AD-784 771

SIMULATION OF TRIPLE-SPOOL TURBOFAN
ENGINE

Edward K. Norvaisis

Air Force Aero Propulsion Laboratory
Wright-Patterson Air Force Base, Ohio

April 1974

DISTRIBUTED BY:

National Technical Informatien Service
U. S. DEPATTMENT GF COMMERCE
2285 Port Royai Road, Springfield Va. 22151




NGTICE

When Government drawings, specificaticns, or other data are used for any purpose
other than in conmectica with a dafinitely related Government procurement operaticn,
the United States Government thereby incurs no responsibility wor any obligation
whatscever; and the fact that the government may have formulated, furnished, or in
any way supplied the said drawings, specifications, or other data, is not to be regarded
by implication or otherwise as in any manner licensing the holder or any other person
or corporatica, or conveying any rights or permission to manufa:ture, use, or sell any
patented invention that may in any way Le related thereto,

This technical report has been reviewed and is epproved for publication.

AL e i

ms Rhite Section

e Wi Sxtin O 14»@/ g
CHARKSOKCES n) 5:

. ar—— e

e T—— ERNEST C. SIMPSON
Chief, Turbine Engine Division
. Air Force Aero Propulsion Laboratory

BISTRIBUTION/AVAILMUICITY DODES
dist, AVAIL. a2¢/00 SMECIAL

R

T e At ) o

Copies of this report should not be returned wnless reiurn is required by securily
considerations, contractual cbligations, or notice on a specific docwment,

i

M- SR 2

- mg




SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered) :D - 7 g ‘/ 77 /

P ; READ INS ONS
] REPORT DOCUMENTATION PAGE BEFORE O DO RM
i. REPORY NUMBER 2. GOVT ACCESSION NO.| 3. RECIPIENT’S CATALOG NUMBER
AFAPL-TR-74-13
4, TITLE (and Subtitle) S. TYPE OF REPORT & PERIOD COVERED
Simulation of Triple-Spool Turbofan Engine Final

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(s) B. CONTRACT OR GRANT NUMBER(S;

Edward K. Norvaisis

£ ADDRESS 10. PROGRAM ELEMEN T. ROJECT TASK
9. PERFORMING ORGANIZATION NAME AND ADDRESS RN TR UNIT NUMB
AFAPL/TBA |
Wrignt- “Patterson AF3, Ohio 45433 668A0215
11, CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
April 1974
12._NUMBER OF PAGES
74 MCNITORING AGENCY NAME & ADQRESS(If different {rom Controlling Oflice) 15, SECURITY CLASS. (of this re;orl) ;
Unclassified i
15a, DECL ASSIFICATION/ DOWNGRADING P
SCHEDULE

16. OISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 2¢, 1f ditferent from Report)

18. SUPPLEMENTARY NOTES

;
H
i
B

DDC
r\rarra, iR

19. KEY WORJS (Continue on reverse side il necessary and identify by block number)

Turbine Engina Simulation Roproauced by AUG 15 1974
Turbine tngine Computer Programs NATIONAL TECHNICAL ‘
Turbine Engine Cycle Analysis INFORMATION SERVICE —Eb U E

U & Department of Commorce
Springficld VA 22151

20. ABSTRACT (Continue on reverta side i nocessary #nd iden. !~ by block number)

This report describes a digital computer program entitled TRISPL.
TRISPL is a computer progrem that simulates steady-state design and
off~design performance of ¢riple-spool turbofan engines. The program
nas been formulated for an engine type with two core spools and one
fan spool but can easily be modified for other engine types (two fan
spools and one core spoal, for example). The program, written in
Fortran IV language, uses performance maps {in Block Data format)

*ORM PP
[»] I8 AN 73 1473  EOITION OF 1 NOV 6515 ORSOLETE ) linclassified

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entersc

A S Y o S T Bt — e —

e

BN L a7 LA E R




e

Unclassified
SECURITY CLASBIFICATION ©F THIS PAGE(Whan Bata Entered)

Block r 20 !

of the major engine components. Information on setting up the Block Data
and input data is given in the report. Also included.is a complete

program iisting with a description of each subroutime and sample
results.

[~ a

=
=
£
g

e ™




Ko ki on

FOREWORD
This report was prepared in the Performance Branch (AFAPL/TBA),
Turbine Engine Division, Air Force Aero Propulsion Laburatory, Wright-
Potterson Air Force Base, Ohio, under Project 668A0215, with Edward K.
N;::vaisis as Project Engineer. Z
. This report covers work conducted within the Performance Branch {
in the time period between April 1973 and January 1974,
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ABSTRACT

»This report describes a digital computer program entitled TRISPL.
TRISPL is a computer program that simulates steady-state design and
off-design performance of triple-spool turbofan engines. The program
has been formulated for an engine type with two core spools and one
fan spool but can easily be modified for other engine types (two fan
spools and one core spool, for example). The program, written in
Fortran IV language, uses performance maps (in Block Data format)

of the major engine components. Information on setting up the Block

A

Data and input data is given ir the report. Also included is a complete

program listing with a description of each subroutine and sample results.
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SYMBOLS
{
STATION NUMBERS
7 1 ambient
2 fan entrance
21 fan exit/intermediace compressor and duct entrance
22 intermediate compressor exit/high compressor entrance
3 high compressor exit/burner entrance
4 burner exit/bi pregsure turbine entrance
45 hi press, turbine exit/int. press. turbine entrance
5 int. turbine exit/low press. turbine entrance
55 low press. turbine exit
6 afterburner entrance
7 afterburner exit
8 main nozzle throat
9 main nozzle exit i
23 duct burner entrance
24 duct burner exit
25 duct exit if mixed flow engine
28 duct nozzle throat —
29 duct nozzle exit
THERHMODYNAMIC PROPERTILS
T total temperature (degrees R) %
P total pressure (atm) %
H total enthalpy (Btu/lbm) é
;

S total entopy (Btu/lbm °R)
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PS

FAR

AM

\Y

COMPONENT SYMBOLS

F

Cs

B, COM
D, DUC
THP
TIP
TLP
A, AFT

NOZ

ENGINE SYMBOLS

ETAR

static temperature (degrees R)
static pressure (atm)

fuel-air ratio

Mach number

velocity (ft/sec)

fan N

intermediate (middle) compressor

high pressure compressor

combustor

fan duct

high pressure turbine
intermediate turbine
low pressure turbine %
afterburner
nozzle
main nozzle
overboavd :

total .

ram recovery, P2/P1
ratio cf corrected speed to design corrected speed
percent of design shaft speed

pressure ratio
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In addition to all input symbols, the following are output:

BLDU

BLDUC

BLDUI

BLC

BLF

BLHP

BLHPC

BLHPI

BLI

BLIP

BLIPC

BLIPI

BLLP

BLLPC

BLLPI

BLOB

BLOBC

BLOBI

areas (ftz)
Mach numbers
total bleed flow into duct (lbm/sec)

bleed flow into duct from high-pressure compressor
(1bm/sec)

bleed flow into duct from intermediate compressor
(1bm/sec)

high-pressure compressor bleed flow (lbm/sec)
fan bleed flow, overboard (lbm/sec)
total bleed flow to high-pressure turbine (lbm/sec)

high-pressure turbine cooling bleed from high-
pcessure compressor (lbm/sec)

high-pressure turbine cooling bleed from intermediate
compressor (lbm/sec)

intermediate compressor bleed blow (lbm/sec)
total bleed flow to intermediate turbine (lbm/sec)

intermediate turtine cooling bleed from high-
pressure compressor (lbm/sec)

intermediate turbine cooling bléed from intermediate
compressor (lbm/sec)

total bleed flow to low-pressure turbine (lbm/sec)

low-pressure turbine cocling bleed from high-
pressure compressor (lbm/sec)

low~pressure turbine cooling bleed from intermediate
compressor (lbm/sec)

total overboard bleed flow (1bm/sec)

ov.-tboard bleed flow from high-rressure compressor
(1bm/sec)

overboard blced flow from intermediate compressor
(1bm/sec)

xiii



FN
FRD

GU
ITRYS
LOOPER
SFC
TOLALL
va

vJ

INPUT SYMBOLS
ALT?

AM

AM55

M6

A8

A28

CHHPDS
CHIPDS
CNLPDS
CVDNGZ
CVMNOZ
DELFG, DELFN,
DELSF(
DPAFDS

DPCODS

pressure thrust (1bf)

net thrust (1bf)

ram drag (1bf)

initial or guessed values

number of loops thru engine before quitting
number of loops thru engine

specific fuel consumption (lbm/1bf/hr)
tolerance on convergence

flight speed (ft/sec)

jet velocity (ft/sec)

altitude (£ft)

flight Mach number

Mach number at low pressure turbine exit
afterburner entrance Mach number at design

maig nozzle throat area - can he changed at off design -
(£e<)

duct nozzle throat area - can be changed at off design -
(£t4

design corrected speed - high pressure turbine
design corrected speed - intermediate turbine
design corrected speed - low pressure turbine

duct nozzle velocity coefficient

main nozzle velocity coefficient

delta degradation multiplier for gross thrust, net
thrust, and specific fuel consumption, respectively.
Usually input as 1.0

afterburner design nressure drop, AP/P

zombustor design pressure drop, AP/P
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DICODS

ETAA

ETABDS

ETACDS

: ’ ETAD
. ETAFDS
| ETAIDS
ETAR

ETHPDS

ETIPDS
o ETLPDS
HPEXT

TAFTBYN

IAMTP

- IDBURN
IDCD

T IDES

IDUMP

IGASMX
IMCD
& ITRYS

24 MODE

o

NOZFLT

PCBLC

T

PCBLDUC

R 2 i 3y e
b

£l i

iy

f .

cembustor design temperature rise,MT (°R)
afterburner efficiency
combustor efficiency at design

high-pressure compressor adiabatic efficiency at
design

duct burner efficiency

fan adiabatic efficiency at design

intermediate compressor adiabatic efficiercy at design
ram recovery, P2/Pl

high-pressure turbine adiabatic efficiency at design
intermediate turbine adiabatic efficiency at design
low-pressure turbine adiabatic efficiency at design
horsepower extraction

index on afterburning desired

index on ram or inlet operation desired

index on duct burning desired

duct nozzle will be convergent-divergent when IDCD=1

index for design point: must be set equal to 1 to
design engine; zeroed automatically

index for dumping error matrix
index for mixed flow or non-mixed flow turbofans

main wozzle will be convergent-divergent when IMCD=1

index for maximum number of iterations

independent variable designator for engine operation
inaex for floating main or duct nozzle

% of total high-pressure compressor airflow that is bled

% of high-pressure compressor bleed flow that is bled
into duct




PCBLDUI

PCBLF

PCBLHPC

PCBLHPI

PCBLI

PCBLIPC

PCBLIPI

PCBLLPC

PCBLLPI

PCBLOBC

PCBLOBI

PCNC
PCNCDS
PCNF
PCNFDS
PCNI
PCNIDS

PRCDS

PRFDS

PRIDS

P§55
P2

% of intermediate compressor bleed flow that is
bled into duct

% of total fan airflow that is bled (overboard)

% of high-pressure compressor bleed flow that is
bled to the high-pressure turbine

% of intermediate compressor bleed flow that is bled
to the high pressure turbine

% of total intermediate compressor airflow that is
bled

% of high-pressure compressor bleed flow that is
bled to the inteimediate turbine

% of intermediate compressor bleed flow that is
bled to the intermediate turbine

% of high-pressure compressor bleed flow that is
bled to the low-pressure turbine

% of intermediate compressor bleed flow that is
bled to the low-pressure turbine

% of high pressure compressor bleed flow that is
bled ovec-board

% of intermediate compressor bleed flow that is
bled overboard

high-pressure compressor shaft speed as a percent

design high-pregsure compresgor shaft speed as a percent
fan shaft speed as a percent

design fan shaft speed as a percent

intermediate compressor shaft speed as a percent

design intermediate compressor shaft speed as a percent
high~pressure coupressor pressure ratio at design

fan pressure ratio at design

intermediate compressor pressure ratic at design

static pressure at low-pressure turbine exit (atm)

bt 950 e - At RN G AL a e

fan face total pressure, for nonstandard days (atm)
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TFHPDS high-pressure turbine flow fun:tion at design

TSIPDS intermediate turbine flow func:ion at design

TFLPDS ?w~-pressure turbine flow functlon at design

TOLALL tolerance on r nvergence at error matrix

T2 fanu face total temperature, for nonstandard days (°R)

124 duct-burner exit temperature, when ductburning (°R)

Th conbustor exit/turbine inlet temperature (°R)

T4DS combustsyr exit/turbine inlet temperature at design (°R) -

T aft:rburner exit temperature, wi.en afterturning (°R)

Wi afterburner fucl flow rate, TAFTBN=2 (1lbm/sec)

WEB -jain combustor fuel flow rate, MODE=2 (lbm/sec) :

WFBDS combustor fuel flow rate at design, MODE=2 (lbm/sec)

W¥D duct burner fuel flow rate, IDBURN=2 (lbm/sec) i

ZCDS, ZFDS, design 1atio of high pressure compressor, fan, é

ZiDbs and intermediate compressor respectively; equals i
pressure ratio at design on design speed line minus :
one divided by high(surge) value minus one on the :
design speed line :

. 1
OUTPUT SYMROLS :
T ;
Some symbols, st h at T, are followed by station numbers; see station

numbe:r symbols
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In addition to all input symbols, the following are output:

AM

BLDU

BLDUC

BLDUI

BLC

BLF

BLHP

BLHPC

BLHPI

BLI

BLIP

BLIPC

BLIPI

BLLP

BLLPC

BLLPI

BLOB

BLOBC

BLOBI

FRSESE £y viimg: o Ea g (IS R WD
IR e S TN

areas (ftz)
Mach nunbers
total bleed flow into duct (1lbm/sec)

bleed flow into duct from high-pressure compressor
(1bm/sec)

bleed flow into duct from intermediate compressor
(1bm/sec) :

high-pressure compressor bleed flow (1bm/sec)
fan bleed flow, overboard (lbm/sec)
total bleed flow to high-pressure turbine (1bm/sec)

high-pressure turbine cooling bleed from high-
pressure compressor (lbm/sec)

high-pressure turbine cooling bleed from intermediate
compressor {lbm/sec)

intermediate compressor bleed blow (1bm/sec)
total bleed flow to intermediate turbine (lbm/sec)

intermediate turtine cooling bleed from high-
pressure compressor (1lbm/sec)

intermediate turbine cooling bléed from intermediate
compressor (lbm/sec)

total bleed flow to low-pressure turbine (lbm/sec)

low-pressure turbine cocling bleed from high-
pressure compressor (lbm/sec)

low-pressure turbine cooling bleed from intcimediate
compressor (lbm/sec)

total overboard bleed flow (1mn/sec)

overboard bleed flow from high-~pressure compressor
(1bm/sec)

overboard bleea flow from intermediate compressor
(1bm/sec)
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BYPASS

CNC

CNF

& CNHP

CNHPCF
CNI

CNIP

CNIPCF

CKLP

CNLPCF
- Cs

. DHHPCF
t DHIPCF
DHLPCF
DHTC

DHTCHP
DHTCLP

DHTCLP

DHTF

DHTI

DPAFT

DPCOM

DPDUC

:
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bypass ratio, duct airflow divided by intermediate
compressor alrflow

high pressure compressor corrected shaft speed as a
percent

fan corrected shaft speed as a percent

high pressure turbine corrected shaft speed us a
percent, PCNC/AT4

high pressure turbine speed correction factor
intermediate compressor corrected speed as a percent

intermediate turbine corrected shaft speed as a
percent, PCNI//T45

intermediate turbine speed correction factor

low-pressure turbine corrected shaft speed as a
percent, PCNF/ JT5

low~pressure turbine speed correction factor
ambient speed at sound (ft/sec)
high-pressure turbine work correction factor
intermediate turbine work correction factor
low-pressure turbine work correction factor
high-pressure turbine work, AH, (Btu/lbm)

high-pressure turbirz work, temperature corrected,
AH/T (Btu/lbm °R)

intermediate turbine work, temperature corrected,
AH/T {8¢u/1tm °R)

low-nregssure turbine work, temperatnre corrected,
AH/T (Btu/1lbm °R)

lcw-pressure turbine work, A" (Btu/ibm)
intermediate turbine work,AH {Btu/lbm)
afterburner/tailpipe presesure, loss, AP/P
combustor presgure loss, AP/P

fan duct pressure loss, AP/P
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DTAFCF

DTDUDS
ETAACF
ETAADS
ETAB
ETABCF
ETAC
ETACCF
ETAD
ETADCF
ETADDS
ETAF
ETAFCF
ETAI
ETLICF
ETATHP

ETATIP

STATLP
ETHPCF
ETIPCY
ETLPCF
FAR
FART

FG

DTAFDS
DTCOCF

DTDUCF

afterburner temperature rise correcticn factor
afterburner temperature rise at design, AT (°R)
Combustor temperaturc rise correction factor
duct-burner temperature rise correction factor
duct~burner temperature rise at design, AT (°R)
afterburner efficiency correction factor
afterburner efficiency at design

combustor efficiency

combustor efficiency correction factor
high~pressure compressor adiabatic efficiency
high~pressure compressor efficlency correction factor
ductburner efficiency

duct burner efficiency correction factor
ductburner efficiency at design

fan adiabatic efficiency

fan efficiency correction factor

intermediate compressor adiabatic efficiency
intermediate compressor efficiency correction factor
high~-pressure turbine adiabaiic efficiency
intermediate turbine adisbatic efficiency
low-pressure turbine adiabatic efficiency
high-pressure turbine efficiency correction factor
intermediate turbine efficiency correction factor
low-pressure turbine efficiency correction factor
fuel~air ratios

total fuel-air ratio

gross thrust (1Lf)
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FGM

FGMD

FGMM

FGP

FGPD

FGPM

FN

FRD

H

P

PCNC

PCNCGU

PCNF

PCNFGU

PCNI

PCNIGU

PRC

PRCCF

PRF

momentum thrust, total (1bf)

momentun thrust from duct (1bf)

momentum thrust from core (1bf)

total pressure thrust (1bf)

pressure thrust from duct (1bf)

pressure thrust from core (1bf)

net thrust (1bf)

ram drag (1bf) h
enthalpies (Btu/lbm)

total pressures (atm)

high~pressure compressor shaft speed as a percent
first guess of PCNC

fan shaft speed as a percent

first guess at PCNF

intermediate compressor shaft speed as a percent
first guess at PCNI

hipgh pressure compressor pressure ratio

high pressure compressor pressure ratio
correction factor

fan pressure ratio
fan pressurs ratic correction factor
intermediate compresser pressure ratio

intermediate compressor pressure ratio correction
factor

static pressures (atm)
entropies (Btu/lbm -°R)
specific fuel consumption (lbm/1bf/hr)

total temperatures (°R)
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T2DS
T21DS

T22DS

T24DS
T7DS
T4GU
TFFHP
TFFIP
TFFLP
TFHPCF
TFIPCF
TFLPCF
v

VA
vJib
VM
WA
WAC
WACC
WACCF

WACDS

static temperatures
fan face total temperature at design (°R)
fan exit total temperature at design (°R)

intermediate compressor exit total temperature
at design (°R)

ductburner exit temperature at design (°R)

afterburner exit tamp~: iture at design (°R)
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first guess at T4 (“R) '

high-pressure turbine flow function

intermediate turbine flow function

low~-pressure turbine flow function

high-pressure turbine flow functicn correction factor

intermediate turbine flow function correction factor

A

low-pressure turbine flow function correction factor
velocities (ft/sec)

aircraft velocity (ft/sec)

fan duct exhaust velocity (ft/sec)

core exhaust velocity (ft/sec)

airflows (1lbm/sec)

high-pressure compressor airflow (lbm/sec)

high-pressure compressor corrected airflow (lbm/sec)

high~pressura compressor airflow correction factor

high-pressure compressor airflow at design (1bm/sec) ]
duct airflow (lbm/sec)
fan airflow (lbm/sec)

fan corrected airflow (1bm/sec)

DU

fan airflow correction factor
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WAI
WAIC
WAICT

WA3CDS

WA23CDS
WFADS
WFDDS
WFT
WGT

WG6CDS

z¢, ZF, 21

B o F

TR

intermediate compressor airflow (lbm/sec)
intermediate compressor corrected airflow (lbm/sec)
intermediate compressor airflow correction factor

high~pressure compressor exit corrected airflow
at design (lbm/sec)

ductburner entrance corrected airflow at design (lbm/sec)
afterburner fuel flow rate at design (lbm/sec)
ductburner fuel flow rate at design (lbm/sec)

total fuel flow rates (1lbm/sec)

total gas flow rate (lbm/sec)

afterburner entrance corrected gas flow at design
(1bm/sec)

similar to ZCDS, ZFDS, and ZIDS except these
are off-design - see Input Symbols

xviii
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SECTION I

INTRODUCTION

In 1967, a digital computer program for balancing cycle turbofan
engines titled SMOTE was developed in the Air Force Aero Propulsion

Laboratory (Reference 1). This program is capable of simulating design

B e e —— o - o————

and off-design performance of two-spool turbofan engines. This report
- describes a similar technique, obtained by modifying the SMOTE program,
that simulates design and off-design performance of three-spool turbo-
fan engines. NABA, Pratt and Whitney, General Electric and other con-

tractors have developed or are developing working models that simulate

the performance of three spool sngines. However, through the
experience gained in developing an in-house computer program, more
flexibility can be exercised in making modifications to satisfy varying
future needs without being deptndent on contractors or other organi-
zations,

Three-spool turbofan enginits will be competitive as candidates for
powering future aircraft systems. This effort has provided the Air
Force Acro Propulsion Laboratory with an in-house method for evaluating

the peformance of three-spool turbefan engines.
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SECTION II
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A computer program titled TRISPL is described. This program is
derived from SMOTE (Simulation of Turbofan Engine) which was developed
by the Turbine Engine Division of the AF Aa2ro Propuision Laboratory,
Wright-Patterson AFB, Ohio.

TRISPL calculates dqsign and off-design performance of 3-spool
turbofan engines, Component maps, input as block data, are scaled
internally to simulate a specific engine. The program is formulated
for two core spools énd one fan spool operation. Options are included
for mixed or separate flow :ugines and dry or afterburning operation.
The program can be modified for different modes of operation and engine

types, 2 fan spools and one core spool for exampls.
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SECTION IIIX

METHOD OF ENGINE CALCULATIONS

The following discussion is very similar to that in the report
describing the SMOTE program.
1. COMPONENT MAPS

The performance of the major engine components is based cn
component maps. These maps are usually obtained from analytical
methods or rig-testing and are then converted into Block Data subtroutines
for use by TRISPL. The maps presently included in TRISPL are very general
and do not represent any particular engine or engine components.

The component maps are scaled at the engine design point by TRISPL
in order to match their performance to a desired set of performance
figures which are input as data. Scaling or correction factors are
calculated and then applied to the maps at off-design points. The
scaling process is linear; therefore, correction factors near unity
result in the highest accuracy of component simulation. Conversely,
hcwever, not being close to 1.( does not necessarily mean that the
simulatirn is poor since many maps have been shown to be typicai over
quite large ranges in the variables.

TRISPL presently includes component maps for the fan, intermediate
compressor, high pressure compressor, combustor, and the three turbines.
Duct burning, duct losses, gas mixing, afterburning, tailpipe losses, and
nozzle losses are all calculated or input, but these characteristics could
also be included as Block Data if maps were available. Likewise, schedules

for bleed air and variable area nozzles couid be used.
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a. Fan-Compressor Maps
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The fan and compressor maps are very similar and are plots of

b g

ik

K

pressure ratio vs., corrected airflow with constant corrected speed lives

and constant efficiency islands (see Fig, 1). Entry to the map is through ?%
5
the corrected speed and Z, where Z is a ratio of pressure ratios, and

is defined at a constant corrected speed as shown in Figure 1. It is

advantageous to use Z instead of pressure ratio because Z is restrained
betveen the limits of 0 and 1, whereas the limits on pressure ratio vary
depending upon map location and the particular map. Also, as indication

that the fan or a compressor is approaching surge is given as Z approaches 1.

b. Combustor Map

The combustor map is a plot of efficiency vs, temperature rise

for constant input pressure (see Fig. 2). Entry to the map is through

temperature rise and input pressure, with efficiency being output.
c. Turbine Maps
The turbine map is a plot of work function vs, corrected speed with
constant turbine flow function lines and constant efficiency islands

(see Fig, 3). The work function and flow function are defined as
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Entry to the muv is through corrected speed and flow function, with work

LN
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The work function could have been used as an entry in place of one of
the present entries, but, because of the shape of the curves, this could
lead to double entry points for one work function. However, if the turbine

maps were plotted in a different format, this ¢ould de an acceptable

method.
2. DESIGN POINT

Once the compounent maps have been redu:nd to 3lock Data form and
placed in the program, it is necessary to run a design point. The design
point is r.un at those conditions under which the real engine is designed or
sized, often sea level static. Design parameters necessary to simulate
the real engine (for example, airflow, bypass ratio, turbine inlet
temperature, various pressure losses, pressure ratios, etc.) are input
and a complete thermodynamic cycle calculation is performed. For more
details on the cycle calculation see Section III 4, "Off-Design Points".
Scale factors for the component maps are calculated to insure that
the input design parameters are met. If the design parameters have
been correctly input, the design point will be completed after one pass
through the engine calculations (that is, no balancing will occur) because
the maps are shifted to reduce the errors to zero.

Other parameters calculated and output at the design point include
certain temperatures, airflows, gas mixing areas, and nozzle throat
and erit areas.
3. SCALING FACTORS

Scaling or correction factors are calculated at the design point
using the following equation:

P {correction factor) = P (Jdesign)/P (map)

where P represents a general parameter. One excepcrion to this equation
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is the equation for calculating the fan and compressors pressure correction
factors:

PR (correction factor) = [PR (design) - 1] / [PR (map) -1]
where PR represents a general pressure ratio.

Theoreticaily, if the component maps and the input design parameters
are exact representations of a particular engine, the correction factors
will equal 1. However, this will not be true.due to map interpolationi,
certain assumptions such as ideal and isentropic flow, and tolerances
in the thermodynamic calculations. If unmatched component maps are
used, the correction factors can differ significantly from 1.

4. OFF-DESIGN POINTS

The following discussion pertains particularly to off-design
points, although the input and the general cycle calculations sre the
same for the design point. Throughout the following discussion, it
should be remembered that scaling or correction factors (multipliers)
are applied to all performance maps (Block Data parameters). A schematic
diagram of the engine components and statio:.: designations is showm
in Fig. 4.

a. Input

The program uses a controlled output; that is, the variables
desired as output can te selected at the start of a run. This selection
is obtained by placing the names of the variables in the first section
of input cards. Controls, scaling factors and operating conditionc
make up the rest of the input.

The control fnputy are used tov determine the tyve of engiue;
mixed or separate flow, afterburning or duct hurning, and convergesnt

or convergent-divergent nozzle. The controls are also used to fix the
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b mode of operation; constant PCNF, constant PCNC, constant T4, or constant

= WFB. Other controls determine inlet conditions, title printout, and

é~ cycle looping printouts. The correction factors can be input directly,

;, or the design point can be run first and the ¢ .culated factors will be

ke

%. stored in common. The operating conditions include the flight Mach

;2 number, altitude, power setting (either PCNF, PCNC, T4, or WFB), duct burner

%~ and afterburner temperatures or fuel flows, bleed, and horsepower

%L extractio:,

ﬁg b. Initial Values

;i The program uses six primary independent variables: ZF,

Z PCNF, 2T, PCNI, 2C, PCNC (T4 may be substituted for PCNF or PCNC,
j; depending upon the mode of operation). Three secondary independent :
;; variables (TFFHP, TFFIP, and TFFLP) are also used to ensure correct

:i entry into the turbine maps. 1Initial values for these nine variables g
i; must be obtained to start the program at each point. A subroutine (GUESS) %
i— supplies these variables as a function of T2, T21, and some of the §
?E variables themselves. It is important to note that the closer the %
i? initial values are to the final values at a balanced point, the g
?i faster the program will run. Therefore, after a particular engine é
‘g configuration has been run a few times, it is nsually advisable to change 2
i; the general initial value equations to suit the engine, using the knowledge

-

' gained from past runs to estimate more closely the final values of

A

,é the varlables.

3

o




T

Y e
SRREIENS s

c. Inlet

The thermodynamic properties of the atmosphere are found from

a 1962 ARDC Atmosphere Tables subroutine. Using conservation of energy

and isentropic flow, the conditions at the face of tie fan can be found.

A ram recovery can be input or, if not input, a ram recovery defined by

MIL~-E~5008E Specifications will be used. If desired, a T2-P2 direct

input mode is available as are provisions for nonstandard day conditions.

d. Fan and Compressor

Block Data is used to determine the performance characteristics
of the fan and compressors. When Z and PCN are known, the pressure ratio,
corrected airflow and efficiency can be found by using a general Block
Data interpolation routine named SEARCH. With the preasure ratio known
and when the assumption of isentropic compression and the efficiency are
used, the thermodynamic conditions at the exit of the fan and compressors
can be calculated. Bleed for consumer use, leakage, or cooling is accounted
for. Actual airflow leaving the fan and compressors 1s calculated from
corrected afirflow, temperature, pressure, and bleed.

It should be mentjioned here that the present form of TRISPL
calculates corrected speed (CN) in a manner slightly different from SMOTE.
TRISPL uses an equation which forces corrected speed (CN) to equal
physical shaft speed (PCNy at the design point. The equation is

CN = (PCN/{6) » /9
where @ is corrected temperature, and ©p is the corrected temperature at

design., Thus, at the design point, CN = PCN, This equation is useful

A Nk e B N N TN R fArr s G i T Y

for studyiang theoretical engines where actual maps are not available but

SR

must be changed back to the SHMOTE equation if real engines are to be

simulated. 3MOTE uses this equation: CN = PCN//@.

i~
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2., Combustor
The pressure drop in the combustor is a function of a design pressure
drop and ratio of corrected airflow to design corrected airflow.
Combustor efficiency is obtained from Block Data using SEARCH. The fuel
used is assumed to be JP-4 (at 59°F), and, with the assumption of adiabatic
and constant pressure combustion, a fuel heating value equation as a
function Jf T4 has been derived. Thus the fuel/air ratio, fuel flow,
and thermodynamic conditions at the combustor exit can be calculated.
If WFB is known instead of T4, a small iteration is uecessary.
f. Turbines

The turbine subroutines all use similar logic and obtain their
performance characteristics from Block Data using subroutine SEARCH. All
three turbine parameters (CN, TFF, DHIC) caun be calculated before entering
the turbine map, bu; only two are needed. Therefore, the third parameter
obtained £rom the map is compared with the calculated third parameter,
and a balancing error is generated if they are not zqual, 1In this program,
CN and TFF are used for map entries, and DHTC is used to generate the
error. In addition, the efficiency !s also obtained through SEARCH.

In addition, another error will ve generated if TFF is not within
map limits. The error will be the difference between TFF and the nearest
map limit. This error becomes particularly important when the estimated
inictial values of the independent variables are far from the correct
values, and the point is extremely unbalanced. When either TFF or CN
is not within map limits, they are set to the nearest map limit, and one
of the independent vcriables is changed in an attempt to rectify the
situation. The operating point must appear on all maps before a complete

cycle calculation can be accomplished.
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Horsepower extraction is accounted for in calculating DHTC of
the high pressure turbine. When the efficiency is used and the turbine
process is assumed isentropic, the thermodynamic properties at the three
turbine exits can be calculated. Any bleed airflow for cooling the turbines
is treated as if it entered the main stream behind the turbine, and the
thermodynamic properties at the turbine exit are recalculated to account
for this.

g. Duct

The duct airflow and bypass ratio are calculated from the fan
and intermediate compressor airflows. The pressure drop in the duct is
treated as in the main combustor. For duct burning, the same fuel heating
value equation that was used in the main combustor is again used, but
the efficiency must be input. As in the combustor, either the temperature
(T24) or the fuel flow (WFD) may be input.

1f a separate flow engine is being simulated, the duct nozzle

calculations are done in this routine, although they are accomplished in

el W e 1w L

the same manner as for the main nozzle.
h, Mixer
The gas mixing areas (duct exit and turbine discharge for a
mixed flow engine or just the turbine discharge area for a separate

flow engine) are calculated at the design point using either an input

core static pressure or Mach number. 1In the mixed flow mode, there is
an option for calculating afterburner entrance area as a function of arn

input afterburner entrance Mach number at the design point. At an off-

design point the areas are used to calculate static pressures and Mach

numbers.
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For a separate flow engine, the thermodynamic conditions entering

the afterburner are now known, since they are identical to turbine discharge
conditions.

For a mixed flow engine, a set of derived equations based on one-
dimensional fluid flow theory and conservation of mass, energy, and
mementum is used to determine the thermodynamic conditions after complete
mixing of the two gas streams. These equations do not require that thg
static pressures of the two entering streams be equal. However, for a
correct engine balance, the two static pressures must be equal, and a
balancing error is generated if they are not equal.

i, Afterburner

The dry loss (cold loss) pressure drop in the afterburner is a
function of a design pressure drop and the ratio of corrected gas flow
to the design corrected gas flow.

For afterburning, the same equation for the fuel heating value
that was used in the combustor is again used, but the efficiency must be
input. As in the combustor, either temperature (T2) or the fuel flow (WFA) :
may be input. A momentum loss (hot loss) pressure drop is also calculated.

j. Nozzle

The main nozzle program uses fixed effective areas (except
when afterburning or when different nozzle areas are directly input)
calculated at the design point. Either a convergent oy convergent-
divergent subroutine may be used depending upon the input controls.

