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FOREWORD 

This report describes work accomplished in Phase I of the two-phase
 
program, "Propulsion System Flow Stability Program (Dynamic)" conducted
 
under USAF Contract F33615-67-C-1848. The work was accomplished in the
 
period from 20 June 1967 to 30 September 1968 by the Los Angeles Divi~ion
 
of North American Rockwell Corporation, the prime Contractor, and the
 
Subcontractors, the Allison Division of General Motors Corporation (sup

ported by Northern Research and Engineering Corporation), the Autonetics
 
Division of North American Rockwell Corporation (supported by the Aero

nautical Division of Honeywell, Incorporated), and the Pratt & Whitney
 
Aircraft Division of United Aircraft Corporation.
 

The program was sponsored by the Air Force Aero Propulsion Laboratory, 
Wright-Patterson Air Force Base, Ohio. Mr. H. J. Gratz, APTA, Turbine 
Engine Division, was the Project Engineer. 

This volume is Part XVII of twenty parts and was prepared by the Los
 
Angeles Division of North American Rockwell Corporation.
 

Publication of this report does not constitute Air Force approval of 
the report1s findings or conclusions. It is published only for the exchange 
and stimulation of ideas. 

~(.gL~-nel!ltc:Si son
 
Chief, Turbine Engine Division
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ABSTRA.CT 

'rhe primary objective of Task 7 of the "Propulsion System Flow 
Stability Program" was to develop a simulation program to be used in 
Phase II for the evaluation of two control systems capable of sensing 
and acco~nodating a transient condition. 

Since the work on this task was being performed by three companies, 
every effort was made to insure compatibility in terminology, units, and 
program documentation as well as to provide means of communicating the 
myriad details involved in making computer runs of the system. This 
documentation format is described in Section II of this volume. 

An early element of this task was the selection of a simulation 
language for use in programming the simulation. The choice of IBM's 
DSL/90 and the factors involved in n~king that choice are discussed in 
Section III. 

Simulation programs have a natural tendency to be rather voluminous 
and, when the system being simulated is as complex as a supersonic inlet, 
turbofan, and an integrated control system Can be, computer storage space 
is rapidly filled. To alleviate this crowding, numerous logic blocks which 
were repetitive, such as compressor logic, were removed from the Silln.llation 
logic deck and made into subroutines or functions. These Suopl'og:cams are 
discussed in Section IV. 

Once the simulation logic is written, the most difficult task of all 
begins. The job of initialization is usually not given proper emphasis 
until many hours of work have convinced all concerned that it is really 
the most important phase. Section V discusses this task and shows an 
example of an initialization routine. 
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Section I 

INTRODUCTION 

To accomplish the task or writing a propulsion system simulation, 
three groups, each knowledgeable in one or more or the three technical 
areas involved, induction system, engine, and control, were brought 
together. Initial errorts were on an individual basis with each group 
programming their portion or the system in their own terminology. At 
an early stage in the coordination or the errort, it was obvious that 
to avoid chaos a system or terminology, in commonly understood terms, 
would be required. Also, that the detailed inrormation as to just what 
simulation logic was being used at any time must be recorded in a standard 
rashion so that all groups would know exactly what was being simulated. 
To accomplish this, the system described in this volume was developed. 
The system, although primarily developed before much simulation program
ming was done, continued to evolve as needs for additional capabilities 
arose. 

Exceeding computer storage space is always a danger in a complex 
problem such as a propulsion system simulation. To forestall, if not 
prevent, this occurrence any blocks of logic which are general in nature 
have been removed from the simulation and placed in subprograms. This 
saves space in two ways. First, the variables calculated internally to 
the subprogram do not count against the DSL/90 limits on the number of 
variables. Secondly, the logic is stored only once and is used as many 
times as is needed. These subprograms are described within this volume 
with program listings presented in AppendiX I. 

The last step berore a simulation can occur, and normally the step 
least thought about, is initialization. The steady state operating point 
must be established berore the transient being simulated is introduced. 
The procedure rollowed in the program developed under this task is shown 
by an example discussed in this volume. 
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Section II 

DOCUMENTATION FORMAT 

GENERAL OBJECTIVE 

The system of documentation described in this section was developed 
to allow the three participating companies to first, have a common termin
ology during the development of the propulsion system simulation program 
and second, to have a method of recording, or documenting, each simulation 
run. Toward this goal, a naming convention for program parameters, a series 
of forms to record pertinent system information, and a format for simulation 
logic diagrams were developed. 

VARIABLE NAMES 

When naming variables, two opposing methods are open to the programmer. 
He may use a name similar to the engineering name, severly abbreviated by 
restrictions on length, six characters, and available symbols, no greek 
alphabet, no lower case letters, no sub or superscripts, and no non
alphanumeric symbols (i.e. / ,r, etc). Discouraged by his inability to 
express more complex engineering terms in a meaningful form, the programmer 
can then choose the opposite extreme and just number all parameters and 
have a key list to identify the meaning. This is a most flexible scheme, 
but causes the loss of all immediate visibility to the program. Parameter 
6109 does not mean much until you have memorized several hundred names or 
looked up its meaning. For these reasons, a compromise system hopefully 
combining the best features of both was adopted for the propulsion system 
simulation. This system is described as follows. 

Each variable name is composed of six characters. The first three, 
and in the case of control system variable names the first four, must 
follow the naming convention. The remaining characters are assignable at 
the option of the programmer with one exception. If the name describes a 
table, the letter T shall appear in one of the optional character locations. 

The first two characters in each parameter name must be a prefix from 
a standard list, shown in table I. The next character is a number which 
designates the subsystem Within which the parameter is generated. In the 
case of the control system, this is carried one level further by having 
the third character show the control s,ystem designation and the fourth 
character the subsystem affected. A typical subsystem numbering scheme 
for a propulsion system with a twin-duct inlet, a turbofan engine, and 
an integrated propulsion system control is shown in figure 1 with a 
schematic of the propulsion system and an example of several parameters 
and their engineering names. 
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TABLE I. NAME PREFIX LIST
 

Prefix Description Units 

A¢ Area In 
2 

CN Input constant 
EC External command 
ET Efficiency 
F¢ Thrust Lbs 
GM Ratio of specific heats 
lID Enthalpy difference BTU/Lb 
MN Mach number 
N¢ Rotor speed RPM 
NR Rotor speed ratio 
p¢ Pressure PSI 
PH Pressure ratio 
QA General variable originated by Autonetics 
QL General variable originated by LAD 
QP General variable originated by P&WA 
HE Reynolds number 
SA Subroutines originated by Autonetics 
SL Subroutines originated by LAD 
SP 
T¢ 

Subroutines originated by P&WA 
Temperature 

0 
R 

TR Temperature ratio 
U¢ Velocity Ft~Sec 
V¢ Volume Ft 
WA Air flow Lb/Sec 
WF Fuel flow LbjSec 
WG Gas flow Lb/Sec 
WQ Weight Quantity Lbs 
x¢ Position In 
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INU'r DUCT 

\~I~..., 
Tt6 

6 Mt 

I 

IBLIT DUCT 
(RJ 

CONTROL I 
~-

PROPUl13ION SYSTEM SCHEMATIC 

TURBOFAN 

SUBSYSTEM NUMBERS 

EXTERNAL 
INLET DUCT (L) 
INLET DUCT (R) 
TURBOFAN 
CONrROL 

Inlet (L) 
Inlet (R) 
Turbofan 
Internal 

000-999 
1000-1999 
2000-2999 
3000-3999 
4000-4999 
4100-4199 
4200-4299 
4300-4399 
4400-4499 

Figure 1. Propulsion System Numbering Scheme 
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In order to tully define the parameter, a keying list or "dictionary" 
is required. Figure 2 shows a sample dictionary based on the same system 
described above. In this dictionary, the engineering name can be looked 
up to get the program name and the definition. The greek letter name is 
handled by spelling out the letter and offsetting the name on the tab card. 
This causes all greek letter names to sort out separately and in a psuedo
alphabetic order. The dictionary is also sorted by the program name to 
allow easy cross-reference. 

FORMS 

To record the information required to describe and, if necessary, 
duplicate a simulation run, the following series of forms were developed. 

RUN SUMMARY SHEET 

The basic form for the system is the run summary sheet. This form 
provides the information on what was run, how it was run and what happened 
to the run. Copies of this form are distributed to each participant and 
attached to the computer printout. Figures 3 and 4 illustrate the run 
summary sheet and its use, also the continuation sheet that may be used as 
needed. The information in the heading block is self explanatory until 
the space for set up base is encountered. The set up base states the 
specific deck set up used which is described on a form identified by the 
number in this space. The number of the tape containing the DSL/90 system 
program is entered, if used, in the DSL/90 tape space. 

The series of boxes referring to bases are used to identify the com
ponent being simulated and the specific simulation logic, associated 
subprograms, tables, and output being used. The form, as shown, prOVides 
for five phases of inlet operation for left and right inlets. The phases, 
as used, are ST (started), UN (unstarted1 EF (empty-fill), SB (suberitical), 
and HS (hammershock). The form then provides five columns for engine com
ponents of which the example, using a single turbofan engine, only uses one. 
The control system is identified by the final column. If separate inlet 
and engine controls were used, the engine control logic would either be 
included in the engine logic or be identified by one of the engine com
ponent boxes. 

The input data, other than tables, used for a particular run is 
recorded in the Input Data columns. Space is provided to record the sub
system requiring the data, which is redundant when the name convention 
described above is used, the program name, the value, and the engineering 
name (variable). The notes column should give the purpose of the run, 
and, after the run, the results of the run. The disposition of the output 
should be stated in this column. 

The continuation page for the run summary sheet is shown in figure 4. 
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DELTA 
MT 
Nl 
NlS 
TAHLE 
TT6 

MT 
N 1 
NIS 

DELTA 
TT6 
TARLe 

ALPHABETIC LISTING BY ENGINllklNG NAME 
RAMP ANGLE UL1002 
THROAT MACH NUMBER !\1N 1 OO? 
FAN ROTOf~ SPEED N03001 
SENsED VALut OF FAN ROTOR SPEtU NOS "0 1 
COMPRESSOR MAP TABLE WA3TOl 
HIGH TUR~INl LXIT TtMPlRATUR~ T03006 

ALPHABETIC LISTING ~y PROGkAN NAME 
THROAT MACH NUMBER MNIOOS 
FAN ROTOR SPEED N03001 
SENSED VALUE of FAN ROTeR SPEED NOo301 
RAMP ANGLE QLI002 
HIGH TURBINE EXIT n:MPERATURt T03006 
COMPRESSOR MAP TABLE WA3TOl 

Figure 2. Sample Dictionary 



----------

---------------------------

--------

RUN SUr+1ARY SHEET 

RUN NO. I ~ , Y- 0 I DATE 2 / L 7 / b g PAGE I OF I 
TITLE C H t: C ~ 0 U, S'...,.. A Q l' E"'O P14 "tt:;tE" 

--..-.;~-----------------.;.~..;;:.::..-.._---_. 

ORIGINATOR W0 ).J G

SE'!UP BASE

DSL/90 TAPE M L/b / 

ESTIMATED ACTUAL 

SIf41LATION 2'/ 2/1 

MACHINE 2-' I I ZO '1 
.~ 

~ 
INLET ENGINE COMPONENT 

- CONTROl
ST UN EF SB HS 

BASE L R L R L R L R L R TF SYSTEM 

SIMULATION LOGIC I 0 0
f-. 

USER SUPPLIED 
ROUTINES 

TABLE I 0 0 
OUTPUT * 

INPUT DATA NOTES 

SUBSYSTEM NAME VAWE VARIABLE Tuv' bOfoV"l .~ ........J C CI .... { ;( I 

T,..;t..£T C~IOOI ,5}.1]48$1. A '5" '/ s te "" - d u ~ Y"" 'J I () &ic 

CAJIIOD Ii 0 BASe vscJ,. ~ .. _-..__._'" 
I<'LJ"I_.____~~ I O~ __~CL.. 

V- tJ.LQO 2 f) ,Cf{:1 Yu._--
C~IOO3 I, D Kef> 
IC~ 1001:, /0000. K'~s 

_~(oL/1- 9, l{ Kp_~ 

IC~IOb7 O'L K,,~ 

iAlP I DOj ~YO.D Ac. 
x(/) I ()() I 3f:"D XL.. 
X(/;/fJ02. .l9 b,() X2. __ 
.)'4> I {)63 ~4· (J XT 
>l1P/ ell 3h,O 

---X1:. 

Xd>/ot 2 6~~{ . () X.n 
Xf1) It> 'Z. 3 &b,O XJD; 

-

Figure 3. Run Summary Sheet 
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---------- ----------

RUN Stn+1ARY SHEET (Continued) 

RUN NO. DATE PAGE OF
 

INPUT DATA NOTES 

SUBSYSTEM NAME VALUE VARIABLE 

, 

I 

I 

I 

I 

Figure 4. Run Summary Sheet 
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SIMULATION LOGIC BASE SHEET 

This sheet lists the diagrams which define the simulation logic used 
for a particular subsystem. The sheet, illustrated by figure 5, contains 
the name of each logic block, its diagram number, and the dash number or 
version of the diagram. 

TABLE BASE SHEET 

The tables, usually tabular representation of curves, used for a 
simulation run are listed on this sheet, as shown in figure 6. The 
information is similar to that provided in the previously described form. 

OUTPUT BASE SHEET 

DSL/90 provides for two methods of output of data. One is a procedure 
by which any of the program variables can be printed at a specified print 
time increment by listing the names to be printed on the PRINT control card. 
The maximum and minimum values of any parameter can also be obtained by 
listing the name of that parameter on the RANGE control card. Plotted data 
is also available on IBM 1627 equipment using the original IBM DSL/90 
system and on SC-4020 equipment using the North American Rockwell Corpora
tion (NR) modified DSL/90 system. Provision for other equipment must be 
provided by the user. 

The list or lists of variables desired to be printed or plotted are 
recorded on the output base sheet shown in figure 7. 

EXECUTION CONTROL BASE SHEET 

Information dealing with the actual run parameters, such as the 
integration method, time increment, value for run termination, and the 
tolerance specifications, is recorded on this form. One note of caution 
concerning the information on this sheet is that the time increments for 
printing, and plotting, specified above, override the time increment for 
execution of fixed ste'p integration methods if these times are smaller. 

An example of an execution control base is shown in figure 8. 

SET-UP BASE SHEET 

The physical deck arrangement is pictured by this form. An example 
of one such arrangement is shown in figure 9. 
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SIMULATION LOGIC BASE SHEET
 

DESCRIPrION 

Turbofan Inlet 

SUBSYSTEM AISL 
~----

PHASE. S;;.,:T:....-__ 
BASE NO. 1..... _ 
DATE 1/3/68 

.
DASH 

LOOIC BLOCK DIAGRAM NO. 

Input Data 1100 j 01 
Input Tables 1101 i 

01, 

! Upstream Properties 1110 
I 

01 

Properties At The Terminal Shock Station 1120 i 01 
I Pronerties 'RPh1 nil The Nn"..,nAl ~hnl"lr 1130 

! 
I 01 
I , 

Duct Volume and Mach Number 1150 01 
I I 

I Subsonic Flow· Total Pressure Losses 1151 I 01 

i Duct Properties 11'52 i 01 
r 

: Duct Continuitv &E 11 C:;~ O~ 
I 

! 1169i Properties At Station Z 01 
I 

, 

Helmholtz Volume Position 1170 02I 

Helmholtz Vo1ulue Prooerties 1171 01 
I 

III Bleed Uostream Of Shock 1180 OJI Zone 
j 

III Bleed Downstream Of Shock 1181 01Zone 

I Bypass And En~ine Systems Airflow 1182 01 
! 

Phase Switches 1189 01 
I 

I Throat ~ch Number 1190 01 
I 

, 

I 

r 

Figure 5. SilllU1ation Logic Base Sheet - Turbofan Inlet 
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TABLE BASE SHEET
 

DESCRIPl'ION SUBSYSTEM~.;;.;A=.IS;;.;L::..-_ 

Turbofan Inlet 
PHASE__........;.S.;;.T__ 

BASE NO. 1 
--~--

DATE 5/3/68 

I 

TABLEI 
DASH NO.I NAME VARIABLE REMARKS 

! 
P Ip01I Pr+r50 

W\. \IV 
I 

duct areai A01TOO 
:

i 01 I!I 
V01TOO i 01 duct volume
 

MN1Tl1 i 01
 M. 

