BA(RE=RE,2)

LOCATION=15 RE INPUTS=PD (2,1)

LOCATION=17 BA INPUTS=RE, PA(RE, 2=RE)

LOCAT 1ON=45 PIB INPUTS=BA

LOCATION=19 v INPUTS=BA :

LOCAT | ON=69 PA INPUTS=1V(2,2),L0(1,01P1B(4,2),UT(2,3

LOCATION=76 LO INPUTS=TI

LOCAT |ON=62 ut INPUTS=PD (SP=P,0)

LOCATION=1 o)

END OF MODEL

LIST STANDARD COMPONENTS

PRINT

FIGURE 8.,2-2 BATTERY MODEL INPUT DATA

The input data for two simulations is shown in Figure B.2.-4. In the first
simulation the battery is nearly 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 fairly low. Figures 8.2-5

to 8.,2-8 show results from the first simujation. 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 is about 22 mph, Figure 8,2-7 shows
the wind power output supplied directly to the load. The median power out-
put is seen to exceed 450 kw and occasionally output reaches 800 kw or rated

power. Figure 8.2-8 shows the usage of battery energy to meet the load dur-

ing the week, and the increase in storage capaclty during the weekends. Since
the battery subsystem was |imited to 180 kw maximum discharge, the utility
was frequently called to meet peak load. Thus about 10% of the load was saf-
isfied by the utility,
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TITLE® BATTERY MODEL TESY

PARAMETER VALUES

CR CH.‘SQOLE C"ISO. ’

ga ST;Z0.0CB UTs,016,CP UTS,03,CC UTE1000,,CM UTS1000,
" ‘ .‘.

CYCLES®4,01,T0 7180,V wPBU0OO,WVONPEB,WVIWNPBG60,DLINESS]00,
CC WPB{s000,CM wWPmi200,P8iPIBN2,

EC. WPa,2

NE L0®8,00S,CT LOs4,MN LO®0,8TDLOR6)VE LDo,023
RAPBABR200,.,E BAs2000,,EDEBARLOO,

VD 8Ami00

D' B‘.lo.lcc BAIZOOO.,CM 8‘.‘00.

RAPRE=200,+CC RE®=200,sRAPIVR200,,CC IVsO,

TABLE,PN WPm10

8,10,12,14,16,18,20,21,93,2%8,30
25.6.50.!:86.5.137.0.205.10292..000.6.500.782.5.600
.TABLE,PY WDm33 ‘ .
0,04,33,8,67,13,,17,33,21,67,26,,30,33,34,67,39,,43,33,47,67,52,
69;67,68.65,61.56.51.49.00.52.56.61'65

TABLE,PD WDs7

0,4,8,12,16,20,24

10042,14,16,14,12,10

TABLE,DF wWDsib
0,102,3,4,5,6,7,8,9,10,11,12,13,14,18
$,44,160,380,480,512,440,376,307,270,148,76,40,22,9,3
TABLE,PD LOmyY

0.1.50’0“05'60705b°110150‘2
13¢8415,16,5,18,19,5,21,22,5+24
450,360,372,33%0,450,660,0810,798,804
6900708069"7020750'708,’70.“50

YABLE,PW LOs? :

102+3,4,996,7

!0100900‘009006005

TABLE,PY LOsme

0,10,20,%30,40,52.

226,194,180,174,194,226 :

INITIAL CONDITIONS, PE BA 1990,

PRINYER PLOTS,DIS8PLAYY

WyawD,v8,TIME

PL PD,VS,TIME

P2 PD,VS,TIME

PE 8A,VS,TIME

DI1SPLAYR

P2 IV,¥S,TIME

RE2BA, VS, TIME

REI1LO, VS, TIME

TINCSH,28, TMAXS336,,PRATERS,PRINT CONTROL®3,INT MODE®3,QUTRATESRS
SIMULATE

PARAMETER VALUES,BS UT®0,,NC LO®,0038

E1 BAz1000,,EDEBAZ200,

Cc Ive1000,
- INTTIAL CONDITIONS,PE BA®2SD,

SIMULATE ‘

BCS 40180-2 FIGURE 8.2-4 INPUT DATA FOR BATTERY SIMULATION
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8.3 FLYWHEEL STORAGE MODEL