Lf afterburning has been selected, the nozzle areas are allowed to float
to obtain optimum performance; however, the areas are returned to their

original design values after the afterburning point is completed. WNozzle
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areas can also be changed by directly inputting different nozzle area
values. The duct nozzle behaves identically to the main nozzle,
including floating areas if duct-burning has been selected.

Because all thermodynamic properties of the gas stream are known,
as well as the amount of flow, nozzle areas, and ambient pressure, there
is a redundant parameter. For this program, the total pressure of the gas
stream was chosen as the redundant parameter. The nozzle calculations
are made without using the total pressure, and a required total pressure
compatible with all other known parameters is calculated. This required
pressure is compared with the actual pressure and a balancing error is
generated if they are not equal.

k. Performance and Output

At this point, nine errors have been generated after one pass

through the engine. Several more passes must be completed under control
of the error matrix and engine balancing technique.. See Section IV for
a detailed description of the balancing technique. Eventually however,
the errors will be reduced to zero, and engine performance will be
calculated using standard equations. Gross thrust is obtained by summing
the mementum term (a nozzle velocity coefficient may be input) and a
pressure-area term, and the net thrust is in turn found by subtracting
a ram drag (airflow momentum loss at inlet) term from the gross thrust.
Specific fuel consumption (SFC) is total fuel flow divided by net thrust.

As previously mentioned, a controlled output is used, whereby only
selected variables are printed. Each variabie is labeled with its name
and provisions have been made for changing the name of a variable. In
addition, the values of all variables in common are printed in a

close format so that variables other than those selected for a specific

run are available later on, 14
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5. QJADRATIC INTERPOLATION ROUTINE

Tirroughout the program there are many small loops (for example,
thernodynamic iterations and table look-up) which require convergence.
Trial-and-error methods and lincar interpolations can be time consuming,
especially when a tight tolerance is necessary; therefore, a general
interpolation routine called AFQUIR (Air Force Quadratic Interpelation
Routinel (Reforence 1Y is used.

This routine requires a dummy array dimensioned for nine locations.
Also input into the routine through the calling argument are the
independent and the dependent variables, the answer or value which the
dependent variable is to converge upon, the number of tries at conver-
gence, the tolerance, and a variable called DIR.

The DIR is either set or calculated in the calling program and
is an initial guess at the direction and percentage change to apply to
the first value of the independent variable. If not enough is known about
the variable to calculate DIR, an arbitrary value may be set. This should
not affect the final result, but may increase the number of tries of
convergence.

The DIR thus establishes the second value at the independent variabice.
This value is used in the calling program to determine a corresponding
second value of the dependent variable and AFQUIR 1s called a seccond time

with two sets of values. A linear interpolation is made which results in

a third valuc of the indepcnuent variable. AFQUIR is then called a third
time with the third values of the independent and dependent variables and
a quadratic interpolation is made. The values of these three sets of

variables have been stored in the dummy array, and from hereon, quadratic

15
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interpolations are made using the three sets which give values closest
to the answer. Values farthest from the answer are lost.

Various safeguards are built into AFQUIR to return the interpolation
method to DIR or linear if the roots of the quadratic become complex, if
the quadratic does not intercept the answer, if the value of the independent
variable differs radically from previous values, or if two sets of
independent and dependent variables are identical.

Also it is possible to preload the dummy array directly at the
lirear or quadratic interpolations if desired.

In summary, AFQUIR is a completely flexitle routine which performs

quadratic interpolation for quick convergence of general functions.
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SECTION IV
BALANCING TECHNIQUE
The balancing technique is virtually the same as that used in SMOTE.

It is based on finding a solution for a set of partial differential

equations. For this program, the set is composed of nine equations;
however, using a set of only three equations will simplify the following
discussion. This corresponds to a basic single spool turbojet simulation.

SMOTE uses a set of six equations.

As discussed previously, nine independent variables (ZF, PCNF or T4,

ZI, PCNI, ZC, PCNC or T4, TFFHP, TFFIP, and TFFLP) were selected. Once

these variables have been given initial values, it is possible

to proceed thrcugh an entire engine cycle calculation. Nine errors are
generated as shown in Section III. These initial values of the nine

> variables and nine errors are referred to as base values.

In the following equations, V refers to a variable and E to an error.

e R e 3%

The basic set of differential equations based on E = f(V) is

9E oE

dE, =—511 dV, + 5512 dV, + 3E, o dV, Lo
1 2 av .

3

= 3E 9E, 3E,
dE, = 5721 4V, + =522 dv, + 723 dv, .
1 2 3 :

oE 3E 3E

dE

5
4
V—
.
<

+

: =32 dV,, + =33 dV
3 8V1 1 3V2 2 3V3 3
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where the single subscripts correspond to three variables and three

errors and where the double subscripts indicate the change in a parti~

cular error (first subscript) due to a change in a particular variable

(second subseript).

Assuming small changes result in the following approximations

(where B refers to a base value):

dE = E - EB
Vv =V - VB
E _AE
N T AV

With these approximations and the fact that E should be zero when

the engine is balanced, the set of partial differential equations

reduces to

AE AE AE
11 12 13
El. - EBl -A_V_l—dvl + iV, v, + AV34‘1V3 - EBl
AEpy AEy, AEp3
E, - EB, = v, + av, + dv, = - EB
27 %2 ayy LT Ay, 27 pvg 3 2
BE3, BE3; 8E33
E, - EB, = ——dV_ + dv, + -4V, = - EB
3 b sy, 7 vy B 3

Three more passes (nine for TRISPL) are now made through the engine

cycle calculations, and one variable is changed by a small amount (AV) for

each pass. The change in each error due to the small change in che

variables (AE/AV) can be calculated.
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The above set of differential equations can now be golved for dVL’
dVy and dV3 and, in general, the new value of each independent variable
would be given by

V = VB 4+ dV
If the engine cycle calculations were linear functions, the engine would
balance (errors equal zero) with these new values of the variables.
However, this is usually not the case. The new errors become base
errors (still keeping the old AE/AV's) and another attempt at balance is
performed. 1If several such attempts still fail, the entire process is
repeated where the new errors and variables become base values and a
new set of AE/AV's are calculated.

A subroutine to determine the solution of a matrix is used to solve
the set of differential equations. After each pass through the engine, a
matrix array is loaded with the appropriate values; after ten passes {(base
value plus nine independent variables) the matrix subroutine is called
to solve the matrix.

It was found that the "dV's" obtained from the solution of the
differential equations were in many cases too large, thus causing the
variables to exceed their limits, and to make it practically impossible
to balance the cycle. The "dV's" are therefore multiplied by a suppression
factor cal:ulated in the program which limits the swing of the variables.
Although this procedure may tend to increase the rumber of passes before
balancing in some cases, it also balances points which previously would
not balance. These points are most generally far from the design point,

where oscillations of the dependent variables tend to build up.
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SECTION V
i
é : INPUT/OUTPUT DESCRIPTIONS

)

1. BLOCK DATA INPUT

The three coméressor maps are entered into the program as BLOCK

e
?‘ DATA subprograms FANDAT, INIDAT, and CMPDAT.
;3 4 Using FANDAT as an example (refer to program listing), and refer-

ring to typical map (Fig. 1), the data are programmed as follows:

Card 1 identifies the program as BLOCK DATA. Card 2 is a comment card.

R

i Card 3 identifies the common block FAN into which data are to be stored

Ty
Mkl

and dimensions the program variables. Card 4 indicates that there are
10 speed lines N and the number of points NP on each line (6 on the

lowest speed, 7 on the next 3 lines, etc). Card 5 assigns the value of

speed to each of the 10 lines (low to high). The remaining cards

indicate the values of pressure ratio (PR), corrected airflow (WAC), and
efficiency (ETA) for the speed linee. For example, the card
DPATA (PR (4,J), J = 1,7)/

denotes that the pressure ratios are for the 4th speed line (CN = 0.6)
and that there are 7 points.

The combustor BLOCK DATA subprogram is CMBDAT. Referring to the
program listing and a typical combustor map (Fig 2), the data are
programmed as follows:

Card 1 identifies the program as BLOCK DATA. Card 2 identifies the common

block COMB into which data are to be stored and dimensions the variables.
Card 3 indicates that there ure 15 lines of constant PSI(P3) by the

value of N, and that there are 15 values of DELT (DT) and ETA(ETAB) along

20
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each line of constant PSI(P3). Cards 4 and 5 assign values to each of

the P3 lines from low to high pressure. Cards 6 to 8 assign values of

AT to each of the P3 lines starting at low AT. The lowest value of AT

on each of AT on the lowest value of P3. Next comes the second lowest value
of AT on each P3, etc. Cards 9 to 16 assign the value of ETAB in a

one-to-one correspondence with the AT values just assigned. The orde.

is the same.

The turbine maps are the BLOCK DATA subprograms HTURB, ITURB, and ; f
LTURB. Taking HTURB as an example and referring to the program listing ;
and a typical map (Fig.3) the data are programmed as follows: Card 1 iden-

tifies the subprogram as BLOCK DATA, Card 2 is a COMMENT card. Card 3

4 AL B I e tah 0 4R L e

identifies the common block HIURB into which data are to be loaded and
dimensions the program variables. Card 4 indicatcs the number of constant

turbine flow function lines TFF as 11 (N) and the number of points on

[ T T R

each line from low to high TFF. Cards 5 and 6 set values of TFF from

o)y

low to high. The remaining cards set the values of corrected speed

W NIn e

(CN), work function (DH), and efficiency (ETA) starting from low TFF.

JEVERE

For example, the card,

ke TED A

DATA (DH(5,J), J = 1,15)/ :
denotes that the work functions are for the 5th flow function line
(TFF = 49,175) and that there are 15 points.
2. CONTROLLED OUTPUT/NAMELIST INPUT
The input data is divided into two sections; data cards for the
controlled output, and data cards in Namelist format for running each
point. ‘tor the following discussion on setting up input data, vefer to

the listing of somple data immediately following the program listing.
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a. Controlled Output

The variables that are to be output are selected by the first section
of data cards. Any variable that is in one of the main commons (DESIGN,
FRONT, SIDE, or BACK) may be selected for output by punching the name at
the variable as it appears in the common (with trailing blanks if necessary) !
in Columns 1 throv - 7., Up tc 150 variables (25 lines of 6 variables)
may be chosen for a particular run. During the output phase, the name

\

of the variable is printed out, with its value printed immediately below
the name.

Another feature of the controlled output is the ability to change
the name of a variable to be output; for example, it may be desired to
change a station designation to one more common to a particular programmer.
In this case, the variable name would be punched in Columns 1 through 7
as described above, but in addition, the desired name would be punched
in Columns 15 through 22. Special symbols, such as /, may be used in the

new name., The last card of the controlled cuiput must be a card with

THEEND punched in Cclumns 1 chrough 6.
In addition to the warilables selected as controlled output,
the values of all variables in common are printed in a close format

so that variables other than those selected for a specific run are %

availlable later on.

b. NAMELIST Input

The normal data for running the desired points follows the controlled

PPN

output data and is in a Namelist format, where the name of the Namelist is

R PO

DATAIN. Usually the first set of data is the design point, as shown in
the sample input data. When the design point is run (DDES = 1), all map

scaling or correction factors are printed out, as well as being retained :

22

et dmn Simrs o ipe e s Y




" ,aﬁ%hﬁvpg-;\q PENY "

, :_../‘.'.}‘

N

in common. Therefore, it is possible to run off-design points immediately
%l following the design point by making use of the values in common, or to
33 begin running an off-design point immediately by inputting the scaling
b or coirection factors. The first method is usually easier, but the second
method may be desired if many points are to be run using the same engine
parameters with no changes except for power setting, Mach number, and
altitude.

The variables that must be input at the design point for the

basic cycle (for example, nu afterburning) are listed in Table I below:
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TABLE 1

INPUTS REQUIRED FOR BASIC CYCLE AT DESIGN POINT

DEFINITION

UNITS

PRFDS
WAFDS
ETAFDS
ZFDS
PCNFDS
PRIDS
WAIDS
ETAIDS
4IDS

PCNIDS

PRCDS
ETACDS
ZCDS

PCNCDS

ETABDE
DPCOLS
DTCODS
T4nSs

TFHPDS
CNHPDS
ETHYDS

FIPDS

Fan pressure ratio

Fan face airflow

Fan efficiency

Design Z of fan

Fan shaft speed expressed as percent
Intermediate compressor pressure ratio
Intermediate compressor (core) airflow
Intermediate compressor efficiency
Degign Z of intermediate compressor

Intermediate compressor shaft speed
as a percent

Uigh pressure compressor pressure ratio
fligh pressure compressor efficiency
Design Z of high pressure compressor

High pressure compressor shaft speed
as a percent

Combustor efficiency

Combustor pressure drop, AP/P
Combustor temperature rise

Turbine inlet temperature

High pressure turbine flow function
High pressure turbine corrected speed
High pressure turbine efficiency

Intermediate turbine flow function

24

1b/sec

1b/eec

°R

°R

vt e e et

W/PR/(SFCY (p & -

1b/OR/(BFCY (5.

P

P P F S .



Yedko
R
R

X : 4

=y

A AT
TIRT

pat e

e
o~ £

TRk

s

AR o o St e po s RNt
ek SRS S

e,

&3 »?“.'.M

s
%

Rk iy iinidss

7 87
W

R
Gasn

iREe ety
atHd ot

,,
a1

e,
AT sy

VARTABLE DEFINITION UNITS
CNIPDS Intermediate turbine corrected speed
ETIPDS Intermediate turbine efficiency
TFLPD3S Low pressure turbine £low function 1bJ?§7(sec)(psia)
CNLPDS Low pressure turbine corrected speed
ETLPDS Low pressure turbine efficiency
DPDUDS Fan duct pressure drop, AP/P
DPAFDS Tailpipe pressure drop, AP/P
AMS55 Mach number at low pressure turbine exit
;;SS Static pressure at low pressure turbine atm
_ exit
All Flight Mach number
s TP Altitude ft
HPEX [ Horsepower extraction hp
Loz Main nozzle velocity coefficient
ZVLNOZ Duct nozzle velocity coeffirient
+
) Yarious bleed fiows (see Symbols)
+

Various control parameterz (see below)

As mentioned in Table I, various control paramzcers which fix the
engine tLype, mode of operation, method of calculating ram recovery, etc.
must be input, These are listed below. Subroutine ZERO determines
what valucs in common will be zeroed between points. None of the design
1alues or courrection factors are zeroed but some of the countrol parameters
are. lu the control parameter listing below, tbe superscripts (1) to (4)

have the following meanings: (1) avr’ ~matically returned to zero after
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each point is calculated, must be re-input if option is again desired,
(2) option can be used only at off-design points; (3) these input
values remain as input unless changed by a new value; (4) a set-up case

must be run where all the components are first matched before these £ O
options are used, then the identical case may be repeated exerzising

these options.
(1)
1

3)
MODE = 0 Specify T4

IDES = For calculating design point

(2) (3)
MODE = 1 Specify PCNC
(3)
MODE = 2 Specify WFB
(3)
(2)MODE = 3 Specify PCNF
(3)
INIT = 0 Initializes point
(3)
INIT = 1 Will not initialize point
(3)
IDUMP = 0 No looping write-outs
(3)
IDUMP = 1 Will dump looping write-outs if error occurs
3)
IDUMP = 2 Will dump looping write-outs after every point
(3)
IAMTP = O Will use AM and mil-gpec ETAR
(3)
IAMTP = 1 Will use input AM and input ETAR
3)
IAMTP = 2 Will use input T2 as T1=T14T2 and standard Pl (T2 value
needs to be input at every point or an error will occur
whenever used)
(3)
IAMTP =3 Will use input P2 and standzrd T1 3
(3) k
IAMTP=4 Will use input T2 and input P2 ;
(3) =
1GASMX=0 Separate flow, A6=A55
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(3)
1GASMX=1 Will mix duct and main streams, A6=A25+A55
(3)
TGASMX=2 Will mix duct and main streams, input AMb6
(4) )
IDBURN=1 For duct burning, input T24
(4) (1) f
IDBURN=2 For duct burning input WFD i
(4) (1) f
IAFTBN=1 For afterburning (mixed or unmixed streams), input ‘
T7
(4) 1 )
TAFTBN=2 For afterburning (mixed or unmixed streams), input WFA :
(3) ,
IDCh=1 FAn duct nozzle will be convergent-divergent
(3)
TMCD=1 Main nozzle will be convergent-divergent
Y
(4) (3)
NOZFLT=1 For floating main nozzle exit area
(4) (3)
NIZFLT=2 For floating duct nozzle exit area
(4) (3) ;
NOZFLT=3 For floating duct and main nozzle exit areas ‘ :
ITRYS=N ’ Number of passes through engine before quitting ,
TOLALL=X Tolerance which the errors must satisfy before

engine 1s matched
DELFG, DELFN,
DELSFC Normally input as 1.0 unless a correction is desired
ITITLE=1(1) A title card must follow after the input data for
this point (see below)

A title card must be input immediately after the first point of the
data pack and ITITLE must be set equal to 1 in the data for the first
point. This is because a title is always printed for each point and
must therefore be previously defined. The input format for the title

is 12A6 and the resulting 72 spaces are centered on the page when

printed out. The title may be changed by setting ITITLE=1l and inserting

a new title card after the Namelist data for the point.
27
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0ff-Design Operation

Shown in the sample input listing are methods of specifying off-design
operation points. The user inputs the appropriate control parameters,
Mach number, altitude and power setting other than design values (power
setting being a value for T4, PCNC, PCNF, or WFB).

If the engine has all its nozzles fixed, then an input such as T4
or shaft speed will set the thrust level. Other means of changing
engine operation can be accomplished by varying nozzle throat areas AS
znd A28. For example, an off-design condition may exist where the
operating point lies outside the limits of the block data input for
a component map such as the fan. A nozzle throat area change could
return the operating point back on the input map. It should be noted
that an area remains changed until it is recalculated by a new design
case or altered by a new input.

The nozzle exit area (A9 and/or A29) may be floated to obtain full
expansion of using NOZFLT=1, 2 or 3 for non-afterburning cases.

To run duct burning (fan stream only), cases load ETAD, and
either T24 or WFD. To run afterburning, cases load ETAA, T7 or WFB.
When such a point is run, the exhaust nozzle arees are allowed to float
to obtain optimum expansion. This means that there can be no balancing
at the point, and it is necessary to prebalance the engine cycle in a
nonaugmented mode. That is, an identical point, except that it is
nonaugmented must be run before either afterburning or duct burning.
When either IAFTBN orx IDBURN is greater than zero, the program will
automatically set INIT=1 and use the balanced values from the preceding
point. The nozzle areas are returned to their original values after
completing an augmented point. Some examples of afterburning are given

in the samp’e data listing. 2

T T TR AT Chres "hahiwe B e O haveddrects & mam s e i 4 e Mt e AT s ST r T T e Do T A

e R 2 ATl

e« Bna T




G LR NRYNR STk oy Y iy sa toly, G e g TR YL L T
o R TR L T T O P T T

'

R SECTION VI

22 -

: - SUBROUTINE DESCRIPTIONS

i3

A f]vq chart of the computer program with the subroutines is shown

f? : in Figuz") 5. Listed here are brief descriptiovns of the subroutines. !
S .

; i TRISPL Dummy main program to initiate~the calculations ;

‘ and cause the input of the controlled output variables.

i ' Because of the looping between subroutines, control

j is never transferred back to this routine. |

‘ ENGBAL Main subroutine. Controls all engine balancing ’
'x' loops, checks tolerances and number of loops and

i: loads matrix.

“ﬁ MATRIX Solves error matrix

‘ INPUT Reads Namelist data and ticle. Prints title,

ZERO Zeroes common and certdin controls

:, COINLT Determines ram recovery and performs inlet calculations i
_ ATMOS 1962 US Standard Atmosphere table ’
? RAM Calculates ram recovery defined by MIL-E-5008B 3
Specifications ;
\ GUESS Determines initial values of independent variables
(PCNF, PCNI, PCNC, and T4) at ecach point. It may be 2
§ desired to change these equations to sult a particular )
: engine. The closer the finitial values are to the )
final values, the faster the program will balance.

>

“ COFAN Uses BLOCK DATA to perform fan calculations

: COINTIC Uses BLOCK DATA to perform intermediate compressor

, calculations.

K
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Figure 5. TRISPL Subroutine Flow Chart




(N

Y " St

(e

o

3

W

2
1%
.
f—:
"
3
oig

CocoMP

COCOMB

COHPTB

COIPTB

COLPTB

FRTOSD

copucr

FASTBK

COMIX
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Uses BLOCK DATA to perform high-pressure compressor

calculations. Calculates ERR(7).

Uses BLUCK DATA to perform combustor calculations.
May use either T4 or WFB as the main parameter.
Uses BLOCK DATA to perform high-pressure turbine
calculations. Calculates ERR(1) and ERR(2).

Uses BLOCK DATA to perform intermediate turbine
calculations. Calculates ERR(8) and ERR(9).

Uses BLOCK DATA to perform low-pressure turbine
calculations. Calculates ERR(3) and ERR(4).
Dummy routine to transfer values from common FRONT
to common SIDE.

Performs duct and duct-burning calculatiomns. May

use T24 or WFD as the main parameter for duct

burning. Controls the duct nozzle and calculates LRR(™

if in separate-flow mode.

Durmy routine to transfer values from common FRONT
and SIDE to common BACK.

Performs gas mixing calculations if in mixed flow
mode. At design points it calculates areas froin
either an input static presaure (PS55) or an innut
Mach number (AM55) if PS55=0. Also, an option
exists where afterburner entrance area A6 is
calculated as a function of an input afterburner
entrar~e Mach number AM6 at the design

point., At off-design points it calculates static

31
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COAFBN
COMNOZ
PERF
= OUTPUT
CONGUT
ERROR
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< TAPES
. THCOMP
THTURB
: THERMO

pressures and Mach numbers from the desigr areas.
Calculates ERR(5) if in mixed-flow mode.

Performs afterburning calculations. May use either
T7 or WFA as the main parameter.

Controls the main nozzle and calculates ERR(6).
Calculates performance after engine is balanced.
Prints output except for controlled output. Prints
the main commons in a close format aftcr each point.
Controls and prints the controiled output variables.
Controls all printouts if an error occurs. Prints
name of subroutine where error occurred and also
prints the values of all variables in the main commons.
Controls printing from UNITO8. Throughout the
program and particularly in ENGBAL, certain
messages, variables, and matrix values are written
on UNITO8 as an aid in determining why an error
occurred or why a point did not balance. These
values are printed out if subroutine ERROR is
called and IDUMP is greater than zero, or after

a good point if IDUMP=2.

Defines UNITO8, which is just a "scratch" disk

and does not require a $SETUP card. Normal

input and output are on UNITOS and UNITO06,
respectively.

Performs isentropic calculations for compressors.
Performs isentropic calculations for turbines.

Provides thermodynamic conditionz using PROCOM.
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Calculates thermodynamic gas properties for either
air or a fuel-air mixture, based on JP-4.

General table lockup and interpolation routine to

cbtain data from Block Data routines.

Used when calculations result in values not on the

turbine maps. Changes the map value and an

independent variable (PCNF, PCNC or T4) in an

attempt to rectify the situation.

Performs nozzle calculations for a convergent nozzle.

Performs nozzle calculations for a convergent-divergen:
nozzle. \
General quadratic interpolation routine.
Block Data for combustors.

Block Data for fan.

Block Data for intermediate compressor.

:
H
<
H
4
3

Block Data for high~pressure compressor.
Block Data for low-pressure turbine.
Block Data for intermediate turbine.

Block Data for high-pressure turbine.
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SECTION VII

PROGRAM LISTING

The following Is a complete listing of all subroutines requirad

to run TRISPL.
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PROGRAM TRISPt(INPUT,OUTPU?,TAPESSINPUT,TAPEG=OUTPUT,TAPEB§

COMMON /POINT/ICATPY
IDATPT=0

CALL CONOUT(1)

CALL ENGBAL

stop

END
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SUBROUTINE F%GBAL 1
COMMON /7 h.i/ 5
AWORD IDES ,JO0ES ,L,KDES L,MODE ,INIT ,IDUNMP ,IAMTP , @%
2IGASMX,INBURN,IAFTBN,IDCO ,XMCD ,IDSHOC,IMSHOC,NOZFLT, L
3ITRYS,LOOPER,NOMAP, NUMNAP, MAPEDG, TOLALL yERR (9)

LOINMON/DES IGN/ -
1PCRFSU yPCNIGU HFCNCGU ,TUGU  ,DUMDL ,DELFG ,DELFN ,DELSFC .
2IFDS  ,PCNFDS ,PRFDS LETAFDS (KAFDS ,PRFCF ,ETAFCF ,HWAFCF
3210S ,PCNIDS ,PRIDS LETAIDS ,%°MIDS HFRICF LETAICF ,WAICF
420DS  yPCNCDS ,PRCDS HETACUS ,94CDS ,PRCCF ,ETACCF ,WACCF
5T40S ,WFBDS ,LOTCODS ,ETABDS ,NA3CDS ,DPCOOS ,DTCOCF ,ETABCF
6TFHPDS JCNHPDS ,ETHPDS ,TFHPCF ,CNHPCF LETHPCF ,0HHFCF ,T20S
7TTFIPDS ,CNIFDS LET1PDS ,TFIPCF ,CANIPCF ,ETIPCF ,DHIPCF ,T210S
8TFLPDS yCNLPOS ,ETLPDS , TFLPCF ,CM.PCF ,ETLPCF ,0OHLPCF ,T7220S
97240S ,WFODS ,0TDUDS ,ETADDS ,WA23DS ,0PDUDS ,DTDUCF ,ETADCF
AT70S  ,WFADS L,OTAFDS ,ETAADS ,WG6CDS ,DPAFDS ,OTAFCF ,ETAACF
BASS s A25 s A6 »A7 sA8 »A9 yA28 y A29
CPS55  ,AMES  ,CVONOZ ,CVMNOZ ,A8SAV ,A9SAV ,A28SAV ,A23SAV
COMMON/ FRONT/
im sP1 sH1 »S1 2 T2 2P2 s H2 9S2
2721 yP21 yHe1 yS21 sTe2 yP22 yH22 4522 '
313 s P3 +H3 9S3 ' Th P4 s HE 2 S4
“TuS s P45 s HUS «S45 ’T5 »PS s H5 S5
5755 » P58 2 H55 y 355 sBLF sBLT »8LC »BLOU
6CNF s PRF yETAF  ,NAFC  ,WAF »BLDUI ,BLOUC ,BLOB
7CNI s PRI 2ETAT  ,HWAIC WAL »8LOBI ,BLO08C ,HWA3 .
8CNC s PRC sETAC  ,HACC  ,WAC 9ETAB  ,0DPCOM , WG4
FONHP  JETATHP ,DHTCHP ,0OHTC  ,BLHP  ,BLHPI ,BLHPC ,FARL
ACNIP  ,ETATIP ,OHTCIP ,DHTI  ,BLIP  ,BLIPI ,BLIPC ,O0UMF
BCNLP  ,ETATLF ,DHTCLP ,OHTF  ,BLLP  ,BLLPI ,BLLPC ,CS
CHG4S  JFARLS L WGS sFARS  ,KG55 ,FARSS ,HPEXT ,ANM ,
DALTP  LETAR  ,2F WPONF 21 sPCNI  ,2C »PENC
Ewe s TFFH:  ,TFFIP ,TFFLP ,FCBLF ,PCBLI ,PCBLC ,PCBLOUI,
FPCBLOUC,PCBLOBI,PGBLOBC, PCBLHPI,PCBLHPC,PCBLIPI,PCBLIPC,FCBLLPI.
GPCBLLFC

COMHON/ SIDE/
1XPe s XHAF  SXWAI  ,XWAC  ,XBLF  ,XBLOU ,XBLOUI ,XBLCUC ,
2XH22 4 XH3 9XT21  ,XP24  ,XH21  ,XS21  ,0UMSi L,0UNMS2 ,
3123 ) P23 sH23 »S23 1 T24 WP24 pH24 yS2% .
4125 »P25 sH2S »S25 ) 728 P28 s H28 yS28 .
5729 yP26S sH29 »S29 »OUMS3  ,0UMS4 ,DUMS5 ,DUMSE ,
6WAD s WFD sWG2%  ,FAR24 LETAU  ,0OPODUC ,BYPASS ,DUMS? . .
77528 ,PSZ8  ,v2s gAN28  ,TS29 ,PS29 ,v29 » AM29

COMMON 7 BACK/

KXT55 HXP55 ,XH55 ,XS55 ,XT25 ,XP25 ,XH25 ,XS25
AXMFB 9XKGSS yXFAR55,XNFD ,XWG24 5 XFAR24yXXP{ ,DUMB
376 +P6 »HE »S6 ' 17 ' P7 yHT 2S7
478 P yH3 »S8 » T8 s P9 s HO »S9
5HCE sWEA  ,WG7?  ,FAR? LETAA ,OPAFT ,V55 ,Vv25
6FS6  H¥6 yANE  ,TS?  4PST L V7 yAMT S AM25
7TIse ,Ps8  ,v8 yAM8  ,TS9  ,PS9 ,V9 s AM9
B vA yFRDO  ,VJQ  ,FGMD ,VJM ,FGMM LFGPD ,FGPM
QELM  L,FGP  LHFT  ,HWGT  ,FART LFG sFN »SFC

DIMENSION DELSAY(9)

OIMENSION VAR(91,0EL(9) ,ERRB(9),0ELVAR(I),EMAT(9,9),VNAT(9),
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1 AMAT (9)
DATA DELSAV/9*,001/
DATA AWORD/6HENGBAL/
DATA VDELTA,VLI¥yVCHNGE, NOMISX/
1 0.001,0.,100,0,85004/
DATA DEL/9%0./
CALL INPUT
IF (INIT.EQe1) GG TO 50
TFFHP=TFHPDS
YFFIP=TFIPOS
TFFLP=TFLPDS
LOOPER=0
NUMMAP=0
NOMISS=0
LOOP=0
MISMAT=0
NOMAP=0
160=2
D0 2 I=1,9
WMAT(I)=0.
AMAT (1)=0,
CELVAR(I)=0,
Do 2 t=1,9
EMAT C(I,L)=0,
LOOPER=LOOPER+L
CALL COFAN
HORD=AWORD
IF (LOOPER.GTLITRYS} GO TO 20
IF (NOMAP.GT.0) GO YO i
NUMMARP=(
VAR(1)=2F*100C,
IF (MODE«NE «3) VAR(2)=PCNF
IF(MODE.EQ.3) VAR(2}=TL/4i0,
VAR(3)=2C*1041,
IF(MODELNE +1) VAR(4)3PCONC
IF (MODE«EQei) VAR(4)=TL/10,
VARIS)=TFFHF
VAR(G)=TFFLP
VAR{7)=21%100,
VAR(8)=PCNI
VAR(93=TFF 1P
00 & 1=1,9

IFCABSTERR (I} ) LT TOLALLY GO TC 5

CONT INUE

CALL PERF

CALL ©RROR

IF{LOCP.GT L 0) GC TO 7
MAPEDNG=0

MAPSET=N

00 6 I=i,9
ERRB(I)=ERK(I)
CELCL)=VOELT ¢ ¥VARCI)

GO T0 9

IF(MISMAT.GT 0} GO TC 33
IF (RAFEDG,EQ.D) GG TC 70

37
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MAPEDG=0
MAPSET=1
VAR(LOOP)= VAR (LCOOP} +2,*DEL (LOOP)
GO T0 10

MAPSET=0

00 3 I=1,9

IF(CELC(LOGCF) «NE.Os) DELSAVILOOP)=0EL(LOOP)
IF (DELC(LCOF) «EQ.0o) DELC(LOOP)=DELSAV(LOOP)
EMAT(I,LO00P) =(ERRB(I)=CRR(I))/DEL (LNOP)
LOCF=LO0P+1

IF(LOCP.GT.9) GO TO 11
VAR(LCOP)=VAR(LCOP) ~DEL 1LOVIP)
ZF=VAR(1) /7100,

IF (MODE<NE .3) PCNF=VAR(2)

IF (MODE.EQ.3) Tu=VAR(2)*10.
2C=VAR(3)7 300,

IF (NCOE«NE +1) PCNC=VAR(4)

IF (MODE.EQ.1) Th=VAR(4)*10,
TFFHP=VAR(S)

TFFLP=VAR(E)

2I=VAR(7)/ 100,

PCHI=VAR(S)

TFFIP=VAR(S}

IF(ZF.LT.0.) ZF=0.05

IF(2I.LY00) 2I=0.05

IF(ZCelTo04) 2C=0.05

GG TG (1,33,1G0

00 12 I=4,¢9

AMAT (X)=<ERRB(I)

00 14 I=1,9

IZERO=0

N0 13 L00P=4,9
IFLEMAT (I, LOOP) «EQcUe) IZERO=IZERGH1
IF(I2ERQ.LT.9) GO TO 16
WRITEWG,1000 Y

LOOPER=ITRYS+100

GO 10 20

CONTINMUE

D0 1% LOOP=4,9

IZERO=Q

00 15 1I=4,S

IF (EHAT(I LOCP) oEGy0e) IZ2ERC=IZERCs1
IF(IZERD.LT.9) GO YO 16
WRITE(6,301)LCCP

LOOPER=JTRYS #1030

G¢ 70 28

CONTINUE

CALL MATRIXCEMAT,VMAT,AMAT?