£QLlT44 ! 01 
o_QLlT45 01 

i QIJ.T46 ()01 
.T[ 

01! WAlT32 ,wIT/W
v 

i I 

I 
I 

i 
i 

i 

I 

Figure 6. Table Base Sheet - Turbofan Inlet 
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---
-----

OUTPUT BASE SHEET
 

PHASE 
BASE NO.

DATE

DESCRIPrION: 

PRINT TIME INCREMENT SECONDS 

NAMES TO BE PRIffI'ED: 

I 
! 

I 
I 

I 
I 

NAMES FOR WHICH MAXIMA AND MINIMA. ARE TO BE PRINTED:
 

1-----+----+---+----+----+---+------+----+-----+----

PLOT TIME INCREMENT SECONDS 

NAMES TO BE PImrED: -
IND. NAME NAME NAME 
NAME 1 2 3 DESCRIPl'ION 

I 

I
i 

Figure 7. Output Base Sheet 
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EXECUTION CONTROL BASE S~ 

DESCRIPl'ION: PHASE--- 
BASE: 10._...1.'__ 

DATI. 21z 7/" B 

INTEGRATION METHOD 

~ MILNE - MILNE VARIABLE TIME INCREMENT* 

0 RKS - RUI«lE-K11rrA VARIABLE TI~ INCREMENT* 

0 RKSFX - RUNGE- KU'rl'A FIXED TIME INCREMENT** 

SIMP - SIMPSON'S RULE"0 
0 TRAPZ - TRAPEZOIDAL**
 

0 RECT - RmrANGULAR"
 

n CENTRL - CENTRAL USER SUPPLIED**
 

* DELMIN MINIMI1M TIME INCREMENT (SEOOlfOO) 

** DELT FIXED TIME INCREMEtfr (SECONDS) 

NAME VALUE FOR RUN TERMINATION -
NAME VALUE NAME VAWE NAME VAWE NAME VALUE NAME VALUE 

TOLERANCES
 

NAME 

REI. ERROR 
(MILD: OR 

RKS) 

ABB. 
ERROR 

RKS NAME 

REL.ERROR 
(MILNE OR 

RKB) 

ABB. 
ERROR 
(RKS) KAME 

REL.ERROR 
(MILNE OR 

RKS) 

ABS 
ERROR 

(RKS) 

I 

Figure 8. Execution Control Base Sheet 14 



SI'!'-UP BASE SHEET
 

DESCRIPrION: BASE NO. _
 
DATE _
 

z/c LOGIC 

TABLE 

SIMULATION 
LOGIC 

DSL/90 
CONTROL 

CARDS 

SIBJOB TRNSYM DSL/9003 
$IEDIT SYSCK1,SRCH DSL/9004
SIBLDR CKSTOR DSL/9005
$IBLDR CaNTIN DSL/9006
$IBLDR FINISH DSL/9001
SIBLDR INTEG DSL/900B
$IBLDR JIGSAW DSL/9009
SIBLDR NAME DSL/9010 
$I I BLDR OUT! N DSL/9011
SIBLDR RDWRMX DSL/9012
SIBLDR SCAN DSL/9013
SIBLDR STORE DSL/9014
SIBLDR TRANSL DSL/9015
SIBLDR XMSGI DSL/9016
SORIGIN ALPHA DSL/9011
ilBLDR SORT DSL/9018
SORIGIN ALPHA DSL/9019
SIBLDR OUTPUT DSL/9020
SIEDIT DSL/9021
SDATA DSL/9022
SIEDIT SYSCKl,SRCH DSL/9023
SIBLDR MAIN DSL/9024
SIBLDR CENTRL DSL/9025
SIEDIT DSL/9026 

Figure 9. Set-up Base Sheet 15 



DIAGRAMS 

The logic for simulating each component of the propulsion system must 
be committed to paper in such a ~ that it is not only available to be 
coded into logic statements for the computer but also so that it my be 
understood by people who are not computer oriented. There are almost as 
many diagramming conventions as there are people so a standard diagram 
procedure was established for this project and is described below. Each 
subsystem will have one or more of each of the diagrams described. 

INPUT DATA DIAGRAM 

The first diagram in each subsystem lists the input data required by 
that subsystem to perform its calculations. As shown by the example in 
figure 10, the computer name, the engineering name, the description, and 
the units are specified. 

INPUT TABLES DIAGRAM 

The second diagram in the subsystem set lists the tables required by 
the subsystem simulation logic. The table name, description, and units are 
given, as well as the logic diagram in Which the table is used. The example 
in figure 11 illustrates this diagram. 

SIMULATION LOGIC DIAGRAM 

The simlation logic is diagrammed according to the following procedure. 
An example is shown in figure 12. 

Inputs to a diagram enter on the left using a dashed box With the 
program name of the parameter inside. The source of the input parameter 
is denoted by a subsystem name above the arrow to the left of the input 
box. If the input is from another diagram within the same subsystem the 
diagram number should be noted under the arrow, otherwise no entr,y is 
placed under the arrow. The engineering name appears to the right of the 
input box, as it does on all boxes, above the arrow showing the path of 
the logic. When an input box is a table name, no engineering name is used. 

The numbering convention for diagrams is similar to that for parameter 
names in that the numbers follow the convention used for the third character 
of the program name. A list of these numbers with abbreviations for the 
subsystems of the previously used example in figure 1 are given in figure 
13. Also shown are the general rules for the above described input boxes 
and several examples. The formats for logic boxes within the diagram are 
shown on figure 14. In example B, the function described is a routine 
which, when given the flow parameter, computes Mach number. Since there 
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NAME VARIABLE DESCRIPTION UNITS 

CNlOOl A Sonic Flow Constant -
CNlOO2 Ku Inlet Throa~ Sonic Flow Coefficient -
CNlOO3 Kbp ptbp/ pt2 -
CNlOo4 KA Ad!Adgeo -
CNlOo6 
CNIIOO 

KHS 
Base 

Hammershock Indicator Constant 
I/c Base No. 

-
-

CNI042 Kdz Duct Total Pressure Loss Constant Between 
Stations d and z 

-
CNI067 ISrz Helmholtz Volume Total Pressure Loss Constant -
X¢lOOl XL Cowl Lip Station in. 
X¢lOO2 X2 Engine Face Station in. 
X¢lOO3 ~ Throat Station in. 
X¢102l XI Station I in. 

X¢1022 XII Station II in. 
X¢1023 XIII Station III in. 
QLlIOJ. 
A¢lOo8 

1 
Ac 

Helmholtz Volume Length 
Capture Area 

in. 
in. 2 

DIAGRAM 1100-01 

STARTED PHASE IIPUT DATA 

Figure 10. Input Data List 
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--
--
--
--
--

--

TABLE
 
NAME
 

A~hroo 

MNIT31 
PRIT50 
QLlT44 
QLIT45 

Q.LlT46 
V¢lTOO 

WAIT32 

DESCRIPrION 

Duct area versus station, throat area .
 
MA versus Mo' (Xo' 1/10 
ptx/pto versus Mo' (Xo' 1/10 

E versus M throat areaA, 
¢x versus MA, throat area 

¢ versus MA, throat area y . 
Duct volume versus station, throat 
area 
WII/Wo versus Mo' (Xo' 1/1 0 

DIAGIW( 
UNITS 

OOTPUT 
,THERE USED 

in. 2
 1120
 
1169
 
1110
 
1110
 
1151
 
1180
 

1181
 
ft .3
 1150
 

1110
 

DIAGRAM 1101-01
 

STARTED PHASE INPUT TABlES 

Figure 11. Input Data List
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;110 L __ ~ J 
IP01 005 
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Pty"""A7. 2(7}- ~ ,.5 

xtp01116 
DIAGRk'1 1120-01 

STARrED PHASE PROPERTIES AT TERMINAL SHOCK STATION 
Figure 12. Simulation Logic Diagram 
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• •• 

Engineering
 
Terminology
 

(SUBSYSTEM .- ---- - - - - - - , 

INPUTDESIGIIATION .. : llIPUT

tHAME 
J 

=~ ,I --DS:~ ::m~OlOgy 

DIAGRAM TERMINOLOOY 

Designation Subsystem Diagram Numbers 

AISL Inlet duct, left 1--
AISR Inlet duct, right 2--
TFAN Turbofan engine 3--

PeS Propulsion control system 4--

Example A: 

(Input trom diagram in same subsystem.) 

r--------., 
PtyAISL POll12 •• I 1

1120 
~, 

I'--------- ..... 
I 

Example B: 

(Input trom another sUbsystem.) 

r--------, 
TFAN WA3246 I W'2.7 

I X 

•L---------• 

Figure 13. Diagram Input Box Format 
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Wr~ 
W:rI - Wb.x 'M< ... 

W.HJC 
IWAld~5 

~)("'M?tE $: tJSER ,cUNC'T/OJ.j 

'Nx m)( {(JI'J wxrRJi 11)(
~ 6(") P~Jl At ,/. 'f,r.--t--- 

Sin!/. 
Hx>/. 

WifE. :.1= 
dx/~I. <0 ; 2.~ 

-------... d<./J.I ~ 0 ~ (J.() 

TIVSV\} 

w'2~ 
Wt.~(1 +K.) Wzsc. 

'<1 
r-.............. 

Figure 14. Box Format for Diagrams 
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are two answers possible, the note Mx ~ 1.0 is used to show which solution 
is desired. Similarly, in example C the function INSW is described in 
mathematical terms so that visibility to the engineer is enhanced. In 
example D, a box is shown in which a computation is made and no program 
name is given. This means that the computation is made internally to the 
next box upstream on the logic path and the result of that unnamed box is 
not available as an output. 
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Section III 

SELECTION OF SIMULATION LANGUAGE 

COMPARISON 

A study was made of features of both the MIMIC and DSL/90 simulation 
languages. The results of that study are tabulated in table II. 

An existing simulation program utilizing the General Electric Company 
Dynasyar language was converted to both DSL/90 and MIMIC simulation 
languages. Both ran satisfactorily at the USAF Aero Propulsion Laboratory 
and at North American Rockwell Corporation. Comparisons of engine face 
total pressure versus time, inlet terminal shock position versus time, and 
shock velocity versus time showed near identical results. 

CONCWSION 

As a result of the study, it was decided to proceed with DSL/90 as 
the simulation language for the propulsion system simulation. 
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TABLE	 II. COMPARISON OF DSL/90 AND MIMIC 

Language ! Advantage ,DSL/9Q	 MIMIC .
I 

Comments 

1)	 Configuration 
Description 

2)	 Integrator 
a) Method 

I\) 
+:

b)	 Tolerance 
Control 

Standard FORTRAN statements 'MIMIC statement format :Majority familiar 
and arithmetic operators.	 and standard arithmetic !with standard
 

operators (cannot dis- FORTRAN.
 
tinguish operator **).


I
I 

j Group	 A - Variable interval Fourth order Runge
fifth order Milne predicto~ Kutta vith variable

I corrector, fourth order ; interval. 
; Runge-Kutta; Group B - i
! Fixed interval fourth order; 
I Runge-Kutta, Simpson's •IRule, Trapezoidal, rectang-· 

ular; Group C - User-
I supplied centralized 
, integration method. 

Tolerances for each indivi- Same relative or abso- IIndiVidual tolerances 
dual integrator. Relative lute tolerance for Ipermit looser toler
and absolute tolerances all integrators. ances for variables 

: for Runge-Kutta. Only that do not retuire
I relative tolerances for high accuracy..du.t'ing 

Milne. integration, but are 
I 

the controlling vari-I , ables during parts of 
the transient.I ,Result is a saving of 

I hi t'imac	 ne lme. 

j	
/ 

, 
I 

MIMICDSL/90 

X 

I 
~ 

! X 

! 
I 

; 

! 

i I 
, 
I 

I , 
,X i 

I
I
 

I
 
i 

I 
I 

I 
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TABLE II. COMPARISON OF DSL/90 AND MIMIC (Continued) 

rD 
\Jl 

Language I Advantage 

DSL/90 MIMIC ! Comments DSL/90 MIMIC 

a) Function IRoutine 
a) Specif'ica- FORTRAN IV and MAP. FORTRAN IV and MAP. 

tion , 

b) Changes Can be easily altered. 
,

Can be easily altered. 

Restricted only by core !
~ 

Only f'ive :functions : Xc) Additions 
storage. I with specif'ied names I 

I 
: can be added. 

: 
I 

d) Loading Only fUnctions called f'or : All fUnctions must be ; Minimize storage. i X 
in simulation are loaded. j loaded. 

! i 
I, 

Floating point, variable IFloating point, ~ixed 
I I 

~) Input Data ! 
I , 

a) Format 
I X If'ield identif'ied by varia- i f'ield and identif'ied 

ble name. Restricted by I by the order of input. 
I 

I 
! 
i 

card size. i Restricted to six I! values per card. I 
I 

Any order; constant not IInput complete list of : 

I 

X i 

I! i 
b) Constant Iinput are assumed to be constants beginning and I , i 

I in order. I I I zero or previous case I 
! 
I

Ivalue. i 
I 

c) Parameter Any order. ! Input complete list of' X 
I i I 

I! II parameters in order. , I iI , 
MUst reinput f'or each I 

I 

\ 

sUbsequent case. I 
I 



TABLE II. COMPARISON OF DSL/90 AND MIMIC (Continued) 

I\) 
0\ 

Language Advantage 

DSL/90 MIMIC Comments DSL/90 MIMIC 

d) Tables Book Linear and La Grange Linear interpolation. DSL/90 input to X 
Up 2 interpolation. Function Function value equal to tables is more 
Dimensional value equal to table limit zero when independent convenient. 

when independent variable variable is outside of 
is cutside of tabulated tabulated range. 
range. Warning is printed 
out. 

3 Dimen- Not available. Linear interpolation 
sional and independent values 

must fall inside tabu-
lated range. 

e) Array Yes. He direct proVision, X Ibut can use an alternate 
three dimensional table 
input method. Only 
three values per card 
possible. ! 

i 
5) ~tput 

I 

I 
a) Specifica- Variables by name. Heading and variables DSL/90 offers an I 

, 

tion by name. easier callout Iprocedure. KUaC I
offers a greater 

iflexibility in , 

printout. I 
~ 

i 

i 
I , : 

, 
I 

I 



TABLE II. COMPARISON OF DSL/90 AND .MIMIC (Continued) 

Language Advantage 

DSL/90 I MIMIC Comments DSL/90IMIMIC 
b) Format 

1\) 
-.J 

c) Special 
Printout 

6) Special 
Feature 

Time, variable name and Ivariable names are 
values printed. If nine printed only at ini
or fewer variables are jtial time. 
printed, names are printed 
only once at column heads. 

MinillD.lm and maximum. All 
variables at each itera- i 
tion beginning at I 
specified time. I
 

! 
Part or all of the program 
can be omitted in sorting. 

Procedural logic. 
, 

Repeatable procedural iSimilar to DSL/90, but 
logic. no branching logic. 

, 
Compiled simulation deck. iControl over execution 

of individual MIMIC 
statement. 

Variable names being 
printed only once is 
desirable only if 
there are few enough 
variables so that 
they may be printed 
on one line allowing 
columnar tabulation. 

saves sorting time. 

saves sorting time. 

Additional capability 
in branching reduces 
number of statements. 

Saves machine time in 
sorting and compiling. 

x 

x 

x 

x 

x 

x 



TABLE II. COMPARISON OF DSL/90 AND MIMIC (Concluded) 

, MvantageLanguage 

Comments MIMICDSL/90DSL/90 
I
, MIMIC 

Program sorts and i No comparable timeI two steps, Translate and 
Program is divided into7) Run Time 

assembles a machine,
I 

study made. 
Simulate. The two steps language program I Load time has been 
require more time than for each run.I shorter for MIMIC. 
the single step of MIMIC. One short run will 
Because there is a complied be better with MIMIC. 
simulation deck, overall 
time should be better than 

I 
IMIMIC in subsequent pro-
jduction runs which would 

not require the Translate I 
I 

step. 
I 

8) Program Can be increased with over-ITradeoff with tables DSL/9O bas greater X 
Capacity flexibility. 

possible. 
lay. Tradeoff with tables !Possible. 

i 

I'\) 
():) 
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Section IV 

SUPPORTING SUBPROGRAMS 

GENERAL APPROACH 

To minimize the creation of parameter names which were not required as 
printed output and to economize on computer storage space usage, numerous 
subprograms have been written to support the propulsion system simulation 
program. 