Figure 8,31 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 model transmission |ine power losses. The model sche-

matic is shown in Figure 8,3-3,

MODEL DESCRIPTION FLYWHEEL TEST CASE

LOCAT ION=74 TI

LOCAT | ON=61 ) INPUTS=TI

LOCAT I 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, 0) ,MAB (FO-MP) ,PA(1,1) ,PIB(2,2)

FL (RE=RE,2)

LOCAT |ON=13 MO INPUTS=PD(2,1)

LOCAT | ON=4 RI INPUTS=MO (2,1) ,FL (RS=RS,2)

LOCATION=6 FL INPUTS=TRI,PA(2,1)

LOCAT |ON=8 TRO INPUTS=FL , GE (RS=RS ,2)

LOCATION=19 GE INPUTS=TRO

LOCAT | ON=45 PIB INPUTS=FL

LOCAT |ON=69 PA INPUTS=GE (2,2) ,LO(RE,1=RE,0) ,PIB(4,2)
uT(2,3)

LOCAT |ON=78 AD INPUTS=PA

LOCAT ION=76 Lo INPUTS=TI , AD

LOCAT |ON=62 ut INPUTS=PD (SP=P,0)

LOCAT ION=1 M

END OF MODEL
LIST STANDARD COMPONENTS
PRINT

FIGURE 8,3-2 FLYWHEEL MODEL INPUT DATA

The simulation input data shown in Figure 8,3-4 uses the same wind and {oad
data as Example 8.2. However, the storage component is rated at 400 kw with
one hour storage, simulating a system used for temporary storage and dis-
charge during peak power generation and load demand periods. |t may be noted
that the transmission power loss table is input for both TR{ and TRO. Fig-

ures 8,3-5 to 8,3-7 show results from the simulation. Charging power to the
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FIGURE 8,3-3 FUYWHEEL MODEL SCHEMATIC




flywheel In excess of that needed. for the load is shown In Flgure 8,35,

Even with average load demand exceeding wind generation, the flywheel is
charged at rated power fairly often. The kinetlc’ 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 fhe dead-: . -
band (80 kwh), whereas during the weekend the reverse is true. Outpuf from..
the cost monitor is shown in Figure 8.,3-7. The capital costs are probablyu .
low since nominal values were used for component costs. The ufiif*y edbpfied
nearly 20% of the load in this case, since flywheel storage capacity is quite
low.
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T1TLEs FLYWHEEL MODEL  TESY
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FIGURE 8.3-4 FLYWHEEL SIMULATION DATA
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FLYWHEEL MODEL TEST
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WIND ENEFGY STORAGE COST SUMMARY - T -
R 30 _YEAR LIFECYCLE I
-4 :
w
é; YeaeLy 3YSTEK COSTS
? R - e __ o . _
CAFITAL COST 89104s
(INCLUDINE FIXtD _CHAREES)
FIYED O + M COST 3100, $
JOERETING & FUEL COST  1753. ¢ - T T T T T
TOTAL 93957 %
- i — e
EMZREY DELTVIRED
ENEPGY DZLIVERED 44409740 KyH
- T TIYT I YT L L L T I T T LT T T I TP T e e T ot uly —
| J s
hall ENERPGY COST PER KWH = 2142 MILLS & e e
L3 - *
AEP PP EPERERN PV EER SR ESF AN VA RPN ES B IS S S A ES2R PSRN
JALUE OF ENZRGY DFLIVEFED 95217 %
(VALUE OF FUFL SAVFD).
ENFRGY VALUE PER K WH T T 3144 WILTS
COST PER VALUS -DELIVERED 99 — U S
LOAD FACTER
PEPCERT NF LOAG SUPPLIED 6143
8Y TOTAL VWIND SYSTEM —_—
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LAY UTILINY o . e e e e e
PEECENT GF WIND ENERGY 8.3
SUFPLUSED _“_ o _ ) )
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(M IND T I T )

FIGURE 8.3-7 FLYWHEEL MODEL COST MONITOR OUTPUT
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8.4 HYDRO AND THERMAL STORAGE MODEL