L8IG»{

VARBIG20.C

D 28 L=24,9

ABSYARSABS (VHAT (L))

IFCABSYARMLE JVLINEVARALY) 6O YO 138

38

70 IF (MAPSET.EQ0) VAR(LOOP)=VAR(LOOP) ¢DEL (LOOP)
IF (MAPSET.€EG.1) VAR(LOOP)=VAR(LOCF)-DELILOOP)
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17 (AEBSVAP, LELVARBIG) G0 TO 18
LBIG=L
VARBIG=ABRSYAK
i8 CONT1INUE
VRATIC=1.0
IF(LBIG,GT,0) VRATYO=VLIM®*YAR(LBIG)/VARSBIG
ERRAVE=C «0
WMTAVE=0.0
CELAVE=0.0
00 19 L=1,9¢
DELVAR(L)=VRATIO®*VMATIL)
ERRAVE=ERRAVE+ABS (AMAT (L))
WTAVE=VMTAVE+ABS(VMAT (L))
NELAVE=DELAVE®AES(DELVARI(L))
19 VARCL)=VAR (L) +DELVAR(L)
ERRAVE=ERRAVE/9.,
VMTAVE=VNTAVE/9,
CELAVE=DEL AVE/S,.
IF (MISHAT.GT.0) GO TO 32
IF (NOMISS. EQ,0) MISMAT=1
IF (MISMAT.EQ.0) IGO=1
KRITE(S,102) LOOPER
00 21 I=1,9
21 WRITE(8,103) AMAT(I),(EMAT (I, L2yL=1,9),VMAT (I}, 0ELVAR(I} (VAR(T)
WRITE(R,104) ERRAVE,VMTAVE,DELAVE
¢e IF ILOCPER.LTLITRYS) GO TO 10
CALL ERROR
RETURN
30 WMTAVX=VMTAVE
00 31 I=1,¢
31 AKAT (I)==-ERR(I)
GO 10 17
32 W ITE{8,105) AMAT,ERRAVE,DELVAR,0ELAVE,VHAT s VMTAVE,; VAR
MISMAT=MISEAT+1
IF (VMTAVE, LT VCHNGE®VMTAVX) GO TO 22
MRITE(8,10%)
IF (MISHAT. LT «NOMISX) NOMISS=1
MISHAT=(
LOOP =0
160=2
GO 70 55
200 FORMAT{4HIRON,12,46H IS ZERO IN ENMAT)
104 FORMAT(7HOCOLUMN,I2,16H IS ZERO IN EMAT?
102 FORWMAT(7HC FRRBy31X2IHERROR MATRIX AFTER LOOP,I4,31X4HVMAT,
1EXBHOELVAR ,7X10HVARIABLESS)
103 FORMAT(IHO gFTe3 537 Fa3 )XFI¢3s3IXFL10sby4XFLL.H)
104 FORMAT(LHO ,F 8.4 932X14HAVERAGE VALLESy34X,2Fi1.4; 5HEIES3 )
105 FORMAT(42HO=~~~~ AMAT,10F11.6,6H88833¢,

~n
(<)

1’) 124 """"DELVAR,10".1106’6””":"

24y 12H ~=~e~= VYMAT,10F11.6,6H8388LS,

3/, 12H wose= VAR, 9F11.,6,6H%18883)
106 FORMAT{1HO ,SGY22HCHANGE TOO SMALL$$$33%)

END




SUBROUTINE IKFUT
DIMENSION TITLE(i2!
COMMON /POINT/ICATPT

s IDURP ,IANMTP ,

»OELFG
»PRFCF
sPRICF
s PRCCF
»OPCOOS
9sETHPCF
sETIPCF
»ETLPCF
»DPOUOS
sOPAFDS
2A9
9A9SAY

P2
P22

o Ph
sPS
sBLI
»BLDOUI
#BL 0B
»ETAB
+BLHPI
sBLIPI
yBLLPI
s FARSS
sPCNY

3 COMMON 7  ALL/
e {WORD L,IDES HJOES HKDES HMODE ,INIT
ke 2IGASMX,IDBURN,IAFTBN, I0CD ,INCD
23 3ITRYSJLOOPER yNOMAP, NUMMAP  MAPE DG, TOLALL ,ERR (9]}
b COMMON/DES TGN/
£ 1PCNFGU 4PCNIGU ,PCNCGU ,T4GU s OUMDY
5. 22F0S sPCNFOS ,PRFBS LETAFDS ,KAFDS
e 32108 ¢sPCNIDS ,FRIDS LETAIDS ,WAIODS
_% %2C0S sPCNCOS ,PRCDS LETACDS ,WACDS
53 5STLDS s WFBOS L,DTCODS ,ETABDS ,WA3COS
2 6 TFHPDS ,CNKHPDS LETHPOS » TFHPCF ,CNHPCF
2 7TFIPDS 4,CNIPDS LETIPDS , TFIPCF ,CNIPCF
- 8TFLPDS ,CNLPODS HETLPOS ,TFLPCF ,CMPCF
' 93724DS L WFODS ,0TOUDS ,ETADDS ,WA23(S
4 AT7DS  ,WFADS ,OTAFDS ,ETAADS ,NG6COS
4 BASS  ,A25 A6 ) A7 sA8
3 CPS55 s ANSS »CVONOZ ,CVMNOZ ,A8SAV
ey COMAON/ FRCNT/
'f‘ 171 s P1 s HY »S1 ' -
3 2721 s P21 yH21 »S21 9 T22
= 3713 y P3 s H3 »S3 2 T4
A8 LT45 s P4S g HLS 9 S45 s TS5
i3 57155 s P55 s H55 » S55 9 BLF
4 6CNF  sPRF  ,ETAF  ,WAFC  ,WAF
b TONT PRI LETAI 4 WAIC  ,WAT
g BCNC  ,PRC  ,ETAC  ,WACC  ,WAC
i 9CNHP s ETATHF LOHTCHP ,OHTC s BLHP
. ACNIP sEYATIF ,DHTCIP ,DHTI pBLIP
3 BCONLP +ETATLP ,0HTCLP ,0HTF y BLLP
] CWG4S g FARLES HHGS s FARS P HGESS
- DALTP »ET AR 9 2F 9 PCNF 221
EWFS s TFFHE JTEFIP LTFFLP ,BPCBLF

1xPe
2XH22
3723
4725
5129
6WAD
771528
COMMON

XX755
XXnFa
370
&78
566
6PS6
7158

: 8 VA
; SFGM

sPCBLI

JXNAF  ,XWAI  ,XHAC  ,XBLF  ,XBLOU
2 XH3 s XT21  ,XP21  ,Xk21  ¢XS21
,P23 yH23 ,523 y T2k P24
;P25 yHZS yS25 , 128 ,P28

s P28 o H29 +529 JOUMS3  ,DUMSG
s WEC JWG24h  ,FAR24 LETAD  ,0PDUC
yFSZ8  ,V28 +AM28  ,T7S29  ,PS29

7 BACK/
JXPS5  ,XKE5 XSS5 ,XT25 ,XP25 ,XMH25
JXNG5S ,XFARS5,XHFD »XWGZh o XFAR24, XXP1
,P6 »HE +56 y T7 ' P7 yH?
195 oHA ,SG 919 ’99 sy HS
¢HFA  oHG?  ,FAR? LETAA ,O0PAFT ,V5%
1VE yAME  ,TST  4PS?7  ,V? s AM?
sPS3 L8 JAME  ,TS9  ,PS9 ,V$
oFRD  4VJ0  LFGMO ,VJN  ,FGHMM ,FGPO
JFGP  LWET  ,WGT  ,FART ,FG yFN

40

» DELFN
sETAFCF
9ETAICF
» ETACCF
» OTCOCF
9 DHHPCF
s OHIPCF
9 OHLPCF
s OTOUCF
s DTAFCF
9A28

9 A28SAV

yH2

s H22

s HG

s HS
»BLC
»8LOUC
»BLOBC
» OPCON
» BLHPC
»BLIPC
» BLLPC
y HPEXT
» 2C
sPCBLC

9 XBLOUI
s DUNS1
s H2h
yH28

9 DUMSS
»BYPASS
V29

» X825
sOUNB
$S7
1S9
2 V25
s AN25
» AMS
2 FGFM
sSFC

» IOSHOC, IMSHOCy NOZFLT,

» DELSFC
, WAFCF
,WAICF
, WACCF
,ETABCF
,T20S

, 12105
, 12205
,ETADCF
JETAACF
yA29

s A23S AV

»S2
1522
’SQ
»S5
»BLOV
» 81.08B
s WAJ
s HGG
s FARG
s OUNF
»C3S
s AM
s PCNC

A W W W W o w4 e

MW B w M M W e W W e -

3

» PCBLOUI,

s XBLOUC
9 DUMS2
9S24
$528
sOUMS 6
s DUMS7
9 AM29

- W W e W Y W w

FFCBLOUC,FCBL,CBI,FCBLOBC,PCBLHFI PCBLHPC,PCBLIFI,PCBLIPC,PCBLLPI,
GPCBLLPC
CONMON/ SIDE/

- N w W W W
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NAMELIST/DATAIN/ IEND,

AITITLE ,I0ES  ,MODE  ,INIT  ,ICUMP ,IAMTP ,IGASMX ,
BIOBURN ,JAFTEN ,IPCD  »IMCO  4NCZFLT ,ITRYS ,TOLALL ,
CZFOS  ,PCNFOS ,PAFDS ,ETAFOS ,NAFDS ,PRFCF ,ETAFCF ,WAFCF
DZIOS  ,PCNIQS 4PRIOS LETAIDS ,WAIDS ,PRICF ,ETAICF ,WAIGF
E2CDS  »PCNCCS ,FRCDS ,ETACOS , PRCCF ,ETACCF ,WACCF
FT40S ,WFEDS ,0TCODS ,ETABOS ,NA3CDS ,0PCOOS »DTCOCF ,ETABCF |,
GTFHPOS ,CNWPOS ,ETHPDS ,TFHPCF ,CNHPCF ,ETHPCF ,DHNFCF ,T20S
HTIFIPOS ,CNIPOS ,ETIPOS ,TFIPCF ,CANIPCF ,ETIPCF ,OHIPCF ,T210S
ITFLPCS ,CNLPCS ,ETLPDS , TFLPCF ,CNLPCF ,ETLPCF ,0HLPCF ,T220S |,
JT240S ,WFOOS ,DTDUDS ,ETADDS ,WA23DS ,0PDUDS ,DTDUCF ,ETADCF |,
KT70S  ,WFADS ,DTAFDS ,ETAADS ,WG6COS ,OPAFDS ,0TAFCF ,ETAACF ,
LASS yA25 s A6 y A7 A8 sA9 yA28 yA29 ,
MT2 » F2 ) T ) 2F sPCNF  ,21 »2C sPCNC
N WF B yTFFHP  ,TFFIP ,TFFLP ,AM JALTP  JETAR  ,HPEXT ,
OPCBLF ,BLF ,PCBLI ,BLI »PCBLC  ,BLC »PCBLOUI, PCBLOUC,
PBLOUI ,8LDUC ,PCBLOBI,PCBLOBC,B8LOBI ,BLOBC ,PCBLHPI,PCBLHPC,
QPCBLIPI,FCBLIPC,PCBLLFI,PCBLLPC,8LHPT ,BLHPC ,BLIFI ,BLIPC |,
RELLPT ,BLLPC 4PS56 ,AM55  ,AMG yT24 »ETAD  ,WFO X
ST7 JETAA 4 WFA yCVONOZ ,CVMNGZ ,DELFG ,DELFN ,0ELSFC

DATA IENDZ/ O/

ITITLE=1 WILL READ IN TITLE

IDES =1 FOR CALCULATING DESIGN FOINT

MODE =0 FOR CONSTANT T&

MODE =1 FOR CONSTANT PCNC

MOOE =2 FOR CONSTANT WF8

MODE =3 FOR CONSTANT PCNF

INIT =1 WILL NOT INITIALIZE POIMNT

IDUNP =1 WILL OUMP LOOPING WRITE-OUTS IF ERRCR OCCURS

IDUNP .2 WILL OUMP LOOPING WRITE-OUTS AFTER EVERY POINT

IAMYP =0 WILL USE INPUT AN AND MIL SPEC ETAR

IAMTP =1 WILL USE INPUT AM AND INPUT ETAR

IANTP =2 WILL USE T2 AS T1=T14T2 AND STANDARD P1

JAMTP =3 WILL USE P2 AND STANDARC T1

IAMTP =4 WILL USE T2 AND P2

IGASMX=0 SEFARATE FLOW, A6=ASS

IGASHX=1 WILL WIX QUCT AND MAIN STREAMS, A6=A25+A5S

IGASMX=2 WILL MIX DUCT AND MAIN STREANS,INPUT AMG6

IDBURN=1 FOR DUCT BURNING, INPUT T24

IDBURN=2 FOR DUCT BURNING, INPUT WFD

INFTBN=1  FOR AFTERBURNING, INPUT T7

IAFTBN=2 FOR AFTERBURNING, INPUT WFA

I0CO =1 CUCT NOZZLE WILL BE C-0

IMCO =1 MAIN NOZZLE WILL BE C-D

NOZFLT=1 FOR FLOATING MAIN NOZZLE

NOZFLT=2 FOR FLOATING DUCT NOZZLE

NOZFLT=3 FOR FLOATING MAIN AND OUCT NOZZLES

ITRYS =N AUMBER CF PASSES THRU ENGINE BEFORE QUITTING

CATA AWORD/6H INPUT/
IDATPT=ICATFT+4

CALL ZERO
KO RD=ARORD

READ(5,0ATAIN)
IF(IEND«NELO) STOP
CALL REMARK(14UHNEW DATA POINT)
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IF (CLAFTBN. GTo 0o OReIDBURN.GT.0) INIT=1

IF (ITITLE.EQe1) READ(5,302) TITLE

ITITLE=D )

WRITE(6,102) TITLE

IF (MOCE+EQ¢0) WRITE (85103) IDES,AMyALTP,T4 5T24,yT7
IF (MODE.EQ+1) WRITE/C,104) IDES,AM,ALTP,PCNC,T24,T7
IF (MOOE.EQ¢2) WRITE(8,105) IDES,AM;ALTP,HFB T24,T7
IF (NODE<EQ«3) WRITE(8,106) IDESyAMJALTP,PCNF,T24,T7
CALL COINLT

RETURN
FORMAT(12A€)
FORMAT(1H1 ,30X12A6)

FORMAT(1HO o7H IDES=,I3y10X7H AN=,F7.3,6XTH ALTP=,F7.0,
1.6X7H Te=yF8,2,5X7TH T24=yF8,295X7H T7=2,F8,2,6H838383)
FORMAT(1HO y7H IDES=,I3,10X7H AM=,F7,3,6X7H ALTP=,F7.0,
LE6XTH PCNC=,F8,3,5X7H T4z, F8,295X7H T7=9F8.296HE33333)
FORMAT(1HO y7H 1DES=9I3,10X7H AN=,F7,3,6X7H ALTP=,F7.0,
1 6XTH WFB=,FB8s4y5XTH T24=yFB8.2,5X7H TT=,F8.2,6H338383)
FORMAT(1HO 97H IDES=,13,10X%X7H AM=oF7.3,6X7H ALTP=,F7.0,
46XTH PCNF=yF8,3,5X7H T24=yF8,2,5X7H TT?=,F8.2,6HE3333S)

END
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SUBROUTINE ZERO
COMMON 7/ ALL/

1WORD LIDES ,LJOES HKDES ,MODE L,INIT ,IOUMP ,IANMTP ,

21GASMX,IOBURN,TAFTBN,IOCD ,IMCD ,IDSHOC,IMSHOC,NOZFLT,

3ITRYS,LOOPER,NOMAP, NUMMAPyMAPEDG, TOLALL,ERR(9)

COMMON/ FRONT/

171 sP1 sH1 »S1 2 T2 9 P2 sH2 9252
2121 g P23 s H2Y »S21 sT22 2P22 yH22 9522
315 s P3 s H3 »S3 2 T4 sPb s HG »S4H
LTS s PU5 s HEeH 9 SLS s TS »PS sHS 2S5

5155 yP55 2 H55 9S85 9 BLF »BLI s8BLC s BLOU
6CNF » PRF 2 ETAF s WAFC s WAF s8LOUI ,L,BLOUC ,BLOB
7CNI s PRI sETAI s WAIC s WAL »8LOBI ,BLOBC ,LHWA3
8 CNC 9 PRC »ETAC » WACC s WAC »ETAD s OPCOM L HGY
GCNHP +sETATHP ,DOHTCHP ,DHTC »BLHP sBLHPI »BLHPC LFARY
ACNIP 9yETATIP ,0HTCIF ,OHTI s BLIP sBLIPI ,LBLIPC ,OUNMF
BCNLP yETATLP ,OHTCLP ,DHTF »BLLP sBLLPTI L,BLLPC ,CS
CHG45 s FARLS ,HGS s FARS y HG55 oFARSS5 LHPEXT ,AM
DALTP sETAR s 2F 9 PCNF 921 9sPCNI »2C o PCNC s
EWFB s TFFHF  ,TFFIP LTFFLP LPCBLF ,L,PCBLI ,PCBLC ,PCBLOUI,
FPCBLOUC,PCBLCBI,PCBLOBC,PCBLHPI,PCBLHPC,PCBLIPI,PCBLIPC,PCBLLPI,
GFCBLLFC

COMMON/ S IDE/
1Pl 9 XW AF s XWNAI s XHAC 9 XBLF P XIILDOU 4 XBLOUT , XBLODUC
2XH22 9 XH3 9 XT21 s XP21 s Xk21 92521 9 OUMSL ,,D0UMS?2
3123 P23 s H23 »S23 s T2k 9024 sH24 yS24
4725 o P25 s H25 9 S25 2728 P28 sH28 92528
5129 s P28 sH29 »S29 sOUMS3 ,DUMSL ,DUMSS ,0UNMSSH
6KWAD s WNFD pHG24 s FAR24 LETAD sOPOUC ,BYPASS ,DUNS?7

W W W M W W W W w W W e

- N e W w W

- 71528 ,PS28  ,V28 ,AM28  ,TS29  ,PS29 ,V29  ,AN29
i COMMON /# PRACK/
E XXT55 »XP55 ,XHS5 ,XS55 oXT25 ,XP25 ,XH25 ,XS25

2 XXHFB oXWGSS JXFARS5,XWFD JXWNG2h o XFAR24L,XXP1 ,DUNB
5 316 » 6 sHE 2S6 s T7 s P7 s H?7 »S7
3 478 P8 ,1] »S8 279 y P9 sHY 9S9
? 5W66 s HFA sWG7 oFAR7 LETAA LOPAFT ,V55 »Vas
4 6PSH 2 VO sAME s TS7 » PS7 V7 9 AM7 s AM25
A 71S8 s PS8 V8 2AMB » 1S9 »PS9 VO s AMI
- 8VA sFROD sVJD oFGMO ,VJM s FGMM LFGPC LFGPNM
e GFGM s FGP ,"FT ’“GT ,FART ,FG ’FN ’SFC
E- DIMENSION 21(94),22(56),23(72)
< EQUIVALENCE (21(1),T1),(22(1),4XF1),(23(1),XT55)
8 CATA ISTART/ZG/
A ISTART=ISTART +1
9 IDES=0
= JDES=4Q
= INIT=0
s IDBURN=Q
P! IAFTMN=0
b IDSHOC=3
. IMSHQOC=3
4 IF{ISTART.NE.1) GO 10 &
. re¢s 26RO FRONT,SIOE,AND BACK INITIALLY TO PREVENT CDC 6600 MODE ERRQ®:
00 5 I=1,94
5 24 (I)=0,
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00 6 I=1,56
6 22(I)=0.
00 7 I=1,72
7 23(I)=0.
CALL SYG(1)
RETURN
& CONTINUE
T2Q=Te
F2Q=i2
TeQ=T4
00 1 I=1,94
i 21 (1) =0,
D0 2 I=1,56

B 2 21)=0.

4 00 3 I=1,72

3 23 (1) =0,

122720 ‘
B P2=2P20

- T6=Tu4g

CALL SYG(1)

RETURN
END
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SUBROUTINE CCINLT

COMMON 7/ ALL/
1%ORD LIDES L,JOES HKDES HMODE LINIT ,IOUMP ,IANTP ,
2IGASMX,IDBURN,IAFTBN,I0CO ,IMCD ,IDSHOC,IMSHOC,NOZFLT,
3ITRYS,LOOPERyNOMAP, NUMMAP yMAPEDG TOLALL ,ERR(9)

COMMON/DES IGN/
1PCNFGU o,PCNIGU ,PCNCGU , T4GU y0UMDL LOELFG LDELFN ,DELSFC
2ZF DS s PCNFOS ,PRFDS LETAFOS ,HAFDS yPRFCF HETAFCF ,WAFCF
32ZI0S yPCNIOS ,PRIDS HETAIODS ,WAIDS LPRICF HETAICF ,KAICF
42C0S s PCNCOS ,PRCDS ,HETACOS ,WACOS HPRCCF oETACCF ,WACCF
5T40S s WFBGS ,0TCCDS ,ETABOS ,WA3COS ,0PCODS ,0TCOCF ,ETABCF
6 TFHPOS »CNHPDS ,ETHPDS ,TFHPCF ,CNHPCF ,ETHPCF ,0HHPCF ,T20S
7TFIPDS yCNIFOS HETIPDS , TFIPCF ,CANIPCF LETIPCF ,0HIPCF ,7210S
8TFLPDS ,CNLPDS ETLPOS ,TFLPCF ,CNLPCF ,ETLPCF ,0HLPCF ,T7220S
9724D0S ,WFDDS ,0TDUDS ,ETAQOS ,WA230S ,0POUDS ,0TOUCF ,ETADCF
AT70S yWFADS ,OTAFDS ,ETAADS ,KG6CDS ,OPAFDS yOTAFCF ,ETAACF
BA55 »A25 s A6 s A7 sAS sAS 9A28 yA29
CPss55 » ANSS sCVONOZ ,CVMNOZ ,AB8SAV ,A9SAV ,A28SAV ,A29SAV
COMMON/ FRCNT/

[T T I I I B

111 s P1 sHY »S1 2 T2 P2 s H2 9S2
27121 g P21 yHeL »S21 T2 P22 s H22 9522
313 » P3 sH3 »S3 2 T4 Pl s HG 2S4
4T45 s PL4S o HLS »SG5 yTE o P& s HS 2S5

5155 s PSS 2 H55 9 S55 »BLF »8LI »BLC 9 BLOUV
6CNF s PRF sETAF s MAFC s WAF sBLOUI ,L,BLOUC ,BLOB
7TCNI sPRI oETAL s MAIC pMAT 98L0OBI ,8LOBC ,HWA3
8CNC » PRC sETAC » NACC s HAC sETAB +DPCOM L, HWGH
9CNHP sETATHP ,OHTCHP ,0HTC s BLHP sBLHPI BLHPC ,FAR%
ACNIP +ETATIP ,DHTCIP ,DHTI »BLIP »8LIPY ,8LIPC L,OUNMF
BCNLP »ETATLP ,DHTCLP ,DHTS »BLLP #BLLPTI ,LBLLPC CS
CrGHY s FARLGS HHGS sFhi P NGS5 sFARSS HHPEXT ,4M
DALTP s ETAR s 2F s PChe 221 sPCNI » 20 s PGNC ’
EWFB +sTFFHP L,TFFIP LTFFLP LPCBLF ,PCBLI ,PCBLC ,PCBLOUI,
FFCBLDUC,PCBLCBI PCBLOBC,)PCBLHPIPCBLHPC,PCBLIPI,PCBLIPC,PCBLLFPI,
GPCBLLPC
DATA AWORD/G6HCOINLT/
WORD=AWORD
AJ=778.26
6=32.1740h¢
ALT=ALTP*2 . 0855531E+077(2.0855531E+07-ALTP)
CALL ATMOS (ALTyT1,XX19XX29XX39P1,CSy XXk, IIER)
IF(IAPTP.EC.2) T1=T1+712
: IF(IAMTP . NE.1) CALL RAM(AM,ETAR)
FAR=0.,0
LALL FROCOM(FAR)T1,CSyXX29XX3yR1,FHIL,H1)
S1=PHI1i-R1*ALCG(F1)
H2=H1+(AN®CS)®*%2/:2.%AJ%G)
F2T=4.
00 2 I=4,1C
CALL THERMCY(PZ2T,H2,T2T,S2T»AN,0,0(.0,1)
IF (ARS(S2T~-S1).LE.0.0001°S1) GO TC 3
P2T=PL*EXP ((BN/1,986375) *((S2T=S1)+(1.386375/7AN)*ALOG(P2T/PL)))
CALL ERROR
RETURM
IF(IAMTP.EC,3.0R.IAMTP,EQ.&4) ETAR3P2/P2T
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P2 =ETAR®*P2T .
IF(IANTP (NE &) CALL THERMO(P2,H2,T29S29XX59C90s0,1)
IF(IANTPEQe %) CALL THERMO(P2,H2,T729S2,X%X5,058.0,0)
IF(INIT.EQ.L) GO TO 6
IF(IDES.EQ.31) GO TO &
IF (MODE.EQ.3) GC TO 5

PC NF=GUE SS (MCOE » Tl TeDS y PCNC,PCNCOS 9 NFByWFBDE 12, T20S,PCNFOS)

PCNFGUSPCNF
60 TC 5
PCNF=DCNFO S
PCNFGU=PCNF
720S=72

IF =ZF0S
RETURN

END
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SUBROUTINE ATMOS (IFT, TM, SIGMA, FHO, THETA, DELTA, CA, AMU, X}
THIS IS A SUBROUTINE TO CCHPUTE CERTAIN ELEMENTS OF THE 1962

UeSs STANDARD ATMGSPHERE UFP TO 90 KILOMETERS,

CALLING SEQUENCE.+.

CALL ATNOS
ZFY

(ZFT, THM, SIGMA, RHO, THETA, DELTA, CA, AMU, K)

= GEQOMETRIC ALTITUDE (FEETY

™ = MOLECULAR 3CALE TEMPERATURE (DEGREES RANKINE)
SIGMA = RATIO OF DENSITY TO THAT AT SEA LEVEL

RHO = DENSITY (LB=SEC*¥2-FT*%(=4) OR  SLUGS=FT**3)

THETA RATIO OF TEMPERATURE TO THAT AT SEA LEVEL
DELTA RATIO OF PRESSURE TC THAT AT SEA LEVEL

CA SPEED OF SOUND (FT/SEC)

AMUY VISCOSITY COEFFICIENT (LB-SEC/FT®*2)

K NORMAL

i
2 ALTITUDE LESS THAN -5000 METERS OR GREATER THAN 90 xHM
3 FLCATING POINT OVERFLOW

[ { I 1

SLL DATA2 AND FUNDAMENTAL CONSTANTS ARE IN THE METRIC SYSTEM AS
THESE QUANTITIES ARC OEFIMEC AS EXACT IN THIS SYSTEM.

THE RADIUS OF THE EARTH (REFTS9) 15 THE VALUE ASSOCIATED WITH THE
1959 ARDC ATMOSPHERE SO THAT PROGRAMS CURRENTLY USING THE LIBRARY
ROUTINE WILL NCT REQUIRE ALTERATION TO USE THIS ROUTINE.
CIMENSINN HB(1G),VMBC10),DELTAB(10),ALK(10)
DATA{HB(I) 31=2910)/~5690092109200 932034703520 361¢379,488.743¢
DATA(THMB(I) 3 I=1,10) 7320,65,2088415,216465,216.65,228,659270.55,
1 270.659252055518046591806465/
DATACOELTAEII) ( £=2,100/1e753635%452e23364E-01,5.60328E~02,
3 8.5666IE~UT 42, 069455E-0395.82288E-0i,1.73718E~04,y1.0241E-05,
2 1.6223E-0¢€/
OATA(nLﬁ‘I’v1=1,18)/“6'5,°605900'1e7268730"20’”“6,00,00/
DATA REFT59/2.0855%34E 07/, G2 79, 80665/,

SO0 0OHO00000LOO00O00000

A (1.4 72849644 /9 RSTAR 78,31432/,
g F?TOKR13.QQGE-G& /9 S 21304 /s
c ANUZ  /1,2024E-05 /5y CAZ £1356.457,
v] RHOZ /0.076474 Iy GZENG £32:4761/

€ COMVERT GEOMETRIC ALTITUDE YO GEOPOTENTIAL ALYITUOE
HFT = (REFTSS/(REFTS94ZFTII®2V T
T UONVERT KFT AND Z2FT TO KILOMETERS

2 = FYTOKM*2FT
H = FTTOKM*MFY
K=1

T™MZ = THBLlZ?
IF (HOLT.‘S.O’OE.Z'GTRQOOO, G0 ¥C 16
00 10 Mx1,10
IF ¥H-HB(M)}) 11,12,10

10 COMNT INUE
€2 YO 16

11 n = H-t

12 0tLlH = H-HB(¥;
IF (ALNIM) LEQ.0,0) GO Y0 13
THK = THB(PK) +ALM(M) *0ELH

€ GRALTENT 1S NCN 2ERQ, PAGE 10, EQUAYION 1.2.,10-(3}
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2SL;3 :“DELle(ﬁ)’((THB(H)/THK)"(GZ‘AHZ/(RSTAR‘ALH(H))))
2 13 THK = TME(M) '
C GPADIENT IS 2EPO, PAGE 10, EQUATION 1.2.10~(4)

3 DELYA = DELTAB(N)*EXP(~GZ*AMZ*DELK/ (RSTAR®
- 34 THETA = THK/THZ (RSTARSTHB(M)))
ke SIGMA = DELTA/THETA

AL PHA

: SARY (THETA®*3) % { ETHZ4S) 7 (TKK4S) )
| C CONVERSION TG ENGLISH UNITS
- ™ = §.87THK
- RHO = RHOZ*SIGMA/GZENG
3 CA = CAZ*SQRT(THETA)
£ AMU = AMUZ *ALPHA/GZENG
3 c CALL OVERFL(J)
J=2
3 GO TO 15,173, J
2 15 K = K42

: END

3 17 RETURN
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: SUBROUTINE COFAM
k. COMMAN 7 ALL/ _
1HORD ,IDES ,JDES ,KDES ,MODE ,INIT ,IOUMP ,IANTP ,
2IGASMX, IUBURN,IAFTBN,IOCD ,IMCD ,IOSHGC, IMSHOC,NOZFLT,
3ITRYS,LOOPER, NOMAP, NUNMAP, MAPE DG, TOLALL ,ERR(S)

COMMON/DES IGN/
1PCNFGU 5 PCNIGU ,FCNCGU ,T4GU  ,0UMDL ,DELFG ,DELFN ,DELSFC
2ZFDS  ,PCNFDS ,PRFDS ETAFDS ,WAFDS ,PRFCF ,ETAFCF ,WAFCF
3210S  yPCMNICS ,FRIDS HETAIDS +WAIOS HPRICF HETAICF ,WAICF
42C0S  ,PCNCDS ,PRCDS ,ETACOS ,MACOS ,PRCCF ETACCF ,WACCF
5T40S  ,WFB0S ,0TCO0S ,ETABDS ,KA3COS ,0PCODS ,DTCGCF ,ETABGF
6 TFHPDS ,CNHPCS SETHPDS o YFHPCF 4CMNHPCF ,ETHPCF ,0HHFCF ,T20S
7TFIPOS ,CNIPCS ,ETIPOS , TFIPCF ,CMIPCF LETIPCF ,OHIPCF ,T210S
8TFLPOS ,CNLPDS ,ETLPOS ,TFLPCF ,CM.PCF ,ETLPCF ,DHLPCF ,122DS
972408 HHFCDS ,O0TDUDS »ETADDS ,WA230S ,0PDUDS ,0TOUCF ,ETADCF
= AT7T0S ,WFADS ,DTAFDS ,ETAADS ;RC6CDS ,0PAFDS ,GTAFCF ,ETAACF
2 BASS » A25 1 A6 Y yAb A9 yA28 » 229

. CPS55 ,AMS5S  ,CVDNGZ ,CVNNOZ ,A8SAV ,A9SAV ,A28SAV ,A29SAV
COMMON/ FRCNT/

PN T 1 o L O
bk KB e R
2 ?

Ier
23
%

3
s
Es

.