A naming convention for all support subprograms was established so 
that subprograms could be written by each of the three participants with
out danger of name duplication and also to allow the routine to be readily 
identified as to origin. This convention has all Autonetics routines 
begin with SA, Pratt and Whitney with SP, and NR Los Angeles Division with 
SL. 

All basic algorithms have been removed from the simulation logic and 
placed in either function or subroutine form. An example of a large block 
of logic thus removed is the compressor subroutine SPCOMP. This logic is 
used three times in the simulation of the turbofan and once in a 
turbojet simulation with only the particular map being used and the names 
of the inputs and outputs being changed. Removing this section from the 
simulation logic removes a large number of new variable names from the 
restricted number DSL/90 allows and saves the locations the duplicated 
logic instructions would use. 

DESCRIPTIONS 

The subprograms are described in alphabetical order. A short des
cription of the purpose of the subprogram is given followed by a flow 
diagram and the computer compilation. In the case of several control 
routines, the flow diagrams are presented in several forms to provide 
maximum understanding of their purpose. 

When the coding of the subprograms began, the decision had been made, 
primarily on previous experience with General Electric's DYNASYAR simula
tion language, to use a variable time step integration method. The method 
chosen was the DSL/90 MILNE integration scheme. The first checkouts of 
separate propulsion system components, several inlets, a turbojet engine, 
and a turbofan engine were successfully run using MILNE. When an integrated, 
although simplified, propulsion system control was added to an inlet and a 
turbojet some strange things began to occur. In the course of tracing 
these strange occurrences a liberal education in DSL/90 was obtained. 

29
 



The MILNE integration scheme uses six slices of history plus the current 
calculation to operate its predictor-corrector. The method used for "cutting 
back" or reducing the time slice because the current calculations exceed 
tolerances is an involved one. 

The problem is best described by the example shown on figure 15. This 
example illustrates the changes in past history made by three successive 
failures of the current calculation to meet tolerances. The effect on the 
subprograms that use any past values is to require constant testing of time 
on each execution pass and appropriate changes to the subprogram history. 
It was also discovered that DSL/90's HSTRSS (hysteresis) routine did not 
appear to handle this history correctly. Since considerable work appeared 
to be required to clear up all the problems brought on by use of the variable 
time step it was decided to dispense with it for the time being. It will be 
reconsidered after the simulations required in Phase II are full operational. 
In the meantime, one of the fixed time step integration methods will be used. 

As a result of this decision, some of the subprogram listings presented 
in Appendix I have sections dealing with past history that do not show up 
on the diagrams and flow charts in the following figures. This added logic 
is being removed as time is available and the subprogram decks will ulti 
mately agree with the diagrams presented herein. If it appears that use of 
the variable step iteration has advantages worth the cost of implementation, 
a supplementary report will be issued on the variable step versions of these 
programs. 

SUBROUTINE SAACT 

Simulation of the numerous actuators within the Propulsion Control 
System has been achieved by use of subroutine described below and in the 
accompanying figures. 

The actuator simulation depicted in figure 16 is composed of the 
follOWing components: 

1.	 A limiter acting on the input or command value (XC) 

2.	 A feedback signal which may be selected from either the 
output of the integrator (X) or the output of the actuator 
(XlI) which includes hysteresis effects 

3.	 A loop gain term (KA) 

4.	 A limiter acting on the rate (XOOT) 

5.	 An integrator. 
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HISTORY STORAGE LOCATIONS ICURRENT I TIME 
I STORAGE STEP TOLERANCE 

TEST 
1 2 

0 

1/4 

0 

3 4 5 6 7 8 ~t 

0 1/4 2/4 3/4 4/4 1/4 met 

0 1/4 2/4 3/4 4/4 5/4 1/4 met 

1/4 2/4 3/4 4/4 5/4 6/4 1/4 met 

0 2/4 3/4 4/4 5/4 6/4 8/4 1/2 met 

0 2/4 4/4 6/4 8/4 10/4 1/2 met 

2/4 4/4 6/4 8/4 10/4 12/4 1/2 met 

0 2/4 4/4 6/4 8/4 10/4 12/4 16/4 1 failed 

0 2/4 

8/4 

11/4 

4/4 6/4 8/4 10/4 12/4 14/4 1/2 failed 

8/4 9/4 10/4 11/4 12/4 13/4 1/4 met 

9/4 10/4 11/4 12/4 13/4 14/4 1/4 failed 

11/4 23/8 12/4 25/8 13/4 27/8 1/8 met 

23/8 12/4 25/8 13/4 27/8 14/4 1/8 met 

11/4 23/8 

-

12/4 25/8 13/4 27/8 14/4 15/4 1/4 met 

11/4 12/4 13/4 14/4 15/4 16/4 1/4 met 

Figure 15. Sample of Storage Sequence for MILNE Integration 
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Figure 16. Actuator Simulation 
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The integrator requires an initial condition value (XIC) and a derivative 
(XDOT). A parameter, y , is used to select the feedback signal desired. 
This parameter is set at either unity or zero with the former selecting 
feedback from the integrator output. 

In order to implement this simulation in DSL/90, a revision to the 
simulation diagram of figure 16 was made. This revised diagram, shown in 
figure 17, is functionally identical to the original diagram except in 
arrangement. The revised diagram allows the components in the dashed box 
to be placed in the subroutine under discussion (SAACT). 

The FORTRAN flow diagram for SAACT is shown on figure 18. 

FUNCTION SADSPA 

A routine to perform sWitching operations with provision for a "dead 
space" is required in the Propulsion Control System (PCS). The standard 
DSL/90 dead space routine (DEADSP) is limited to a linear output function 
with unity slope which is not suitable for the discrete function sWitching 
requirements of the PCS. . 

The inputs to SADSPA are three in number, the independent parameter, 
X, and the left and right limits of the dead space. When the value of X 
is below the left limit, the function value is a negative one (-1), above 
the right limit the function value is a positive one (+1), and between 
the limits the output is zero (0). 

This routine has a secondary usage as a switch similar to function 
SASWCH without hysteresis when either the left or right limits are set 
above or below any possible value of the independent parameter. 

The operation of this function is shown in diagrammatic form and 
FORTRAN flow form in figure 19. 

SUBROUTINE SALIMI' 

When the limits of a function are computed values there exists the 
possibility of the minimum limit exceeding the maximum limit. In such an 
instance in PCS simulation it is desirable to be able to specify which 
limit has priority. To accomplish this the SALIMT routine was written. 

B,y the use of the argument TYPE the routine will give priority to 
maximum (TYPE=l.O), minimum (TYPE=O.O) or ignore both limits (TYPE-l.O). 
When the maximum and minimum limits are in their normal positions the 
routine functions as a normal limit routine. 
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YLIM =-SALrnr 

(XC,O.O]CCT{I») 

xrc=-x LIM
 

XH= H"5Tl2~S 

(K,XJ"'j(" ) 
CCT(.,), X ) 

C.CT(') AcTIJAiUQ. l)P'8U.I~'" 

CCT( 2) FE1iro6AclC Leof ~AI!'J 

cc. ,(3) \..OW~ QAn.- 1..-1 ~ 'T 

cc. T (Y) I,)p~ AA'TlS" LI M IT 

CCT ($") ~,., J=~9~c~ S€Lec~ 

CCT (f.) H'IS"refL€5l'S LE"FT LIMIT 

eel (7) H'1S1C1'2 E"~IS R''-HT LI'" II 

Figure 18. SAACT Subroutine Diagram 
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S.ADSPA =0.0 

G E 1VEY2J\ lr FOf2..N\ FUNCTION 
y,

W~EAJ T1IEfoJ ~+1 

X;> XR.. y=/ XLY: SA t>S{'A(X) XL)XR) 'XXL<X~ ~R. y=o XR 
r2~LA'I ~~ X <XL y=-I('0 l~'-'l £'T'E 0 (,) T"P ul) 

>--...-o'!l~s,. t>SPA = I 

Figure 19. Punction SADSPA - Dead Space 
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The basic limiter operation is illustrated in figure 20. The special 
priority feature is not shown on the upper diagram but is shown on the 
FORTRAN flow representation. 

FUNc-I'ION SAMOIN 

To perform the integral plus proportional function of the PCS, a 
specialized integrator is required. This integrator must be capable of 
three modes of operation; normal integration, holding at a limiting value 
with immediate change when the derivative changes sign, and resetting to 
an initial value not necessarily the same as the original initial value. 

This capability is obtained by use of the function SAMDIN in con
junction with a DSL/90 integrator. The operation of this function, shown 
diagrammatically and in FORTRAN flow form, is presented in figure 21. 

FUNCTION SASWCH 

A binary (0, 1) SWitching function that provides hysteresis is required 
for PCS simulation. The two entries, SAOFON and SAONOF, provide this 
capability for a normally off and a normally on binary SWitch, respectively. 

These entries ~ be used as normally off and normally on switches 
without hysteresis by setting the upper and lower limits, XL and XU, equal. 

Figure 22 illustrates the operation of these entries to the function and 
the FORTRAN flow diagram. 

FUNCTION SAWFAT 

This function supplies a binary signal to a mode controlled integrator 
indicating the need for attenuating the maximum Wf/P4 limit. When the output 
of this routine is zero (0) the gain in the Wf /P4 logic is reduced by a 
amount determined by input data. When the SAWFA't inputs change, allowing 
the output to return to unity (1), the integrator returns the fuel flow 
limit gain to its original value. 

Figure 23 shows the flow of FORTRAN logic for this function. 
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G~NEUAL Fa"""" F"uN<::.TroA,J 
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X <XL. 
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Tlte-'-.J ~ Y4 
Y=XL XV 

y=.X~ XL L/
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XL XU X 

SALIMT-::.X 

Figure 20. Function SALIMr - Special Purpose Limit Junction 
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Figure 21. Function SAMOIN - Mode Controlled Integrator 
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Figure 22. Function SASWCB - Binary Switch Routine With Hysteresis 
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~AWFAT 
( TSE- NSJ PRse ~/.'JSE'NS,) NC4(U2) PllTJ wAT) eN..> T"A c: Co ) 

Figure 23. Function SAWFAT 
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FUIf~ION SLJ'VPG 

This utility- routine C01IIpUtel the airfiov parameter as a tunCtiOD ot 
pressure ratio and gamua (ratio ot specitic beats). 

The derivation of this function is shown below. 

W airflow lb/sec 

T static temperature OR 

Tt total temperature '1t 

P static pressure lb/sq. in. 

Pt total pressure lb/sq. in. 

A area sq. in. 

TR temperature ratio (Tt/T) 

PR pressure ratio (Pt/p) 

M = V2(TR. - 1.0)/( ')'- 1.0) 

')' 

TR =PR 1-')' 

therefore: 

')'+1 
"2(TR - 1) fii TR2 (Y-1) 
(Y-1) VR( j 

Figure 24 shows the FORTRAN flow diagram of this function. 



FP::. 0,0 

+ 

TR:: c.TR. 

Figure 24. Function SLFVPG 
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FUNCTION SWAM 

This utility routine computes the ratio of specific heats ( Y ) as a 
function of total temperature and fuel-air ratio. The calculations use 
Grade JP-4 fuel combustion characteristics and are applicable to all of 
the JP family of fuels. 

Two input arguments are used when gamma for a fuel-air mixture is 
desired. The first argument is temperature, in degrees Rankine, the 
second is fuel-air ratio, dimensionless. When gamma for air is required, 
only the temperature argument need be input. 

The FORTRAN flow diagram is shown in figure 25. 

FUNCTION SLMVFG 

This function computes mach number as a function of flow parameter and 
gamma.. The calculation uses a Newton-Raphson iteration using the initial 
guess for Mach number to determine which solution, subsonic or supersonic, 
is desired. On successive passes through the routine, the output from the 
previous pass is used as the initial guess to reduce iteration time. 

Inputs to the routine are the initial guess on mach number, XMI, the 
flow parameter, FLOWP, and the ratio of specific heats, Y 
parameter is derived in the description of function SLFVPG. 
flow diagram is shown on figure 26 and 27. 

The flow 
The FORTRAN 

FUNCTION SLTLU 

This function provides a general purpose table look-up program for use 
with DSL/90 simulation programs. Functions of one, two and three inde
pendent parameters are handled as well as constants. Interpolation in 
univariant and bivariant tables can be selected as either linear or 
LaGrangian for each independent parameter. In the trivariant tables, the 
interpolation between bivariant families is linear. 

Figures 27, 28, and 29 illustrate the usage of this routine for 
tables of one, two, and three independent parameters. Also shown on 
figure 27 is the usage when the table value is a constant. 

FUNCTION SPBLOW 

The burner blowout routine incorporates logic which effectively 
"blows out" a burner when it tries to operate below certain minimum con
ditions for combustion. A curve plotting minimum burner inlet total 
pressure (for combustion) versus fuel-air ratio is compared with actual 
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TWO DIMENSIONAL
 

AIS 
1170 

A 

y =f(X) 
CODING: 

ST,OOAG YA( ) 
y = SLTLU(YA,X) 

TABULAR INPUT ARRAY: 

YA( 1 ) 2.0 DENOTES TWO DIMENSIONAL TABLE 
(2) N~. OF XIS 

(~) N~. OF X POINTS FOR INTERPOLATION 

LIST OF X's 
(4) 
(5)
(6) 
( 7) 
(8 )
 
( ) ••
 
( ) ••
 

LIST OF y l s 
( )
( )
( )
( )
( )
( ) 
( ) 

FOR CONSTANT INPUT 

YA( 1 ) 1.0 DENOTES CONSTANT FOLLOWING 
(2) C VALUE OF CONSTANT 

Figure 27. Variable Increment Table Look-Up 
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THREE DIMENSIONAL
 

AIS _~~;O'------I 
1101 L_-:J 

. AIS rvd. - X AX
1170~ L-~1225~---~ 

PCS .. rA¢8~0~rAlo---L __ 

Z = f(X,Y) 

ST¢RAG ZA( 

TABULAR INPUT ARRAY: 

ZA( 1 ) 
(2) 
(3) 
(4) 
(5) 

(6)
( )
( ) 
( ) 

( ) 
( )
( ) 

( )
( ) 
( )
( )
( ) 

( )
( )
( )
( ) 

-LS.:L.:.:TL:.:.UJ-__~A¢_1_10..;;,5.J 

CODING: 

Z = SLTLU(ZA,X,Y) 

DENOTES THREE DIMENSIONAL TABLE 
NO. OF X' 8 
NO. OF X POINTS FOR INTERPOLATION 
NO. OF Y'8 
NO. OF Y POINTS FOR INTERPOLATION 

LIST OF X' 8 

LIST OF y I 8 

LIST OF Z'8 for Y1 

LIST OF Z' 8 FOR Y2 

Z,,2 
Z2,2 
Z3,2 

Figure 28. 'Jariable Increment Table Look-Up 
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J 

Mn~ 

AIS G().,rQL100111100 1__ ~ 

wAIS JQ~;; ;' n 

1100 l_

Z = f(X,Y,W) 

STORAG ZA( ) 

TABULAR INPUT ARRAY: 

ZA(1) 4.0 
( 2) 

(3) 
(4) 
(5)
( )
( ) 

FOUR-DIMENSIONAL
 

f(WA1T3 2,Mo,Go,Wo ) 
WJI 
~ 

SLTLU' I WA11 32 

Z =SLTLU(ZA,X,Y,W) 

CODING: 

DENOTES FOUR DIMENSIONAL TABLE 
NO. OF W's 

LIST OF W's 

I
I 
I 

THREE DIMENS IONAL FOR W,
 
NO. OF X's 
NO. OF X POINTS FOR INTERPOLATION 
NO. OF Y's 
NO. OF Y POINTS FOR INTERPOLATION 

LIST OF X's 

SAME AS THREE DIMENSIONAL INPUT 

REPEAT FCR W2 , W3 , •• •• 

Variable Increment Table Look-Up 
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operating conditions. If the actual inlet total pressure is below the 
minimum value, the burner efficiency is reduced to zero on a time constant 
to simulate the blowout. This reduces the burner temperature rise to zero. 
When inlet total pressure returns to a value above the minimum the efficien
cy is restored on a time constant. 