Figure 8.4-1 shows the basic model schematic for a model with both thermal
and electrical ioads. Wind power Is supplied first to meet the electrical
load, with excess power going into hydro and thermal storage. The thermal
load is driven by an ambient temperature component and electrical load energy
value is supplied by a time dependent look-up table, Figure 8,4-2 shows the
model input data. The components are ordered according fo 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 model schematic is shown

in Figure 8.4-3,

LIST STANDARD COMPONENTS

MODEL DESCRIPTION HYDRO AND THERMAL TEST CASE

LOCATION=77 Tl

LOCAT | ON=51 WD INPUTS=TI

LOCATION=21 wP INPUTS=WD

LOCAT ION=33 PD INPUTS=WP , WP (P=MP) ,PA(1,1) ,PIH(2,2) ,HS (RE=RE, 2)
INPUTS=TS(2,3),PIT(2,3)

LOCATION=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

LOCAT ION=19 HT INPUTS=HS

LOCAT | ON=40. GE INPUTS=HT

LOCAT | ON=59 PA INPUTS=GE (2,2),L0(1,0) ,PIH(4,2)

LOCATION=78 FU INPUTS=T| ( TD=FIN)

LOCAT ION=80 Lo INPUTS=TI,FU(FO=VE)

LOCAT | ON=63 TS INPUTS=TL

LOCAT 1ON=52 PIT INPUTS=TS

LOCATION=67 TP INPUTS=TI _

LOCATION=65 . INPUTS=TI, TP

LOCATION= 1 o}

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 fo 6 in this model for sufficient iterations to

attain steady state in the hydro storage subsystem. The hydro sysfem has

BCS 40180-2



VALUE

. | oo~
| i o ENERGY,

_ TIME OF DAY
WIND _ '
— . . .
1 1
: ELECTRICAL
WIND LOAD
TURBINE —— 2 —={ MOTOR | GENE\RATOR 2
N
HYDRO
PUMP RESERVOIR TURBINE
THERMAL - THERMAL
STORAGE LOAD
TEMPERATURE

FIGURE 8.4-1: HYDRO AND THERMAL STORAGE EXAMPLE
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FIGURE 8.4-4 HYDRO AND THERMAL SIMULATION DATA
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much larger capacity and supplies a bigger load than the thermal system in
this run. Figures 8.4-5 to 8.4-9 show results of the simulation. Hydro energy
storage is shown in 8.4-5. During the week most of the wind energy goes di-
rectly to the load except at night, The reservoir builds up to capacity dur-
ing the week-ends. The cumulative percent load delivered by wind and hydro
storage Is shown in 8.,4-6, and averages about 91%. Similarly, thermal energy
stored and percent thermal load delivered are shown in 8,4-7 and 8.4-8. The
ambient temperature profile for a similar, one week simulation is shown in
8.4.9.
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8.5 PNEUMATIC STORAGE MODEL

Figure 8.5-1 shows the simplified schematic for the pneumatic storage model,
For simplicity the motor and generator have been omitted from the pneumatic
storage subsystem. A burner is used if 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.

MODEL DESCRIPTION PNEUMATIC STORAGE TEST CASE

LOCATION= 1 TI

LOCAT 1ON=21 WO INPUTS=T|

LOCAT ION=51 WP INPUTS=WD

LOCATION= 5 P INPUTS=TI

LOCATON=43 PD INPUTS=WP, WP (P=MP) ,PA(1,1),Pl (2,2) ,CS(RE=RE,2)
LOCAT |ON=64 Ut INPUTS=PD(SP=P)

LOCATION=15 co INPUTS=PD(2,1),TP

LOCATION=17 HX INPUTS=CO, TP, CS

LOCATION=47 cs INPUTS=HX, PA(RE , 2=RE)

LOCATION=36 P INPUTS=CS

LOCAT|ON=49 HY INPUTS=CS, HX

LOCAT |ON=59 BN INPUTS=HY

LOCAT|ON=80 v INPUTS=BN, TP, CS (PR=PS)

LOCAT ION=76 PA INPUTS=TU(2,2),L0(1,0),PI(4,2) ,UT(2,3)
LOCAT |ON=72 LO INPUTS=TI

LOCAT ION=T71 M .