-

A WM WM W W M M v wow

171 2 F1 g1 P 2 T2 s P2 sH2 +S2
i 2121 P21 s H21 »S21 2722 P22 s H22 » S22
2 373 ,P3 o H3 )53 ) Th »Pl s H ) Sb
o 4TLS oFUH5 s HitS 9345 »T5 o P& s HS 9SS
- 5155 s 55 p H55 3 455 sBLF s8LI »BLG »8LOV
‘; 6CNF 9 PRF 2ETAF 9 HAFC s WAF #BLOVUI ,L,8LOULC ,BLOB

s 7CNI »PRI +ETAT  ,HAIC  , WAL »8LOBYI ,BLOBC ,HWA3
3CNC s FRC +ETAC  HUACC  ,¥AC »ETAB  ;0NPCCH !G4
GCNHP  LETATHP ;DHTCHP ,DHTC  ,BLHP  ,BLHPI ,BLHPC ,FAR4
ACNIP  LETATIP ,DHTCIF 40HTI  ,BLIP  HBLIPI ,BLIP: ,DUKF
BCHLP  LETATLP ,0HTCLP ,DHTF  ,BLLP  HBLLPI ,LBLLPC ,HCS
CHGHS  JFARLS LGS 3FARS  ,HG55  ,FAR5S LHPEXT ,AM
DALTP  LETAR  ,2F sPCNF 421 sPCNI  ,2C s PCNC
EWA sTFEHP  STFFIP ,TFFLP ,LPCOBLF ,PCBLI ,PCBLC ,PCBLOUI,
i FPCBLDUC,PCELCBI,PCBL2BCPCBHP I FCEBLHPC,PCBLIPI,PCBLIPC,PCILLPI,
GFCBLLPC
COMMON 7 FANCAX(15) 3PRX(15,45) 9 hATX(15,15 ,ETAX{15,15?,
INCNg NPT (153
ODIMENSIGN KLK(2)
OATA AMORD ULK/EM COTFAN,EH (LO) &M {HI) /
%G RO=AKCRO
THETA=SQRT IT2/518.658)
A IF(IOES.MNE .4} GG TO 10
THET AU<THE YA
10 CHF=PCNF¥TUEETAD/{130,*THETA)
IF(ZF LT O} ZF=s0,
IF(ZFeGYole} 2¥F=ia
CNFS=CNF
TCALL SEARCH(2F,CNF,PRF,MAFG,ETAF,
3 JCHXCLI g NCNgPRXC(1,1) JWACK (1,57 yEYAXI1, 1) (NPT (L7415,15;IG0)
i IFCLUNF~CNFS) oGT,0, QULS2CNFY NAPECGS1
i IFIIGCG.EQe 12 OR,IGO,EQ42) WRITE(E,1000) CNFS,HNLHIIGO)
4 1066 YORMATIL1GHG® * % CNF OFF NAP,F20.4,2XA6,11H% * *$3884%)
g WAF=RAFC*P2/THETA
IFCIDES«NE LY GO TO 1
FREGF<(PRFCS»3e) Z(PRF~1,)
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ETAFCF=LTAFLS/E TAF
MAFCF=NASD S/ WAF .
WRITE(O,100: FRFCF,ETAFCF,WAFCF,T2CS
100 FORMAT(LAHOFAN DESIGN,13X8H PRFCF=,E15.8,8H ETAFCF=,£15.8,
184 WNAFCF=,E15,8,8H T20S=,E15. 8}
i PRF=PRFCF® (PRF=1,) +1,
EVAF=ETAFCFETAY «
WAF=UAFCF* NAF
CALL THCOMPU(FRF,ETAF,T2,H2,S29P2,T21,H21,S21,F21)
IF (PCBLF .GT.,0.) BLF=PCBLF*WAF
IFC(JDESEQe1) GO TO 7
JOES=1
IF{INIT.,EQ.1) GO TO &
IF(IVES.EQ.L) GO TO &
IFINCOE.NE2) GC YO 2
TerGUESS (I ,¥Y1,Y2,PCNF,PCNFOS,NFB,UFBOS,Y7,Y8, T4DS)
PCNI=GUESS (8 T4yT4DS,)Y3;Y4,Y5,Y6,T21,T240S,PCNIDS)
PCNC=GUESS (4 )¥1,Y2, PCNF yPCNFOS yNF B, HFBDS,Y7 3 Y8, PCNCDS)
GO TQ &
2 IF (MOOE.EQ.2) GO ¥ 3
IF (MOGE.EQ,.Y9) GC TO 20
T =GUESS (7 yY1,Y2 PUNF,PCNFOS,Y5,Y€6,T2,T20S, 740S)
20 PCNC=GUESS (5,709 TLDS, Y3 Y4, Y5,Y6,121,T24D0%,PCNCOS)
PCNI=GUESS 19,Y1,Y2yPCMC,PCNCDS,Y5,Y6,T214,T210S,PCNIDS)
GO TO0 5
3 Te=GUESS (5 y¥1,YZ,PCNC,PCHCOS,¥Y5,Y€,T21,T24D0S, T4OS?
FONI=GUESS (8, TO,TUDS, Y3, Yy ¥5,Y6,T121,T210S,PCNIDS)
GO TC 5
4 PCNC=PCNCOS
PCNI=PCNILS
T4=2T4(S
WFE=NFRDS
T2i0S=T24
IC=2C03
21=23%%
FUNIGU=PCNI
PCNCGU=PCNC
T46U=TH
2} INIT=
7 IF (MODEJNE .3) GC 7O 8
IF(ABS(UNF«LKRFS) JLE.G.J01*%CNFS) G99 TO 9
WRITE (B, 2 )0GICNFS,CNF
2000 FORMAT(10HOCKT WAS= ,E15.8,11H AND NOW= ,£15.8,
b CHECK PUNF INPUTEZIESED)
CALL ERRCR
8 PCNF=1004*THETA*CNF/THETAD
9 ChiL COINTC
i RE TURN
END
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SUBROUTINE CGINTC

COMMON/  ALL/
IKGRD L IDES HJDES oXDES ,MODE LINIT ,IDUMP ,IANTP ,
2IGASMX,TORURN,IAFTBN,IDCD ,IMCO ,IDSHGC,IMSHMOC,NO2FLT,
IITRYS,LOOPER, NONAR, NUMMAP, MAPE GG, TOLALL ,ERR (9)

COMMOH/DESIGM/
L1PCNFGU 4PCNIGU 4PONCCU ,THGU  ;DLMDL  DELFG ,UEi.FN ,DELSFC .
22F05  4PCHFOS ,FRFOBS ,ETAFOS ,HAFDS ,PRFCF  ,ETAFCF ,WAFCF
32I0S  yPCMICS ,FRIDS LETAIDS ,WAIGS LPRICF LETAICF  KAICF
4200S  ,PCNCDS LPRCDS EVACOS ,WACUS .PRCCF ,ETACCF ,MACCF
57405  JKFECS ,OTCOOS ,ETABUS ,WA3COS ,DPCOOS ,UTCOCF ,ETAECH
6TFHPDS JCNHFDS JETHPDS , TFHPCF ,CMHPCF ,ETHPLF ,DHHPCF ,T20S
7TIFIPOS JCNIPDS EYIPUS ,TFIPCF ,CNIPCF HLCTIRPCE ,DHIPCF ,TZ1DS
BTIFLPDT 9CNLPLS HETLPRS ,TFLPCF ,CMLPGF LETLRCE ,DHLPCF ,T220S
3T240S L WFNO3 LOTOUDS ,ETADIS ,WA233S ,0PBUDS ,DTOUCF ,ETADCF
AT708  JWFADS ,OTAFDS LETAADS ;WGE6CODS ,OPAFDS ,OTAFCF ,ETAACH
8A55 sA2S » AG W A7 sA8 »A9 s A28 sA29
! CPSS5  ,ANEX  ,CVONOZ ,CVMNOZ ,A8SAV  ,A9SAV ,A28SAV ,A29SwuV
COMMON/ FRONT/

P N . 2 TR

A 1inl 1P1 ’H1 751 ,TE ’PZ ,HZ 732 H
i: 2121 s F21 pH21 »S21 y 122 P22 sH22 9522
- 3713 s P3 » H3 +S3 » T4 y Pl s HU »Sh
3 4T45 sP4S yH4S 2 S45 sTh yP5 s H5 »SS

57559 1956 s K55 » 855 s ALF »8LI » BLLC » 8LOV
6CNF » PRF s ETAF s HAFC s WaF »BLDUI ,BLOUC ,BLOB
7CNT s PRI yETAI »HAIC s HAL sBLOBI ,BLOBC ,WA3
t 8CNC s FRC 9ETAC s WAGC s WAC »ETAB »OPCCHM  ,WGH .
f qCNHP sETATHP ,DHTCHP ,OHTC 2 BLHP »BLHPI ,BLHFC ,FAR4 .
ACKNTIP s EVATIP ,0HTCIF 4OHTI »BLIP »BLIPI ,L,BLIPC ,DUNF .
’ BCNLP 2ETATLP ,DHTCLP ,OMTF s BLLP »BLLPI ,HBLLPC ,CS '
1 CwG &5 s FARLS [ HGS s FARS s WG5S syFARSS L,HPEXT ,AM
| ATP 1 ETER ) 2F » PCKF pZ21 »PCNI »2C y PCNC
| E¥FB 2 TFFHP L, TFFIP  ,TFFLP LPCBLF ,PCBLI ,L,PCBLC ,LPCBLG..,
i FPL3LDUC, PCBLCBI,PCBLOBC PCBLHFY,PCBLHPC,PCBLIPI,PCBLIPC,PCBLLYT,
I

R

GRCBLLFC

COAMON/IPHE/ AR

COMMON/  INT/CNX{15) ,PRX (15,153 ,WACX(15,15) ,ETAX(15,55),
INCN, NPT (29)

DIMENSION WLH(2)

CLTA AWORD oWLH/ZEMCOINTC,6H (LO) ,EH (HI) /

HORU = AWQRO

THETA=SQRT (T21/518,668)

If (I0ES.NE.1) GO TC 16

4 ' THETACG=THETA
E: 10 CN12PCNI*THETAD/ (100.*TKETA)
: IF(ZI&LT.O.) ZI=0.
E IF8Zi.uTe14) 2I=1,
1 1S=CNT

CALL SEARCH(21,CNI,PRI,WAIC,ETA%L,
: LCNXC1) yNCN yPRX(1,1) yWACX (1,10 ,ETAXC1,1) ,NPT (1),15,15,1G0)
3 IF ((CRI-CNIS)+6T1..0005%CNI) NAPEDG=1
i IF (IGO.EGe 14 0Ro 160+ €Qe2) WRITE(B,10G0) CNIS,NLH(IGO)
: 1200 FNRMAT(L1GHO® ® * CNI OFF MAP,F10.4,2XA6,11H% * *$38$83)
X WAI=HAIC*P21/THETA

IF {1DES.NE1) GC YO

E 51
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PRICF=(PRIDS~1,)/(PRI~-1.)

ETAICF=ETAIDS/ETAL

NAICF=WAIDS/NAZ
WRITE (69100) PRICF,ETAICF,WAICF,T210S D
100 FORMAT (23H0l.P. COMPRESSOR DESIGN,iX8H PRICF=,E15.8,8H ETAICE

EVAI=EYAICF*ETAL

WAI=WAICF*HAIL

1€15.8,8H ﬁAIGF=,515.8, 8H T2108=,E415.8)
PRI=PRICF* (PRi=1.,)¢1,

CALL THCOMP(PRILETAX,721,H21,5S21,P21,T22,H22,S22,P22)
IF(IDES.EQ.1) T2203=722
IF(PCBLI.GT.0) BLI=PCBLI®WAL

KA22=hAI-BL1
BL.OUZI=PCBLCUT?8LL
BLHPIsPCBLHPI*BLI

& IPI=PCBL IPI*BLI
BLOBI=PCBLCBI*BLI

PCNI=10C *THETASCNI/THETAD
CALL Caccme

RETURN
END
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SUSKOUTINE

COMMCN

sJOES

CCCONMP
/ ALL/

LiWORD LIDES
21GASMX,I0BURN;XAFTBN,IDCO

sKOES

2 MODE
» INCO

s INIY

s IOUNMP L IANTP ,

3IT&YS,LOOPER, MONAP, NUMMAP, MAPEDG, TOLALL,ERR(9)

SUMMON/DES IGN/

1FCNFGU »PCNIGU ¢PCNCGU ,T4GU sO0UMAL HOELFG HOUELFN L, JELSFC
22F0E s PCNFCS JPRFDS HETAFGBS ,WAFDS JPRFCF LETAFCF ,NAFCYF
321085 s PCNIDS HPRIDS LETAIDS HWAIOS LPRICF HETAICF ,NAICF
42CDS yPCNCCS HJPRCODS LETACDS ,WNACDS ,,PRECCF LETAGCCF ,MACGCT
5T4D3 s NFBOS L,TOTCTOS LETABOS H,NAZCHS ,DPLOGS ,0TO0CF LETABCF
6 TFHPDS ,CNHPCS ,ETHPOS ,TFHPCF oCMHPCF LETHPCF ,0FHHFCF ,724S
TTFIPDS ,CNIPOS ,ETYIPOS ;TFIPCF »CNIPCF ,ETIPCF ,0OMIPCF ,T210¢
BTIFLPOS yCNLPDS HETLPDS ,TFLPCF ,,CNLPCF LEYLPCF ,DHLPCF ,T72208
9T240S LS WFCDS ,DTDUDS ,ETADODS ,uB230S ,DPDUBS ,OTDUCF LETADCF
L1708 yNFADS ,OTAFOS ,ETAADS ,WGHCDS ,OPAFDS ,QTAFCF ,ETAACF
BASS yA2S s R6 s A7 oAl sAS pA28 ) A23
CFEhy 9 AMSS sCY¥ONOZ ,CVMNOZ ,A8SAY LAQSAV A28SAY ,A429S4ay

COMMON/ FRCNT/

1M s P1 s Hi »S1 s 12 P2 s M2 »S2
2721 sy F214 sH21 »S21 s 722 P22 s H22 2522
313 s F3 »yH3 »S3 o Tl s Pb » M4 s Sk
4745 P45 s HaS +S65 2 T8 oP5 s HS 1+ 55
5155 + P55 s H55 9555 s BLF »8LI »BLC s BLOU
6CNF s FRF s ETAF s WAFC s NAF #»3L0UI ,E8LDUC ,BLOB
roni s FR1 +ETAX s HAIC s WAX +8LOBI ,BLOBC ,WA3
8CNC s PRC +ETAC s WAGCC s WAC sETASB »OPCOM L NGL
ACNHP +ETATHF ,DHTCHP ,DHTC 9 BLKP #BLHPI LBLHPC LFAR4
ACNIP yETATIP LOMTCIP 0HTI sBLIP y8LIPI HBLIFC ,DUNF
SCNLP yETATLP ONTCLP ,0OHTF s BLLP +BLLPYI HBLLPC ,CS
CRG4S s FARLE S WG5S s FARS s WG55 2 FARSS LHPEXT ,AM
CALTP »ET AR y 2F » PONF 221 9y PCNI 9 2C s PCNC
EnFB s TFFHE LTFFIP HTFFLP HPCBLF ,PCBLI ,PCBLC ,PCBLOL.
FECBLOUC,PCOLCBIZFCBLOBC sFCBLHPIPCOLMPC,PCBLIFI,FPCBLIPC,PCBLLP!
GPCBLLFC

COMAQON/IPHP/RA22

CONMCON 7/ COMP/CNX{15) ,PRX(15,151 ,WACX (15,15} ,ETAX(15,15),
LOC N, NFT(15)

OIMENSION %LH(2)

CATA AWORD +WLH/GHCOCOMP46H (LOJ

WO RO = AWORD

THETA=SGRT (T227518.688)
GC 7O 10

IF (IDES

.NE 01’

THETAU=THETA
CHNC=PCNC*TFETAD/ (100.*THETA)
1FLZC.LT40 ) 2C=0.
IF(IC.GT.1.) 2C=%,
CHNCS=CNC
CALt SEARCH(ZC,CNCyPRC,)WACC,ETAC,
1ONXEL) yNCNoPRX(1,1) yMACXK (1 ,4),ETAX(L,1) yNPT(1),15,15,1G0)
iFM00E.EQ.1) GO TO 1
IF (CCNC~CNLS) «GTo0.0005%CNC) MAPELG=S
IF{IGOsEQe14CR.IGO,EQe2) WRITE(B,100Q) CNCS,WLH(IGO)

FORMAT(19HQ® & &

WAC=WACC*P22/THETA

52

3EH (HI) 7/

» IOSHOC, IMSKOC,HOZFLTY,

CNC OFF MAP,F10.4,2XA6Gs11H® * *388838)




IF {IDES<NEL1) GC 7O 2
WACDS=WA22
PRCCF= {PRCOS=14 )/ (PRC=1¢)
ETACCF=ETACOS/ETAC
WACCF=KACDS/ kAT
WRITE €6, 10 0) FRCCF,ETACGF, WACCF,T22DS

100 FORMAT(23M0HeS. COMPRESSOR DESIGN,1X8H PRCCF=yE15.8,8H ETACCE=:,
1E15.6,8H KACCF=,E15.8,8H T2205=,E15,8)

3 FRC=PRCCF® (PRC-1,) 41, ;
ETAC=ETACCFPETAC ;
WAC=WACCF* WAC
CALL THCUOMF(PRC,ETAC,T22,H22,522,F22,T3,H3,53,P3)
IF (PCBLC.GT.0.) BLC=PCBLC*WAC
WA 3=WAC-8L C
8L OUG=PCBL CUC*BLC
BLHPC =PC 3L HEC*BLC
8LIPGC=PCHL IPC¥BLC
BLLPCZPCALLFC*BLC
8L JBC=PCBi. 0BC*BLC
“ nyY=BLOUL +BLOYC
. HP=BLHPI +BLHPT, i
BLIP=BLIPI +8LIPC i
BLLP=BLLPT+BLLPC |

i
|

S o AR A

b N A 2

ELOB=BLOBI+BLCBC
IF (MODE~NE.1) G0 TO 2
IF (ABS(CNC-CNCS) oLE+ B, GOL*CNCS) GO YO &
WRITE(852000) CNCS;CNC
2000 FORMAT(LO0HOCNC WAS= ,E15.8,11H AKD NOM= ,E15.8, ’
126K CGHECK PCNC INPUTSSSSSS) !
CALL ERROR
3 PCNC=100.* THETA®CNC/THEYAD '
b ERR{7)=(NAC-KA22) /KAC }
CALL CocoMe |
i
!

RE TURN
END
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SUBROUTINE CCCOME

CIMMON / ALL/
1w0R0O ,L,I0ES HJOES HKDES ,MODE ,INIT ,IODUMP ,IAMTP ,
2IGASMX,ICBURN, IAFTBN,IDCD ,IMCC ,IOSHOC,IMSHOC,NOZFLT,
JITRYS,LCOPER,NOMAF, NUMMAP ,MAPEDG, TOLALL ,ERR (9)

COMMON/DES IGN/
L1FCNFGU 9yPCANIGU ,FOCNCGU ,TLGU »OLM01 ,LDELFG ,DELFN ,DELSFC
2ZF0S 9PCNFOS ,PRFDS LETAFDS ,WAFDS HPRFCF LETAFCF ,WAFCF
3210S yPCNICS ,PRIDS LETAIDS ,WEIDS ,LPRICF LETAICF ,WAICF
42C0s yPCANCCS 4PRCDOS ,ETACOS ,WACDS ,PRCCF LETACCF ,WACCF
5 T4 0S s WFBOS ,CTCOOS ,ETABOS ,WA3CDS ,DPCODS ,DTCOCF ,ETABCF
6TFHPOS ,CNHPDS ,ETHPDS , TFHPCF ,CNHPCF ,ETHPCF ,DHHPCF ,T20S
TTFIPOS 4CNIPCS LETIPDS ,TFIPCF ,CMNIPCF ,ETIPCF ,OMIPCF ,T21DS
8TFLPDS ,CNLPCS ,ETLPOS ,TFLPCF ,CNLPCF ,ETLPCF ,DHLPCF ,T220S
91240S ,WFOOS LCTOUDS ,ETADDS ,WA230S ,0PDUDS ,0TOUCF ,ETADCF
Aj70S s WFADS ,CTAFDS ,ETAADS ,NG6CDS ,DPAFDS ,DTAFCF ,ETAACF
BASS k25 » A6 s A7 sA8 »A9 sA28 yAR3
CPSS55 y AMSS »CVONOZ ,CVMNOZ ,A8SAV ,A9SAV HA28SAV ,A29SAV

COMMON/ FRCNT/

.u,u
A
Eakd

e
SERTREE

ERY

a0 O bR ot
R e e R Ee ) oy

T
“

Yo

i
W W e W e e e e e w

Sy

b 1T1 ,Pi ’Hi ,51 ,TZ ,PE )HZ !SZ
9 271214 s P21 s H2L y S21 s T22 P22 s H22 1522
7 313 s P3 s H3 9S3 ' T4 1 PU s Hé 1S6

LT45 s PLS s H&S 9 S45 » 15 s P5 s HS 9S5

5155 s F55 2 H55 y S55 9BLF 1:198 »8LC »BL3JU
6CNF s PRF »ETAF s WAFC s WAF »BLDUI ,BLOUC ,BL08

S

b bt
25 e
W WM WM WM W W W W W W e

N TCNI s PRI 1ETAIL sWAIC P WAL »8LOBI ,BLOBC ,WA3

Jé 8CNC ,PRC ,E?AC ,HACC ,h‘c ’ET‘B ’DPCO" ,HG“

i 9CNHP yETATHP ,ONTCHP ,OHTC yBLHP sBLHPI ,BLHPC HFARY

4 ACNIP yETATIF ,DHTCIF ,OMTI yBLIP 98LIPI LBLIFC ,DUNF

. BCNLP  ,ETATLP ,OHTCLP ,OHTF sBLLP sBLLPI ,BLLPC ,CS

e ChG45 s FARLS 4 NG5 s FARS s WE55 sFARS5 JHPEXT ,AM

{i OALTP ,ETAR ,ZF ’PCNF ’ZI ,PCNI ,ZC 9PCNC ’
g EWS 2 TFFHF ,TFFIP ,L,TFFLP ,PCBLF ,PCBLI ,PCBLC ,PCBLOUVI,
% FPCBLOUC,PCBLCBI,FCBLCBC, FCBLHPI,PCBLHFC,PCBLIFI,PCBLIFC,PCBLLPI,
- GFCBLLFC

E COMMON 7 COMB/PSI(15),0ELT(15,15) ETA(15915) 3 NPS,NPT (15)

4 CIMENSION G(9),CUNBO(15,15)

b DATA AWORD/EHCOCOMB/

& WORD =AWORD

.i Q(e) =g,

g Q(3) =0,

L P3IPSI=14.,6C6%P3

9 WA3C=WA3*SCRT(T3)/P3PSI

4 IF(IDES.EQ.1) WA3CDOS=NWA3C

2 OPCOM=DPCOCS® (WA3C/MA3CDS)

g IF {t0PCOM.GT,1.) DPCOM=1,

A F4=P3%(1,-CFCOM)

, 1 IF(T4.6T.3%95.) T&=3939,

4 IF(T4.GE.1000.,) GO TO 2

f’ T4=100G0,

R IF (MOCE.EQ.1) MAPEDG=1

E 2 CTCO=Tk=-T3

E IF(IDES.NE+1) GC TO 3

3 GTCOCF=D7CCOS/DTCO

i 3 GTCO=CTYCOCFeCTCC
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e “’f-%l"‘f","..»'?“?’j‘ﬁ":s"*5"&}“ PRIV TR IROIIARE AT N S
ESH O SR

z’;:‘ o - T ”@:’;’ﬂm >
; FIPSIN=PIPSI 3
i CALL SEARCH(=1,,P3PSIN,DTCO,ETAB,CUMMY, §§
a 1PSIC1)yNPS,DELT (191) ,ETA(1,1) yDUMEO(151) NPT (1)415,15,160) g
A IF(IGO.EQs 7) CALL ERROR b
& 4 IF (IDES.NE+1) GO TO & ;
¢ ET ABCF=ETABDS/ETAB ‘%
4 5 ETAB=ETABCF*ETAB 5
5 HV =000 (=ek594317E-19%T4) =, 2034116E-15)%TH¢,2783643E-11)*T4 +
b 14, 2054501E~07)% Th=o 2453116E-03) *T=0 943I3296E~01) * T4+ ,1845537E+0% §
Z} CALL THERHO_(P‘Q,HA,’“,XX].,XXZ’O’000’0) f
4 FARG= (HA=H3) / (HV*ET AB) §
- IF (FARGoLT o 0.) FARG=0, X
E WFBX=FARWL® WA 5
3 IF (HODE.NE+2) GO TO 8 4
k- ERRW = (NFB=WFBX) /HFB ]

DIR=SORT (WFB/WFBX) ;

CALL AFQUIR(Q(1) yTl,ERRW004920490.0001,0IR, T4T,1GO) )
. GO TO (6,9,7),1G0 4
- 6 Ta=T4T 1
s GO T0 1 ¥
k- 7 CALL ERROR i
A s hF B=WFBX X
-3 9 CALL THERMO(Fl4yhbyThyShyXX2y1yFARYy D) 3
£ WG b=WFB4HA 2 ;
- IF (IDES<EQ.1) WRITE(6,100) WA3COS,ETABCF,0TCOCF 3
- 100  FORMAT(17HOCOMBUSTOR DESIGN,7X8H hA3CDS=,E15.8,8H ETABCF=,E15.8, £
3 18H DTCOCF=,E15.8) ’
CALL COMPTE

RETURA
END
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3 SUBROUTINE COHPTSB
= COMMON 7 ALL/
' 1WORD LIDES ,JDES HKDES L,MODE LINIT ,LIDUMP ,IAMTP ,
2IGASMX,IOBURNyIAFTBN, IOCD ,IMCD ,IOCSHOC,IMSHOC,NOZFLT,
SITRYS,LOOPER,)NOPAP, NUMMAP,MAPEDG, TOLALL,ERR(9)

COMMON/DES IGN/
1PCNFGU 4PCNIGU ,PCNCGU ,T4GU »OUMDi ,DELFG L,OELFN ,DELSFC
27ZF 0S s PCNFCS ,PRFDS HETAFDS »KAFDS LPRFCF LETAFCF ,NAFCF
3210S s PCNICS ,PRIDS ,LETAIDS ,NAIDS HPRICF LETAICF ,WAICF
42C0S s PCNCOS ,PRCDS ,LETACOS ,WACDS ,PRCCF LETACCF ,NWACCF
5T40S s WFEOS ,OTCODS ,ETABDS ,WA3COS ,0PCODS ,DTCOCF ,ETABCF
6 TFHPOS ,CNFPDS HETHPDS o TFHPCF ,CMHPCF ,ETHPCF ,DHHPCF ,T20S
7TTFIPDS ,CNIPDS ,ETIPDS ,TFIPCF ,CNIPCF ,ETIPCF ,OHIPCF ,7210S
8TFLPOS oCNLPCS HLETLPDS ,TFLPCF oCNLPCF LETLPCF ,DHLFCF ,T220S
9124DS L WFCOS ,CTDUDS ,ETADDS ,WA230S ,0POUDS ,0VTOUCF ,ETADCF
AT70S s WFADS ,OTAFDS ,ETAADS ,KG6CDS ,0PAFOS 4OTAFCF ,ETAACF
BASS 9y A25 9 AG » A7 sA8 sA9 yA28 9A29

T e O D g
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b’

2 CPS55  ,AMES sCVONOZ ,CVMNOZ ,AESAV ,A9SAV ,A28SAV ,A29SAV
C:. COMMON/ FRONT/

b i 111 2 PL o H1 »S1 » T2 »P2 yH2 »S2 ’
3 | 2121 yF21 pH21 »S21 yT22 P22 pH22 93522 y
3 f 313 sP3 k] »S3 ' T4 2Pl s He 'S4 )
k- ! LT45 y P45 s HUS » S4S ' T5 »PS »H5 »S5 )
4 ! 5155 s P55 y H55 9555 9 BLF »BLI »BLC » BLOU ’
3 6CNF ,PRF ,ETAF ,“AFC ,“‘F 'BLDUI ,BLDUC 'BLOB y
- TCNI 2PR1 sETAI  HHWAIC s WAT »8LOBI ,B8LOBC ,WA3 y
- 8CNC » FRC +ETAC  L,WACC L WAC sETAB  ,0PCOM , WG4 '
= GCNHP  JETATHP ,OHTCHP ,DHTC  ,BLHP  ,BLHPI ,BLHPC ,LFAR4
3 ACNIP  LEVATIF ,OHTCIP ,O0HTI  ,8LIP  ,BLIPI L,BLIPC ,0DUMF ,
) BCNLP yETATLP ,ONTCLP ,OHTF sBLLP  LBLLPI ,BLLPC ,CS ?
e CWG45  ,FARGLS WG5S sFARS  4WG55  ,FARS5S5 HHPEXT HAM ’
B OALTP  LETAR  ,2F » PCNF »21 sPCNI  ,2C s PCNC '
3 EWB yTFFHF  ,TFFIP LTFFLP LPCILF ,L,PCBLI ,PCBLC ,L,PCBLCUI,
3 FPCBLOUC,PCELCBI ,PCBLOBC,PCBLHFI,PCBLHPC,PCBLYFI,PCBLIPC,PCBLLPT,
GFCBLLFC

4 COMMON /HTULRB/TFFX(15),CNX(15,15) ,0HTCX(15,15),ETATX(15,15),

a ANTFFS,NPTTFF (15)

. OATA ANWCRO yWLCy WHI/6HCOHPTB,.6H (LC) ,6H (HI) ¢/

e WO RD=AWORD

E IF (I0ES.EQ.0) GO TO 1

E: CNHPCF=CNHFOS*SQRT(T4) /PCNC

¥ 1 CNHP=CNHPC F*PCNC/SQRT(T4)

b CNHPS=CNHP

: TFFHPS=TFF HP

g CALL SEARCh(=1,,TFFHP,CNHP,OHTCHP ,ETATHP,

LTFFX (1) g NTFFSoCNXCL92) yOHTOXN (1,4 JETATX(191) yNPTTFF(1),15,15,71.¢
IF(IGO.EQe 140R.IGOEQe11+0R.IG0,EQ.21) WRITE{8,1000) TFFHPS, hL -
IF (IG0sEQe 2e0ReIGOEQ¢12.TReIGO.EQe22) WRITE(B,10G0) TFFHPSy WHI
IF(IGCsEQe1040ReIGOEQe12s0R.IGO.EQe12) WRITE(8,2000) CNHPS, WLC
IF(IGO0.EGe20s0ReIGO+EQe22+0ReIG0.EQe22) WRITE(8,2000) CNHPS, WHI
1000 FORMAT(1GHUO®®**3TFFHP OFF MAP,F10.4y2XA6911H**ss5358883)
2000 FORMAT(19H(Q®®%%® CNHP OFF MAP,F10.4,2XA6y11H*%**5g3883¢)
IF (IGO.NE.7) GO TO 3
2 CALL ERROR
RE TURMN
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3 MAPGO=0 §§
IFCABS(TFFHPS=TFFHP) LE. 0., 001*TFFHPS) GO TO & B
MAPGO=1
IF CABS(CNHPS-CNHPY 6T+ 0, 001*CNHPS) MAPGO=3
: GO T0 S5
i 4 IF CABSICNHPS =CNHP)Y ¢ GT« 0. 0C1*CNHPS) MAPGO=2
5 IF(MAFGO.GTo0) CALL MAPBAC(1,MAFGC,TFFHPS,TFFHP,CNHPS,CNHP,PCNC,

1T4yMOOE,NOKAP, NUNNAP)
IF (NOMAP.GT.0) RETURN
TFHCAL=WG4L*SORT(TG) 7 (14, 696%P4)
BTUEXT=0,706705*HPEXT
OHTCC=(BTUEXT+WACH (H3~H22) ) 7 (NGH*T)
IF(IDES.EQ,.,0) GO TO &
TFHPCF=TFHPDS/TFHCAL
OHHPCF=0KHTCC/OHTCHP
ETHPCF=ETHFOS/ETATHP
WRITE(6,102) CNHPCF, TFHPCF, ETHPCF , CHHPCF
102 FORMAT(20HOHPs TURBINE DESIGN,)SXTHCNHPCF=,E1%.893H TFHPCF=,£15.3,
13H ETHPCF=,E15.8,8H DHHPCF=,E15.3)
6 TFHCAL=TFHPCF*TFHCAL
OHTCHFzDHHFCF¥DHTICHP
ETATHP=ETHPCFYETATHP
OHTC=DHTCC*T4
ERR(1)=(TFHCAL=TFFHP) /TFHCAL
ERR(2)=(OHTCC-DHTCHP) /DHTCCT
CALL THTURB(CHTC,ETATHP yFARL HH,SUsPh,yT45,HL5,545,P45)
IF (BLHP.LEJ0¢) GO TO 7
FARLS=WFBZ (KAJ+BLHP)
WG 45 =zhGL ¢BLHF
e He 52 (BLHPI *H22+BLHPC*H3I ¢ NGL*HLS) /0G4S
f CALL THERMC(F45,H4S s TL5,,S45,XX2,1 ,FARNG,1)
K GO To 8
J 7 FARGS5=FARG
WG 45 3 KGhH
8 CALL ColIPTe
RETURN f
END ‘
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SUBROUTINE CCIPTB
COMHQON/ ALL/
1HORD LIDES sJUOES HKDES HMODE ,INIT ,IDUMPP .IAMTP ,
2IGASMX,IOBURN,IAFTBN,IOCO ,IMCO ,IOSHOC,IMSHOC,NOZ2FLT,
JITRYS,,LOCPER,NOMAPy NUMMAP ) MAPEDGy TOLALL ,ERR(9)
COMNON/DES IGN/
1PCNFGU JPCNIGU 4PCNCGU ,T4GU yOUMDL LDELFG LDELFN ,DELSFC
2IF0DS sPCNFDS ,PRFDS LETAFDS ,HAFDS HPRFCF LETAFCF ,NWAFCF
371 0S s PCNIDS ,PRIDS LETAIDS ,WAIDS LPRICF LETAICF ,WAICF
£2C0S s PCNCCS ,PRCDS LETACDS ,WACDS ,PRCCF ,LETACCF ,NACCF
514 DS yWFEDS LOTCODS ,ETABOS ,WA3CDS ,0PCO0S ,O0TCOCF L,ETABCF
6 TFHPOS ,CNKFDS ,ETHPOS ,TFHPCF ,CMNHPCF ,ETHPCF ,DHHPCF ,T2DS
7IFIP0S ,CNIPDS LETIPDS ,TFIPCF ,CNIPCF LETIPCF ,OHIPCF ,T210S
8TFLPOS JCNLPLS ,ETLPDS ,TFLPCF ,CALPCF LETLPCF ,DHLPCF ,T1220S
972408 HHFLDS LOTSUDS LETADDS ,WA23DS ,DPDUDS yOTOUCF L,ETADCF
AT70S s WFABS ,0TAFDS ,ETAADS ,WG6COS ,0PAFDS ,0TAFCF ,ETAACF
BASS + 425 s A6 s A7 sAL sA9 s A28 s A29
£PS 55 9 AMES sCVDNOZ ,CVMNOZ ,A8SAV LA9SAV ,A28SAV ,A29SAV
COMMON/ FRCNT/
171 ' P1 o H1 »S1 212 P2 s H2 9S2 ’
2121 P24 o H2L 9521 9122 P22 s H22 9522 ’
3713 +P3 s H3 953 o T4 s P4 s HG e Sh y
47645 1 PGt s HUS »S45 275 PS5 s HS »S5 ’
515¢% s P55 » HES 9 S55 9 BLF 98LI s BLC s BLOU ’
HGCNF s FRF sETAF s WAFC 9 WAF sBLOVUI ,B.0UC -,0L0B ’
TCONI o PRI +ETAX s WAIC s MAX 9»8LOBI LBLOBC ,WA3 ’
’
)
’
H
H