Figure 30 shows the FORTRAN flow diagram for this routine. The coding 
has not been accomplished for this routine so the listing will not be found 
in Appendix I. 

SUBROUTINE SPCOMP 

The purpose of this routine is to provide a simulation model for fans 
and compressors. The characteristics of the particular component being 
used are entered as table names in the argument list of the routine. Other 
required input data such as the incoming pressure (Ptin), the incoming 
temperature, (Ttin), the exit pressure (Ptout), and the rotor speed (N) are 
also entered as arguments. The outputs of the routine are temperature 
(Ttout), change in enthalpy (.1 h), airflow (W), and the average ratio of 
specific heats ( y ). 

Several versions of the subroutine are documented. The earliest (-01) 
has the outputs described above, the later version (-02) has added outputs 
for surge margin (SRGM) and efficiency ( TJ ). These added outputs were 
always computed within SPCOMP but not available externally. They were added 
to make them available for the SPTACL calculations. 

Addition features are shown in the flow diagram of figure 31, such as 
interstage bleed and variable geometry provisions. These sections have not 
been incorporated in the coding as of this report. 

FUNCTION SPMEMF 

This function is to provide a history for a variable in order to break 
an implicit mathematical loop. The initial value, XIC, must be provided 
from initialization logic. After the first pass the output value is equal 
to the computed value, X, from the previous pass. 

Figure 32 shows the flow diagram for the FORTRAN logic. 

FUNCTION SPTACL 

The purpose of the acceleration schedule calculator, SPTACL, is to 
calculate the maximum fuel now (wfe/Pt4) that the engine can hit on an 
acceleration without exceeding either a set high compressor surge margin 
or a maxillIUm turbine inlet temperature. The schedule is usually used in 
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the control as a function of high rotor speed, N2 (for a turbofan engine). 

The routine basically calculates the amount of fuel, Wfs, which would 
cause the engine to operate at a point corresponding to a set surge margin 
(CAC1). It does this from a calculation of the turbine inlet temperature 
at this point of set surge margin. If this temperature exceeds the maximum 
allowable turbine inlet temperature (Tt5 MAX), then the fuel flow calculation 
is limited to the value which gives Tt5 MAX. 

The values of maximum fuel flow calculated in this manner are divided 
by burner pressure pt4 to obtain the schedule necessary for the control. 

Figure 33 shows the FORTRAN flow diagram for this routine. 

FUNCTION SPrLU 

This routine provides a specialized multi-use table look-up routine for 
use in DSL/90 simulation. The routine is designed to handle data tabulated 
at constant increments of each independent parameters. It functions as a 
general univariant and bivariant table look-Up for curves tabulated at 
constant increments and as a special purpose routine reading multiple tables 
to obtain a single answer. 

The special f'eatures read several tables and compute a single value 
as an output. This provision was made to allow the compressor map pre
sentations to be entered with a single statement although three of' a set of 
four tables are actually required to read the· map. Provision was also made 
to make a similar reading of a thrust table possible. These special 
features are used by entering key numbers in the first location of' the table 
array to be used. For the thrust table the key number is zero (0.0), for 
the compressor map a one (1.0). 

Figures 34, 35, 36, and 37 show the use of the various forms of the 
function SPTLU with information on the diagram representation, the coding 
usage and the method for entering data. 

SUBROUTINE SPTURB 

This routine provides a simulation model for low and high pressure 
turbines. The characteristics of the turbine being' simulated are entered 
as table names in the argument list of the routine. Also required are 
data such as incoming airflow (Wein), cooling airflow (WTc), temperature 
of cooling flow (Tt4), uncooled turbine inlet temperature (Ttin), inlet 
total pressure (Ptin), discharge total pressure (Ptout) and rotor speed 
(N) • Outputs of the routine are total gas flow into turbine (WEBI)' 
discharge temperature (Ttout), change in enthalpy (Ah), total gas flow 

63
 



out of turbine (WEB) and the ratio of specific heats (r). 

The second (-02) version of this routine has one additional output, 
the cooled inlet temperature (Ttb). 

Figure 38 shows the FORTRAN flow diagram of this routine. 

FUNCTION SARECT 

This function uses the rectangular method for intesration and has 
various options; normal integration, holding at limit values with 
immediate chanse when the derivative chanses sign, and resetting to a 
preset value. 

Figure 39 shows the various tests that are made. 

FUNCTION SPIM::V 

This function provides a simplified and accurate representation of 
a time constant function and does not reqUire the use of a pure inte
gration such as the real pole function in the DSL/90 porgram. 

Figure 40 shows the derived equation in block diagram form. 
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GENERAL
 

TWO DIMENSIONAL
 

N1 PRFST02 
TFAN r--71 Jf{; f(PR ~tJ3 ' 

3140 "-a!~~4.J 
SPTLUI I PR3004 

CODING: SPTLU(PR3T02,N¢3004) 

example: Y = f(X)
 

Xl = 1.1 Y1 == 4.0
 

x

X2 =1.2 Y2 = 4.2 
XJ = 103 YJ = 4.8 

4 =1.4 Y4 == 4.8 
Is = 1.5 Ys == 4.6 

TABULAR INPUT ARRAY: 

PR3T02(1) 2.0 denote two dimensional table 
(2) 1.1 minimum value of independent variable" 
(3) 1.5 maximum value of independent variable" 
(4) •1 constant increment of independent variable" 
(5) 4.0 Y1 List of dependent values" 
(6) 4.2 Y2 " 
( 7) 4.8 YJ" 
(8) 4.8 Y4" 
(9) 4.6 Ys " 

Figure 34. Constant Increment Table Look-Up 
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GENERAL 

:J 

J 

:J 

example: 

Tt4 

f/a 

THREE DIMENSIONAL 

. 
f(GM3T01,Tt4,f/a) 

SPTLU I IGM3004 

1'4
 

CODING:	 SPTLU(GM3T01,T¢3004,QP3004) 

Z = f(X,Y) 

!'iZ 1.2 1.4 1.6 
3.0 .1 .2 .4 
3·5 .2 03 .6 
4.0 03 .4 .8 
4.5 .4 .5 1.0 

TABULAR INPUT ARRAY: 
GM3T01(1) 3.0 DENOTE THREE DIMENSIONAL TABLE 
GM3T01 (2) 3.0 MINIMUM VALUE OF INDEPENDENT VARIABLE X 
GM3T01(3) 4.5 MAXIMUM VALUE OF INDEPENDENT VARIABLE X 
GM3T01(4) 0.5 INCREMENT VALUE OF INDEPENDENT VARIABLE X 
GM3T01 (5) 1.2 MINIMUM VALUE OF INDEPENDENT VARIABLE Y 
GM3T01(6) 1.6 MAXIMUM VALUE OF INDEPENDENT VARIABLE Y 
GM3T01(7) 0.2 INCREMENT VALUE OF INDEPENDENT VARIABLE Y 

LIST OF Z FOR Y1 
GM3T01(8) •1 Zl,l at Xl 
GM3T01(9) .2 Z2,l X2 
GM3T01(10) 03 Z3,1 X3 
GM3T01(11) .4 Z" ) 1 X3 

LIST OF Z FOR Y2 
GM3T01 (12) .2 Zl,2 at Xl 
GM3T01(13) 03 Z2,2 X2 
GM3T01(14) .4 Z3,2 X3 
GM3T01 (15) ·5 Z"J 2 X" 

LIST OF	 Z FOR Y3 

Figure 35. Constant Increment Table Look-Up 
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SPF.BIAL	 THRUST TABLE LOOK UP
 

l' 
PT9E 

PT9EPAME . f(F~3T01 ,--, 9E) THPE

'. PAMB-
89E SPTLUI I F¢300 1 

F~3001 = SPTLU(F~3T01,PR3009,GM3009) 

METHOD: 

CONTROL INFORMATION AND THREE INDEPENDENT TABLES ARE ENTERED 
IN ONE .ARRAY 

IF PI < TABLE(4) X = f(TABLE1,logePl 'P2 )*f(TABLE2,P1 ) 

Pl ~ TABLE(4) X =f(TABLE2,logePl 'P2 )~~f(TABLE3,Pl ) 

TABULAR INPUT ARRAY 

TABLE( 1) 0.0	 DENOTE SPECIAL TABLE LOOK-UP 
(2) 101 1st LOCATION OF TABLE 2 IN ARRAY (INTEGER) 
(3) 141 1st LOCATION OF TABLE 3 IN ARRAY (INTEGER) 
(4) VALUE SEPARATING TABLE 2 AND 3 

TABLE(5)	 1st LOCATION OF THREE DIMENSIONAL TABLE 1 
(INPUT SAME AS DESCRIBED UNDER• 

GENERAL TABLE LOOK-UP) 

· TABLE(101)	 1st LOCATION OF TWO DIMENSIONAL TABLE 2 

• 
TABLE(141)	 1st LOCATION OF TWO DIMENSIONAL TABLE 3 

• 

•
 
Figure 36. Constant Increment Table Look-Up
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;"I 
~ 

W'; 9t2 N1 
N1 Pt3 

7~ f(WA3T01,-----, ---) 
~t2 '.T . ~9t2 Pt2 

~ -I SPTLUI rWA300 1 1 

SPECIAL SINGLE VALUE FROM FOUR TABLES 

TFAN_~~O 

TFAN .. ~~O 

CODING: WA3001 = SPTLU(WA3T01,N¢3001,PR3001) 

METHOD: 

CONTROL INFORMATION AND FOUR INDEPENDENT TABLES ARE ENTERED 
IN ONE ARRAY 

TABLE 

-=--PL--_....... f(TABLE,P1 'P2 ) I-__~X",--__",,~_ 

h-_-L- --' 

SI = f(TABLE1,P ) 

IF P2 < SI: X = f(TABLE2,PI ) + f(TABLE3,S I - P2 ,PI) 

P2 ~ SI: X =f(TABLE2,PI ) + f(TABLE4,p 2 - S1 ,PI) 

TABULAR INPUT ARRAY 

TABLE ( 1 ) 1 .0 DENOTE SPECIAL TABLE LOOK UP 
(2) 51 1st LOCATION OF TABLE 2 IN ARRAY (INTEGER) 
(3) 1st LOCATION OF TABLE 3 IN ARRAY (INTEGER) 
(4) 1st LOCATION OF TABLE 4 IN ARRAY (INTEGER) 

TABLE (5 ) 1st LOCATION OF TWO DIMENSIONAL TABLE 1 
(INPUT SAME AS DESCRIBED UNDER GENERAL 

TABLE LOOK-UP) . 
TABLE (51 ) 1st LOCATION OF THREE DIMENSIONAL TABLE 2 

Figure 37. Constant Increment Table Look-Up 
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Section V 

INITIALIZATION 

GENERAL REQUIREMENTS 

The simulation of a system experiencing a transient, of necessity 
begins at a steady-state or quasi-steady-state point. The driving forces, 
that must be zero to maintain this point, are, in the case of the propul
sion system, usually the difference between two large numbers. This 
effectively means that the initial values which enter into the calculation 
of the driving forces must be accurate and identical in method of calcula
tion to those within the simulation. The simulation should be stable 
enough when initialized so that if no transient is introduced, it will 
maintain its steady-state point. 

One method used to initialize a simulation is to provide initial 
values from steady-state calculations and then run the dynamic program 
for some time in order to stabilize at the steady-state condition prior to 
the introduction of the transient. This method is less than satisfactory 
for several reasons. First, it requires too much preparatory work in that 
either steady-state programs or hand calculations would have to be executed 
to prOVide the initial data. As stated above, accuracy is important which 
means that the method used for these calculations would have to be compatible 
to that used in the simulation. Since the simulation logic itself is 
already available for these calculations its use insures compatibility. 
Secondly, it does not always work. When initial values are not exact, 
the start-up transient could drive the simulation into instability. 

At the start of this program the ground rule was established that the 
only initial values to be required were air vehicle Mach number, ambient 
pressure and temperature, air vehicle angle of attack and yaw, and the 
position of the power lever. This ground rule is illustrated by the 
diagram on figure 41. 

IMPLEMENTATION 

With the ground rule for initialization established several things 
had to be considered. The most obvious way to insure accuracy and com
patibility in computing initial values is to simply use the simulation 
logic calculations. This would be most efficiently done if sections of 
the simulation could be executed under the control of an initialization 
routine. DSL/90 provides a method to do this but unfortunately requires 
that an invaluable feature of the language be compromised to use it. To 
explain this anomaly the nature of the DSL/90 system must be lightly 
touched on. 
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The power of a language such as DSL/90 is its ability to accept the 
simulation logic equations in any order whatsoever and sort them in such a 
manner that variables are alw~s available when needed. To accomplish this, 
the language must prevent the use of logic which transfers the program con
trol from one area in the program to another since after sorting the effect 
would not likely be the desired one. The language does however, provide a 
procedure called N¢S¢RT, which allows the insertion of transfer instructions 
into the simulation. At first this seems to provide the answer to executing 
sections of the program under control of an initialization program except 
that a second look reveals that insertion of a N¢S¢RT block separates the 
sorting procedure such that the statements (equations) ahead of the N¢S¢RT 
block do not get sorted into the statements after the N¢S¢RT block. This 
effectively means that the program must be run through the translation 
phase which sorts the simulation logic then the original simulation logic 
rearranged by hand according to the sorted simulation and then the transfer 
information inserted in N¢S¢RT blocks in this sorted deck. Since this 
seems to, at least partially, negate one of the very desirable features of 
DSL/90 another path seemed advisable. 

The basic reason, other than execution time which is negligible, to 
execute the simulation logic in sections while initializing is the potential 
for errors which the computer finds unforgiveable such as taking square roots 
of negative numbers, raising negative numbers to fractional powers, etc. 
These problems can be overcome in the checkout phase of the initialization 
by careful choice of initial values of key parameters. In accordance with 
the ground rule on required inputs stated above, initial values are cal
culated, not entered as input. 