END OF MODEL
L1ST STANDARD COMPONENTS
PRINT

FIGURE 8,5-2 PNEUMATIC STORAGE MODEL INPUT DATA

The input data for a two week simulation is shown in 8,5-3. In order to keep
the air entering the storage cavern from overheating,a fairly large |eakage
coefficient (NU = 0,01) is assumed. Hence the storage cavern loses about 2/3
of its heat energy every four days. The load constant NC LO can be adjusted
to balance wind energy to the load so that weekly air mass flow in and out
of the cavern Is balanced. The initial values for the CS and HX states were
chosen on the basis of an earlier one week simulation, Figures 8.5-4 to 8.5-
8 show results of this simulation. Figure 8.,5-4 shows the average femper-

ature of the heat exchanger storage medium for the 'cool' cell. The initial

BCS 40180-2




LOAD.
WIND OAD
w
1 1
WIND | o
TURBINE » [ COMPRESSOR BURNER TURBINE —= 2 M
s 3
HEAT PNEUMATIC " HEAT
EXCHANGER [ STORAGE [ ] EXCHANGER

UTILITY

FIGURE 8.5-1: PNEUMATIC STORAGE EXAMPLE
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TITLEs PNEUMATIC STORAGE TEST CASER2

PARAMETER VALUES _

CYCLESS4,08,70 TIm0,CT TPE12,MN TPEO,STDTPRS,DLINESE100

V. WPEU00,WVOWPEB,NVINPRO0,CC WPRL6000,CM WPBL200,PS1IPIB2,,EC wps,?2
LE C8Ss30,MDECS®10000, TEMCS®3ISO0,NU C8%8,010,TM CSn125,8E HWX®,001%
MD COm1500,13 BNm60O0,LE BNe3Q,MOMBNS83000.

ST MX®24,LE HXB30,PD HXu1SO0,TMTHXE230, TEMHXa350,L MHXa8

MD C8S=21500,TIDTURG00,R8 TUs3600,CR CMm15,LE CM330,CM CS=400
NC LO=,0043,C7 LOmy4,MN LOm0,STDLOBS,VE LOB,023

€8 UTe,0i9,MP1UTE] E8,CP UTe,023,CC UT30,CM UTSO

TABLE/)PW WPm10 -

B.10.12,14.16.18.20.21. 83,2830
2%:6,50,1,86,5,137,4,205,1,292,,400,6,500,,880,,880,
TABLE,PY WDB{3
0,08033,8,67,13,017.33,21,67,26,,30,33,34,67,39,,43,33,47,67,52,
65,67,68,65,61,56,51,49,49,52,56,61,65

TABLE,PD wDm?

0,4,8,12,16,20,24

10,12,14,16,14,12,10

TABLE,DF wDsie

0,102,3,4,5,6,7,8,9,10,11,12,13,14,15
5.4“.160.380.480.512,440:376.307.270'1“5,76,00'22,9,3
TABLE;PD P9

0,3,6,9,12,15,18,21,24

46005,48,55,62,62,56,48,4d6

TABLE,PY TPaS

0,13,26,39,52

40050,75,65,40

TABLE,PD LODs317

0,165+s3,4,5,6,7,%,9,10,8.12

13.5,15,16,5,18,19,5,21,22,5,24
4s50,360,372,330,48%0,660,810,798,804
690,708,699,702,750,708,570,4%0

TABLE,Pw LD=7

1.203,“;50607

1ulln9tn9nn9:05006

TABLE,PY LOsm6

0,10,20,30,40,52

226,194,180,174,194,226 '

INITIAL CONDITIONS,E (821250,M8 CS8aS,ES,ECiHXm1300,EC2HXB800
PRINTER PLOTS,DISPLAYL

M. CO,VS,TIME

T2 CO,VS8, TIME

T2 HX,V8,TIME

TOIMX, VS, TIME

P2 UT,VS,TIME

DISPLAYR

E CS,V3,TIME

MS C8,VS,TIME

T2 C8,V8,TIME

M2 HY,VS,TIME

T MY V8, TIME

DISPLAY3,P2 TU,V8,TIME,TS2HX,VS, TIME
TINC®,5,TMAX2336,,PRATERG ,PRINT CONTROL®3,INT MODEs3,QUTRATERY
SIMULATE

FIGURE 8,5-3 PNEUMATIC STORAGE SIMULATION DATA
404
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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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temperature at the beginning of the week is a little too 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 at 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 stored in the cavern.
In this simulation wind power generated exceeded that of the load and thus
there is a gradual buildup of air mass in the cavern. The temperature of

the stored air mass is shown in Figure 8,5-7, There is about a 10° fluctu-
ation in temperature each week in this case. The last figure, 8.5-8 shows

the air temperature exiting from the heat exchanger to the burner. Neglect-
ing the influence of the .initial conditions, the average temperature is about

550° and thus a burner is probably not required for this system.,
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