. M W W W WM W e e w

BCMC s+ PRC +sETAC s WACC s WAC »ETAB sOPCOM L HGY
gCHHP +ETATHF ,DHTCHP ,DHTC s BLKP 9BLHPI ,BLHPC ,LFARG
ACNIP sETATIP ,OHTCIP ,0HTI sBLIP sBLIPI L,BLIFC ,0UHMF
ACNLP s ETATLP ,OHTCLP ,OHTF 2 BLLP sBLLPI ,L,BLLPC ,LCS
CuGhas 1 FARLS L NGS s FARS P NG5S sFARSS HHPEXT JAM
CALTP »ETAR Y4 s PUNF 921 »PCNI »2C 9 PCNC R
EWB 2y TFFHP  L,TFFIP ,IFFLP LPCBLF LPCBLI ,PCBLC ,HPCBLOUI,
FFCBLOUC,PCELCBIPCBLIBC ,PCBLHPI PCBLHPC,,PCBLIPI,PCABLIPC,PCBLLPI,
GPCBLLFC

COMMON/ITURB/ZTFFX(15)9yCNX(15,15) yCHTCX(15,15) ,ETATX(15,15),
INTFFS,NPYTVFF (15)

DATA AWORD ¢WLO,WHIZ6HCOIPTB,6H (LC) ,6M (HI) 7/

HORD=ANORD

IF(IDES.EQ.0) GG TO 1

CNZPCF=CNIFDS*SQRT(TL5)/PCNI

CNIP=CNIPCF*PCNI/SQRT(TLS)

CNIPS=CN1P

TFFIPS=TFFIP

Catl SEARCH(-1.,TFFIP,CNIP,DOHTCIFP,ETATIP,

LTFEXCLY yNTFFS:CNX(1 51) yOHTOX(1491) JETATX(1,1) yMPTTFF(1),415,15,1ICD
IF(IGO0.EQGe 1.0R IGDEQe21.0RIGO0.EQe21) WRITE(B8,4000)TFFIPS, HLC
IFCIGCJEQs 240RIGOEQe12:.0ReIGO0.EQ.22) WRITE(8,1000) TFFIPS, WHI
IF(I600EQe10a0RIGOEDeL11.0RIG0.EQa12? WRITE(B,20G0) CNIPS,WLO
IF {1604EQe20s0RWIGOEQe71.0ReIGO.EQs22) WRITE(8,20060) CNIPS,WHI

1000 FORMAT(L1SHO®®®*3TFEFIP OFF MAP,F10.4,2XA6,11H*"%02388883)
2000 FORMAT(19HQ®*%%s ONIP OFF MAP,F10,.,6,2XA6,11H****8gg5883S)

3

IF{IG0.NEL7) GO TO 3
CALL ERROR
RE TURM

59




&
[ “WW TSI A e AR W AP i bt

402

MAPGO=0
IF (ABS(TFFIPS=-TFFIP) eLE«C.QJ1*TFFIPS) GO TO &
MAPGO=1
IF (ABS(CNIFS~CNIF)oeGT,0.004*CNIPS) MAPGO=3
GO TO0 5
IF (ABS(CNIPS=-CNIP)oGT+J+001%CNIPS) MAPGO=2
IF (MAPGO.GT.0) CALL MAPBAC(3I,MAPGC,TFFIPS,TFFIP,CNIPS,CNIP,PCNI,
1 T4 yMODE o NOMAP , NUNMAP)
IF (NCFAP.GT.0) RETURN
TFICAL=HG4S5*SQRT(TLS) / (14.696%PL5)
OHTIC=(NAI®(hZ2-4H24))/ (NGL5%TH5)
IFCTIOES.EC.0) 50 YO 6
TFIPGF=YFIPDS/TFICAL
On IPCF=DHT IC/OHTCIP
ETIPCF2ETIFDS/ETATIP
WRITE(6,102) CNIFCF, TFIPCF,ETIFCF,CHIPCF )
FORMAT{20H0I.P. TURBINE OESIGN,SXTHCNIPCF=,E15.8,8H TFIPCF=,EL5. -
18H ETIPCF=,E15,8,81 OKIPCF=,E15.8)
TFICAL=TFIPCFSTFICAL
OHTCXIP=DHIFCF*OHTICIP
ETATIP=ETIFCF*ETATIP
DHTI=OHTIC®T4S
ERR(BI=(TFICAL-TFFIPI/TFICAL
ERR(9)=(DOHTIC~-DHTCIP)/OHTIC
CALL THTURE (DHTILETATIPFARLS HES,SU5,PU5,T5,H5,55,P5)
IF(BLIP.LEO) GO TO 7
FARS<HFB/(NAJ¢BLHP+BLIP)
WG S=NGL5+BLIP
HS=(BLIPI*H22+4BLIPC*HI+NGL5*H5) /NGS
CALL THERMO(P5,H5,7Y5,55,XX2,1,FARS,1)
G0 10 8
FARS=FARLS
WE5=HGLS
CALL coLPYe
RETURN
END
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SUBROUTINE CCLPTD
COGNMMOR 7 RLLY
i 1P0R0  LINDES SJDES HKOES HMODE o INMXIY IOUNP yIAMTP ,
2IGASNX,IDBURR,IAFTBN,I0CD ,INCO 2 TDSKHOG, IMSHOC,NGIFLTY,
3ITR?S1LGOPER,NO"A?,NUH”“F,“APEUG,10Lﬁliyﬁﬁﬂi93
CONMON/OES IGN/
LPCHFGU ,PUKRIGU ,PCNCGU ,T4GU s OLMDL HOELFG SOELFN HDELSFC
2ZF 03 sPONFOS ,PRFDS CTAFOS ,NAFOS ,PRFCF +ETAFCF JHASGTE
32108 »PORICS SPRIDS HETAIOS ,¥a3I0S HPRICF +»CYAILF HAILCF
47008 +PCNCES 4PRCDS LETACOS ,WACODS +PROCF  LETACCF ,WACCF
57408 , WFBDS ,OTCOUS ,ETABO0S ,KWA3CDS sOPCODS ¢DTCCTF HETRBCF
6TEHPOS ,CNKHPDS ,ETHSOS ,TFHPCF ,CAHPCY sETHPCF ;OHMPTF ,T120S
YTFIPDS ,CNIPOS HETIPLS TFIPCS SURIVCF sETPCE HJOHIPCF ,7210S
8TFELPDS ,CHLPOS LETLPOS » TFLPCF ,ChLPLF LETLPCF ,QHLPCF ,7220S
9T7240S SNFODS ,0TDUDS ,ETADDS ,W&2305 :DPBUDS ,0TDUCF ,ETADCF
AT70S JHFANS ,OTAFOS ,ETAADS ,HG6COS JOPAFDS ,OTAFGF 2ETAALF
BAS S ¢ A2S 1) s A7 JR8 249 s A28 s A28
CHS55 » AMSE sCVDROZ ,CVUMNGZ SARSAY HAYSAY s A2ASAV HA295AV
COMMGNs FRONT/
in s F1 ML £ SS 012 P2 sH2 »S2 *
2121 4 P24 g HEY 2524 2 T22 4722 aH22 322 )
313 293 1K3 253 %4 G P Hb4 0S4 ’
“Th5 s PLS s HUS » SL5 o 15 95 s HS »S5 )
5156 s P55 s H55 s 555 o BLF oBLI 9 BL.C » BL0U ’
6CNF s PRF +ETAF g WAFC s WAF #BLOUT LBLOUC ,BLOB *
)
’
’
?
'
’

« F W W A W N e

TNl ¢ PRI $ETAZL s HAIC pWAL s8LOGY LBLOBC L WAZ

6ONG s PRC »ETAC y RACC s HAC yETRB »OPCOM , HGH

9N HP +ETATHP ,OHTCHP ,OHTC s BLHP 9BLHPT  ,BLIPC 7 ARM

ACN P ¢sEVATIF ,OHTOIP ,OHTI s BLIP 98LIPT  HALIPC ,OUNF

BCONLP yETATLP ,OHTCLP ,UNHTF 28LLP »BLELPI  ,BLLPC  ,L,CS

C NG 65 s FARGS  HHGS 2 FARS s G55 JFARSE  HJHPEXT AN

oaLYe »ETAR v 2F » FONF 2213 ¢+PCNI »2C s PCHC ’

EWFB JTEFHF ,TFFIP ,TFFLP LPUBLF ,LPCBLI ,L®CBLG y PLBLBUI,

FPCBL OUC, PCELOBT ,PCBLOBC , PCBLHP I, PCBLHPC PCBLEPI,PGBLIPC,PCBLLPI,

GFCBLLPC

J COMMON ZLTURBJTEFX(15)yCNX(15,15) ,DHTCX(45,15),ETAT%(15,15),

INTFFS,NPTITFF(15)

DATA AWORO WLOyWHI/ZGKCOLPTB,6H (LCI ,6H (HI) /
HORD= A4ORO

IF(IDES.EG.C) GO 7O 3
CNLPCF=CNLFDS*SORT(T5) SPCNF
CNLP=CNLFCFP*FCNF/SQRT(TS)

CNLPS=CNLP

TFFLPS=TFFL?

CALL SEARCF(=1.,fFFLP,CNLP,OHTCLP ,ETATLP,

LTFFACL) g NTFFSyCNX (1,10 yOHTRX(144) JETATX (1,40 ,KPTTFF(1),15,15,16u)
IF(Y50,E0e 1oCReIGOEQe11.0R, IG0.EQ021) WRIVE(8,1000;TFFLPS,HLO
IF {16060, 2.0R.IG0sF0¢12.0R.IG0cEQe22) WRITE(8,1000) TFFLPS, NHI
IF(EG0.EG. 1Uo0RIGOEVe21.0R, TG0, EQe12) WRITE6,2000) CNLOS,NLO
IF(IGCeEQs 20e0RIG0+EQe22 ¢ OReTGOEQe22) HRITE(8,2000) CHLPS, WHI
FORMAY (L GHO®*®SSTFFLP OFF MAP,F10.4,2XAh,11Hssesv88333%)
FOMAT (1 QH (% %% % CNLP OFF MAP,F10,4,2XAG 1 1Hs 322533382
IF{IGC.NE?) S0 TG 3
CALL ERROR

RETURN
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1 T4 ,HO0E; NOMAP ) NURNMAP?

18H ETLPCF=4£15,8,8H DHLPCF=,E15.8)

MAPGOST]

I (RES(TFFLPS=TFFLP) JLE. 04 004 TFFLPS) GO TO &
NAKGO=1 S

IF JABS(CNLPS<CNLF) o 5T0 0, 001*CNLPS) MAPGO=3

60 FO §

iF CABS(CNLPSSCNLP) . 6T 04 0G1*CNLPS) MAPGOx2

IF (NAPGO.GT.3) CALL MAPBAT(Z,MAPGC, TFFLPS, TFFLP,CNLPS,CNLP,PCNF,

IF INOMAP.GTA () RETURN 4
TFLCALENGS*SGRT (T5) / (14, 696%P5) s
CHTCFEHAF® (N21<H2) 7 (NG5*75) s
IF(IDEZ.EQ.0) GO TO 6 ‘
IFLPCF=TFLPOS/TELCAL .
CHLPCF=DHTCF/OHTCLP
ETLPCF2ETLFOSZETATLY

WRITE {Gy 1022 CNLPCF, TELPCFCTLPCF,LHLPCF
FORMAT(20MOL .F, TURBINE DESIGN,5X7HCNLPCF=,E15.8,8H TFLPCF=,E15.9

Prudos w o

TFLCAL=TFLPCFTTFLCAL

OHYCLP=DR.. PCF3OHTCLP

ETATLP=ETLFPCFeEITANLP

OHTF=0HICF*YS

ERRIIIS{TFLCAL<TFFLPIZTFLCAL

ERRCYY=(DHICF~-DHTULP)/ORTCF

CALL THTURBCOHTF,ETATLP,FARS,H5,55,P5,T55,H55,555,FP55)

IFC(BLLP.LESC.) GO TO 7

FARSSINFB/ (HAJ+RLHP+BLIP4BLLP)

WGS552NG5+BLLP

HOS= (BLLPLI*H2Z¢BLLPCPHILNGS®HS5) /WG5S

CALL THERMOD(FSS,H55,T75%,555,XX2,1,FARES,1)
GO YO 8

FARSS5=zFARS

WG 55 =KGS

CALL FRTOSC

RETURK

END
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SUBROUTINE ¥X708D

COMNONZ FROMTS

AT s F1
2121 s F24
313 P3
LGS P45
5155 yP55
HCNF s PRF
TONT s PRI
8 CNG s PRC
QORHP o ETATHE
ACNTI# ¢ETATIP
BCNLP P ETATLP
CKGHS s FARLS
DALTF +ET AR
EWFD s TFF:iP
GPCBLLPC
COMMON/ S1I0E/
1xPt s XHAF
2iA822 s XH2
3723 y P23
125 2 P25
5129 o729
6%L0 o MF L
77523 s PS28
XPi=Pi
MAF=Y4AF
ANATISHAL
XHAC=MNAC
XBLF=ELF
XBLOU=BLDY

xBLBuI=8LDOVY]
XBLOUC=BLOUC
XH22=H22
XH3zH2
XT21=T21
XP21=F21%
XH21=H21
XS21=S214
CALL CoDUCY
RE TURN

END

s H3

s H21
sH3

s HGS
y H55
s EVAF
s ETAL
+ETAC

» OHYCH?
sOHYCIP
s DHTCLP

s UGS
s ZF

s TFFIP

s KRAT
p X721
s H23
2M2S
129
o KG24&
s V28

sS%
] 52,.
+S3

s KAIC
+ WASC
s CHTG
s OHTI
s OMTF
2 FARS
s PCNF
s TFFLP

2 XMAL
s XP24
» 323
0528

¢ 529

s FAR24
s AMZE

272
o722
2 T4

o I8
+BLF
s KAF
sWAT
o RAC
s BLHP
»BLYP
s BLLY?
s HGES
921
sPCBLF

s XELF
s XH23
2 Y%
2128

s CUNS3
»ETAD
¢ TS29

902
P22

s Pla
»P5
11194
sBLOVUT
»8LOBI
»ETAS
»BLHPI
»BLIPI
»8LLPI
sFARSS
+PCNI
oPCBLI

s XBLCU
P XS2L
P24
sPCB

s BUNSL
2 DPOUC
s PS29

p 2
eH22

s Hi

s HS

s BLC

s BLOUC
yBLOBC
»0PCOM
»BLHPC
¢+BLIPC
»BLLPC
s HPEXT
»2C
+PCBLC

s XBLOUT
2 DUXSH
s H2h
yH28

4 OUNSS
»BYPASS
. V29

s52
s822
»S4
955

9 BLOU
»BLOB
s NAZ
» HGY
s FARY
s DUNF
LS

s AH

¢ PCNG

M W M w W WM W W P W e @

+

,PCBLOVT,
F FCBLOUC, PCBLOBT ,FCBLOBC , PCALHP 1,PCBLNPC ,PCBL TP, PLBLIPC,PCALLPT,

¢ X8LOULC
SauUns 2
2S24
93528

2 QUMGE
9 DUHS 7Y
gANZY

WM M e AW
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SUBROUTINE CCUCY

COMMON / ALt/
1KORD LIOES LJOES HKDES HMUDE HINIT ,IDUMP ,IANMTP ’
2IGASHMXy IDBURN,LAFTBN,IGCD ,IMCD » IOSHOC, IMSHOC,NOZFLT,
3ITRYS,LOOPER ) NOWAP, NUNMAP . MAFEDG, TOLALL yERR (G)

COMMON/DES IGN/
1PCNFGU oPCNIGU oPCNCGU ,T4LGU »OUMD1 ,DELFG LOELFN ,DELSFC
2ZFDS s PCNFOS ,PRFOS LETAFDS HWAFDS ,PRFCF ,ETAFCF ,WAFCF
32I0S yPCNISS ,PRIDS LETAIDS ,WAIDS LPRICF LETAICF ,WAICF
L2C0DS sFCNCOS ;PRCOS L ETACDS ,WACDS ,PRCCF LETACCF ,WACCF
57408 s WFEDS ,OTCORS ,ETABDS ,WA3CDS ,0PCODS (OVCOCF ,ETABCF
6TFHPDS oyCNHPDS HETHPOS ,TFHPCF CNHPCF ,ETHPCF 9 DHHPCF ,T20S
TTFIPDS ,CNIFOS LETIPOS ,TFIPCF 4CANIPCF LETIPCF s OHIFCF ,T7240S
ETFLPDS ,CNLPDS ,ETLPDS ,TFLPCF ,CMNLPCF »ETLPCF ,DHLPCF ,T220S
9724CS ,WFCDS ,DTDUBS LETADDS ,KA230S ,0PDUDS 9 DTOUCF LET40CF
AT70S s WFRADS LOTAFDS ,ETAADS ,HG6COS ,DPAFDS ,0TAECF s ETAACF
BA5 S5 9 A2S » A6 2 A7 s A8 sA9 pA28 »A29
CPS 55 s AMNSS » CVONOZ ,CVMNOZ ,A8SAV ,A9SAY ,A28SAV ,A29SAvV

COMMON/ SIDE/
1 P4 s WAF 9y WAI s #AC s ELF y BLOU , BLOUI . BLOUC
2 H2? s M3 s T24 y P21 y H21% s S21 s DUMSL ,DuUMS2
3123 gF23 o H23 +S23 » Teh P24 s H24 »S24
L125 s P25 y H25 9525 s 728 s P28 ) H28 9 S28
5729 gP2C p H2S 9529 » OLMS3 ,0UMSYy ,DUMSS ,DUMSH
68D s WFC ' WG2 4 »FAR24 LETAD »0P0UC ,BYFASS ,0UMS?7
71528 s PS28 s V28 s AM2¢E » TS29 e¥S219 V29 s AM29

OI MCNSION Q(9)

DATA AWORD1,ANORD2/6HCODUCTY ,6HONO2ZLY

WORD=AWORO &

Q(2) =i«

Q(3) =0.

WAX=WAF~RAI~BLF

WAD=KAXeBLCU

F23=P21

H2 3= (BLOUI*HZ2+BLOUC*H3I+WAX*H21) /hAD

CALL THERMCUF23,H23,T23,5234XX2,1:040,1)

BYPASS=(MAF=-KAI) /WAL

WA23C=WAD®*SOART(723) /P23

IF (IDESEQ.1) WA23IUS=HA23C

OPNUC=DPNUDS* (KAR23C/WA230S)

IF (OPOUC.GT+.1.) OPDUC=1.

P24=P23* (1 .,-CFDUC)

IF{IGASMX,GT.0) IDBURN=0

TIDBURN.NE.G) GO TO 2

T24=T23

W 0=0,

FAR24=0,

LU 11U/

IF(ICBURNLJEQ.2) T24=723+42000.

IF(T24.GT.4000.) T24=4000,

IF(T24.,LT.T23) T2L=723

IF DESIRED, ENTER CALCULATIONS FOR ETAD HERE

HV =4 000 (=ab5343UTE-19%T24)~42030116E~15)%T24¢,2783643E-11)*T2u+
12051501 E-U7)%T24-02453116E~03)%T725%<,9433296E=01)*T244,1845537E+.
CALL THERNC{P2L gHAyT2U XX19XX2350,0.0,0)
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FAR24=(HA~H23)/ (HV*ETAD)

IF(FAR2L L T4 04) FARZE=Q,

KENX=FAR24L¥WAD

IF(TIOEURN,NEL2) GO TC 6

ERRM= ({KF O~ WFOX} 7RFD

DIR=SCRT {WFO/HWFCX)

CALL AFQUIR(Q(1) 9724 ERRNMDa:EF:5s0.,0001,0IR,T24T,1I60)
GO TO (hy7,5),160

T2 =T24LT

GO 70 3

CALL ERROR

WF O=WFDX

CALL THERMO(F2L H24 T CkyS2hyXX291,FARZ24L,D)
HG24=KFD+WAD

IF(INDES.EQ.1) WRTTE(6,101) MHAZ230S
FORMAT(12HO0LCY DESIGH, % 2X8H WAR2ILS=,E15.8)
I OESIRED, ENTER STYHER LOSSES HERE

125=2T24

P25=P24

F25=H24L

S25=524

IF (IGASMX.:T,0) GO TO 11t

WORD=AWORDZ

A2 8SAV=A28

A29SAV=A29

NOZD=0

IDNOZ=0

IF (NOZFLT.EQ.2.0R.NOZFLT.EQ.3) NOZ0=1
IF{IDES.EQe1+ORsIDOBURN.GT,.0,0R.NO20.,EQ.4) IONOQOZ2=1
IF (IOCD.EL+1) GO TO 8

CALL CONVRG(T25,H25,P25,525,FAR24yNG24L,PL, IDNOZ,A28,
1726,H28,P2EL,528,7528,PS28,V28,AM28,ICON)

GO TQ (9,9,3,5),ICON

F25R,

CALL CONDOIN:T25,H25,P25,S25,FAR24L,NG24,yPL, IDNQZyAR8,A23,P25R,
1128,H28,P28,528,T29,H29,P29,529,7528,7529,PS28,PS529,Vv28,V29:4A~

24aM29,ICON)
1D SHOL=ICOM
50 TO €10,10,1045),ICON
T29=728
+29=H28
F2G=P28
3¢9=S528
[524=1528
PSE9=FS28
Vo 3=V2s
AM29=AM28
R2I=AZ8
I2SHOC=TCON¢3
ERR(5)=(F25R=-F25)/P25R
IF(IONOZ,.EQ.1) WRITE(G,100) A28,AM28,A29,AM29
FORMAT(1SHCDUCT NOZZLE DESIGKh,5X8%k A28=,E15.8,8H
18+ A29=,215.B,BH AHZQ=:EiS.8)
CALL FASTBK
ft TURN
ENC
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SUBROUTINE FASYBX §
COMMONZ FRCNT/ 3
11 s P1 gai » S1 2 T2 P2 s H2 9S2 2’
2121 P21 sH21 »S21 9 T22 2P22 yH22 »522 :
313 s P3 s H3 »S3 ' T4 Pl s H& s+ Sh ,

H
3

LT45 y PWS s H&S 2 S45 s TS5 sPE s HS y S5 s
5755 s PSE s H55 »S55 9 BLF #8LI »8LC s BLOU s
6CNF o PRF ETAF o WAFC 9 WAF sBLOVI ,8LOUC ,8L08 '
7CNI s PRI 9ETAX s WAIXC s WAL oBLOBI ,BLOBC L HA3 s
8CNC s PRC sETAC s WACC s RAC »ETAB sOPCCM  , WG4 y
GONHP +ETATHP ,0HTCHP ,ONMTC s BLHP oBLHPI LB HPC LFARY '
ACNIP »ETATIP L,OHTCIP ,DKTI sBLIP sBLIPI 0 2L  ,0OUMF R
BCNLP sETATLF ,0HTCLP ,ONTF s BLLP sBLLPI ,LLLPGC ,CS 1
ChG 45 sFARLS LGS o FARS s WG55 sFARSS ,nPEXT ,AM ’
DALTP yETAR s LF 9 PCNF 921 sPCNI »2C s PCNC '
EWFB yTFFHF L,TFFIP LTFFLP LPCBLF ,PCBLYI ,PCBLC ,PGBLOVI,
FPCBLOUC,PCBLOBI,PCBLOBC,,PCBLHPI,,PCBLHPC,PCBLIPI,PCBLIFC,PCBLLPI,
GPCBLLFC

CoOMMON/ SIDE/
1XP3 » XHAF s XWAX s XHAC s XBLF o XBLOU ,XBLOUI ,XBLOUC
2XH22 s XH3 » XT21 2 XP21 s XH21 »XS21 sDUMSL ,DUMS2
37123 P23 pH23 9523 2 T24 P24 yH24 9S24
L7125 s P2E 9 H25 9525 o738 oP28 pH28 »S28
5129 sP2¢ s H2O » S29 s OLMS3 ,0UMS4 LOUMSS ,DUMSE
BHAD s WF D s HG2 4 s FAR24 LETAD s0POUC BYPASS ,DUMS7?
71528 yPSE8 V28 s AM28 » 1829 »PS29 2 V29 9 AN29

COMMON /7 EACK/
XXT55 ,XP55 (XH55 4XS55 (XT25 ,XP25 ,XH25 ,XS25
XXHFB 4XHG55 ,XFARSS5,XHFD ,XWG24 ,XFARZ24,XXP1 ,0UMB
376 s P66 sHE 1SH 2 T7 s P7 ' W7 »S?
LT8 sP8 .1 9S8 3 T9 s PS s HO »S9
5WG6 s WFA oWG7 sFART LETAA ,LOPAFT ,V55 s V25
6PSH »VE sAME »IS7 yPS7 V7 s AN? s AM25
77S8 s PS8 sVa s AMS s TSS9 s PSS ' V9 s AMS
8 VA 9»FRD s VJO s FGMD LVUN sFGMMN ,,FGPL LFGPM
9FGM s FGP 'HFT s NGT 2 FART LFG 3FN s SFC

XT55=756

XP55=F55

XH55=H55

XS55=556

XT25=725

XP25=F25

XH25=h25
¥ X525=S25
XWFB8=4FB
XWG55:=R(58
X7 AR55=F ARES
XNFO=HWFD
XM G2 b =NG2hL
AFARZA=FARZL
XXPL=z£y
CALL COMIX
RE TURN
END
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SUBROUTINE COMIX
OIMENSION QQ(9)

COMMON
1 WORD

/
»IOES

ALL/
s»JCES HKDES

yMODE  , INIT

» IDUNP ,IANMTP ,
» JOSHOC, IMSHOC 4 NO2ZFLT,

2IGASMX, IDBURN,IAFTBN,I0CO ,IMCD
3ITRYS,LOOPERyNOMAPy NUMMAP, MAPEDG, TOLALL ;ERR(9)

COMMON/DESIGMN/
1PCNFGU »PCNIGU ,PCNCGU ,T4GU sOUMD1  ,DELFG
22F DS s PCNFGS ,PRFDOS L ETAFDS ,WAFDS LPRFCF
3210S » PCNICS ,PRIOS LETAIDS ,WAI0S ,PRICF
42C0s s PCNCCS ;FRCOS LETACDS ,WACDS LFRCCF
5T40S y WFEDS ,L,0VCODS ,ETABDS ,WA3COS ,0PCOODS
6 TFHPOS ,CNHPOS ,ETHPOS , TFHPCF ,CAHFPCF ,ETHPCF
7TTFIPOS yCNIPDS ,ETIPDS ,TFIPCF ,UNIPCF LETIPCF
BTFLPOS ,CNLPDS ,ETLPDS ,TFLPCF ,CALPCF ,ETLPCF
91240S HWFCOS ,CTOUDS LETADOS ,WA230S ,0P0UDS
AT70S sy WFADS LDTAFDS ,ETAADS ,RG6COS ,0PAFDS
BA5S » A25 » AB s A7 sRE »A9
CPSS5 » AMES »CVONOZ ,CVMNOZ ,ABSAV HAGSAV

COMMON/FRCAWT/DUMFL1(98) ,ZF,PCNF,DUNF2{21)

COMMON / EACK/
1755 yPS5 yH55 »S55 2725 y P25 2H25
2WFB 'yWG55 HFARSS ,WFO sWG26 ,FARZ4 ,P1
3716 'P6 sHE »S6 s 17 y P7 o W7
678 'P8 yHE »S8 » 79 s P9 s H9
5K56 s WFA P HG7 2»FART LETARA ,,OPAFT ,V¥55
6PS6 V6 1AMG » 157 yPS7 V7 y AM7
71S8 »PS8 s Ve yANS 2 7S9 yPS9 V9
8va sFRD VJo »FGMD  HVIM s FGMM L,FGPOD
9FGM yFGP W WFT W WG 2FART ,FG sFN

ODATA AWORD/6H COMIX/

WORD=2WORD

RJ=T78.26

CAPSF=2116.2170

6=32.1T4049

yDELFN

+ ETYAFCF
sETAICF
sETACCF
»DTCQOCF
9 OHHPCF
s DHIPCF
s OHLECF
» DOTODUCF
9yDTAFCF
s A28

s A28SAV

9525
sDUNB
2 S7
9S8
sV25
s AM25
s AMS
s FGPHM
s SFC

CALL FROCOM(FARS5,755,XX1;XX2,XX3,XX4,PHISS s XX5)
CALL PROCOM(FAR2U4,T25,XX1yXX2y XX3 XXy PHIZ25 ,XX5)
IF(I0ES.EQ.0) GC TO 6
CALCULATE AS55 AND A25 WITH PS25=FS$55
17 (PS55,€Q.0.) GO TO 50
TS55=T55*(PSES/F55) $30,286

00 1 I=31 ,15
CALL PROCOM(FARS5,7855,C555,)AK55,CP55,REX55,5HIS55,HS555)

FHIS=FHIS5-REX55*ALOGIP55/FS55)
DELPHI=PHIS-FHISSS
IF (ABS(OELPHI) 4LELO.,000L°PKIS) GO TO 3

9 DELSFC
JWAFCF
s WAICF
o WACCF
sETABCF
»T20S

» T210S
972208
9 ETAGCF
sETAACF
pA29

s A29SAV

e P T e W e g W e w

w W W R e w

R e an S

1S55=TSS5%EXF (4, 0%0ELFHI)

CALL ERROR

RETURN

1S55=0.875%1%5

D0 51 I=1,15

CALL PROCOM(FARGS5,7555,0555,AK55,CP55,REXS5,PH1IS55,H555)
Y55=AM554C 555

HSCAL =H55-¥554%2/(2.,%G*AJ)

CELHS=HSTAL~HS5S
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IF (ABS(DEL HS) o4, Ec0. OEES®HSCAL) GO TO 52
1555 =TS55¢ CELHS/CP55

G0 70 ¢
$3553F55/7E XP ((PHISS-PHIS55) /REXSS)

It' (H55.GT. HS55) GO TO 53
WRITZ(8,103)F55,PS55,755,T555,H55,HS55
FORMAT(22HOSQRT OF H55-HS55 NEG ,6E15.6,6H88885S)
CALL ERRLR

V55=SCRT (2 J*G*AS*(HE55-HS55))
RHO=CAPSF® £S55/7 (AJ*REX55*TS55)
A552KG55/ (RHO®¥S55)

AM55=V¥55/CS565

IF (IGASMX.GT.0) GO 70 54

WRITE(6,104) AS5,4M55

FORMAT(20HOTURBINE AREA DESIGN,6XEH A553,E15.8,8H AM55=,E15.8

GO TO 34

PS25=PS55

TS25=T25%(PS25/F25) **0.286

CoO & I=1,1i5

LALE. FROCOM(FAR2L,T325,CS259AK25,CPE5,REX25 yPHIS25,HS25)
PHIS=PHI25-REX25CALOG(P25/PS25)

OELPHI=PHIS-FHIS25

IF(ABS(NELPHI) LE.0.,0004%PHIS) GO YO 5
7S252TS2S®EXP (4« 0PDELPHI)

6o YO 2

IF (H25.,GT. HS25) GO TO 55
WRITE(8,102)F25,P525,T25,T7525,H25yHSR25

FORMAT (22HGSQRT OF H25-HS25 NEG ,6E15.0,6H$88888)
CALL ERROR

VE5=SGRT (2.#G*A.J* (H25~HS25) )

RHOSCAFPSF*FS25/ (AJPREX25%TS25)

A25=HG624/7 (RHC*V25)

AM252¥25/C <25

WRITE(6,100) A55,AN55,A25,AN25
FORMAT(25HO0TURBINE/ZDUCT AREA OESIGN,7H  A55z,E15.8,

18éH AM55= ,E15, 8,81 h25=4E15.08,8H AM252,E15.8)

GO 70 20

CALCULATE PSS55 AND PS25

WIA=HG55/7A55

C1=P56*SQRT(G/(TH55% A ) *CAPSF

MCON=0

o0 (2)=0.

G0 (3)=0.