SAMPLE PROGRAM 

A sample initialization program used for the initialization of a turbo
jet engine with a simple integrated propUlsion system control and a started 
inlet phase simulation is presented in Appendix II. This initialization has 
been checked out only at one power setting at one altitude - Mach condition. 
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LIST OF SUPPORTING SUBROUTINES
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TABLE I. SAACT 

SI8FTC sAACT 
SUBROUTINE SAACT IK.XC.X,CCT,XDOT,XIC,XHI 
COMMON/KEYS/NALARM,SKIPI171,KSIM/HMAX/H,KEEP/MEMRY/SI]I 
DIMENSION CCTl11 
L=K 
XLIMcAMIN1ICCTI11,AMAX1IXC,0.011 
IFISIL+21-KSIMI 1nO,200,100
 

100 IFIKEEPI 110,120,110
 
110 SIL+2'-KSIM
 

XIC-XLIM
 
12n XHcHSTRSSIL,X,CCTI61,CCTI71,XI
 

DXDT-CCTI21·IXLIM-IX·11.-CCTI~II+CCTI~I·XHII 

XDOT-AMIN1ICCTI~I,AMAX1IDXDT,CCTI3" I 
RETURN 
END 

ACTUOOOO 
ACTU0010 
ACTU0020 
ACTU0030 
ACTU0040 
ACTU0050 
ACTU0060 
ACTlJ0070 
ACTU0080 
ACTU0090 
ACTlJOl nn 
ACTUOllO 
ACTU0120 
ACTUQ13Q 
ACTU01~O 



TABLE II. SADSPA 

SIBFTC SADSPA 
FUNCTION SADSPAIX,XL,XRI 
SADSPA • 0.0 
IFIX.LT.XLISADSPA • -1.0 
IFIX.GE.XRISADSPA· 1.0 
RETURN 
END 

SADSPOOO 
SADSP020 
SADSP030 
SADSP040 
SADSP050 
SADSP060 
SADSP070 



I 

TABLE III. SALIMT I 
SIBFfC SALIMT SALIMOIO 

C 
FUN(TION SALIMTIX,XL,XU,TYPFI SALIMt')2n 

SALIM025 
C TYPE INDICATES LIMIT PROCEDURE DESIRED SALlM030 
C 0 - MIN PRIORITY 1 - MAX PRIORITY -1 - IGNORE LIMITS SALIM040 
C SALIM050 

IFITYPE.LT.O.OIGO TO 400 SALIM060 
IFIXL.GT.XUIGO TO 100 SALlM070 
SALIMT • AMAXllAMINllX,XUl,XLI SALI Moao 
RETURN SALlM090 

100 IFITYPE.EQ.O.OIGO TO 300 SALlM100 
SALTMT 
RETURN 

• AMINllX,XUI SALIMllt') 
SALIM120 

100 SALIMT 
RETURN 

400 SALIMT 

• AMAX11X,XLI 

• )( 

SALIMDn 
SALlM140 
SALIM1~0 

RETURN SALlM160 
END SALIM170 
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TABLE IV. SAMOIN
 

118FTC sAMOIN 
FUNCTION SAMOIN IK,DXDT,XIN,XL,XU,PATH,XIC,DXDTMI 
COMMON/CURVAL/TIME 
COMMON/KEYS/NALARM,SKIPI171,KSIM/HMAX/H,KEEP 
COMMON/MEMRY/SI151
 
EQUIVALENCE (KNll',Sll»
 
DIMENSION KNIll
 
I=K
 
L=I
 
XDOT:DXDT
 
X=XIN
 
TYPE=PATH
 
IFIKNIL+14)-KSIMI 100,200,100
 

100	 IFIKFFP) 110,120,110 
110	 KNlL+14)=KSIM
 

SIL)=TIME
 
SIL+ll=TYPE
 
SIL+12)=X
 

120 IFISIL+111 960,950,960
 
21'10 DO ~OO J=l,5
 

IFITIME-SILII 300,210,310
 
210 IFIKEEPI 600,700,600
 
300 L=L+2
 
310 IFIKEEP) 400,700,400
 
400 LL=I+12
 

DO 500 JJ-J,5
 
LL-LL-2
 
SILLlzC;ILL-71
 

500 SILL+ll=SILL-ll
 
600SILlzTIME
 

SIL+II-TYPE
 
700 IFITYPEI 900,110,900
 
110 IFI5IL+31) 120,800,120
 
720SII+l21:XIC
 

IFIX-SII+12)1 730,950,740
 
7"10 XnOT=f)XnTM
 

GO TO 750
 
740 XDOT=-DXDTM
 
750SII+131=XDOT
 

GO TO 960
 
800 IFIX-SII+12)1 810,950,820
 
810 IFISII+1311 840,950,830
 
820 IFISII+1311 830,950,840
 
B~O XD01'zSII+13)
 

GO TO 960
 
840 X=SlI+121
 

GO 1'0 950
 
900 IFIXDOTI 910,960,930
 
910 IFIX-XLI 920,950,960
 
920 X=XL
 

GO TO 950
 
930 IFlX-XUI 960,950,940
 
940 X=XU
 
950 XD01' zO.O
 

XIN-X
 
960 SAMOIN-XDOT
 

1000 RETURN
 
END
 

TMCV0030
 

TMCV0040
 
TMCV0050
 

TMCVOlOO
 
TMCVOll0
 

TMCV0180
 

TMCV0230
 



TABLE V. SASWCH 

SI8FTC SA~WCH 

FUNCTION SAOFONII.X.XL.XUI
 
COMMON/MEMRY/CCII
 
SAOFON 1.0
II 

IFIX.LT.XL.OR.X.LT.XU.ANO.CIII.LT.l.OISAOFON • 0.0 
GO TO 100 
ENTRY SAONOFll.X.XL.XU' 
SAOFON • 0.0 
IFIX.LT.XL.OR.X.LT.XU.AND.Clll.NE.O.OISAOFO~ 1.0~ 

100	 CI I' • SAOFON
 
RETURN
 
END
 

SASWOOIO 
SASW002Q 
SASW0030 
SASW0040 
SASW0050 
SASW0060 
SASW0070 
SASW0080 
SASW0090 
SASwOIOO 
SASWOllO 
SASW0120 
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TABLE VI. SAWFAT 

SiB FT C SAW FAT SAWFOOOO 
C SUBROUTINE AlJTONETICS WF ATTENUATION SAWF0015 

INTEGER FUNCTION SAWFATITSENS.PRSENS.WSENS.NCORR.PRT.WAT.CN.TACCI SAWF0020 
C SAWF0022 
C SIMULATION OF WF/P4 ATTFNUATION CONTROL LOOP SAWF0024 
C SAWF0026 

REAL NCORR SAWF0030 
DIMENSION CNIZI SAWF0040 
SAWFAT :: 1 SAWF0050 
IFITSENS.GE.CNI21IGO TO 200 SAWF'0060 
IFINCORR.GE.CNI11IGO TO 100 SAWF0070 
IFIPRSENS.GE.SLTLUIPRT,NCORR.TACCIIGO TO 200 SAWF0080 
RETURN SAWF0085 

100 IFISLTLUIWAT.NCORR.TACCI.GE.WSENSIGO TO 200 SAWF0090 
RETURN SAWF0100 

200	 SAWFAT :: 0 SAWF011Q 
RETURN SAWF0120 
END 
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TABLE VII. SlJ'Y'PG 

SIBFTC SLFVPG FVPGOOOO 
C FLOW PARAMETER AS A FUNCTION OF PRESSURE RATiO AND GAMMA FVPGOOIO 

FUNcTION SLFVPGIPRATIO,GAMMAI FVP(,00211 
C FVPG0030 
C G .. 32.174049 ,R • 53.34991 FVPG0040 

GM .. GAMMA fVPGOO~O 

PR .. PRATIO FVPG0060 
IFIPR.LE.1.0IGO TO 10 FVPG0010 

C COMPUTE CRITICAL CONDITIONS FOR MAXIMUM VALUE FVPGOOHO 
CTR .. 1.0 + IGM - 1.01/2.0 FVPG0090 
TR .. PR ** IIGM-1.0"GM) FVPG0100 
IFITR.GT.CTRITR=CTR FVPG0110 

C COMPUTE FLOW PARAMETER FVPG0120 
FP • SQRTl1.20615195*GM*fTR-1.)/IGM-1.II/TR**ICGM+l.)/2./IGM-l.') FVPG0130 

20 SLFVPG • FP FVPG0140 
RETURN FVPG01~0 

HI	 FP • O~O FVPG0150 
GO TO 20 FVPG0160 
END FVPG0110 
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TABLE VIII. SLGAMF 

$1 8FT C SLGAMF GAMFOOOO 
(	 GAMMA AS A FUNCTION OF TOTAL TEMP AND FUEL-AIR RATIO GAMFOOIO 

FUNrTION SLGAMITT,FARII GA~F0020 
DIMENSION (15) GAMF0030 
DATA (I 9.00097E-4,-7.07129E-7,3.41709E-I0,-8.10801E-14, GAMF0040 

$ 7.27727E-18 1 GAMF0050 
T = TT GAMF0060 
FAR = FARI GAMF0070 
CALL	 ARGOINI GAMF0080 
IFIN.LT.2IFAR .. 0.0 GAMF0090 
IFIT.EO.O.OIGO TO 1000 GAMFoIoo 
POWFR	 = 5526.0 1 T GAMFOllO 
CPAIR	 = .23996+.068558*IIPOWER/IEXPIPOWERI-1.01 1**Z*EXPIPOWERII GAMF0120 
CPFUEL ... 12149 GAMF0130 
DO 10	 1"1,5 GAMF0140 

10 CPFUEL = CPFUEL + CIII * T**III GAMF0150 
CPGAS .. I(PAIR + FAR * CPFUELI 1 11.0 + FARI GAMF0160 
RGAS = .068558 + 1.000835 * FAR 1 (1.0 + FARII GAMF0170 
SLGAM = rPGAS 1 IrPGAS - RGASI GAMF0180 
RETURN GAMF0190 

1000	 SLGAM = 1.4 GAMF0200 
RETURN GAMF0210 
END GAMF0220 



TABLE IX. SIltWFG 

SIBFTC SLMVFG 
FUNCTION SLMVFG ILM.XMl.FLOWP.GAMMAI 
CO~MON/MEMRY/CI11 

t MACH NO. AS FUNCTION OF FLOW PARAMETER 
C G=32.174049 
C R=5'3.34991 

FP=FLOWP 
IFIFPI 100.100.110 

100 XM-O.O 
GO TO !l10 

110 GAM=GAMMA 
C1=IGAM-1.01/2.0 
C2=IGAM+1.01/2.0/IGAM-1.01 
Z=FP/saRTIGAM*.b0307!l9751 

C COMPUTE MAXIMUM VALUE 
ZMAX -1.0/11.+Cll**C2 
tFIZ.LT.ZMAXI GO TO 200 
XM=1.0 
GO TO !l10 

200 L=I.M 
IFlelL11 220.220,210 

210 XM-CILI 
GO TO 320 

220 XM-XMl 
GO TO 320 

300 XM=XM-C3*IZ*C4-XMI/IXMS-1.01 
IFIXMI 310.310,320 

310 XM=Z 
320 XMS=XM**2 

C3=1.0+C1*XMS 
C4=C3**C2 
ZM-XM/C4 
IFIABSIZ-ZMI.GT •• 00000011 GO TO 300 

500 CIl)=XM 
510 SLMVFG.XM 

RETlIRN 
END 

AND GAMMA 

. 

MVFGOOOO 
MVFGOOIO 
MVFG0020 
MVFG0030 
MVFG0040 
MVFC;0050 
MVFGOObO 
MVI-G0070 
MVI-GOOtlO 
MVFG0090 
MVFG0100 
MVFGOllO 
MVFG0120 
MVFG0130 
MVFG0140 
MVFG0150 
MVFGOlbO 
MVFG0170 
MVI-GOIBO 
MVFGn210 
MVFG()ZZO 
MVFGOZ30 
MVFG0240 
MVI-GOZ,O 
MVI-G02bO 
MVFGOZ70 
MVFGOZ80 
MVfGOZ90 
MVFG0300 
MVFG0310 
MVFG03Z0 
MVFCi0330 
MVFG0340 
MVFG03bO 
MVFG0370 
MVFG0380 
MVFG0390 
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TABLE X. SLTLU
 

118FTC 
C 

60 
70 

72 
80 

90 

100 
110 

120 

200 

210 

27('1 

230 

240 

250 
260 
270 
280 

SLTLU 
TABLE LOOK-UP CONTROL PROGRAM 
FUNCTION SLTLU ILM,X,V,WI 
COM~ON/CURVAL/AIll 

COMMON/LCURVE/LOCAIll 
DATA N/OI 
I PAC;C;" ('1 
L=LM 
IFIll 60,60,90 
IFINI 80,70,80 
N=LOCILOCAIlll-LOCIAll I I 
JL cLOO I 1 I 
LOCAlll=LOCAlll+1+N 
DO 77 J=3tJL 
LOCAIJ-ll=LOCAIJ-11+LOCAIJ-21 
L=-L 
L"LOCAILI 
NXcAIL+ll 
IX=AIL+21 
IFIAILI-3.01 100,270,200 
IFIAILI-1.01 110,110,120 
Z=AIL+ll 
GO TO 400 
NY=O 
IV=O 
LXcL+3 
LZcLX+NX 
GO TO 790 
NW=NX 
Ll=L+3 
L2=L+l+NW 
L=L? 
NXcAIL+ll 
NVcAIL+,1 
lFIW-AILl-lll 280,280,210 
DO 230 LW=Ll,L2 
IFIW-AILWII 240,250,220 
L=L+NX+NV+4+NX*NY 
NX=AIL+ll 
NYcAIL+31 
CONTINUE 
GO TO 280 
IPASS-l 
RATW=IW-AILW-IIIIIAILWI-AILW-lll 
GO TO 780 
L=L+NX+NV+4+NX*NY 
NX=i\IL+ll 
NV=AIL+31 
LX-L+5 
LY=LX+NX 

TLUOOOIO 
TLUOOQ20 
TLU00030 
TLU00032 
TLLJ00034 
TLU00040 
TLU00042 
TLU00044 
TLU00046 
TLU00048 
TLU00050 
TLU00052 
TLU00054 
TLUOOO~6 

TLUOOObO 
TLU00062 
TLU00064 
TLU00070 
TLU00080 
TLU00082 
TLLJ00084 
TLU00086 
TLU000<10 
TLUOOI00 
TLUOOIIO 
TLU00120 
TLU00130 
TLU00140 
TLU00142 
TLU00144 
TLUOOl~O 

TLUOOlbO 
TLU00170 
TLU00180 
TLU00190 
TLU00200 
TLU00210 
TLU00220 
TLU00230 
TLU00240 
TLU00250 
TLU002bO 
TLUon270 
TLU00280 
TLU00290 
TLU00300 
TLU00310 
TLU00320 
TLU0033Q 
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TABLE X. SLTLU (CONTINUED) 

LZ=LY+NY
 
IX-AIL+?l
 
IYsA(L+ld
 

290	 IF(IX-2l 300,300,320 
300	 IF(IY-21 310,310,320 
310	 CALL SLTLU2 (A(LXI,A(LYI,A(Lll,NX,NY,X,y,ZI 

GO TO 130 
37M	 CALL SLfLU3 (AILXI,AILVI,AILZI,NX,Nv,lx,lv,x,V,ZI 
330	 IF(IPASSI 350,400,340 
340 IPA~5=-1 

Wl·Z 
L=LZ-l+NX*NV 
GO TO 260 

35M	 Z=Wl+RATW*IZ-W11 
400	 SL TLU·Z 
500	 RETURN 

END 

TLU00340 
TLU003"lO 
TLU00'360 
TLU00370 
TLU00'380 
TLU00390 
lLUn0400 
TLU00410 
TLUOQ420 
TLU00430 
TLU00440 
TLU004~0 

TLU00460 
TLU00470 
TLU00490 
TLUOO!iOO 
T\.U00510 



TABLE XI. SLTLU2 

SlBFTC SL TLU2 
C LINFAR INTERPOLATION FOR THREE DIMENSIONAL TABLE 

SUBROUTINE SLTLU2 IAX,AY,AZ,NX,NY,X,Y,ZI 
DIM~NSION 

1 AX(l) ,AY(lI ,AZl11
 
IFIX-AXl111 10,10,20
 

10 JX=l
 
GO TO 40
 

20	 DO 30 1=2,NX
 
JXz:1
 
IFIX-AXllll 50,40,30
 

30 CONTINUE
 
40 RATX=O.O
 

GO TO 60
 
~O RATX=(AXlJXI-XI/IAXIJXI-AZIJX-111
 
60 IFINYI 70,70,80
 
70 Z=AZIJXI-RATX*IAZlJXI-AZIJX-111
 

GO TO ?f'\1'1
 
80 IFlY-AyrIII 9(),90,100
 
90 JY=l
 

GO	 TO 120 
100	 DO 110 J=2,NY
 

JY=J
 
IFrY-AYlJII 130,120,110
 

110 CONTINUE
 
DO RATY=O.O
 

GO TO 140
 
130 RATY=IAYIJYI-YI/IAYIJYI-AYIJY-111
 
140 JZ=JX+NX*IJY-11
 

Z2=AlIJZI-RATX*IAZIJZI-AZIJZ-111
 
JZ=JZ-NX
 
Zlz:AZIJZI-RATX*IAZIJll-AZIJZ-111
 
Z=Z2-RATY*IZ2-Z11
 

ZOO	 RETURN 
END 

LIN30000 
LIN30000 
L1N300IO 
LIN30020 
LIN30030 
L1N30040 
L1N30050 
LIN30060 
LIN30070 
LI N3001:!0 
LI N30090 
L1N30IOO 
L1N30110 
L1N30120 
LI N3.0130 
L1N30132 
L1N30132 
LI N':\0134 
LI N30140 
LI N30150 
L1N30160 
LIN30170 
L1N30180 
L1N30190 
LI N30200 
LIN30Z10 
LIN30Z20 
LIN30230 
LIN30l40 
LIN30Z50 
LlN30Z60 
LlN30Z10 
LI N30Z80 
LIN30290 
LIN30300 
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TABLE XII. SLTLU3
 

51BFTC SLTLU3 
C LAGRANGE INTERPOLATION FORMULA FOR THREE DIMENSiONAL TABLE 

SUBROUTINE SLTLU3 IAX,AV,AZ,NX,NV,IX,IV,X,V,ZI 
DIMENSION 

I AX(11 ,AVlll ,AZlll ,VVIIOI ,C(101 
CALL SLTLU4IAX,NX,IX,X,NI,N?1 
CALL SLTLU4lAV,NV,IV,V,MI,M21 
IFlN21 50,10,50
 

10 IFlM21 30,20,30
 
20 JZ=NI+NX*IMI-II
 

Z=AZIJZI
 
GO TO 200
 

30	 JV=NI+NX*IMI-21
 
L=1'l
 
DO 40 J=MI,M2
 
L=L+I
 
JV=JV+NX
 
VVIL!=AZlJVI
 

40	 CONTINUF
 
GO TO 130
 

50	 P=I.0
 
K=O
 
DO 80 J=Nl'N2
 
K=K+I
 
CIKI=I.o
 
P=P*1 X-AX I JI I
 
DO AO I=NI,N2
 
IFII-JI 70,80,70
 

70 CIKI=CIKI/IAXIJI-AXII)1
 
An CONTINUE
 

IFlM21 100,90,100
 
90 M2"MI
 

100	 L=O
 
DO 110 I =MI,M2
 
L=L+l
 
VVIL)=O.O
 
JZaNI-I+NX*II-11
 
K=O
 
DO 110 MaNI,N2
 
1<=1<+1
 
JZaJZ+I
 
VVILI=VVIL)+P*AZIJZI/IX-AXIJ)I*CIK)


110 CONTlNlJF
 
IFI"1I-M21 l'O,120,BO
 

120 Z=VV( 1 I
 
GO TO 200
 

130	 P=I.O
 
L=O
 
DO 150 J=Ml,M2
 
L=L+l
 
CILI=I.0
 
P=P*IV-AVIJII
 
DO 150 I=MI,M2
 
IFII-JI 140,150.140
 

140 CILI=CILI/IAVIJI-AVIIII
 
150 CONTINUE
 

LA(,30000 
LAG30000 
LAlJ30010 
LA(,30020 
LAG30030 
LAG1no40 
LAG100"l0 
LA(,30060 
LAlJ30070 
LA(,30080 
LA(,300<J0 
LAG30100 
LAlJ30110 
LAG10112 
LAlJ30120 
LAlJ30122 
LAG10130 
LAG30140 
LAG10151'l 
LAG30160 
LAlJ30170 
LAlJ301-12 
LAlJ30180 
LAlJ301tl2 
LAG30190 
LAG30200 
LAG30210 
LAG30220 
LAG30230 
LAG30240 
LA('302~0 

LAlJ30260 
LA(,30270 
LAG30272 
LAC,'0274 
LAG30280 
LAG30290 
LAG30292 
LAG30300 
LAG30302 
LAG30310 
LAG10320 
LAG303'1'l 
LAC,'O~'O 
LA(,30340 
LA(,303~0 

LAG30360 
LA(,30362 
LA(,3037() 
LAG30372 
LAlJ303tlO 
LA(,30390 
LAG30400 
LAG30410 
LAG30420 
LAG30430 
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TABLE XII. SLTLU3 (CONTINUED) 

Z-o.o LAG30lt40 
L-O LAG30442 
DO 160J-M1,M2 LA(,304S0 
L-L+1 LAG30ltS2 
Z-Z+P*YYIL)/IY-AYIJ))*CILI LAG30lt60 

160 CONTINUE LAG30lt10 
200 RETURN LAG30..80 

END-----_. LAG30..90 
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TABLE XIII. SLTW4
 

SI8FTC SLTLU4 
C LOCATE RANGE OF POINTS FOR LAGRANGE INTERPOLATION 

SUBROUTINE SLTLU4 IAX.N.L.X.N1.N21 
DIMENSION 

1 AX 111
 
N2"0
 
IFIN-LI 2Z0.ZZ0.10
 

10 IFIX-AXI111 30.30~40
 

30 N1=1
 
GO TO 300
 

40 DO :'10 J-Z.N
 
IFIX-AXIJII 60.50.Z10
 

50 N1 a J
 
GO TO 300
 

60	 JJ=L-1
 
Kl=J-JJ
 
IFIKll 70.70.80
 

70 K1"1
 
GO TO 100
 

80 K3 a J+L-Z
 
IFIK3-NI 100.100.90
 

90 KZaN-JJ
 
GO TO 110
 

100 K2"J-1
 
110 RR=10000.
 

DO 190 K=K1.KZ
 
KK=K+JJ
 
Cl aX-AXIKI
 
C2=AXIKKI-x
 
IFIC1-CZI 140.1Z0.130
 

120 NZ"'KK
 
GO TO ?OO
 

130 RA a l.0-CZIC1
 
GO TO 150
 

140 RA a 1.0-C1/C2
 
150 IFIRB-RAl 190.160.170
 
160 IFIJ-L/Z-Kl 190.180.180
 
170 RS-RA
 
180 NZaKK
 
190 CON TI NUE
 
200 N1 aN2-JJ
 

GO	 TO 300 
210	 CONTINUE
 

N1 a N
 
GO TO 300
 

2Ztl N2 a N
 
N1-1
 

300 RETURN
 
END
 

LAGRGOOO 
LAGRGOOO 
LAGRIvOlO 
LAGRGQIZ 
LAGRG014 
LAGRGOZO 
LAGRG030 
LAGRG040 
LAGRGOBO 
LA(,RGOlJO 
LAGRG100 
LAGRG110 
LAGRG1Z0 
LAGRG130 
LAGRG140 
LAGRG1'j0 
LAGR(,160 
LAGRG170 
LA(,RG180 
LAGRGIlJO 
LAGRG200 
LAGRG210 
LAGRGZZQ 
LAGR(,23Q 
LAGRG240 
LAGRG2~0 

LAGRG260 
LAIvRG27Q 
LAGRGZ80 
LAGRG2lJQ 
LAGRG3QO 
LAGRG310 
LAGRG320 
LA(,RG330 
LAGRG340 
LAGRG350 
LAGRG360 
LAGRG370 
LAGRG3BO 
LAGRG39Q 
LAGRG400 
LAGRG41Q 
LA~G42Q 

LAGRG440 
LAGRG45Q 
LAGRG46Q 
LAGRG470 
LAGRG480 
LAGRG490 



TABLE XIV. SPCOMP
 

518FTC SPCOMP COMPOOOO 
SUBROUTINE SPCOMPIM,PTI,PTO,TTI,N,CCT,WAT,ETAT,PRST.WAST,REYT,SRGMCOMP0010 

1.ETA.TTO.DH,W.GMAI COMP0020 
COMMON/CURVAL/TIME COMP0030 
COMMON/KEYS/NALARM,SKIPI111,KSIM/HMAX/H,KEEP/MEMRY/SI401 COMP0040 
EQUIVALENCE (KNl11,SI11 I COMP0042 
REAL N,NCN COMP0050 
DI~ENSION CCTl11,KNl11 COMPOObO 
L=M COMP0070 
Dc=pTI/14.69b CuNPOOeO 
RTH=SQRTITTI/518.691 COMP0090 
NCN=N/IRTH*CCTI111 COMP0100 
PRATIO=PTO/PTI COMP0110 
PR=CCTI21*IPRATI0-1.01+1.0 COMP0120 
WCN=SPTLUIWAT,NCN,PRI COMP0130 
IFIKNIL+391-KSIMI 120,100,120 COMP0140 

100 ~RGM=SIL+~Bl COMP0160 
IFISRGM-1.0-DSRGMI 110,130,130 COMP0170 

110 DETS=CCTI81 COMP0180 
DSRGM=CCTI91 CUMP0190 
DWCN=SPTMCVIL,0.05,CCTI51*WCNI COMP0200 
GO TO 200 COMP0210 

120 KNIL+391=KSIM COMP0212 
130 DETs=1.0 COMP0220 

DSRGM=O.o COMP0230 
DWCN=O.O COMP0240 
KNIL+181=KSIM COMP0242 
SILI=TIME COMP02?0 
SIL+ll=O.O COMP02bO 
SIL+21=0.O COMP0270 

200 SIL+3 8 1=WCN*IIISPTLUIPRST,NCNl-1.01/CCTI211+1.01/PRATIO/lSPTLUlWASCOMPo280 
IT,NCNII Cor~P0290 
WC=CCTI61*IWCN+DWCNI COMP0300 
DET=SPTLUIREYT,ICCTI11*WCll-SPTLUIREYT,ICCTI11*WC*DE/1RTH**2.elll COMP0310 
W=WC*11.0+DETl*DE/RTH COMP0320 
ETA=DETS*ICCTI31*(SPTLUIETAT.WCN,PRI+CCTI411+DETI COMP0330 
GM=GMA COMP0340 
IFIGMI 300,300,310 COMP0350 

300 GM=1.4 COMP0360 
310 DT=IPRATI0**IIGM-1.01/GMI-1.01*TTI/ETA COMP0310 

DH=DT*0.06854*GM/IGM-1.01 COMP0380 
TTOCAL-TTI+DT COMP0390 
TTO.SPTMCVIL+19,O.OS,TTOCALI COMP0400 
GMA. SLGAMIITTI+TTOI/2.01 COMP0410 
RETURN COMP0420 
END COMP0430 
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TABLE X!/. SPMEMF 

5lBFTC SPMEMF IK,XIC,XI 
COMMON/CURVAl/TIME 
COMMON/KEYS/NALARM~SKIPI11I,KSIM/HMAX/H,KE.EP/MEMRY/SI131 
EQUIVALENCE IKNlll,SllIl
 
DIMENSION KNIll
 
I=K
 
L=I
 
IFIKNIL+121-KSIMI 100,200,100
 

100 IFIKEEPI 110.120,110
 
100 KNIL+121=KSIM
 
120 OUTPLJT .. XIC
 

IFIKEEPI 800,900,800
 
200 DO 220 J=I,5
 

IFITIME-SILII 220,210,300
 
210 OUTPUT=SIL+31
 

IFIKEEPI 800,900,800
 
220 L=L+2
 
3000UTPUT=5IL+ll
 
100 IFIKEE.PI 800,900,120
 
720 LL-I+12
 

DO 730 JJ=I,5
 
LL-LL-2
 
SILL+ll-SILL-21
 
SILL+2I eSILL-ll
 

130 SILL+31-SILLI
 
BOO SILI=TlME.
 

SIL+lIeX
 
900	 SPMEMFeOUTPUT
 

RETURN
 
END
 

MEMFOOOO 
MEMFOOIO 
MEMF0020 
MEMF0022 
MEMF0023 
MEMF0030 
MEMF0040 
MI:.MFOO,O 
MEMF0060 
MI:.MF0070 
MEMFOIOO 
MEMFOllo 
M[MF0130 
MEMF0140 
MI:.MFOl~O 

MI:.MFOlbO 
MI:.MF0180 
MEMF0190 
MEMF0200 
MEMF0210 
MEMF0220 
MEMF0230 
MEMF0240 
M~MF0250 
MEMF0260 
MEMF0210 
ME.MF02Bo 
MEMFo290 
MEMF0300 
MEMFo310 
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TABLE XVI. SPTACL 

SIBFTC SPTACL SPTACOIO 
FUNCTION SPTACLIL,SRGM,TT4,PT4,W~4,TT5,TT5~,TT5S,TT5MAX,WFE'WFS, SPTAC020 

$ FTAA,CAC1,OTVFATI SPTAC030 
WFs = WFE SPTAC040 
IFIWFS.EQ.O.OIRETURN SPTAC045 
N=O 
TT5~ 

100 TT5T 
= 
= 

AMINl (1ISRGM/CAC1I**2-1.01*TT5B + TT5 
SPTLUIOTVFAT,WFS/WE4,TT4)*ETAB + TT4 

,TT5MAX I SPTAC050 
SPTAC060 

OT5S = TT5S - TT5T SPTAC070 
IFIABSIOT5S).LE.O.10IGO TO 102 SPTAC080 
N=N+l 
IFIN.GT.?OIWRITFlh,lOlIN,TT5S,TT5T,nT~S,WFS,WFF 

101 FORMATl12H SPTACL, N=,13, 2X,5HTT5S=,F10.3, 2X,5HTT5T=,F10.3 
S ,2X,5HOT5S=,F10.5, 2X,4HWFS· ,F10.5, 2X,4HWFE ,F10.51 

IFIN.GT.25IGO TO 102 
WFS :: WFS*11.O+IDT5S/1500.0») SPTAC090 
GO TO 100 SPTAC100 

102 SPTACL = SPTMCVIL,O.005,WFS/PT4) SPTACllO 
100; RnlJRN SPTAC120 

END S~TAC130 
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TABLE	 XVII. SPl'LU 

stBFTC SPTLU 
FUNCTION SPTLUILIN,XIN,YINI 

C	 TABLE LOOK-UP FOR PRATT AND WHITNEY TABLE I(ONTROLI 
COMMON/CURVAL/Cl11 
COMMON/PCURVE/LOCA(1) 
DIMENSION KC(1) 
EQUIVALENCE IC,KC) 
DATA N/OI 
L=LlN 
X=XIN 
Y=YIN 
IFIL) 100,100,140 

100	 IF IN) 130.110.130 
110	 N=LOCILOCA(1»-LOCICl1»
 

JL=LO(All)
 
LOCA(1)=LOCAl1)+1+N
 
DO 120 J=3tJL
 

120 LOCAIJ-1)=LOCAIJ-1)+LOCAIJ-2)
 
13n L=-L
 

L=LOCAIL)
 
14n IFIAASICIL»-1.0) 200,300,400
 
20n IFIX-CIL+3» 210,220,220
 
210 LI-L+1
 

GO TO 230
 
220 LI-L+2
 
230 L2=KCIL1)+L-1
 

ANS=SPTLU1IL+4,ALOGIX)-Y)*SPTLUlIL2,X)
 
GO TO 500
 

300 DPR-Y-SPTLU1IL+4,X)
 
IFIOPR) 310,320,320
 

310	 DPR--DPR
 
LI-L+2
 
GO TO 330
 

37.0	 L1=L+3 
310	 L2=KCILl)+L-l
 

L3=KCIL+1l+L-l
 
ANS=SPTLU1IL3,XI+CIL)*SPTLU1CL2,OPR,X)
 
GO TO 500
 

400	 ANS=SPTLU1IL,X,Y) 
500	 SPTLU",ANS
 

RETURN
 
END
 

SPTLUOOO 
SPTLUOIO 
SPTLU020 
SPTLU030 
SPTLU040 
SPTLUO,O 
SPTLUObO 
SPTLU070 
SPTLU080 
SPTLU0'10 
SPTLUIOO 
SPTLUIIO 
SPTLU120 
SPTLU130 
SPTLlJ140 
SPTLU150 
SPTLUlhO 
SP TLu1 TO 
SPTLU180 
SPTLU190 
SPTLu200 
SPTLU210 
SPTLU220 
SPTLU23Q 
SPTLU24Q 
SPTLU250 
SPTLU2bO 
SPTLU270 
SPTLU280 
SPTLU2'10 
SPTLU3QO 
SPTLU310 
SPTLU320 
SPTLU330 
SPTLU340 
SPTLU350 
SPTLU3bO 
SPTLU370 
SPTLU380 
SPTLU39Q 
SPTLU40Q 
SPTLU410 
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TABLE XVII!. SPrLUl 

SIBFTC SPTLUI 
FUNCTION SPTLUlILOC,XIN,YlNI 
COMMON IClJRVAL I( I 1 I 
DIMENSION XYl21 
L=LOC 
X=XIN 
IFIX-CIL+ll I 110,110,120 

C X VALUE .LESS THAN X MINIMUM 
110 X=CIL+11 

(,0 TO 140 
120 IFIX-(IL+21 I 140,130,1~0 

C X VALUE GREATER X MAXIMUM 
130 X=CIL+21 
140 N1=IX-CIL+111/CIL+31 

C1=N1 
RATX={x-CIL+III/CIL+31-Cl
 

200 IFI((LI-2.01 210,210,220
 
210 LN"'L+N1+4
 

ANS=CfLNI+RATX*ICILN+11-C(LN)1 
GO TO 300 

C THREE DIMENSIONAL TABLE SECTION 
220	 Y=YIN
 

M=I((L+5)-CIL+4))/CIL+6)+1.01
 
IFIY-CIL+41) 230,230,240
 

C Y VALUE LESS THAN Y MINIMUM 
230 Y=CIL+41 

GO TO 260 
240 IFICIL+51-Y) 250,250,260 

C Y VALUF GRFATER THAN Y MAXIMUM 
250 Y=C(L+5) 
260 Ml-IY-CIL+4)I/CIL+6) 