AM65=0,50

1S56=G.875%755

0o 8 I=1’15

CALL FROZCOMP(FARS5,TS555,C555,AK55,CP55,REX55,PHIS55,HSSS)

V5 5:ME58L556

HSCALzH55-V55%82/(2,*G*A))

DELHS=HSCAL-HS55

IF FABS(OELHS) sLEL0. 0005 HSCALY GO TO 9

1S55x7S%5¢ DELKHS/CP5S

GO TG 2

WQAT=C1®*SQRY (ALSS5/REXS55) *AMGS5/ (1, ¢(AK55-1,) PAH55%%2/2,) %%+
1 ((AKES5+41.) /7(2.% (AK55~1.)))
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AMX= AMSS
I60G0=0
10 CIR=WQA/NWQAT
EW=({HQA-NQAT)/HWQA
CALL AFQUIR(QQ(1) yAMXyEHy04930090.0005,0IRyAMXT,ICCN)
GO TO (11,15,2),ICON
11 IF(AMXT.LE.1.,0) GO TO 13
AMXT=0,7
MC ON=MCON+1
1F (MCONJ.LE.1) GG TO 13
IF(MOCE.EQ.3) GO TO 120
WRITE(8,103) FCNF,AMX,F55,P555,P25,PS25
163 FORMAT(12HOCOMIX PCNF=,F7oly4H AM2,F8,6,5H P55=,F9.5,
16H PS55=,FGe5,5H P253yF9.5y6H PS252,F9,5,(1588888)
PCNF=1.01*PCNF
12 NOMAP=?
Rt TURN
120 WRITE(B8,121) 2F, AMX,P55,PS55,P25,PS25
121 FORMAT(I0HOCCMIX 2F=,F8,5,4H AM=yF8.695H P55=,F3,.5,
16H PS55=,FG.5,5H P252,F9.5,6H PSZS=,F9.5,6HSSSSSS)
2F=0,99%2F
GO 70 12
13 IF(IGOGO.ECs1) GO TO 14
AMS5S=AMXT
GO To 7
14 AM25=AMXT
GO TO 18
15 IF(I1G0G0.EQ.1) GO TO 19
PS55=P55/E XP ((PHIS55-PHIS55) /REX55)
IFC(IGASHX.LE.O) 6O TO 34
WQA=WG24/A25
C1=P25%SART(G/(TCS*AJ) ) *CAPSF
MCON=0
Q3 (2)=0,
0Q (3)=0.
AM25=0,25
1S25=u.875%T125
is D0 17 I=1,15
CALL PROCOM(FAR24L,T525,CS25,AK25,CP25,REX25,PHIS25,HS25)
V2 5=AM252CS2¢
HSCAL=H25-V25%%2/(2.%G*AJ)
DELHS=HSCAL=HS2S
IF (ABSC(OELHKS) oLE.0. 0005*HSCAL) GO TO 18
17 TS25=TS25¢0ELHS/CP2S
GO TO 2
18 WQAT=C1®SQRT(AK25/REX25) *AM25/ (1. ¢ (AK25=1,) ®AN25%%2/2,)**
1 ({AK2CS¢1,)/7(2.% (AK25-1,)))
AMX=AP2S
16060=1
G0 TO 10
19 PS25=P25/7EXP ((FHI25-PHIS2%) /REX2S)
F WoH=HG24+HGSS
ERR(5)=(PS25-PS55)/PS2%
W 6=HFD¢HWF L
FARG=WF6/ (WGE=-HWFE)
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el

B AL T

el 2t

LA

Eienc sy 208

21
22

23
24

26

a7

C wo=»

2%
29

r4ni]

C ss»
3u

He 2 2L P*HEY - nLUIH*HSY) LS
CALL THERMGL 4,197 69FHIbyAY: . L9FuR.. 1)

SL=PSES¥ AL E® (1, ¢AKESPAMGL®2) ¢ PS2ERALE* (1, +AK2L*ANDG
TEe=0ebSc8 1€

v 25 121,15

CALL FRUCOP(FARE,TS6,CSE)RKE-CPBYREXE,PHISE,HSO)
CL=HGO*SCRTCAJREXE*TE/ (AKB*L) )

C3=C2/7(CAPSF*(1)

Ce=(ARE=14)/ce=(C3%LKE)#32

Co=Le-24%AKE*( %%

CoO3Co*2244 ¥ CHeC34s2

IF(C6)c1928y23

CALL ERRCR

. TURD

AMB2Lx=C57 (2.%CY)

GO TO ~u .
AMB26={d>aRT(Le) =C9) 7 (24 2Ch:

IF (AMceGotE L 0 GU 70 21

AMEG=SURT L AMR2H)

Vo =AMBG*GS -,

HSCAL=HL~VE¥*2/ (2:%G*A.

CELHS=NSCAL=hSEH

IF (ABS (DL S ) of.2. 04 s JUS®HSCAL) GO TO 26
1S6=T1S6+ S LKES,UFB

GO TG 2%

IF(IGASMX,(Touy ABG=A25+A55

C7=SQART (1., +(AKbL=14) *AN6LG/2,)
FSB=CQ/(CAFSF*AGG*AMOG*C?)

FG.:PSE*EAP ((FHIG=PHIS6) /REXH)

caLL THﬁR"O‘pﬁghﬁ,TB,SSQXXl,lQFARe,G)
SOAVE=S{1G24*SCHERG55%5855) /NGE

IF (S6GC«SEAVE: CG TO 27

S6=S6AVE

FESEXPLANX*(FHIOH=-S6)/1,986375)

IF (IGASNX,EC.2) GO o 2¢

IFCI0ESseTel) GC O <.

CALOULATEZ A€ AS A FUNCTION OF INFUT AMe
TS0=TE/(ia vt (((AKC=L1aC)/2.0)%AVE**2,))

CO 28 Jd=1,1%

v LU FROQO#(F&RE,I;..CbB,AKc,CF&,FEX&,PHIS&,NS6)
v6=AME*(C S

hSCALSHB-VEY®. e/ 1:4%G*AY)

Ot LHS=poalAler:y

AF{AowwElr:, cbLiaue DUGHYHSCAL, G TO 2
1Se=13belELrS/LY

GO TC 23
F55=F6/‘(1.0'(((th‘loU)/200"‘“6"&.))“(AKBI(‘KG’X-G)’-
AMBDS =AML

RHO=CAPSF®*F 35/ (A= X0* T Sa)

ALEAGB/ (kv ury2)

WRITE(by st A¢

FURMAT{ihy, SInAFTER-JRNER ENTHANCE DESIGN AREA A6 L,F8.3)
60 TQ 36

CALCULATES AMB=F (ABULSIGN)

TO6P2TO/ (L au ¢l 1aK6=140)/72.,0) *ANGCS®42,))
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R N 32 25 S A R S 2 3 sus s it

O 32 I=1,15
CALL PROCOM (FARG69TS6P,CS6,)AKE,CPESREXG)PHISE HHSE)
PS6P=PS6*( TSEP/TS6) ** (AKE/ (AK6E~-1,0))
RHO=CAPSF*FSEP/ (AJ*REX6*TS6P)

IF (H6.GT ,HS6) GO TO 3%
WRITE(8,201)P6,PS6P,T6, TS6P

201 FORMAT(20HOSORT OF H6-HS& NEG ,6E15.6,6HSSSSSS)
CALL ERROR

31 V6=SQRT (2, *G*AJ® (H6~HS6) )

A6 P=HG6/ (RHO®*VE)

DELA6=A6P=Ab

V6=HGE/ (RHO®AG)

AM63V6/CS6

AM622ANG**2,

IF (ABSC(DEL A6) +LE.0.002%A¢) GO TO 33

32 TS6P=T6/(1.0¢8( (AK6=1.0) 72.0) *AME2) )
GO To 21

33 7S6=TS6P
PS6=PS6P
GO TO 36

36 162755
P6=P55
H6 =H55
$6=855
WG6=HG55
PS6=PS5%
v6=V55
AM6=ANM55
IF (IGASMX.EQ.0) A6=A55
GO TO0 36

35 AM62=AM626
AME=ANBG
A6 =A25+A55

36 CALL COAFBN
RETURN
END
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SURROUTINE -COAFEN

COMMON /  ALL/ 4
1WORD LIDES ,JOES ,KDES ,MODE ,INIT ,IOUMP ,IANTP , “
2IGASMX,ICBURN,IAFTBN,IDCN ,INCC ,IOSHOC,IMSHOC,NOZFLT, &
3ITRYS,LOOPER,NOMAP, NUMMAD ,MAPEDG, TOLALL ,ERR (3) %

COMMON/GESIGN/ 4
1PCNFGU »PCNIGU ,PCNCGU ,T4GU  ,0UMDL ,DELFG ,DELFN ,DELSFC }
22F0S  ,PCNFDS ,PRF(S ,ETAFDS ,WAFDS ,PRFCF ,ETAFCF ,WAFCF 3
32I0S  ,PCNICS ,PRI.; LETAIDS ,NAIDS HPRICF LETAICF ,WAICF }
42C0S  ,PCACOS ,PRCDS ,ETACDS ,WACDS ,PRCCF ,ETACCF ,WACCF 7

5740S s NFBOS ,0TCODS ,ETABOS ,WA3CDS ,0PCODS ,DTCOCF ,ETABCF :
6TFHPDS ,CNHPOS ,ETHPOS ,TFHPCF ,CMNHPCF LETHPCF ,DHHPCF ,T20S %
TTFIPOS ,CNIPCS LETIPOS ,TFIPCF ,CAhIPCF LEYIPCF ,OHIPCF ,7210S
STFLPDS ,CNLPOS ,ETLPOS ,TFLBCF ,CKLPCF ,ETLPCF ,DHLPCF ,T220S 2
9T724D0S ,NWNFDDS ,DTOUDS ,ETADOS ,H3230S ,DPDUCS ,OTDUCF ,ETADCF
AT?70S s WFADS ,OTAFODS ,ETAAOS ,WG5CDS ,0PAFOS ,DTAFCF ,ETAACF
8A55 s A25 s A6 s A7 2AS yAS pA2e s A29 ;
CPsS55 » ANSS »CVONOZ ,CVMNOZ ,A8SAV ,A3SAV ,A28SAV ,A29SAV !

COMMON /7 EACK/ :
17155 'PS5 2H55 »S55 2125 9P25  HH2S5 1585

20 00 22 I=1,15
CALL FROCOM(FARG,TS7,CS7 )AK?,CP7,REX?,PHIST? yKST7)
s V7 =ANT*CS?

i : 72

 J
2WFB  JNG55 LFARS5S ,WFD  ,HG24 ,FAR24 ,P1 JOUNB 1
316 ' P6 2 HE 56 ' 77 ' P7 P H? »S? ’ 4
478 'P8 yHB 'S8 »T9 s P9 yHO »S9 ’ ;
5866 JWFA  ,WG7  ;FAR7 LETAA ,OPAFT ,V55 ,v25 3
6FS6  ,V6 sANG  ,TST  L,PS7 ,L,V? +yAM?  LAN25 E
71S8  LPS8  ,Ve yAMS  ,TS9  ,L,PS9 ,V3 yAM9 H
8VA sFRDO V4D ,FGMD ,VJM  ,FGMM ,FGPD ,LFGFM ,
9FGM  ,FGP  LHFT  ,WGT  ,FART ,LFG oFN s SFC
S CINENSION C(9)
9 CATA AWORD/6HCOAFBN/ j
3 WOROD =ANCRD :
e G(25 =0, i
3 Al=778,26 .
3 CAPSF=2116.2170 2
6=32.1T404LS
9 W6z=WFB
E IF (IGASMX.GT.0) WF6=WF6¢NHFD
4 WAG=HGE-HFE
1 C *** CRY LOSS
3 MG 6C=NGE*SCRI(TE) /PO
3 2 IF(IDES.EQ.1) WGH6COS=NGHC
2 OP AFT=DPAFDS* (NGEC/ HGECDS)
3 IF (OPAFT,.GT.1.) OPAFT=1,
i3 FT=P6%(1.-0FAFT)
B A7 zA6
E: FARG=WF6/WAC
4 CALL FROCOM{FARG+T6H 9 XX19XX2y)XX3yXXlbyPHIO,XXE)
H WQA=HGE/ AT
7 CL=P7*SQRT (G/ (T6*AJ) ) *CAPSF
;; f ‘"7=.ﬁ6
: 1S7=20.875%*T6

PR—
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HSCAL=HE=-VT%*2/ (2.*G*AJ)
DELHS=HSCAL=-KS?
IF(ABGCCELHS) (LE.0.0005%HSCAL) CGC TO 24
22 IST=YS7+DELHS/CE?
GO YO 8
- 2h WQAT=C1*SART(AKT/REX?) *AM7 /(1o ¢ (AKT=1,) *ANT*52/2,) %"
L4 LUAKT¢1.)7 (2o LAKT 2,00}
A OIR=HQAZNQAT
4 EN=(HQA-NQAT) 7MQA
i CALL AFQUIRCG(L) yAM7,EN,040,30+50,0005,0IRy\ANZ7T,1G0)
¢ 50 TO (26928,8),160
e, 26 AM7 =ARNTT
IF(AM7.GE.1.0) AM7=0,9
= €0 10 20
“ 28 PS7=P7/EXP ({PHIE-PHIST) /REXT)
“ IFCIAFTBN.GT.0) GO TO & g
C *% NON-AFTERBURNING
3 =16
A WFA=0(.0
. FART=FARG
7 HG7=HG6
[ GO To 13
b C **+ AFTEREURNING
b & IF(IAFTBN.I0.,2) T7=T642000.
RHO6S=CAPSF¥FEST/ (AJYREXT*TST)
PS 65=PS7
Ve S=v?
: g(ey=40,
3 G(3)=0,
5 IF(T?7.6T.,4000.) T7=4000.
C *%% IF DESIREDy ENTER CALCULATIONS FOR ETAA HERE
HY=C ( (0= a4594317€E-1G°%TT7) «e2034116E-15)*TT¢.278364LIE~-11)*T7
4 14, 2051504E-07)%T7~.2453116E=03)%T77~,9433296E-01)*T7+¢.184L5537E+05
CALL THERHCC(FP7? ,HA,T7,XX1,XX2,090.0,0)
3 FART=(HA-HB) Z(HV®ET AA)
IF{(FAR7.GT 4043 GO TO 6
17 =T6
GO YQ 5
6 KFAX=FAR7®RGE
IF(IAFTBN.EQG.1) GO TO 9
ERRH= (NFA=-NWFAX) /KFA
DIR=SQRT (WFA/HWFAX)
CALL AFQUIR(C(1;,T? ERRN30492Ge90.0001,0IR,T7T7,1G60)
GO TO (7,10,8),1IG0

RERATIN D T s

TV, Pk

A M S kg s

; 7 17=171

. 60 TO 5

k- 8 CALL ERROR
9 WFA=WFAX

Y. 10 FAR7= (WNF6+hFA)/WAG

E WG 7=HGE* HF A

3 C ***% NOMENTUP LCSS

CALL FROCOM(FAR7,T7 9 XX1yXX2yXX343REX? JPHI7,H7)
RHO7 =CAPSFSP7/(AJ*REXT*Y7)

V7=WG7/(RKC7*A7)
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Q(2) =0, ;
Q(3¥=0. i
FS7=PS65-0.01

RHOT=HG?/(NT*A7)

HSTaHT=-V7%9%2/(2.%G*AJ)

CALL THERMO11,0,HS7,TS7,PHIS7,XX2,1,FAR7,1)

IF(TS7.GE<301.} GO TO 110

3 CALL THERMC(1.0,HS7,%00¢ yPHIST 9XX2y3+FAR7,0)

3 V73SQART (2 *G*AJ® (H7=HST7))

% GO TO 1%

110 PST=RKOT*AJ¥REXT*TST/CAPSF

PSTA=PSE5¢ (RHO65*VE5¥%2=-RHUT*VT7#42) / (\ °SF)
CIR=SQRT (ABS (PS7/PS7A})

IR

A AT

EP=(PS7~PS7A)/PS?
3 CALL AFQUIR(Q(L3 4V7? 4EPy0.950450.0005,0IR,V7T; 1GO)
k. 7=v7T )
i IF(V7.LT.100.) Y7=100.
3 GO TO (11,12,8) ,IG0
e 12 P7=PSTHEXP ((PHIT-PHIS?) /REX7)
2 CALL FROCOMCFAR?,TS7,CS79XX29XX3 5 XXl XX5,XX6)
3 AMT=V7/CS7?
3 13 CALL THERMOIPT7,H7,T7,S75XX2:1,FAR7,0)
kS IF(I0ES.EQ.1) WRITE(6,100) WG6COS
3 100 FORMAT(19HOAFTERBURNER DESIGN,S5X8H HG6CDSz,E15.8)
A CALL COMNO2
= RE TURM
- END
4
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SUBROUTINE COMNOZ2

COMMON / ALL/
1 WORD ,IDES ’JOES ,KDES ,HOOE ,INI? ,IOU”P ’IAP','P ’
2IGASMY,TOBURN,IAFTBN, 1000 ,IMCD ,IOSHOC, IMSHOC,NOZFLT,
3ITRYS,LO0PER ,NOMAP, NUMMAP,MAPEDG, TOLALL ,ERR {9}

COMFAN/DESIGN/
{1 FCNEFGU HPENISGU 4PCNGGU o THLGU sOLMRL  LDELFG HDELFN LHDELSFC
2IFDS s PLNFOS ,PRFOS LETAFDS ,KAFDS LPRFCF  LEVAFCF ,WAFCF
32508 s PLNIDS 4PRIDS HETAXODS W2XI0S ,PRICF LETAICF ,HWAJGCF
42028 s PONCES oPRCOS -ETACDS ,HACDS HJPRCLF  LETACCF ,#ACTF
%% 0S 2y WTELS  4DTCO0S SETABDS ,#E3ICOS ,0PCODS ,DTCOCF ,ETABCF
i HSTCHPOS JCNHPIE HETRPOT ,TFHPCF ,CNMPCF ETHPCF ,OHHPCF ,T20S
: TIFIPCS HCUYFT3 SETIPDS H,IFIPCF LCMNIPCF ETIPCF ,OHIBCF ,T210¢
i BIFSLPOS JCNLEGS HETLPOS ,TFLFCF ,CM.PCF JETLPCF ,DHLPCF ,T22DS
ST24ES HUFLUS HOTOUDS LETANOS ,wA230S ,0F0UGS sDTDUCF SETAGCF
AT70S sWFBRS LUTAFDS LETAADS ,NGOCDS ,OPAFDS ,DTAFCF LETAACF
BA5S s K25 Y1) o AT 2 AS sA9 s A28 ,“29
cP555 : AW S5 2 CVONOT ,CVMMOZ ,AGSAY LASQSAV L A28SAV ,AR29SAV

COMMON 7/ EACK/
17586 21 P55 sHS5 »555 2 T25 » P25 g H25 »S25
248 +WG55 FARSS HHFD 1 WG24 LFARZH4 ,P8 s BUNB
316 - .1 »S6 o 17 2 P7 yH7 28?7
LT18 493 sHE sS8 e 15 s PS s HD 9S8
5nG6 1 WFA 2 HGT oFART HETARA ,OPAFY ,V55 p V25
67S86 V6 s ANE »IST s PST7 ' V7 +AM7 s Al25
7158 PS8 yVE8 s ANS s 759 PSS s ¥9 s ANS
B VA s 7RO VJD o FGHD L YIN s FOMM LFGPD LFGPHM
IFC™ 2 FGP o¥FT s HGT sFART HFG oFN »SFC

DATA ANQRO/ZGHMNCZ2L/

#»ORD=ANGRO

ABSAV=AS

A9SAV=AS

NG IM=1(

IMNOZ=0

IF(NOZFLT.EQels0ReNOZFLTLEQe3) NOZM=1

IFVICESENel sORJIAFTON«GTo00OR«NOZM.EQ.1) IMNOZ=1

IF (IMCD.EQ.1) GO TO &

CALL CONVRG(T7yH7,P79ST,FAR7yHG7 4F1,IMNOZ,AS, P7R,
1T8,HB,P8,S8,TS8,PS8,V8,ANH8,ICON)

GO TO (3,353,2),ICON

CALL CONDIVCT7,H7,P79STyFAR7? yUG7 4F1,IMNOZ,AB,A9,P7R,
1734sH48,P8,58,19,+9,P9,59,TS8,759,PS8,PS3,V8,V9,AM8,ANS,ICON)

IMSHOC=ICON

GO TO (Lybybys2),ICON

CALL EKROR

19=78

H3 =H A

f3=P8

$9=5}%

159=T1S8 -

fS9=PS8 ;

vI=va

AMG=AMY
B3=A8
IMSHOC=ICON+3
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ERR(6)=(PTR=-F7) /F7R
IF(IMNMCZEQo1) WRITE(E,300) AB8,AME,AT9,AN9

i00 FORMATCLLHONUZZRE DESIGN,10X8H A8=,E15. 8, 8K AMB8=,EL5.8,
164 A9z ,€£1i5.893H AM93,EL15,.8)
RE CURN
END
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SUSROUTINE PERF

COMMON / ALLY
AWOR0D LIOES LJDES HKDES HMODE HINIT LIODUMP ,TAMTP ,
2IGASHX; IOBURN,IAFTBN,J0C0 ,L,IMCD ,I0SHOC, IMSHOC,NOZFLT,
JITRYS,LOCPERyNOHAP; NUMMAP s MAPEDG, TOLALL,ERR (D)

COMMON/DES TGN/

1PCNFGY ,PCNIGU HBCRCGU ,THGU »OLMDL LOELFG HOELFN HDELSFC

i
_QIF OS sPCNFES ,PRFOS ZETAFOS ,WAFDS HPRFCF LETAFCF ,MAFCF
32108 +PCNICS LPRINS HETAIDS ,WAXIOS LPRICF LETAICF ,WAICF ,
4 2C06S +PCNCOS ,FRCDS LETAGDS ,WACOS L,PRCCF LETACCF ,NWACCF ,
5 T4 0S »WFEDS LOTCOOS LEYABDS ,WA3COS ,0PCODS ,DTCOCF ,ETABCF ,
g § TFHPOS ,CNHPLS ,ETHPGS ,TFHPCF ;CNHPCF LETHPCF ,0OHHPCF ,T2DS ’
2 7YFIPCS yCNIPCS HETIPOS ,TFIPCF 4CMIPCF LETIPCF ,OHIFCF ,T210S
E: § 8IFLPOS ,CNLPOS ,ETLPOS ,TFLPCF ,CNLPCF ETLPCF ,DHLPCF ,72205 ,
K 972405 ,WFDDS ,L,OTOUDS ,ETADDS ,WA230S ,0PDUDS ,DTOUCF ,ETADCF ,
2 AT70S yNFEOS L,DTAFDS ,ETAADS 4MG6LDS ,0PAFOS ,0TAFCF ,ETAACF ,
? BASS ,AZS ’“5 gA? ,Ae ,‘9 ,‘25 ,A29 9
E: £ CPS55 9 AMES sCVONOZ ,CVMNOZ ,A8S3V ,A9SAV ;A28SAY ,A29SAV
K COMMONS FRCNTZ
5 171 ¢ P1 + Hi »S1 2T2 o P2 s H2 »S2 ’
i 271214 yP21 sHe1 ySe1 o122 P22 sH22 »S22 ’
b5 313 s F3 o H3 »S3 o Th s Ph s Hé »Sh ’
E LTS5 g Ple’ s HGS 2565 2715 yP5 P H5 »S5 ’
f 8155 ,955 ’"55 9555 ’BLF ’BLI ’BLC ’BLQU ’
3 6CNF s FRF 'ETAF s WAFG s RAF »8LOUT ,BLOUC ,8L08 ’
= TCNY sPR1 +sETAI s HALC pHAY »BLOBLI ,8L08C LWA3Z ’
s 8CNC s PRC sETAC s HACC s NAC 9ETAB sOPCCH  HHGH ’
i 9 CNHP »ETATHE LJOHTCHP o DHTC s BLHP sBLHFI ,BLHFC ,FARY ’
e ACNIP s ETATIP ,OHTCIF ,0HT1 »BLIP yBLIPI LBLIPC ,DUNF »
= 1 BCNLP yETATLF ,OHTCLP ,0OHTF s BLLP »BLLPI ,HBLLPFC ,CS ’
= ChG45  ,FARGS ,NGS yFARS  ,WG55  ,FARSS LHPEXT AN '
1 OALTP s ETAR y IF » PCNF 221 sPCNI »ZC s PCNC ’
b EWFB 2»TFFHF  L,TFFIP L,TFFLP LPCBLF ,L,PCBLI ,PCBLC ,LPCBLOVI,
= FPCILOLUC,PCBLCBILPCBLOBC,"CALHFIPCBLHPC,PCBLIPI,PCBLIPC,PCBLLPI,
S GPCBLLEBC
¢ CoONMGN/  SIDEY
N 1xP4 s XHAF yXRAZ » XHAC s XELF X313V ,XBLOUTI ,Xx8LOLC ,
2XH22 « XK 2 P XT24 » XP21 yXH24 9 XS21 »OUMSL ,0UMSE ,
3123 1 F23 s HZ3 »S23 2 124 P24 pHS 4 9S24 )
" 4125 »y P25 »H25 9525 2128 P28 yH28 + 528 ’
5 57129 ] »H29 »S29 sOUNS3 ,DUMSG LDUMS5 .DUMSE
: 6 WAD s HFC s RG24 sFAR24L LETAD »OPOUC LBYPASS ,DUMS7 ,
3 71524 yFS 28 V28 »AMZE » 129 2 PS29 » 429 yAM29
: CONMCN /7  EACK/
5 XXT585 ,XP55 ,XM55 HXS55 ,L,XT25 ,xP25 ,XHRS ,XS2%
4 XXHFR S aHGES JXFARSS,XWNFD XWG24 , XFARZH,XXPL ,DUNMB
3Tb 1 PB sH6 256 Y7 s P7 sH7 +S7?7
:“ 4718 yF8 sHE »S8 » 79 PO s HY Y]

2 : 5 HG 6 ,WFA yWG? sFAR? LETAA ,DPAFT ,V55 s V2s
6FS6 yVE yANG 27157 yPS?7 N7 » AN7 yAM25
7158 y©S8 V8 sAMS s TS9 ,PS9 ' V3 s AMS
B VA y FRO »VJD JyFGMD ,VJM  ,FGMM (FGPD ,FGPM
9FGM sFOP yHFT SNGT yFART LFG s FN sSFC
CATL BwCRG/6K FERF/Z
WO R : AWORD

gty
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P
6=32,47404 3
CAPSF=2116,2170
WF T2 KFB¢NF Qo WF A
WAT=WAF=-HLGB
ucr:uarour}
FART=WFT/NAT
VAZAMICS
FRO=VASWAF /G
VIM=CVMNOZ %V9
FGMN=VIM*HGT7 /6 -
FGPN=CASSF ¥ (PS9-P1) %29
IF CIGASMX. 67,6 GO TC 1
VS D=CYDNGZ *V29
FGXD=VJD*N G246
FGPO=CAPSF*{FS29-P1)3A23
FGN=FGMH ¢F GND
FGP=FGPM+F GPD
FG=FGM4F GP
FN=FG~FRD
SFC=3600.% NFT/FN
FG=DELFG*F G
FN=DELFN*F N
SFC=DELSFC*SFC
CALL CUTPUT
CALL ERROR
RE TURN
END
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CCMMON
1 WO RD

1PCNFGU
2 ZF DS
32108
42CDS
571428
61FHPOS
77F1RDS
BTFLFOS
912403
AT7 OS
Bas 8
CcP$ 55

11
2121
3713
4L
57155
6LNF
7CNI
8CNC
GCNHP
ACMNIP
BCHLP
CwG45
pare
Ent it

yIDES

s PCNIGU
» PCNFOS
» PCHICS
» PCNCOS
y MFBOS

s CNHPDS
+ CNIPOS
s CNLPDS
sy WFCOS

» WFRDS

,A25

CIMHON/ FRONT/

y P1

y P21

) P2

s P45

y F6 5

) PRF

s PRI

» PRC

s ETATHP
+ETATIFP
+sETATLP
s FARLS
+ETAR

s TFFHP

SUBROUTINE CCNOUT(ICON)

CIMENSION hCROY (345),I0UT(150) ,A0UT (6),¥OUT(6),PARA’(1(96),
1 PARAP2(121) ,PARANI(56) 4 PARANMY (72)
/ ALL/
yJOES
21GASHX, YOBURN,IAFTBN,IDCO
3ITRYS,LOOPER,NUNAP, NUNHAP, MAPE DG, TOLALL ,ERR(9)
COMMON/DESIGN/

y FCNCGU
y PRF DS
» PRIDS
y PRCOS
+8TGGOS
»yETHPOS
»ETIPOS
»ETLPOS
» OTOUDS
s OTAFUS
s AE
»yCVONOZ

s H
sH21
sH3

s H45
2H55

s ETAF
yETAI
»yETAC
,»OHTCHP
s DHTCIP
s GHTCLP
s KGS

9 2F

s TFFIP

s KDES

yMODE  , INIT

» IMCD
,TGU  ,0UMD1
y ETAFDS ,HAFDS
yETAIDS ,HAIDS
,ETACDS ,WACDS
,ETABOS ,WA3CDS
s TFHPCF 4 GAKPCF
» TFIPCF 4CMNIFCF
y TFLBCF ,CNLPCF
ETADDS ,HA230S
» ETAROS ,HG6CDS
y A7 JA8
yCVHNOZ ,AESAV
y51 RF:
yS21 yT22
yS3 T
yS45 ) TE
»S55 ) BLF
JWAFC  ,KOF
JHAIC  ,WAI
JWATC  ,NAC
yOHTC 4 BLHP
yOHTI  ,BLIP
,OHTF  ,BLLP
yFARS  ,HG55
yPCNF  ,21
y TFFLP  ,BCBLF

s IDUPP ,TAMTP ,

yDELFG
yPRFLF
»PRICF
yPRCCF
»,UPCODS
yETHPCF
+yETIPCF
yETLPCF
,0POUDS
yDPAFDS
yA9
»yA9SAV

P2
P22
Py
205
»BLI
s SLOUI
yBLOBY
sE1AB
sBLHPI
yBL.IPI
s8LLPI
yFARS5
sPCNNI
PCBLI

GF Q. LFC
CUMMON/ SIDE/
1x1 ,XHAF ,XHAI yX“AC ’XELF ,XBLDU
2x122 y XH2 ) XT21 y XP21 » XH21 )XS21
31T 3 y#23 s H23 9523 o TCHL sP2&
4175 yF25 yH25 »S25 y 728 ,P28
3 5179 s P29 yH29 +S29 »CLMS3  ,DUMSH
6u-C J WF T JHG24  ,FAR24 LETAD yOPDUC
77-28 » FS28 yVoa , AM28 y 7529 4P529
( MMON 7 BACK/
F XXT65 ,XP56 ,XHE5 4X$55 LXT25 4XP25 ,XH25
: XXNF8 ,XHG55 ,XFARSS,XHFD ,XHG24 ,XFAR24,XXP1
4 31f ,P6 yHE +S6 y T7 yPT SHT
4 WTA  ,F8  JHE  4SB  ,T9  ,P9  ,HO
¥ SW, 6 JHFA sHG?  LFAR7 LETAA ,DPAFT ,V55
g 6P 6 y¥6 yAME s IS7 2PS7 ' V7 2 AHT
] 7758 ;PS8 sVB JAMS yTS9  ,PS9 ,V9
¥ 8yh ,FRO yVJD  ,FGMD ,VJM  ,FGMM LFGPD
; QF“M  ,FGP JHET yNGT JFART LFG »FN
% 79

9 DELFN
» ETAFCF
yETAICF
» ETACCF
s OTCOCF
» OHHPCF
y OHIPCF
y DHLPCF
»y DYOUCF
yLTAFCF
s A28

y A2BSAY

1 H2
yH22
s HG
yHS
1BLC
+3L0OUC
»BLOBC
»OPCOM
yBLHPC
»BLIPC
»BLLPC
s HPEXT
s IC
yPCBLC

» XBLOUI
y DUMS1
rH24
yH28

y DUMSS
s BYPASS
+ V28

1 XS25
,OUMB
) S7
+S9
V25
s AM25
» AMG
,TGPM
ySFC

» IDSHOC, IMSHOC,,NOZFLT,

s DELSFC
s WAFCF
sHAICF
s HACCF
s ETABCF
s 7208

» 72105
» 72205
sETADCF
+ETAACF
,A29

9 A29SAV

952
»S2¢
sShL
2S5
#BLOU
1 8L0O8B
s WA3
s HG4
s FARG
9 DUMF
+CS

g AM

s PCNC
s PCBLC

Fe  HLOULC,PCELCRI,FCBLOBC,FCBLHPI,PCBLHFC,PCBLIFI,PCBLIPC,PCBLL-.

s BLOUC
»DUNS2
»S2h
»yS28

s DUMSE
y OUMS 7
s AM29

- W OV W e ¥ 9w

R .
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1 (PARAML{1),XT55)

DATA (WORDY(IH,I121,96)/
L THPCHFGU , 7HRCNIGY ,7HPCNCGU
2/HDELFN , 7HDELSFC ,7THZFDS
STHWAFDS  THFRFCF S THETAFCF
LTHAPRIDS ,7THETAIOS ,7MWAXGS
STHZCOS 9 THFCNCOS ,7THPRCOS
6 THETACCF o 7HRACCE ,7HT4DS
7T7HWA3C0S , 7HOPCQOS  7HOTCOCF
B7THETHFOS 2 THTFHPCF ,7THCOCNHPCF
STHTFIPGS , THCNIPES ,THETIFOS
STHOHIPCF ,THT210S L7HTFLPOS
2THONLPCF , 7HETLFCF ,THOMLECF
JiH0TDUDS , 7HETACDS ,7HWAZ30S
L7HT70S » THWFADS +7THUTAFOS
5THDTAFCF , THETAACF ,7HASS
6THASB y 7THAG » THA2S
T7?7HCVONOZ o 7THCVMNOZ ,7HABSAV

DATA (WORDY(I),1=87,150)/
17HTY » 7THPL v 7THHL
27HH2 y THSZ P THT 21
37HT22 y THF22 2 THH22
4 7THH3 » THS3 yTHT 4
STHTLS s PHF LS yTHH&S
67HHS5 y THES s THTSES
TTHBLF » THBLI 1 THBLC
8THETAF y ZHRAFC s THHAF
97HCNI » THPRI s THETAIL