DlaMl 
RATY 2 Iy-CIL+41)/CIL+61-Dl 
N=I(IL+21-(IL+1 ),/CIL+31+1.01 
LNcL+7+IN*M1'+Nl 
DO 280 Ka 1,2 
XYIK'-CILN,+RATX*ICILN+II-CILN', 
IFIRATYI 280,270,280 

no AN~=XY III
 
GO TO 300
 

280 LN-LN+N
 
ANS-XYll'+RATY*IXYI2,-XYll"
 

300	 SPTLUI-ANS
 
RETURN
 
END
 

PTL10000 
PTL1001n 
PTLl0020 
PTLl0030 
PTL10040 
PTLl0050 
PTLl 0060 
PTLl0070 
PTL10080 
PTL10090 
PTLlOIon 
PTL10110 
PTL10120 
PTLl0130 
PTLl0140 
PTLl0150 
PTLl0160 
PTL10170 
PTLl0180 
PTLl0190 
PTLl0200 
PTLl0210 
PTLI0220 
PTLl0230 
PTLlO£40 
PTLl0250 
PTLl0260 
PTLl0270 
PTLl0280 
PTLl0290 
PTLl0300 
PTLl0310 
PTLl0320 
PTLl0330 
PTLI0340 
PTLI0350 
PTLl0360 
PTLl0370 
PTLl038n 
PTLl0390 
PTLI0400 
PTLI0410 
PTLI0420 
PTLI0430 
PTLI0440 
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TABLE XIX. SPTURB 

118FTC SPTURB TUf.lBOOOO 
SUBROUTINE SPTURBIM,WE,WTC,FA,TT4,TTI,PTI,PTO,N,TCT,WGT,ETAT,TT8, TUf.lR0010 

1 WEAI,TTO,DHT,WEB,6MAI TUf.lB00.20 
REAL N TURB0030 
DIMENSION TCTI1 1 TURB0040 
L=M TURR0050 
WEBI=WE+WTC TURB0060 
TTB-ITT4*WTC+TTI*WEI/WEBI TUr<B0070 
PRATIO-PTI/PTO TURBOoeO 
FP=~PTLLJIWGT,I./PRATIO,IN/saRTITTBI/TCTIIIII/TCTI61*144. TURR0090 
WEB-FP*PTI*TCTI71/SQRTITTBI TUf.lBOlOO 
TTP_SPTMCVIL,0.05,0.833*TTBI+SPTMCVIL+19,TCTI81/W~B,O.l67*TT81 TURBOII0 
GMT-GMA TURB0120 
IFIGMTI 100,100,110 TURB0130 

100 GMT-l.4 TURB0140 
lio DELTTcPRATIO**I 11.0-GMTI/GMTI-1.O TURB0150 

DHTI--DELTT*TTP*0.06854*GMT/IGMT-1.OI TURB0160 
ETAaSPTLUIETAT,ITCTI21·N/SQRTIDHTIII,PRATIO*TCTI511 TURA0170 
ETA_l.0-ll.0-ETAI/ITCTI31*FP*PTI/ITTB**1.211**0.08+TCT141 TlJRB0180 
DHT -OHT I*E TA TURB01<,lO 
TTOrAL=OELTT*TTB*FTA+TTA TuRA020n 
TTO.SPTMCVIL+38,0.05,TTOCALI TURB0210 
GAM-SLGAMIITTI+TTOI/2.0,FAI TURB0220 
RETURN TURB0230 
END TURB0240 
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TAiLE xx. SARroT 

SIBFTC SARECT RECTOOOO 
FUNCTION SARECT II.XIC.DXDT.XL.XU.PATH.XRESETI RECTOOIO 
DIMENSiON KNIll RECT0020 
COMMON/CURVAL/TIMF RECT0030 
COMMON/KEYS/NALARM.SKIPI171,KSIM/HMAX/H,KEEP /MEMRY/SI141 RECT0040 
EQUiVALENCE IKNlll,Sll» RECT0050 
L=I RECT0060 
IFIKNII+131.NE.KSIMIGO TO 300 RECT0070 
DO 220 J=1,3 RECT0080 
IFITIME-SILII 220,230.600 RECT0090 

220 L=L+4 RECTOIOO 
230 SARECT=SIL+31 RECTOllO 

RETURN RECT0120 
300 IFIKEEP.EO.OIGO TO 320 RECT0130 

K.N I I + 1 3 I =KS I M RECT0140 
320 CALL ARGOIKNII+1211 RECT0150 

IFIKNI I+121.EO.7.ANL>.PATH.LE.Q.0IGO TO 330 RECT0160 
SARFCT=XIC RECT0170 
IFIKNII+121.LT.5IGO TO 340 RECTOIBO 
IFISARECT.GT.XUISARECT=XU RECT0190 
IFISARECT.LT.XLISARECT=XL RECT0200 
GO TO 340 RECT0210 

330 SARECT=XRESET RECT0220 
340 IFIKEEP.NE.OIGO TO 890 RECT0230 

RETURN RECT0240 
600 IFIKNI I+121.LT.7.0R.PATH.NE.0.0IGO TO 800 RECT0250 

DXDT=O.O RECT0260 
SARFCT=XRESET RECT0270 
GO TO 850 RECT0280 

800 SARECT=SIL+31+SIL+21*ITIME-SILII RECT0290 
IFIKNI 1+121.EO.3.0R.SIL+21.EO.O.0IGO TO 850 RECT0300 
IFISIL+21.GT.0.0.AND.SARECT.GT.XUISARECT=XU RECT031C' 
IFISIL+21.LT.0.0.AND.SARECT.LT.XLISARECT=XL RECT0320 

850 IFIKEEP.EQ.OIRETURN RECT0330 
IFIKFEP.LT.0.AND.J.GE.3IGO TO 890 RECT0340 
LL=I+12 RECT0350 
DO /HlO JJ=J,3 RECT0360 
LL=LL-4 RECT0370 
SILLI=SILL-41 RECT0380 
SILL+ll=SILL-31 RECT0390 
SILL+21=SILL-21 RECT0400 

880 SILL+31-SILL-11 RECT0410 
890SI11=TIME	 RECT0420 

SIL+ll=PATH RECT0430 
SIL+21=DXDT RECT0440 
SIL+31:zSARECT RECT045Q 
RETURN RECT0460 
END RECT0470 
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TABLE XXI. SPIM:::V
 

ue=-T': SPTMCV 
FUNCTION SPTMCVIK,TAU,TTI 
COMMON/CURVAL/TIME 
COMMON/KEYS/NALARM,SKIPI17i,KSIM/HMAX/H,KEEP/MEMRY/SI101 
EaUIVALEN<.E IKNIlI,SIlII 
DIMENSION KNIll 
I=K 
L=I 
IFIKNIL+91-KSIMI 100,200,100 

100 IFIKEEP) 110,120,110
 
110 KNIL+91=KSIM
 
120 OUTPUT=TT
 

IFIKEEPI 800,900,800
 
200 DO 220 J=1.3
 

IFITIME-SILII 220,230,300
 
220 L=L+3
 
230 OUTPUT=SIL+21
 

GO TO 900 
300	 DT,qrME-SILI
 

P=EXPI-DT/TAUI
 
Cl=TAU/DT*ll.-PI
 
OUTPUT=SIL+21*P+TT*ll.-Cll+SIL+ll*ICl-PI
 

400 IFIKEEPI 410,900,420
 
410 IFIJ-31 420,800,800
 
420 LL=I+9
 

DO 430 JJ=J,2
 
LL=LL-3
 
SILLl=SILL-31
 
SILL+l)=SILL-21
 

430	 SILL+21=SILL-ll 
800	 SILI=TIME
 

SIL+ll=TT
 
SIL+21=OUTPUT
 

900	 SPTMCV=OUTPUT
 
RETURN
 
END
 

TMCVOOOO 
TMCVOQI0 
TMCV0020 
TMCV0030 
TMCV0040 
TMCV0050 
TMCV0060 
TMCV0070 
TMCV0080 
TMCV0090 
TMCVOI00 
TMCvOII0 
TMCV0120 
TMCV0130 
TMCV0140 
TMCV0150 
TMCV0160 
TMCV0170 
TMCV0180 
TMCV0190 
TMCV0200 
TMCV0210 
TMCV0220 
TMCV0230 
TMCV0240 
TMCV025('\ 
TMCV0260 
TMCV0270 
TMCVcr280 
TMCV0290 
TMCV0300 
TMCV0310 
TMCV0320 
TMCVOBO 
TMCV0340 
TMCV0350 
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Appendix II
 

INITIALIZATION PROGRAM
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Appendix II 

INITIALIZATION PROORAM 

In keeping with the ground rules established for the propulsion system 
simulation an initialization or initial conditions (I/C) program was de
veloped. Certain elements of the I/C program are general and the example 
shown in this appendix will suffice to illustrate the general form of such 
progralllli. Specific I/C programs must be tailored for the specific system 
being initialized. 

Figure 1 shows the FORTRAN flow diagram for the STEADY program which 
acts as the controlling element in the I/C phase. The K>VE subroutine 
referred to in this diagram is a routine which locates the simulation 
program variables by name in the CURVAL storage areas and places an identi 
fying subscript in the STEADY routine so reference to and from UPDATE, the 
DSL/90 created routine which actually contains the simulation logic, can 
be made. The K>VE routine is diagrammed on figure 2. The STEADY program 
computes initial values for engine and inlet parameters that must have 
values in order to allow UPDATE to be executed. After execution of the 
simulation logic (UPDATE) the calculated values are used to compute initial 
values for several inlet variables which are required for use in SLMASS 
which computes inlet initial conditions. Figure 3 shows the flow diagram 
for SLMASS. 

After another pass through the UPDATE routine to establish engine face 
conditions, the SPJENG routine, diagrammed in figure 4, is called to compute 
the initial conditions which will bring the engine to a balanced condition. 
After balancing the engine control is returned to STEADY where final cal
culations are made and UPDATE is called several times to set all initial 
values. The repeated calling of the UPDATE routine is necessary due to the 
nature of certain DSL/90 functions such as HSTRSS which must be entered 
twice before the value appears as an output. 

The program listings for the STEADY, ~VE, SLMASS and SPJENG are given 
in tables I, II, III, and IV. The print statements sprinkled through all 
three routines are meant for checkout only and in the final version will 
be removed. 
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o c(r)::o.o 

CAL.L. M¢\l€ 

(-I)?7)L~(I)J~1 

TR = 11.0+.Z*CILMO)**Z) 
CILP4) = 5.Q * CILPOI * TR**3.5 
CILP7)=CILP4)/3.5 
CILXX)=75.0 
CILC41=1.0 
CILTXl = CILTOl * TR 
CILWDl • ClLP4l/ClLTXl * 19.48961 
CILWHl • CILWDl I 10.0 
CILN2l-10000 • 

. CILATI-435. 

I 

r-C~I~L-A~T~)-=~S~Q:-'R::-::T:-I:-C-:-I:-L-:T::-::X~')~*""C-I~L~W-:--r~)/-C~lL~P~X---)-/-.~9~1~8-8-6~1-4-4~7-I-C"":"1 -L--M"':T-,--r* 
11.0+.2*CILMTl**Zl**3 

CIIATl=CILATl 
LNT=KILNl) 
CCLTHl-ICILATl-C(L19)l/C(LNT+34) 

Figure 1. STEADY Routine 
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IMWFX-O 
CCLN2)-CCIN2) 
CCJN2)-CCIN2) 
LNT-IU LNN) 

CAll. SPJO'.r 

(I MvJF)() 

+ 
>-------~ WFUEL-CCLWFl 

CCLQO)-CCCLWF)/CCLP4)-CCLQ1»/CCLNT+14) 
CCIQO)-CCLQO) 

CCIA9)-CCLA9) 
CCLAJ)-CCCLA9)-210.1)/CCLNT+53) 
CCIAJ)-CCLAJ) 
CCLBP)-CCCLW7)-CCLW2»*SQRTCCCLTX»/ 
C(L~2 CCCLC1)*CClC3)*CClP2» 

'.. ) -C ( JN2 J 

c::A l..L pa.tAJ., 

. (J-JA-f'I'E) 

Figure 1. S'l'EADY Routine (Continued) 
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C(LQO)=-C(LNT+12)~--< 

-)0 

, r~wF)(:. f 
C(~~ 0) ~ cC t.Q 0) 

Figure 1. STEADY Routine (Concluded) 
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It-=- I+I~t~ 

e(t.. ,,) =-C (1:'2.) 

£- d> (A ~,,<;c(t) 
VAl'(I):: C{t~A 

RE,URN
 

Figure 2. K>VE Rout ine 
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SAVE=HIST(ll 
HIST(ll=O.4 
XTl:.MP=X 
SQRTTD=SlJRT(TTDl 

WXt38=WX-(X-XII I I*Wl1*PHIY 

N=ll 
DELX=HVL/IO. 
DP=DLPTYl/IO. 
PTN=PTY+DP 
I 1=1 
L=LL(20l 

8-------~.,
 
J=O 
WTH=o.o 
XTEMP=XTEMP-DELX 

Figure 3. SLMASS Routine 
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PTN=PTN-DP 
XTEMP=XTEMP+DELX 
AR=SLTLUIAREA,XTEMP,ATl 

~--..... W,J=:W'l<BB 

WN=WX-IX-XTEMP)*WII*PHIY 

WPAR=WN/PTN*SQRTTD/AR 
XMX=SLMVFGll,O.4,WPAR,1.4l 
TN=TTD/ll.O+.2*XMX*XMXl 
WN=WN/I49.021176*SURTITNl*XMX) 

.J :. - ,
 

Figure 3. SLMASS Routine (Continued) 
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(ILl=DELX/36.0*IWTH-WN/2.0l 

- 0
 

H1ST(1)=SAVt. 
PTDPD=VD/(lll*PTDH/TTD*2.6991611 
XMDHS=5l*IPTDPO**.4-1.l ~ 

XMF=(1.0+.Z*XMDHS)**3 
(( LAR )·=WZ/PTDH*SQRT (TTD/XMDHS) I 

•91886145*XMF/ADGEO*XKAI 

11=-1 
l=lLI15l 
N=lOl 
DElX=IX2-1X+HVLl )/100. 
\NHB·WDB 
DP=IDlPTlD+DlPTD2)/100 • 
PTN=PTY-DlPTYl+DP 

Figure 3. SLMASS Routine (Concluded) 
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CALL ""';VE(O) 

Co\l..l.. M4>\JE: 

(i) 4A)L4lC(I»)V~I2.'~ 
, Hq,t..(I) 

CALL MO\J€ 

- r)tt-JLtc(~}) 
~L(q») 

N2C3NX=N06002/SQRTCT04003/S18.69)/C(LN367T+43)
 
PRHX-SPTLU(PR3T07.N2C3NX)
 
CCLP.. )-C (PRHX-l.O)/CCLN367T+.... )+1.O)*P04003.... '
 
CCLP7)-C(LP4)/3.S
 
ClLWF)-C(LWP)*C(LP4)
 

Ie. \lIT =,00 

cAll. uPOII\1"'E: 

Figure 4. SPJENG Routine 
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DELT6 a C(LTS)-T08606 

ICi5:ICTS-1 

ClLWF)-ClLWF)* 
ll.O-DELT6/1500.> 

ClLNZ)-ClLN2>* 
ll.+OELTbIClLT5» 

l3()..-------~ 

CCLA9)-ClLA9)*CCL9S)/CCL96)

CCIP4)aC(LP4)
 
CCIP7)-CCLP7)
 

Figure 4. SPJENG Routine (Continued) 
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IC~H' ~ 100 

DELHP-C(LH4)*CCLW3)-CCLH6)*CCLWS)*CN622
 

ICHp·ICHP-l 
CILP7)-C(LP7)-DELHP/200. 

ICWT-ICWT-l 
C(I.P4)-CCLP4)* 
(1.+.~*DELWT/C(LW5) 

DELWT=CCLWS)-CCLW6) 

Figure 4. SPJENG Routine (Concluded) 
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TABLE I. STEADY
 

,I18FTC STEADY 
SUBROUTINE STEADY 
COMMON/CURVAL/CI21/5YMBLS/NOINTG,NOSYMB,SYMBI21 
COMMON/KEYS/NALARM,KPOINT,KPRINT,DELTP,KPLOT,KLAB,DELTG,KFINlS, 

lKRANGE,KLOCK,INTYPE,KREL,KABS,KPTl,T,RLAST,ALAST,KTITLE,KSIM 
DIMENSION 

1 HOLI371 ,LOCt371 
DIMENSION Kill 
DATA HOLl11 I 222HA08108X08110POOOOOCN6004CN6007N06222T01015WA6003 

SP01015MN8110MN8105A08120A08113WF6000N08605QA8611T08608A08602WA1027 
_____ SCN1001CN1003 POI012 A06009A08105WQ1967WQ1904CN1004MNOOOOTOOOOoCN86TO " 

3CN81TOWA1022A01803N08650N06002N08b03T08602 I 
EQUIVALENCE 

llLOC I II, 
2. I LOC I 4) , 
3,ILOC I 7), 
4,ILOC I 101, 
5,ILOC I 13), 
6,ILOC I 16lt 
7,ILOC I 191. 
8,ILOe- I 22), 
9,ILOC I 251. 
A,ILOC I 281. 
B,ILOC I 311, 
D,IKl11,Cl111 
E, I LOC I 36 I , 

MAT),ILOC 
LP41 , I LOC 
LTXI,ILOC 
LMTI,ILOC 
LBP),ILOC 
LQll ,.ILOC 
LW71,ILOC 
LP21.ILOC 
LWHI.ILOC 
LMOltlLOC 
LN11,ILOC 

,ILOC 
I QO I , I LOC 

I 
I 
I 
I 
I 
C 
( 

( 
( 

I 
I 
C 

C 

21 , 
5 I , 
8) • 

11 ) , 
14 I , 
171 • 
20 I , 
231 • 
26) , 
291 , . 
321 • 
341. 
37 Jt 

LXX), I LOC 
LP7),ILOC 
LW2),ILOC 
LTH), I LOC 
LWF It I LOC 
LAJI,ILOC 
LC 11 , I LOC 
LA91.ILOC 
LWDI,ILOC 
LTOI,ILOC 
LWII.ILOC 
IN21.CLOC 
lAJ. 

I 
I 
I 
I 
I 
I 
I 
I 
( 

... 1 .. 
C 

C 

LPOI 
LN21 
LPXI 
Ll91 
LQOI 
IA91 
LC31 
LATI 
LC41 
LNN I .. 
lAta 
JN21 

3 I , 
b I , 
9) , 

12 I , 
15)" 
18 I , 
211 , 
241 , 
27 I • 
301, ... 
331,
"It 

DATA NAME/6HSTEADyI 
IFIKLOCKI 30,20,30 

___ 20 CI11-0.0 
30 CONTINUE 

CALL MOVE 1-1.37.LOCIll,DUM.HOLI11. 
DO 10 1"'1,1 

10 LOCIII-LOCIII 
TR '" 11.Q+.2*CILMOI**2. 

_~ . CILP41 - 5.0 * CILPOI * TR**3.5 
CILP71-CILP41/3.~ 

CILXX)-75.0 
CILC41-1.0 
CILTXI - CILTOI • TR 
CILWOI 
CILWHI 

- CILP41/CCLTXI 
- CILWDI I 10.0 

• 19.48961 

CILN2)-10000. 
CALL MOVEIOI 
CILATl k 435. 
CALL UPDATE 
CILATI-SQRTICCLTXII*CILWII/CILPXI/.918861447/CILMT •• 

1 11.0+.2*CILMTI**21*.3 
CIIAT)2CCLATI
LNT-KILN1) 
CILTH)-ICILATI-CIL19.J/CILNT+341 
CALL PRINT INAME. 
CALL SLMASS 
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TABLE I. STEADY (CONCLUDED)
 

IMWFX-O
 
(lLN2t-(IIN21
 
(lJN21-(lIN2t
 
LNT-IU LNN t
 

zoo (ALL SPJENGlIMWFXI
 
IFllMWFXI 210.210.220
 

210 ClLOOt-l(lLWFI/CCLP4)-CCL0111/CCLNT+141 •
 
( l I 00 I -Cf Lao I
 

2Z0	 WFUEL-(CLWFI 
( I lA9 t -( CLA9 I 
(lLAJI-l(CLA91-210.11/CCLNT+S31 
(l IAJ)-(lLAJt
(lLBPI_((ILW71-(lLW2».SORTlCCLTX»)/CCCLC1).CCLC3).CCLPZ» 
(lLN2t-ClJN21 
(ALL PRINT lNAMEI 
CALL UPDATE 
(ALL PRINT lNAMEI 
(ALL MovElOI 
CALL UPDATE 

. CALL PRINT (NAME)
IF lABSlWFUEL-ClLWF) 1-.000001) 400.400.300
 

300 IFlIMWFX) 310.310.400
 
310 IFl(lLWF)-WFUELI 320.320.330
 
320 ClLaOI-CtLNT+12)
 

GO TO 340 
_330 (C Lao )--C CLNT+12 ). . . .__ . .... .... _. 

340 IHWFX-l 
C( lao hC CLOO ) 
GO TO 200 

400 RETURN 
END 
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TABLE II. M:>VE
 

51BFTC MOVE MOVEOOI0 
SUBROUTINE MOVE ~NV,LOC,HOL,VARI MOVE0020 

C ••• WHEN M • -1 DSL/90 PARAMETER NAMES IN HOl ARE LOCATED AND THIERMOVE0030 
C LOCATION PLACED IN LOC ARRAY MOVE0040 
C ••• WHEN M • 0 DSL/90 INTEGRATOR I/C VALUES ARE MOVED TO OUTPUTS MOVE0050 
C ••• WHEN M - +1 M - -1 IS EXECUTED THEN VALUES OF CeLOCI ARE MOVED MOVE0060 
C TO VAR ARRAY MOVE0070 

COMMON ICURVAL/Cfll/SYMBLS/NOINTG MOVE0080 
DIMENSION LOCflJ,HOLeIl,VARf11 MOVE0090 
CALL ARGQfNAI MOVE0100 
IFtNA.EQ.OIGO TO ~OO MOVEOllO 
NA - NA - 3 MOVE0115 
DO 100 I-I,NV MOVE0120 
LOCfl1 - LOOK1HOL1III MOVE0130 
IFfNA.EQ.OIGO TO 100 MOVE0140 
LOCA - LOCel1 MOVE0150 
VARll1 • CeLOCAI MOVE0160 

100 CONTINUE MOVE0170 
RETURN MOVE01SO 

~OO IHINT • 6 + 2 • NOINTG MOVE0190 
DO 600 I-I,HOINTG MOVE0200 
12 - I + IHIHT MOVE0210 

600	 C f I +6 I • Cf 12 I MOVE0220 
RETURN MOVE0230 
END MOVE02"0 
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TABLE III. SLMASS
 

S18FTC SLMASS 
SUBROUTINE SLMASS
 
COMMON/CURVAL/Cel)
 
COMMON/SYMBLS/NOINTG,NOSYMB,SYMBel)
 
COMMON/MEMRY/HISTel)

DIMENSION
 

1 HOLC221 ,VAR(22) ,LL(22)
 
DATA HOL(1) 1132HX01005X01021X01023QL1101A01TOOCN1004A01803 

1A01004V01004P01016P01024P01467P01474P01442WQ1904QL1046QA1022QA1005 
2X01002WQ1967T01015WA1027 I 

EQUIVALENCE 
1 eVAR C I), Xlt(VAR 2), XI),eVAR 3), XiiI)
2, eVAR e 4 ) , HVL ) , eVAR 5), AREA),eVAR 6), XKAI)
3,eVAR e 7), ATlteVAR, 8), AOGEO), (VAR 9) , VO)
4, eVAR e 10), PTYlteVAR 11), PTOH),(VAR 12),OLPTYZ)
5,eVAR e 13),OLPTZO),(VAR 14),OLPT02),(VAR 15), WOB)
6,eVAR e 16), PHly),eVAR 17), WII),(VAR 18) , WX)
7,eVAR e 19), X2),eVAR 20), WHB),(VAR 21), TTO)
8,eLL e 6), LAR),(VAR 22), WZ) 

CALL UPDATE
 
CALL MOVE e1,22,LL(1),VARe1),HOLC1).
 
SAVE-HIST(1)
 
HISTell-O.4
 
XTEMP-X
 
SQRTTO-SORT eTTD)
 
IFeXTEMP-XIII) 210.220.220
 

210	 WXBB-WX-eX-XIII)*Wll*PHIY 
GO TO 230
 

220 WXBB-WX
 
230 N-U
 

OELX-HVL/10.
 
OP-OLPTYZ/I0.
 
PTN-PTY+OP
 
II-I 
L-LL (20) 

240	 J-O
 
WTH-O.O
 
XTEMP-XTEMP-DELX
 
DO 380 I-leN
 
PTN-PTN-OP
 
XTEMP-XTEMP+DELX
 
AR-SLTLUeAREA,XTEMP,AT)
 
IFeXTEMP-XIII) 250.260,260
 

250	 WN-WX-eX-XTEMP)*Wtl*PHIY
GO TO 270
 

260 WN-WXBB
 
270 WPAR-WN/PTN*SQRTTO/AR
 

XMX-SLMVFGe1,O.4,WPAR,I.4)
 
330 TN~TTO/e1.0+.2*XMX.XMX)
 

WN~WN/e49.021176*SQRTeTN)*XMX)
 
IFeJ) 340,360,350 
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TABLE III. SLMASS (CONCLUDED)
 

340	 WN-4.0*WN 
J-l 
GO TO 370 

350 WN=WN+WN 
360 J=-l 
370 WTH-WTH+WN 
380 CONTINUE 

C(L)-DELX/36.0*CWTH-WN/2.01
 
IFIll) 400.400.390 ,
 

390	 11--1 
L=Ll(15) 
N-lOI 
DELX-lX2-CX+HYl))/100. 
wHB.WDB 
DP-(DLPTZD+DLPTD2)/IOO. 
PTN-PTY-DlPTYZ+DP 
GO TO 240 

400	 HISTll)-SAYE 
PTDPO-YD/CCl)*PTOH/TTO*2.6991611 
XMDHS-5)*(PTDPD**.~-1.) 

XMF-ll.0+.2*XMDHS)**3 
CllAR).WZ/PTOH*SQRTCTTD/XMOHS)/.91886145*XMF/ADGEO*XKAI 
CALL MOYEIO) 
CALL UPDATE 
RETURN 
END 
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TABLE IV. SPJEN'G
 

118'TC SPJENG 
C PROGRAM TO INITIALIZE SIMPLIFIED INTEGRATED PROPULSION SYSTEM 
t ~-S-68 TURBOJET ENGINE INITIALIZATION 

SUBROUTINE SPJENG IIMWFXI
 
COMMON/CURVAL/CI 11/SYMBLS/NOINTG,NOSYHB.SYHBI 11
 
DIMENSION
 

1 HOLI241 ,LOCI241 ,VARI I)
 
DATA NAHE/6HSPJENGI
 

JENGOOOO 
JENG0010 . 
JENG0020 I 
JENG0030 
JENG0040 . 
JENGOOSO i 

DATA HOL(1) I 144HCN6222N06002T08606T04003P04003CN367TPR3T07WA3T31 
1P06n04P06007P0600~T06005WF86d1WA6003HD6034HD60S6WG6055WG60S6A06009JENG0080 

_____ 2CN6004CN6007WG6095WG6096QA8611 I 

10 

___ 15 

20 
30 

100 
150 

__ .160 

170 

172 

174 
176 

110 
190 

200 

EQUIVALENCE 
1 I LOC I 91 , 
2,ILOC I 121, 
3, I LOC I 15 I , 
4, I LOC I 18 1• 
5. CLOC I 211 • 
•• ILOC (24), 

EQUIVALENCE 

LP4),ILOC 
L15) ,I LOC 
LH4),CLOC 
LW6I ,I LOC 
IP71.ILOC 
LWP).ILOC 

1 I VAR I lltCN62221 • CVAR 
2.CVAR I 41,T040031,CVAR 
3,IVAR I 7I,PR3T071.IVAR 

REAL N06002 .N2C3NX 
IFIIMWFX.EQ.1IGO TO 15 
CALL HOVEIOI 

10 It LP71 ,I LOC 
131, LWFI,ILOC 
161 , LH61,CLOC 
19), LA9I, CLOC 
Z21t L95).ILOC 

21t LN2) 

ZI,N060021.CVAR 
51 ,P04003l. CVAR 
II .WA3T31)
 

CALL HOVE 11,8,LOCl1I,VAR(1),HOLll)1 
CALL HOVE 1-1,16,LOC(9),VARC1),HOLI9)1 
00 101 11 1,1 
LOCIII-LOCII) 
N2C)NX-N06002/SQRTIT04003/51•• 69)/CCLN367T+43) 
PRHX-SPTLUIPR3T07,N2C3NXI 
CILP41-IIPRHX-l.OI/CCLN367T+44)+1.0)*P04003 
CILP71-CILP41/3.S 
CILWFI-CILWPI*CCLP41 
ICWT - 100 
WRITE 16,201 N2C3NX.PRHX, 
FORHAT IIHO/l1H .SF20.111 

FORHAT I1H .15.5F19.5/C1H 
CALL UPDATE 
ICH-IOO 
DELT6·CILTSI-T08606 

CILP4). 

.5X.'F19.5It 

• 0.'
 

111, 
14 It 
17' , 
ZOIt 
23), 

JENCi0100 
LP51JENGOllO 
LW31JENG0120 
LW~IJENG0130 
IP4IJENG0140. 
L96JJENG0150 

JENG0160 i 
3),TOI606)JENG0170 
6).LN367T)JENG0180 

JENG0190 
JENG0200 
JENG3235 
JENG02101 
JENG0220 

JENG0240 
JENG02S0 
JENG0270 
JENG0290 

JENG0310\ 
CILP7) .CCLWFt 

WRITE 16,301 ICT5.CILWF),CILHItCCLN2),DELT6 
IFIABSIDELT6)-.011 110,110.170 
ICTS-ICTS-1 
IFIIMWFXI 172,174,172 
CILN21-CILN21*11.+DELT6/CILT51)
GO TO 176 
CILWFI.CILWF)*11.0-DELT6/1500.1
CALL UPDATE 
IFIICTS) 224,160.160 
ICHP-100 
DELHP.CILH41*CILW3)-CILH6)*CILW5)*CN6ZZZ 
WRITE 16,301 ICHP,CILP7).CCLH41,CILW3).CCLH6),CCLW5).DELHP 
IFIABSCDELHPI-0.11 210,210,ZOO 
tCHP-ICHP-1 
CILP71·CILP71-DELHP/ZOO.
CALL UPDATE 
I'CICHP' 2Z4,190.190 

JENG0390·
 
JENG0400
 

JENG0420 

JENGQ430 
JENG0440 
JENG0450 
JENG0460 
JENG0470 

JENG0490 
JENG0500 
JENGOHO 
JENG0520 
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TABLE IV. SPJENG (CONCLUDED)
 

210	 DfLWT-CILW5t-CILW61 .JENG05)O 
WRITE 16.30) ICWT.WA603G.eILW5).eILW6).DELWT 
IFtABSIDfLWTt-.0001)230.230.220 

220	 leWT-ICWT-l .JENG0550 
eILP41-CILP41*ll.+.5*OELWT/CCLW5» 
WRITE 16.2221 leCOMP.1CT5.1CHP.leWT .JENGOHO 

Z2Z	 FORMAT 11H .41101 .JENG0580 
.	 IFlleWT) 224.100.100 .JENG0590 

CALL IfHRAN 
CALL PRINT IHAMEt 
CILA9t-CILA91.CCL9~t/CCL96t .JENG0630 I 

ClIP4) -Cl LP4 t .JENG0640· 
CCIP7t-CCLPlt	 .JENG0650· 

.__	 RETURN .. . _. .... __ .. . . .JENG0660 
END .JENG0610 
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