OATA (WOROY(I),I=154,217)/
17HBLOEC 4 7HWA3 » THCNG
2THHAC » THETAB » THOPCOM
37HOHTIHP , THCHTC » THBLHMP
LTHCNIP y THETATIF L,7HDHICIP
STHBLIPC ,7HCUMF » THCNLP
67HBLLF s THELLPT ,7HBLLPC
TTHYGS s THFARS 2 THHGSS
B7HALTP y THETAR s THZF
97HZC » THECMS y 7THWFB
1 7HPCBLF , 7THFCBLYI ,7HPCBLC

17HXPY
27HXBLOVI
J7HXH24
LIHH23
5THT25
6THH2E

7 7THOUMS2
87HWG24
97THTSZ28

L THV29

g THXHAF

s THXBLEOUC
» THXS21

y THS23

s 7THP25

s THSZ28

9 THLUMS Y
s THFARZY
s THFS28

sy THAMZQ

s THXHAL
s THXHZ22
s THOUNSY
s THT 24

s THH25

9 THT29

¢ THOUMSS
s THETAD
9 THVZS

/

CATA (NOROY(I),T1=274,y365)/

1THXTS5

¢ THXFBS

" . ta ’ e ,
it o B AR BT RL Sty o s s i

y THXHS5S

p THTGGU

» THECNFOS
9 THHAFCF
g THPRICF
» THETACOS
s THHFBOS
» THETAECF
s THETHPCF
sy THTFIPCF
» THONLPOS
» THT220S
» THOPDUOS
y THETAADS
y THAZS

» THAZY

s THASSAY

9 THSI

s THF21

y THS22
’7HPQ

9 THSUS

s THPSS

s THBLOU
¢ THBLDUX
s THRRIC

9y THPRC

» THHGO

» THBLHPI
s THOKTX
~THETATLP
o THTS

s THF ARSGSE
9 THPCMF

9o THIFFHP

B e e N

» THOUMOY
, THPRFOS
,THZI0S

, THETAICF
s THNACOS
,7THOTCCOS
, THT FHPDS
s THOHHPCF
, THCNIPCF
»THETLPOS
yTHT 240S
» THOTOUCF
,THHG6COS
,7THAG
yTHPS55

s THA28SAV

s THT2

e THHZ1

p THT 3

s THHG

p THTS
sTHHSZ

» THCNF

2 THBLOUC
s 7THHWAI

s7THETAC
»THCNKP

2 7THBLHFC
s7THBLIF

2 THOHTCLP
s THHG4S

9 THHPEXT
2 THZI

2y THTFFIP

y 7THDELFG
» THETAFDS
y7HPCNIODS
sy THWAICF
y THPRCCF
+ THETABOS
» THCNHPDS
»7HT20S

» THETIPCF
s 7THTFLPCF
» THNEGODS
» THETADCF
s THOPAFDS
s THAT

, THANSS

» 7THA29SAV

s THP2

9 THS21

s THP3

s THS L

y THPS

2 THS55

y THPRF

s THBLOB
» 7HBLOBI

9 THNACC

s THETATHP
s THFARY

s THBLIPI
s THOHTF

s THFARGS
g THANM

s THPCNI

s THTFFLP

EQUIVALENCE (PARAML t1),PCNFGUY, (FARAM2(1),T1),{PARAN3(1;,XP1),

W W W W Y W W W e W T W e e e

MW W W W ¢ W w e

- W W W WY w e W

$

» THPCBLOUI ;7HPCBLOUC,7HPCBLOBI,
ZTHPCBLOBC, 7THPCBLHPY ,, 7THPCBLHPC, 7THFCBLIPI,7HPCBLIPC, 7HPCBLLPI,
37HPCBLLPCY

DATA (HORDY(I),I=218,273)/

s THXMAC
y» THXH3

s THOLMS2
y THF 24

y THS25

y THh7 29

» 7THDLMSH
s THOPDUC
» THAN2S

s THXESS

30

o THXBLF

W 7HXT21
yTHT 23
,THHZ2G
JTHT28

s THH29

, THHAD

, THBYPASS
s THYTS29

s THXT25

s THXBLOU
s THXP21
s THP23

s 7THS24
sTHP28

s 7HS29

s THWFD

o THDUMS?
s THPS29

1 7THXP25

- W W e W S W W

v N T e e s
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C *es
12

21

22

2IHXH2S gy THXS29 s THXWFB s THXRGSS
J/HANG2L 5 THXFARZ2H HTHXXP1 s THOLMB

L b s THSH s THT7 s THP?
574713 s THF S8 (THHS s THS S

o 43 9 THSS ,7HHG& ,7HHFA
7 /HETAA s THCPAFT 4 7THUSS 2 ThVCs
87H A46 s THTST s THPS? s THV?
Q7HTSB s THESS o THVE s THAMS
1 71V3 s THANMG s THVA s THFRD
27 dJH g THFGMMN s THFGPO s THFCPM
ITHHFT s THWGT s THF ARY s THFG

OASA THEEND,BLANK,LIMIT/7/7HTHEEND ,7H
"3 TO (1,12),ICCN
INPJT SECTION

70 4 N=1,150

NUM=N

<EAD(54300)AIN, CHANGE
TE{AINJEC, THEEND ) GO TO 5
(0 2 J=1,LIMIT

wJ=J
IF(AINEQ. WORDY (J)?Y GO 7O 3
LOMNT INUE
WRITE(65;1017AIN

D TO &

10UT (WNUH) = JJ

IF (CHANGE o NE o BLANK) WORDY (JJ)=CHAMNGE
CONTINUE

WRITE(6,102)
MIN=NUM=~-1

RETURNA

(UTPUT SECTICN
IF{NUH“,EQ.1) GO TO 16
M B M

J= b

€N 18 I=%,MNUM,6

IF (N CTe5) GC TO 13
M

M N-6

[ ota K=lyd

P -1K~1

~ 100T (L)

WGUT (K)=%0R0DY (M)
Wid,67T.96) GO TO 20
SILUT(K)=FARAML(¥)
LOO10 LG

cr M GT,.217) GO TO 21
KN =M -96

ENUT (KY=PARAMPZ(EN)

A Nl

IF(M.G(.273) GO TO 22
PN=M~217
LMUTIK)=PARAII(IMNY

vy TO 44

Fhz=M=273

AT (K)=PARAMLINNY

s THXFARSS

s 7HT 6

y THH?

s THTS

s THHG?

yTHPS6

s THAMT

+THTSS

s THVJO

s THFGM

s THFN
9345/

s THXNFD
sy THPH

2 7RS7

s THPS

y THFARY
s THVE

s THAN2S
s THPSS
s 7TKFGND
9 THFGP
9 THSFC

L R T L I I I ]
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100
101
102
163
104

R T

CONTINUE
HRITE (65103) (WOUT(K) ,K=1,J)
WRITE(6,104) (AOUTIK) yK=1,J)
IFtN.LE.0) GC TO 16
CONTINUE

RE TURN

FORMAT(A7,7X,A7)

FORMAT(' OHOTHE KCRD ,A7,26H NOT FCUND IN COMMON ARRAY)

FORMAT{ZZHOERROR IN CONOUT INPUT)
FORMAT(LH ,25XA7,5(8XA7))
FORMAT(4H ,20X6E15.6)

END
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SUBROUTINE ERROR

JLMENSION TRASH1(96) ,TRASH2(121) 5 TRASH3I(56) ,TRASH4(72)

LOMMON 7/ ALL/
1hORD ,IDES LJDES HKDES oMODE ,HINIT ,IDUMP ,IANTP ,
216434X, IOBURN,IAFTBN,INDCD ,IMCO ,IOSHOC,IMSHOC,NOZFLT,
311 2YS,LOOPERyNOMAP, NUMMAP ,MAPEDG, TOLALL,,ERR(9)

CoMMON/DESIGN/
12CNFGU 4 PCNIGU ,FCNCGU ,T4GU yOLMD1  ,DELFG 4O0ELFN ,DELSFC
22815 sPCNFCS ,PRFDS LETAFDS ,HAFDS PRFCF LETAFCF ,WAFCF
372105 s PCNIODS ,PRIDS HETAIDS ,WAIDS LPRICF LETAICF ,MWAICF
4508 » PCNCOS ,PRCOS LETACOS ,WACDS LPRCCF LETACCF ,WACCF
5 IS s HFBDS ,L,OTCODS ,ETABDS ,WA3CDS .DPCODS ,0OVCCCF ,ETABCF

1" HPOS 4 CNHPOS LETHPDS ,TFHPCF ,CMHPCF ,ETHPCF ,OHHPCF ,T2DS
77,208 4CNIPDS HEYIPDS ,TFIPCF ,CMIPCF ,ETIPCF ,OHIPCF ,7210S
BTria0S 4CNLPLS LETLPDS s TFLFCF ,CMPCF LETLPCF ,0HLPCF ,T22DS
9i240S HWFDOS LOTDUDS ,ETADDS ,WA230S ,DPDUDS ,DYDUCF L,ETADCF
A170LS » WFADS ,OTAFDS ,ETAADS ,WG6COS ,OPAFOS ,OTAFCF ,ETAACF
BA55 s A28 s AG s A7 1] sAS 9A28 sA29
Chs 5% » ANSS »yCVONOZ ,CVMNOZ ,A8BSAV ,A3SAV ,A28SAV ,A29SAV

TOMMON/ FRONT/

" W M WM M W e v e e W

1711 s F1 ,H1 951 ,T2 s P2 s H2 ,SZ
214 s P21 sH21 9S24 9722 s P22 sH22 9522
313 ' P3 sH3 9S3 o Th 2PY s H& 9Sh
LIL8 s PLS s HUS » S45 275 2P5 s H5 »S5

5195 1 P55 y H55 9S55 s BLF #BLIY »BLC s8LOV
6CNF s PRF s ETAF 9 WAFC s WAF »8LDOUI ,BLOUC s BLOB
TCN1 sy FRI 9ETAT s HAIC sWAI »8LOBY ,BLOBC ,WA3
8CuC » PRC yETAC » HACC s WAC »ETAB » OPCOM , WG4
9C «h? s ETATHP ,DHTCHP ,0HTC » BLHP sBLHPI LBLHFPC HFARY
ACNIP yETATIP ,OHTCIP ,0HTI »BLIP »BLIPI ,L,BLIPC LOUMF

P . T T T I ]

BCLP yETLTLP ,DHTCLP ,0HTF s BLLP sBLLPI LBLLPC ,LCS ’
Chnr ks s FARLS s WG5S s FARS s HG55 sFARSS SHPEXT s AN s
DAL TP s ETAR 9 2F s PCNF 21 sPCNI 9 2C 9 PCNC N

EwW S 2yTFFHF  ,TFFIP ,,TFFLP ,LPCBLF ,PCBLI LPCBLC ,PCBLOLT.
FP 8.2UC,PCELGCBI,FCBLOBC, PCBLHFI,,PCRLHPC,PCBLIFI,PCBLIPC,PCBLLPI,
GP 3LLEC

D iM42N/ S10EZ/
1XP 1 s XWAF s XWAI s XHAC s XBLF s XBLOU 4 XBLOUI ,Xx8LDUC
220 » XH3 1 X721 s XP21 9y X212 s XS21 s DUMSY ,0UMS2
3T.3% y P23 sH23 »yS23 s T2k P24 sH24L 9S24
LT » , P25 s H2S 9 S25 » 128 2 P28 sy H28 9528
51 1 s F26 9yH29 »S29 s OUMS3 ,DUMS4 ,DUMSS ,0UNSH
6H ) »WFL »yHG2 & s FAR24 LETAD »OPDUC ,BYPASS ,0UMS?
77 23 s FS28 s V28 s AM28 » 1829 sPS29 » V29 s AM29

Gt M4 W s/ EACK/
XX' 635 .XP55 L,XHE5 (XS55 HXT25 XP25 4XH25 ,xS25

S R I )

?
XX 70 ,XHGS5S $XFARSS,XWHFD 4XWG24 , XFAR2L,XXP1 ,0UMB
3T¢ yP6 sHB 956 2 77 y P?7 s M7 »S7 ’
LTr 1) yH8 +S8 979 P9 s HIY 9SS ’
5Hbo ’HFA ,“G? ,FAR? yETAA ,DFAFT ,VSS ,st ]
6FSH ' VO s AMD 2 TS7 s PS7 ' V7 yAN7 yAM25
77<3 yPS8 sV8 sAMB8 »TS9 s PS9 » VS s AMS ’
§ V& s FRO »VJO sFGMD 5, VJH y-GMH LFGPD LFGFM ,

9FC™ 2 FGP INFT s RGT yFART L FG »FN »SFC
ECVIVALENCE(TRASHL(1) ,PUNFGUY, (TRASH2(1),T1), (TRASH3 (1}, XP1)
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Sty 20144 A vam
A 1~ e
P (AR LN

Ao

. D PP &t Y LD A P e N
Ahiariites TIPSR el QR 3

100
102
103
104
105
106

St

EQUIVALENCE (TRASHGL (1) ,XT55)

CATA AWORDZ6HCOHMON/

WRITE (6, 190) hORD

WORD=AWORD-

WR ITE (6,102) NORDyZF y PCNF 321 PCNI, 2C PCNCy T4 yMODE
WRITELE,103)

WRITE (6,104} (TRASHL (1), I=4,96)
WRITE(6,10%)

WRITE(6,104) (TRASH2(I),I=1,121)

WRITE (6,10%)

HRITE(6,104) (TRASHI{I),I=1,56)

NRITE (6,1G'3)

MRITE(69104) (TRASHU(I) ,I=1,72)
WRITE(6,10)

WRITEL6,106) LCOPER

IF(I0UMP.EQ.0) GO TO 2

WRITE(6,105)

CALL SYG(2)

CALL ENGBAL

RE TURN

FORMAT(28HOAN ERROR HAS BEEN FOUNC IN ,A6)
FORMAT(1HO ,A6,9X,7E15.6, 14)

FORMAT(2HN )

FORMAT(1H0 ,8E15,6)

FORMAT(1H1)

FORMAT{25HOFAILED TO CONVERGE AFTER,I4,6H LOOFS)
END

i - s e e .
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= SUYRCLTINE SYG(IGCON)
s CIMENSION WGRC(132)
b DATA ONEDOL/GHS /
— GO TO (1,42),1CON
b 1 ENO FILE 8
2 REWIND 8
=3 RE TURN
i ¢ TERMINATE THE FILE
3 2 WRITE (8,500)
2 500 FORMAT(12H$$3¢38888883)
5 END FILE 8
4 REWINC 8
. c READ RECOSD
k 5 READ(8,501) {WORD (1) ,I=1,132)
. 501  FORMAY (132A1)
3
3 c CHECK FOR 12 LEADING DOLLAR SIGNS
Fe 00 10 I=1,12
4 IF (HNORO(I) -ONEDOL)11,10,11
g 10 CONT INUE
A RETURN
9 3 CHECK FCk 6 TRAILING DOLLAR SIGNS
: 11 00 15 I=11132
b
o IF (WORD{I) -ONEDOL)15,12,15
3 L2 K=I+5
<2 00 13 J=1I,K
: IF (HCRO(J) -ONEDCLY 1591315
3 3 CONT INUE
9 G0 TO 20
o 15 CONT INUE
B¢ WRITE (6,502)
B 32 FORMAT(1H0,12HERROR IN SYG)
& REYURN

PRINT LINE

J I=1-1

HRITZ (2,505) (WORO(M) 4M=1,1)
505 FORMAT{11241)

GO *Z o

END
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FTATH mx«’xﬁm

SUBROUTINE THCOMP(PR,ETA,TyH,S,P,T0,H0,S0,P0)

PO=P¥ER

IP=T#PR*2(] ,28572

00 & I=1.25

CALL THERMC(FO,HP,TP,SPyX1,09X2,0)
CELS=SP-%

IF(ABS(DELS) «LEL0,00005*S) GO Y0 ¢
TP=TFFEXP (44 2DELS)

CALL ERROR

HO=H+ ((HF=~H) ZETA)

CALL THERMCC(FO,HC,TO,S0,X1,04X2,1)
RETURN

END
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UBROLTINE THTURB(OH,ETAZFAR;H Sy FyTC,HE,S0,PL)

i 4~CH
R MGP=~-GH/ETA
1 FY =272,

ki 0 1 1=1,25
. CALL THERMC(FTyHOP, TTyST ANKT,1,FAR, 1)
i CeLS=ST-S
.- IF (A8S(DELS) oLE+0.00005%*S) GO YO ¢
3 1 FT=PYEXP (DELS*AMMT/14986375+ALOG(FT/F))
- CALL ERROR
e 2 PO=PT
o CALL THERMC(FO,hCyTO0ySOyX1,1,FARy1)
RE TURN
! 2 END
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& 0

162

102
103
104

SUBRAUTY L FRCCOM{FARX ) 1T, CSEY . tXEXyCPEXyREX ,PHI,HEX)
IFtF o o XelBEoCa 73) G2 70 1

FARX=y D€67€23

WRITKF(8,101)

IF(TZX.GEL300,) GO TO ¢

ToX=3. %

a YTE(8,:28)

TATzXeLEL4LC0.) GO TO 3

Tox=4000.

MRITE(8,133)

IF (FARXeGE o (28) GC TO &

FARX=0,0

WRITVE(B,134)

AIR PATH

CPA ={{f(t(1.ul155L0GE-25%TEX-1,45:677CGE-21) *TEX

14762157 TE=-18)*7iX=~1,.222250E~14)*TEX~6.7178376E-12)
2*TEX+E,95194B6E=y8) *TEX~5, ' 53687GE~(5) *TEX+2,5020051E6~31

HEA= (ST (1,2644425E-26%T=X-2, 752522E-22)*TEX

141,27,2630€-18) *T7X~-3,0256518E~15)%TEX~1.6794534E~12) *TEX
2+2418.982€CC8)YTEX-2:.5T3440E-QG)*TEX®*2.502I0.54E-01) *TEX
31475588 % Lrid

SELZ=#2,.1c¢ COSIE~QL*ALOG(TEX) ¢+ ( (L (({14445076TE-26*TEX

12,2110 38E=22) % cX#1.5243153E-18)*TEX~3,782uF43E-15)*TEX
2-2.23G27CQ0Z2~12) *TEX+3.2759743E-CR)*TEX~5,1576E73E-05)*TEX
34¢4,5L32300€~02

IF (FARXeLcoGu0) CO TO 5
FUEL ZAIR PATH
CPF ={{((((7.2678710E-25*TEX=1.33356€8E=20G)*TEX

141121251 3E-1E) *TEX=4426511 4L =13)*TEX*+3,9686793E~1u)*TEX
2=1.37719J1E-06) *TEX+1,225863uE~-03)*TEX+7,3816€38E~12

HEF= (L (((9.0848338E-26°TEX=1.905094L9E~21)*TEX
141,7u21525€~17) *T2X=8.4102203E-14L)*%TEX+2,4321698E~13)*TEX

2-4,59C532 F~CL7)¥TEX+64129315.,c~04)¥TEX+7.3516€38~02)
I+TEX+3.,0581530L +01

ScF=#7,28L663RF- ¥ ' OGITEX)+C(({((1,L38267UE~25*TEX

~2¢2226%) e~CA)PTEX42.u425326E-17)*TEX=1:0512776c-13)*TEX
273¢3228C28c-10) ¥TIX=0.885951=E~07)*TEX+1,2258€30E~03)*TEX
34640482393~ 3

CPEX=(CPA+FA.X" .. .(1,+FARX)

HE X=(MEA+FARY - 41 v ) s V1 +FLRY)

PHI=S(SEA®F s Avuek /(L 0 -1

AMH=28,97~,34LLUB*F AR

RV LLe98C37% Pn

.\..X=CP5. /e "Rt-\)

SEX=SQART(AKeXx~»Kki<*1 ..X*25031.37)

AETURN

FORMAT (2t ;€ ZHINPUT FULL-AZIP "~ .TIC LDOVE LIMITS, 27 HAS BEEM RESET
270 N.067b2 3, HPESTICTS

TLCRMAT{AME . SH9PRCIOY 1nkLY M- RATURE BELOW 3ud.,6HE$33%%)

FORMAT(IHO ; 2€FPROCOM 1MPUT 1/  MPERATURE ABOVE 4UUU.,6H3E33S3)

FORMAT(2hU,38FPFCCOM 1.PUT wEL-AIR RATIO BELCW ZERGC,6H3383%Y)

END
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SUBROUTINE SEARCH(PsA,R;Ce0,AX ;NA,BX,CXy0Xs NOysNAM,NCH,NCODE)
DIM_NSION AXEINAK) yBXINAM,NOMN) yCX(NAMINOM) s DX (NAM,NOM) JNO(NAKY,Q(G)
NEEDS SUBROUTINE AFQUIR

AX AND 8X KUST BE STORED LO 7C HI

P= INPUT PRCPORTION BETHWEEN 0.0 ANC 1.6
IF NOT INPUY, P MUSY SQUAL =%,

NC 00E=0% 0K

NC O0E=0% A LD

&L 0DE=02 A HI

NCORE=07 ERROR

NCODE=10 B LO

1= 00E=20 8 Hi

NCOOE=Q

c=0.

0=0.

FIND A

€0 1 I=1,KA

IH=1

IF(RLLTLAN(TI)) GO TO 2

CONY INUE

IF(A,GT.AX{IH)) NCGGE=2

A= AX (IH)

GO T0 3

IFtI.5T44) GO TO 3

NC 00E=1

IH=2

A=AX (1}

IL=IH~1

LIMH=NO(IH)

LINL=NOCIV)

FIND B

FRM= (A-AX(IL)Y)Z (AX(TIH{)-AXCIL))

PP =

IF{P.CE.0,) G0 TO 6
BL=HXx!{ILs5)¢FRH*(BX(IH,1)-BX(IL,y5))
BH=3X(IL,L IMLI¢FRM* (BX(IH LIMH)~BX(IL,LINL))
IT(3,5E.8L) GO TO &

NCOOE=NCODE+10

B= 8L

Gu Y3 5

IF (' .LE.BH) 6O TO 5

N.© € <NCODE+20

=7 -

Przd.%

Gle) =4,

QL2 =¢.

BH=PPIBXUIH LIKH)~BX(IHyL) )} +BX(I},1)
BL=PPR{BX(ILLINL)=-BX(IL,1))+BX(IL,1)
00 7 Jz2,LIME

JH=)

IF(3H.LT.8XxC(IK,J4)) GO TO B

CONT IRUE

JL=JH~-1

CO 9 «=2,LINML

XKH =¥
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IF (BL.LT.BX{IL,K)) GO TO id
CONT INUE
KL=KH=1

PR=(BX(IH,JL)-BH)/(BX(IﬂyJH)'BX(IH,JL))
CH= UYiiHyJL)=PR ¥{CX(IHyJH) =CX(IHyJL)
OH= LXLIH;JLY=PR #(OX(IH,JH)=DX(IhyJLd?

PR=(3X(IL~:.1)~8L)/Z(BXCILKH) =BX(IL,KL))
CL= CX(*L,KL)«B" =enX(ILKH)=CXC(ILyKL})
L= DXfuil, KL3~PN #{OX(IL. HI=OXCILyKL))

BT =BL4PRM* L4310
CT=CL4?RN® (CH-CL)
GT=0L ¢ °M* (OH-0L)

IF(Pews.uey GO TO 13
OIR=SART (B,/ET)
ERO=1C~bY) /B

CALL QFOUIR(0(1)VP?,ERR,O.,ZS.,0.001,DIR,PT,ICON)

GO 0 1%y, ¢a2),ICON
Po2.p7

Y {PF LT .. ~P=0.
IF(PRP.AT L, PP=1.
GO TO 6

M GOE =7

E= BT

Cc=0T

0=07

RE{JRN

END
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SUSROUTINE CCNVRG(TI,HI,PI,SI,FAR,WG,PA,IDES,A0,PR,
110,42,P0,SC,7S0,PSO,V0,ANO,ICON)
ICOoN=1 SUBSCNICy COMPARE FI WITH PR
ICON=Z SONIC, COMPARE PI WITH PR
IToN=4 ERROR
: £4=778.26
A Carsr=2116.217
G=32.174049
CALL FROCOM(FAR)TI,XXL9XX29XX3gXXlUyPHIIHXX6)

[eNeXe!

SN

C **% SONIC CALCULATICNS

J=3
o 1S5=0,833*T1
1 J=J+1
CALL PROCOM(FAR,TSS 4CSSyAKSyCPLREXSyPHISS,HSS)
H.CAL=HI-CSS*%2/7(2,*G*A))
0 LHS=HSCAL«HSS
IF{ABS(DELHS)=0.0005*HSCAL) ky4,y2
2 TS3:=TSS¢DELHS/CF
IF(1-15)141,3
3 ICON=4
RETURN
L IF {IDES)12,12,5

B I T

el eyl ot e

s

)
1§

e
3

C *#%* 15E-TROPIC EXPANSION CALCULATIONS

g 4

i 5 J=0
: TS5 I=-TI*(PA/PI)®®0,286
6 J=J+ 1
= CALL THERMO(PA,HSI,TSI,SSI,XX1,1,FAR,N)
5 IF (ABS(SSI-SI)=0,0001%SI)8,8,7
! 7 TST=TSI/ZEXF(4e* (SSI=SI))
" IF ¢U~30069€43
8 V'L SART (2 4*GPAJ* (HI~HSI))
It +1S-USS)9,11,11

C *** SURLCNIC DESIGN, CALCULATE AO

9 NGy IS
Yo -1581
1 LB
k- (nlt PROCOM{FAR,TSO,CS0,XX29XX3)REX,PHISC,HSO?
ez LARSFYFSC/Z(AJ*REX*TSO)
AU -HG/«RHO*V()
AKG=VL/CSO
PRy
I on=1
10 T0=11
-]
4 Pl=z®T
Sa= ¥
4 R TURN

e

At

RS W

4‘¢'T'

C ®%+% SN UESIGN, CALCULATE AO

A : 91
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12

C *¥x»

13

C vus

14
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g it i
RS B it e,

v0=CSS

T1S0=TSS
PSO=PI*(TSO/TI) ?*(AKS/ (AKS~1,))
RHO=CAPSF¥*FSC/{AJ?REXS*TSO)
AO=NGY(RHO*VC)

ANO=1.0

PR=P1

ICON=Z2

G0 7O 10

NON-OESIGN, CALCULATE CRITICAL CCAOITIONS

V0=CSS

150=TSS

PS0=PA

RHO=CAPSF*PS0/ (AJFREXS*TSO)
AOCRIT=HG/ (RHO*VO)

AMO=1.0

PR=PSO% (TI/TSO) #* (AKS/ (AKS=~1,.))
IF(AO-AOCRIT)13,13,14

NON-OESIGN, CRITICAL AND SUPERCRITICAL CONDOITIONS

FSO0=PSO*AQCRIT/AC
PR=PR®AQCRIT/AO
ICON=Z

GO TO 10

NON-DESIGN, SUBSONIC CALCULATIONS

AS0=PA

J=0

1S0=0.833*7TSGC

RN E

CRLL PROCOMIFAR,T7S0yCSO9AKO,CPHREXy(*"HISO,HSO)
RHO=CAPSFRFST/(AJ*REX*TSO)
VO=HG/(RHO*AQ)

HSCAL=HI~VC**2/ (2,%G*AJ)
DELHS=HSCAL~HSO

IF (AAS{DELFE) ~0,0005%HSCALYILT,17,145
TSO0=TSO+JELHS/TP

IF(J=15315,15,3

AH0=V0/CSO

FR=PSO*(TI/TSO) **(AKO/iAKO=14))
ICON=1

GO TO 40

END
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SUBRILTINE CCNDIV(TI,FI,PI,SI,FAR,NG,FA,IDES,AT,40,FIR,
T7 4T yPT,STyTCyH0,P0,S0,TST,TSO,PST,PSO,VT,¥0,ANT,ANO;ICON?
I "N=1  SUBSCNIC, CCMFARE PIR WITH PI

TTeN=Z  SONIC, SHOCK INSIDE NOZZLE, COMFARE PIR KIVR FI
ICON=2 SONIC, SHOCK OUTSIDE NOZ2LE, COMPARE FIR MITH PI
ICoN=4  ERROR

CINEANSICN G(€)

2)r=¢g.

5(3)-.00

4J=778.26

CAPSF=2116,2170

5232,17404¢

CALL FROCOM(FAR, TI XX1,XX29XX3yXXlyPHII,XX6E)

SONIC CALCLLATICNS

$=J

1S5=0.833*711

Jz o+l

CALL PROCOM(FAR,TSS,CSSyAKyCP,yREXS,PHISS,HSS)
HSCAL=HI-CSS*%2/(2.%G*AJ)
CELHS=HSCAL-kSS

IF (A3S(OELFS)=0.,0005*HSCAL) byby2
TSS=TSS¢DELHS/CP

IF(J-1531,1,2

ICON=4

RE TURM

IF(10ES)Yi1,114,5

SONIC DESIGM, CALCULATE AT

VI =CSS$

TST=TSS
PST=PI*(TST/TI) ** (AK/(AK=1,))
RHC=CAPSF*FST/(AJPREXS*TST)
AT =nG/ (RHO®*VT)

AMT=1.0

INEAL EXPANSION DESIGN, CALCULATE AQ

FeO=%2

J= 0

TR0=TI*(PSC/FI)**,286

Jrdt

CALL FROCOM(FAR,TSO,CS0,AK,CP,REX,PHISO,HSO)
PHISAL=PHII-REX®ALOG(PI/PSO)
CELPHI=PHICAL-PHISO
IF(ASS(CELFHI)-U,0001*PHICAL)8,8,7
TSC=TSO*EXP(4,*DELPHI)

IF(J~1516,6,3

VO=SIRT (2, *G*AJ* (HI~HSO))

AMO=zYG/CSO

BO=(AT/AMOI* (2,2 (1, +(AK=1,)%AHO®%2/2,) /7 (AK+1.))**({AK¢L1.)/(2.*
1(6K=1.,3))
FIR=®1
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ICON=]
9 T0=T1
HO=H1
PO=P]
S0=S}i
10 =T
HT=HI
FT =PI
ST=S1 ;
RETURN ;

C *%% ASSUME SONIC THROAT AND ISENTROPIC EXPANSION TO AO
11 VoLl

; AMY=4,0 ‘

A >-15S ‘ X

. 1 0= WG/ LAT¥YT) :

3 FS T=RHO¥ AJ*REXS*TST /CAPSF ;

o PIR=PST*(TI/TSTI*¥(AK/ (AK=~1.)) :

: IF (PST-PA) 12,24,24 !

e 12 1S0=0.,95*7 !

3 NAM=0 i

2 13 CALL FROCOF(FAR,TSO,CS0OyAK,CPyREX,PHISO,HSO) ;

: AMU=SQRT (2 +* ((TI/TSO)~1.)/7(AK=1.)) |
AOCAL=C(AT/AMO)® (2% (1o + (AK=1,)%ANC*%2/2,3/7 (AK+1,)) %% ((AK+1,)/ g

£ 1(2.% (AK=14))) '

i EA=(A0-AGCAL)ZAC .

- DIR=SQRT (AG/AOCAL}

2 CALL AFQUIR(CQ(1);TSOyEA,0e,y100.,0.0001,0IR,TSOT,JCON)

5 GO TO (14y1543) yJCON

i 14 1S6=TSOT {
IF(TSC-TI} 163,523,141 }

140  TSC=2.*TI/ (AK+1.) ;

IF(TSO.GT,TSC) GO TO 142 1

= 141 T1S0=0,98%T1 4

. GO TO 13 )

Iy 142  IF(Q(2) LT .30.0.0R, AMD.LT,0.95,0R.MA¥.EQ.1) GO TO 13

< TS0=2.*T1/(2.40.98% (AK~1,))

- HAM=1

4 GO TO 13 ;

7 15 FSO=PIR¥ (TSO/TIN?B(AKI (AK=1,1) :

A IF (PSO-PA) 17,16, 24

E: C »+* CRITICAL FLOW, ISENTROPIC EXPANSIGON TO PA

- 16 VO=ANC*CSO

- ICON=1

A GG TO 9

s C *#%» SUSBSONIC FLOW

- 17 FSO=PA

3 Q(2) =0,

L 0(3)=0.

: J=0

3 1S0=0,833%7I
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18 J=J+ L
CALL FROCOM(FAR,TSO09CSOyAX,CPyREXsPHISO,HSO)
RHO=CAPSF*FSC/(AJ*REX*TSQ)
VO=WG/(RHO*AOQ)
HSCAL=HI=-VC* %2/ (2.,*G*AJ)
CELHS=HSCAL~HSO
IF {ABS(DELHKS)~0.0005*HUCAL) 20,230,419
19 1SO0=TSO+DELHS/CF
IF{J-15)18,18,3
20 AMO=vYQ/sCSO
FIR=PSO*(TI/TSO)**(AK/(AK=1,))
1ST=TS0
21 CALL PROCOM(FAR,TSTyCST,AK,CPyREX,PHIST,,HST)
PST=PIR*(TST/TI)**(AK/(AK=1,())
RHO=PSTHCAFSF/C(AJPREX*TST)
VT =G/ (RHO*AT) N
HSCAL=HI=VT*%#2/7{2,%G*AJ)
EH=(HSCAL-HST) /7 HSCAL
CIR=1 .+ (HSCAL-HST)/Z (CP*TST)
CALL AFQUIRCQ(L) yTST4EH) 009206900005, 0IR,TSTT,JCON)
GO TO (22523,53),JCON
22 IST=TSTTY
GO YO 21
23 AMT=VT/CST
ICON=1
G 7O 9

C *8% SUPERCRITICAL FLOW, ISENTROPIC EXFANSION TO PA

24 PSO0=pA
J=0
TSO=TI*(PSC/FIR)**, 286
25 J=Jded
CALL FROCOMIFAR,TS0,CS0y)AK,CP,REX,PHISO,HSO)
FRICAL=PHII-REX*ALOG(PIR/PSO)
CELPHI=FPHICAL-PHISO
IF (ABS{DELPHIN-G.0001*PHICAL)274927426
26 TSO=TSO*EXF{4L.0*DELPHI)
IF 1J~15)25425,3
ras U0=SQART (2. *G*AJ®* (HI-HSO)Y)
AMU=VC/CSO
ANTII(AT/ZAMO)I* (2% (1.4 (AK=1,)YANO¥%2/2,)7(AK+1,) )% ¥ ((AK*14)/
1% (AK~1.0))
TCoN=2
N=u
IF I5G~A010)28,9,29

C *%% SUPERCRITICAL FLOW, ISENTROPIC EXPANSION TO AOQ

28 =1

29 1S0=0,.,833*71
J=0

30 NENESY

CALL FROCOM(FAR,TSO,CSOyAK,CP4yREX,PHISO,HSO)
AMO=SQORT (2,* ((TI/T7S0)=1,)/(AK=1,))
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31
32

C se»
33

C *»s

34

C *es

35

C ves

36

37

38
39

ADCAL=(AT/ AMCI® (2% (1o ¢ (AK=1,) PANMCH®2/2,)7{AK#1,) ) *® ((AK+1,)/

1 (2% (AK=1,)))
CELA=AO~AOQCAL
IF (ABS(DEL A) -0.,0001*AD) 32,32,31
TSO=TSO*SART (AOCAL/AD)
IF(J=50)030,30,3
IF (N) 34y 34,33

UNDEREXPANCEG, SHOCK OUTSIDE NOZZLE
FSO=PIR* (TSO/TI)**(AK/ (AK=1,))

VO=AMC*(CSO
GO 70 9

OVEREXPANUED, FIND SHOCK POSITION

PSX=PIR*(TSO/TI)**(AK/ (AK=1,))

PSY=PSX® (2.*AK®ANO® %2/ (AK+14) = (AK=14)/ (AK*1 D)

IF (PA-PSY) 35,36,36
OVEREXPANDED, SHCCK OUTSIDE NOZZLE

PSO=PSX
VO=AMC*CSO
GO T0 9

OVEREXPANOED, SHOCK INSIOE NOZZLE

PSO=PA

J=0

1S0=0.833*71I

J=Jel

CALL PRUCOM(FAR,TSO0,CS0,AK,CP,REX,PHISO,HSO?
RHO=CAPSF*FSC/{AJ*REX*TSO)

VO=WG/ (RHO*AC)

HSCAL=HI-~VO®**2/ (2.,*G*A))
DELHS=HSCAL~HSO

IF (ABS(DELhS)~0.0005*HSCAL) 39, 39,38
TSO=TSO¢DELHS/CF

IF (J=15) 37 437,3

AMQ=VC/CSO

T0=TI

HO=HI

PO=PSO*(T0/TS0) ®**(AK/ (AK=1.))
SO=PHII-REX*ALOG (PO)

ICON=2

GO 70 10

END
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SUBROUTINE ' FQUIR(XyAINDDEPEND,ANS,AJ,TOL,DIR,ANEN,ICON)
OIMENSION X(3)
X(1) =NAME OF ARRAY 70 USE
AIND=INDEPENDANT VARIABLE
DEPEND= DEPENDANT vuntnaLg
ANS=ANSHER UPON NHIGCH TO CONVERGE
AJ=MAX NUMBER OF TRYS -
TOL=PERCENT TOLERANCE FOR CONVERGENCE
DIR=DIRECTION AND PERCZNTAGE FOR FIRST GUESS
ANEW=C ALCULATED VALUE OF NEXT TRY AT INDEPENDANT VARIABLE
ICON=CONTROL =1 GO TMRU LOOP AGAIN
=2 YOU HAVE REACHED THE ANSHMER
23 COUNTER HAS HIT LIMITS
X(2) =COUNTER STORAGE
X(3) =CHOOSES METHOU OF CONVERGENCE
X(4) =THIRD DEPEND VAR
X(5) =THIRD IND VAR
X(6) =SECOND DEPEND VAR
X(7)=SECOND INC V4R
X(8) =F IRST DEPEND YAR
X(9) =~ IRST IND VAR
X(3) MUST BE ZERO UPON FIRST ENTRY TO ROUTINE

Y=0.

IF (ANS)1,2,1

DEP=DEPEND=~ANS

TOLANS=TOL®ANS

0 10 3

CE P=DEPEND

TOLANS=TOL

IF(ABS(DEP)-TOLANS) 5,5, 4

IF (X(2)=AJ4)8,8,7

ANEH=AIND

X(2) =0,

ICon=2

RE TURN

ANEWH=Y

X(2} =X(2)¢1,

ICOM=4

f TN

ANEW=Y

X{2) =0,

ICON=3

RE TURN

IF (X(3))9,49,12
¥8% FIRST GUESS USING DIR

x(3y=1,

X(8:=0EP

X(3) =AIND

IF(AIND) 10,114,310

1=J0TR*AIND

G0 10 6

Y=DIR

GG Y0 &

IF(X(2)-1.)13,13,16
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et LR L AL S

‘*,
i
e

i

et e

C *#» (INEAR GUESS
13 X(3)=2,
X(6)=0€P
X{7)=AIND
IF(X(8)-X(6))14,9,14
14 IF(X(3V=X({7))15,9,1%
15 A= TX(9, =X{(7¥)7(X(8) ~-X(E))
¥=X{9)-A%X (8)
IF(ABS{10.¥X(9))=ABS(Y))9,9,6
C *%% QUADRATIC GUESS
i6 X(4) =0EP
X(5) =AIND
IFIX(7)-X(5)318,17,18
17 IF (X(6)=X(4)113,9,13
18 IF(X(6)~X(&))19,13,19
19 IF(X12S)-X1(5)223,20,23
20 IF(X(8Y~-X(4))21,22,24
21 X(9) =X(7)
X(8)=X(6)
GG T0 13
22 X(3y=X{(7)
X(8) =X{6)
X¢3¥ =1,
IF(X(9))10,1i,10
23 IF(X(8)~X(4)224,21,24
24 F{X(8)=X{4)) 7 (X(T)=X(5))
A= (X {B)=X{ L =F2*(X(9)~=X(5)))/7({X(I)=X(72)2(X(I)=X(F)))
B=F-A®(X(5)+X (7))
‘ SEXLLYEX (D) T AL XLT) -7
IF(AY 242,248,142
240 IF(B)241,7 4248
261 ¥=-G/8
GO T0 37
242 IF(B8) 247,243,247
243 IF (GY245,244,245
244 Y=0.
GO TO 37
245 G=~C/A
IF(GY 7,7 ,246
246 Y=SQRT(G)
YY =-SQRY (G)
GO 10 270
247 IF(CY 248,248,249
248 Y=-B/8
YY=0.
GO TO 270
249 O=4,2A¥C/B%*2
IF(1.-0)Y13,25,26
25 Y==87(2.%A)
G0 1O 37
26 E=SQRT (L +~C)
27 ¥=(-B/7(2.*A))*(1,¢E)
| YY=(~B/(2:.%R))% (1.~E)
279 J=i
DEPMIN=ABS (X (%))
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32
33
34
35

36
37

00 29 I=6y8y2

IF (DEPMIN-ABS (X (ID)929,29,28
J=1

CEPHIN=ABS (X (I))

CONT INVE

K=J¢1

IF ({X(K)=Y)*(X(K)=YY))32,32,30
IF (ABSIX (K)=Y)=ABS(X(K)-YY))37,37,31
Y=Yy

G0 70 37

IF(J=6)33y 34,34

JJ=J+2

KK=K+2

GO TO 35

Ji=J=-2

KK=K=2
SLOPE=(X(KK) =X{K) )7 (X{JJ)=X(J))
IF (SLCPE*X (J) *(X(K)~Y}) 36,536,537
Y=YY

X{9)=x(7)

X(8) =x(6)

X(7)=%(5)

X(6)=X(4)

GO TG0 6

END
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SUSROUTINE MATRIX(E,Y,A)
DIMENSION E(9,9),V(9)4A(9) ,PIV(10),T(9,10)
00 1 I=1,9

T(I,10)=A(])

DO 1 J=1,9

TCI,JI=ET,.J)

D0 7 1=1,9

TEMP=0.

DO 2 J=I,9

IF(TENP.CT LABS(T(JyI))) GO TO 2
TEMP=ABS(T (V,1))

IPIvV=J

CONT INUE

IP1=1+1

W 3 J=IPL,10
PIVCII=T(IPIV,J)/T(IPIV,I)
IFRON=9

IT0=9

IF(IFROM,EC.IPIV) GO TO 6
RM=<T (IFRON, I)

00 5 J=IP1,10
TCITO,J) =T (IFROM,J) +PHEPIY (J)
ITO=1710~-1

IFROM=IFRONM-1

JF(IFROM.GE,I) GO TO &

00 7 J=1IP1,10

T{I,J)=PIVI)

0o 8 1=1,8

J=10-1

K=9=1

00 8 t=J,9

T(Ky10)=T(Ky10) =TIK,LI®*T(L,10)
00 9 I=1,9

V(I)=T(I,10)

RETURN

END
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SUBROUTINE OUTPUT

CIMENSION ®{(5,4) ,ANS1196),ANS2¢121) ) ANS3(56) yANS4(72)

COMMON 7 ALL/
1WORD LIDES HJDES ,LHKDES HMODE LHINIT ,ICUMP ,IAMTP ,
2IGASMX,IOBURN,IAFTBN,IDCO ,IMCO ,IDSHOC,IMSHOC,NGZ2FLT,
3ITRYS,LOOPER ;NOWAPy NUMNAP, MAPENG, TOLALL ;ERR(9)

COMMON/DESIGN/
1PCNFGU 9PCNIGU ,PCNCGU ,T4GU »OUMDL  ,0ELFG LDELFN HDELSFC
22FDS sy PCNFOS HPRFOS LETAFOS ,yWAFDS ,PRFCF LETAFCF ,WAFCF
3zias sPCNIDS ,PRIDS HETAIDS ,WAIDS LPRICF LETAICF ,WAICF
L 26 0S y PCNCDS ,PRCDS HETACOS ,WACDS LPRCGF LETACCF ,WACCF
5T+ 0S ) NFE0S ,0TGODS ,ETABDS ,WA3COS ,0PCODS ,DTCOCF ,ETABCF
6 TFHPDS ,CNHPOS ,ETHPOS o, TFHPCF ,CNHPCF ,ETHPCF ,DHHPCF ,T20S
7TTFIPOS ,CNIPOS H,ETIFOS ,TFIPCF ,CMIPCF ,ETIPCF ,DHIPCF ,T210S
8TFLPOS yCNLPOS HETLPDS TFLPCF ,CMPCF ,ETLPCF ,DHLPCF ,T220S
91240S L WFUOLS LOTOUDS ,ETADDS ,WA230S ,0PDUDS ,DTOUCF ,ETADCF
AT70S s WFADS HDTAFDOS ,ETAADS ,WG6CDS ,0PAFOS sOTAFCF ,ETAACF
BAS55 » A25 s A6 ) A7 sA8 2 A9 sA28 yA29
CPSSS s AMSS sCVONOZ ,CVMNOZ ,A8SAV ,A9SAV ,A28SAV ,A%JSAY

COHMON/ FRONT/

M W M W WM Y WM W e W e

imni P s HL 9S4 272 2 P2 s H2 0 S2
2721 s P21 sH21 9 S21 yTe2 P22 pH22 0522
313 » P3 s H3 + 33 L 2Pl yHG »Sh
LTS )P‘OS ,H(95 95‘05 ,'I’5 ,PS 9"5 ,SS

5155 » P55 9 H55 » S55 y8LF pBLL »8LC » BLOU
6CNF s PRF sETAF » HAFC s WAF »BLDUY ,3LOUC ,BLOB
TONI » PFR1 sETAI s HAIC s WAI »8LOBI ,8LO0BC ,NA3
8CNC » PRC 9ETAC » NAGC s WAC sETAB y0PCUN L, WG4
9CNHP »y ETATHP HOHTCHP ,OHTC » BLHP sBLHPI HB8LHPC ,FARK
ACHIP sETATIP ,OHTCIP ,CHTI »BLIP sB8LIPI ,L,BLIFC ,DUNMF
BCNLP 2 ETATLP ,OHTCLP ,OHTF »BLLP »BLLPI ,BLLPC ,CS
CHG45 »FARLS HNGS s FARE s WG55 2FARSS HHPEXT ,AM
DALTP » ETAR s ZF » PCNF 221 sPCNI »2C s PCHIC ’
EWS8 y TFFHP ,TFFIP ,TFFLP ,PCBLF ,PCBLI ,PCBLC ,PCBLOUVI,
FFCBLOUC,PCELCBI,PCBLOBC,PCBLHPI,PCBLHPC,PCBLIFI,PCBLIPC,PCBLLPI,
GFCALLPC

CONMON/ SI0E/
1xPi » XHAF s XWAI » XHAC s XELF »XBLOU HXBLOUI ,XBLOUC
2XH22 s XH3 P XT21 y XP21 » XH21 1XS21 P AUNSL  ,DUNMS2
3123 ) P23 2 H23 »S23 sTck y P24 s H24 »S24
%125 sP2*r yHZ5 »S25 »y 728 +P28 s H28 »S28
5129 yP29 s HEY » S29 »OLMS3 ,DUMSH ,DUMSS ,DUNS6
6hAD +WFO yHG24 y FAR24 LETAD »OPOUC ,BYPASS ,0UNS?
71s23 »FS28 3 V28 » AM28 y 1529 »PS29 » V29 21 AM29

COMMON 7 BACK/

XXT55 JXP55 JXHK55 ,XS55 4XT25 HXP25 ,XH25 ,XS25
XXHFB ,XWGS5 ,XFARSS5,XHFD oXWG24 ,XFAR24,XXP1 ,0UMB
3Te 1P6 1H6 »S6 y 77 s P7 .14 »S7
4bT8 )P8 sHB »S8 y 79 » PS »HI »S9
SKG6 sRFA 2 HG? 9yFAR? LETAA ,DPAFY ,V¥55 »Vas
6PS6 V6 2 AME y1S7 yPS?7 ' V7 ) AM7 s AM25
77s8 y PS8 V8 s AMS s 1S9 » PS9 »VI y AMS
8VA »FRO A RD] 9»FGMD 4 VJHN sFGMM ,FGPO LFGFN
SFGHM yFGP s WFT s WGT yFART LFG sFN sSFC

EQUIVALENCE (ANS1(1),PCNFGU), (ANS2(1),T1), (ANS3(1) ,XP1)
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EWUN

100
301
102

104
105
106
107
108
109
110

EQUIVALENCE (ANS4(1),XT55)

DATA AWORD1,ANORD2/76HOUTPUT ,6HCOMNMON/

DATA (N(1,1),I=1,4) /6HSUBSON,6HIC C-0y6H NOZZL,6HE /
DATA (W(2yI),I=1,4) /6HSHOCK ,6HINSIDE,6H C-D Ny6HOZZLE /
DATA (W(3yI)yI=1y4) /6HSHOCK »6HOUTSID,6HE C-0 ,6HNOZ2ZLE/
DATA (W(4y1)9I=1,4) /6HSUBSON,6HIC CONy,6HVERGs 36HNOZZLE/
OBATA (W(55 1) yI=3,4) /6HSONIC ,6HCONVER,G6HGENT Ny6HOZZLE /
KORD=AWORO 1

IF(IDES.EG.1) GO TO &

IF(IDBURN. GT+0) GO 7O 2

IF CIAFTBN«GT.0) GO TO

WRITE(65100) KORDyAM,ALTP,T4,ETAR

GO 70 3

WRITE(69101) KORDyAMALTP 4 Tl,T7,ETAR

GC 70 3

HRITE(6,302) WORD,AM,ALTP,Th,T24,ETAR '
CALL CONOUTI(2)

HRITE(6,104) (N(IMSHOC,I) 9I=144)4FG,FN,SFT

IF CIGASMX. GT+0) GO TO 5

WRITE(6,1C7) (HCIDSHOC,I) 9I=1,4)

WRITE(691086) LOOPER

WORD=AWORD 2

WRITE(6,107) WORD,2F yPCNF 9ZI,PCNI,2CoPCNC,y T4, NCDE
WRITE(6,108?

WRITE(6,109) (ANS1(I),I=1,96)

WRITE(6,108)

WRITE(6,102 (ANS2(I),1=1,121)

HRITE (6,108)

WRITE(6,109) (ANS3(I),I=1,56)

WRITE(E,108)

PRITE(69109) (ANSL(I)yI=1,72)

IF(IDES.EQ.1) GG TO 6

A8 =A8SAV

A3=A9SAV

A2 8=A28SAV

A2 9=A29S AV

IF(IOUMP.NE.2) GO TO 6

WRITE(6,110)

CALL SYG(2)

CALL ENGBAL

RETURN

FORMAT(1HO A€, 4X7H AMcy F7.3, 6X7H ALTP=,F7,0,
16X7H T434F6e2925X%TH ETAR=yFT744)

FORMAT(1HO s A651 4X7H AM=, F7.3y 6XTH ALTP=,F7.0,
16X7H To=yF8.295XTH T7=9F8e2y5XTH ETARZ4F744)
FORMAT (1HO yAB ;1 4X7H AM=y F7.,3y 6XTH ALTP=,F7.0,
16X7H Te=9F36295X7H T24=4F842,5X7H ETAR=,F7.4)
FORMAT(6HOMAIN »4A6 s IXIHFG=9F3,.2,)I8XIHFN=yFI,2,18X4HSFC=,F8.5)
FORMAT(6H CUCT ,4A6)

FORMAT(16HICCNVERGED AFTER,I4,6H LOOPS,/,1M0)

FORMAT(1IH ,A€y9X,7E15.6, 1)

FORMAT(1H )

FORMAT(1H ,8E15.6)

FORMAT(1H1)

END
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SUSBROUTINE MAFBAC(MAPyMAFPGOyTFFS,yTFF,CNS,CN4PCN,T,MO0E, I60,NUM)
DATA HWHy WI WLy WT,HS/76H HePs yOH I+Ps 96H LePe 46H TFF ,6HSPEED /
FORMAT(1HU gA€912HTURBINE MNAP , Ab,UHWAS=,EL13.6,10H AND NOW=,E13.6€,
16HE8£3388)
FORMAT(3HO jA6,A6922HNAS ALSO CHANGED FROM ,E13.695H TO ,E13.6,
164388888)
IF (NUNGT.0) GO TO 3
NUMH=0
NUMI=0
NJML=0
3 IGO=MAPGO+3* (KAP~1)
GO TG (100,200,300,400,500,500,793,206,900),1G0
C °** HIGH PRESSURE TURBINE
100 TFF=TFF+0. 1¥ {(TFF=-TFFS)
WRITE(By 1) WH s WT, TFFS,TFF
RETURN '
200 CN=CN+0,u5®(CN=CNS)
IF (MOCE«NE +1) PCN=PCN® (CN/CNS)
IF(MOJE.EQ41) T =T ®{CNS/CNi®®2
HRITE (84 1) hH WS yCNS,CN
IF (NUMH.GT .2)? GO TO 210
MIM=1
NUMH=NUMH+
RETURN
210 OELCN=CN-CNS
IF (DELCN+GE«COs) RETURN
TFF=TFF* (1 .¢CELCN/CN)
WRITE By 2) H NT ZTFFS,TFF
RETURN
300 TFF=TFF¢0.1* (TFF-TFFS)
WRITE(8,1) WHyHT 3 TFFS,TFF
GO 7O 200
C #»*% LOW PRESSURE TURBINE
+00 TFF=TFF+0.,1* (TFF=TFFS)
WRITE(8y1) RLyWTyTFFS,TFF
RETURN
500 CN=CN+0.0GS*{CN=CNS)
IF (HOOELNE+3) PLCN=PCN* (CN/CNS)
IF (MODE.EQ.3) T =T *(CNS/CN)
] WRITE (8,12 ki 4HS,CNS,CN
IFiRurL.GTe2) GO TO 510
NUM=1
NUML=NUML+1
RETURNM
- 510 OELCN=CN=-CNS
IF {DELCN.GE«0s) RETURN
TFF=TFF* (1 ., ¢CELCN/CN)
WRITE(8,2) KL WY 4 TFFS,TFF
RE TURM
500 TFF=TFFe¢0.i*(TFF=-TFFS)
HRITE (84 1) WL yWT 4 TFFS,TFF
GO V0 500
C #%* INTEQMEDIATE SPOOL TURBINE
700 TFF=TFF+0.1*(TFF-TFFS)
WRITE (8,1) WI,WT,TFFS,TFF
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RE TURN
800 CN=CN+0+05%(CN=CNS}
IF (MQOE . NE +3) ‘PCN=OCN* (CN/CNS)
IF (MOCE.EQ +3) T=T*(CNS/CN)
WRITE (854 WI4NS,CNS,CN
IF (NUMIL GT,2) GO TO 810
NUM=1
NUMIZAUMI#1
RE TURN
810 OELGN=CN-CNS
IF (DELCNJGEo o) RETURN
TFF=TFF* (1 ,¢DELCN/CN)
WRITE (852) b T,HT,¥FF S, TFF
RE TURN
300 TFF=TFF+0.1* (TFF-TFFS)
WRITE(8,1) hI,HT,TFFS,TFF
G0 TO 600
END
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SUSROUTINS THERMO(PXyHX ) TXySXy AMX, L yFARyK)
FX=0.
IF(L.EQsL) FXSFAR
IF(K,EQse1) GC TC &
caLL PROCO"(FX,TX,CS'“K,CP,R’PHI,HX)
GO TC 3
TX =4, #HX
D0 2 1=1,15
CALL FROCOM(FXyTXyCSyAKsCPyRyFHIyF) ‘
DE LH=HX=~H
IF (ABS(DELH) LE.0,00001*KX) GO TO 3
2 IX=TX+4 o ®*0ELH
*RITE(8,140)
100 FORMAT(34HONC CONVERGENCE IN THERROSSS(SS)
3 SX=PHI~R*ALOG(PX)
AMX=1,986375/R
RE TURA
END
's
|
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SUBROUTINE RAM(AMNETAR)

IF (tAM, 56T 41 ,) GO TO 2

EVYAR=1,

RE TURN

IF (AMGT,5,) GO TO 3
ETAR=1¢=0,075%( {AM=1,) *%1.35)
60 T0 3

ETAR=800.7 (CAM®¥4) +935,)

60 70 1

END
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FUNCTION GUESS(MyT,TOyP,POyN,HW0,C,00,VD) ;
IF (MsEQe8) GUESS=VO*((T/TD)*+41,60)*((DD/D)**0,50) |
IF (M.EQ.1) GUESS=VD*((P/PD)+*1,80)*((DD/D)**0.33)
IF(M.EQe2) GUESS=VO¥((N/KD)**0,33)%.(J0/D)**1.00)
IF(N.EQe3) GUESS=VD#*((W/HD)**0,00)* ((P/PD)**0.50)
IF (MoEQ.4) GUESS=VD*((H/HD)¥*0,00)*((P/PD)**0,50)
IF(M.EQe5) GUESS=VO*((T/TD)**1,10)*((0D/0)**C,.60)
IF(M.EQe6) GUESS=VD* ({P/PD}**1,00)* ((D/70D0)**0.25)

A e A
RS
bl = ’ %

S
3

e

b IF(N.EQe?) GUESS=VD*((P/PD)*¥*¥0,62)* ((D/0D)*%0.31)
E IF (M. EQ.8) GUESS=VOT((T/TD)**1,2)+4DD/0O

- IF (M. EQe9) GUESS=VC*P/PD*((D/0D0)*%%1,5)

o RE TURN

i ENO
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BLOCK DATA CVMBDAT
COMMON 7 CCMEB/PSI(15),DELT(45,15) ,ETA(15,15),NyNP(15)
CATA N,NP/315,15%15/

OATA PSIZ%.9316,3.8232,144735,19.€66924.558,29.,470,34,3814,
139,293, 44,207,7346745100492000 93000 940055004/ :
OATA DELT/45%2004915%3004915%4004,15%500,,15%€00.,15%70U0.,15%80u.
115%9004,15%1000.,15%1100,,15%1200.,15%1300.,15%1600.,25%1500.,,

215%16€00./

OATA ETA/
10600,07269 0777’060610826908‘03’0855, 056597.00709
20758908259 08508,.875,0888,.898,,30€,0912,.914,6%,915,
3.068,0893509119092590935,4942,4947,.951,7%,953,
0925909369 09469 09559486390969 09745 .977,.978,€%.,979,
549604909669 0937294977 9098290985,49304499290.993,€6%.935,
6:9887¢991y 59629 ¢99%+4995,0997,.998,08%,999,
76%1.00,7%,699,120%1.00/

END
g
§
|
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BLOCK DATA FANDAY
THIS IS A GENERALIZED FAN MAP FOR UNREALISTIC SUPERSONIC ENGINE
COMMON/ FAN/CN(15) 3PR(15915) yHAC(15,15),ETA(15,15) yNyNP (15)

DATA NyNP/710,6,3%7,5%10,8,5%0/
CATA CN/0e2y0e4306590¢690¢790e8,049914091019142535%0.7

DATA (PR(1,J)
C1.0000 ,1.0120
DATA (WACU1,J)
C2ut3.60 ,229,840
DATA (ETA(1,J)
C0.7259 ,0.7€642
OATA (PR(2,J)
C1.0000 41.0200
DATA (WACt2,J)
C286.80 ,270.00
DATA (ETA(24J)
C0.7559 40.77€2
DATA (PR(3,J)
C1.0000 ,1.02%6
DATA (WAC(34J)
C333.60 5322480
DATA (ETAL3,J)
C0.7506 ,0.7762
CATA (PR (4 ,4J)
C1.0000 ,1.,03€8
DATA (WAC(4,yJ)
C383.40 »37€,20
DATA (ETAC4yJ)
C0.7454 ,0.77€2
DATA (PRi5,J)
C1.0000 ,1.0640
C1.2240 41,2440
OATA {(WAC(5,J)
Cu33.80 ,43€,80
CB3I.40 ,368.40
DATA (ETA(S,J)
C0.7251 ,0.7762
C0.9011 ,0.8800
DATA (PRi6,yJ)
C1.0000 ,1.1000
C1.2864 ,1.3024
DATA (WAC(6,J)
C499,81 ,49¢,80
C4uB.20 4433,20
DATA (ETA(E,sJ)
C0.6882 ,0.7762
¢C6.9011 ,0.86800
DATA (PR(7,4)
C1.0000 ,1.076€0
C1.3616 ,1.,3912
DATA (WAC(7,4)
C566+41 956€,40
0509.00 "063060
DATA (ETA(7,J)
C0. 6415 50,7251

2J=1,6 )/
91,0280 ,1.0384
,J=1,6 | X 4
v199,.,80 ,166.80
’J=1’6 \ N 4
90,7665 ,0.7559
2J=1,7 )/
91,0400 ,1.0584
1J=1,7 )/
925320 5233440
2J=1,7 )/
00.7920 40,7973
2J=1,7 M/
vy1.0512 ,1.08400
2Jd=1,7 )/
9320420 ,291.60
9 J=1,7 )/
»0.8026 ,0.8281
2Jd=1,7 )/
91,0880 ,1.,12060
9 J=1,47 3/
9358420 ,340.20
2 J=1,7 )}/
»0.8281 ,0.,8545
2d=1,10)7
914384 ,1.1480
13.2672 7/
»d=1,10)/
9428 .40 ,420,60
9342.60 /7
9yJ=1,10)/
00.8281 50,8545
»0.8281 /
'J=1910),
»1.1600 ,1,2000
91,3320 /
9J=1,10)7
sy 493420 ,4B85.40
s 406,80 /
yJ=1,10)/
v0.8281 ,0.8545
v0.8272 7
pd=1,10)/
vy1e1520 ,1.2192
91,4000 /
,J=1,10)/
9566 .39 ,553.80
474,00 /
yJ=1,10)/
90,7762 ,0.8281
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91.0648
»133.20
907254
910752
9209.40
90,3026
sle1160
9259.80
90,8439
9»1.1600
»313.20
90,8809

11.1840

y406.80

»0.8800

21,2280

2476040

»0.8600

»1.2600

9552.20

90.8589

91.0480 /

286,400 7

906415 /

91,0920 ,1.1000
1183.60 ,156.60
9047762 40.7401
911320 51.1480
9240.00 »213.60
»0.8281 ,0.7662
911896 ,1.1952
1276460 5266440
»0.8281 ,0.6078
11.2096 ,1.2176

»393.60 ,388.20

»J+901% ,0.9038

9142552 ,1.2720

1466.80 5456.60

+0.9011 ,0.9108

11.289€ ,1.3312

9544.80 4528460

»0.8800 ,0.9011
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C0.8800 ,0.8231
OATA (PR(8,J)
C1.0000 5400440
C1, 4280 51,4480
DATA (WAC(8,J)
C633.61 »633,€0
C586080 55764 €0
OATA (ETA(8,J)
Cd. 6002 506415
Cd. 8589 ,0.8281
CATA (PR(9,J)
C1.0000 5143640
C1.533€ ,1.5680
OATA (WAC(G,J)
C700.22 5700021
C683.40 ,666460
CATA (ETA(9,J)
C0.5694 50,6415
C0. 7762 50,7454
DATA (PR(10,J)
C1.0000 ,1.1632

C1.6600 7

90,8175 7
1J=1,18)/
21,1352 ,1.,2208
11,4800 7
19%1,10)/
9633.59 ,633.00
9553.20 /7
9J=1,10)/
90,7251 ,0.7762
00,7867 /
9d=1,10)/
91,2206 51,3240
91.5840 /
2J=1,10)/
9700.,20 ,700.19
9656 .40 /
9J=1,10})/
90,7251 ,0.7762
30,7251 /
)J:1,8 )/
91,3120 ,1.,4000

DATA (WAC(10,J) 9J=1,48 )/

C750.02 ,750.02
C736.80 7

275001 750,00

DATA (ETA(10,J) yJ=1,8 )/
C0.5174 40,6415 ,0,7251 40,7559

Cl. 6415 7
END

110

91.29406

9625.80

9G.8281

»1.4000

»700.18

208026

v1.4800

»749.99

907612

21,3400

»616.80

10,8583

910064680

9698.40

»0.8078

91.5400

97469,98

20.7538

p1.4000

v600.00

9008400

915000

1693.60

90,8026

91.58430

2 T43.40

9047251
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BLOCK DATA INTDAT
THIS IS A GENERALIZED INT,

COMMON/

OATA NyNP/10,6,3%7,5%10,8,5%0/
CATA CN/Ce3plettp0c¢590e690:s790e850e89160,51015142935%0G,7

DATA (PR(1,J)
C1.,0000 41,0180
DATA (WAGC(1,J)
C121.,80 »,114.5S0
DATA (ETAl1,J)
C0.755S ,0.7€12
0ATA (PR (2,J)
C1.0000 ,1.0300
DATA (WACI2,U)
Cit3.40 ,135.,00
CATA (ETA(Z,J)
C0.7559 ,0.27€2
DATA (PR(3,J)
C1.0000 ,1.0384
DATA (WACU,J)
C166.80 y161.40
CATA (ETA(3,J)
C0.7540€ 40477€2
DATA {PR(4,J)
C1.00006 41,0552
DATA (WAC(4,J)
C191.70 ,188.10
DATA (ETA(4,J)
Cl. 7454 ,0,7762
DATA (PR(5,J)
C1. 0000 51.0960
C1.3360 ,1.36€0
CATA (WAC(S,J)
C219.,90 4218440
C191.,70 ,184,.20
DATA (ETA(S,J)
Cu. 7251 ,0.7762
C0.9011 ,0.8800
DATA (PR(6,J)
C1.0000 »2.1500
C1.429€ ,1.4536
CATA (WAC(E,J)
C26439.91 ,269,.¢0
Cé2b,10 ,21€.€0
DATA (ETA(E,J)
C0.6882 ,0.7762
C0.9011 ,0.08800
DATA (PRI(7,J4)
C1.0000 51.1160
C1. 5424 ,1.50¢€8
OATA (WAC(7,J)
0263021 ,283020
C254.70 5241480
CATA (ETA(7,J)
CO.6415 4047251

,.l:i,e Y7
93,0420 ,1.0576
9J=514+6 )/
999,900 ,83.400
9J=1,6 )/
907665 ,0.,7559
9J=1,7 )/
91,0600 ,1.0876
2 =197 )/
2126.60 ,116.70
2d=1,7 )/
90,7420 ,0.7973
,J=1'7 )/
91.0768 ,1.1200
,J=197 V/
9155.10 ,145.680
2 J=1,7 )/
90,8026 ,0.,8281
)J=197 | 4
91,1320 ,1.1860
’J=1’7 (N 4
9479.10 ,170.10
2J=1+97 )/
»y0.8281 ,0.8545
»J=1,10)/
91,1776 41,2220
91,4008 /
9J=1,10)/
9214 .20 ,210.30
9171.30 7/
0d=1,10)7
90,8281 ,0,8545
90.8281 /7
pd=1,10)/
91.2400 ,1.,3000
71,4980 7
2J=1,10)7
924660 ,262.70
2203440 /7
9J=1,10)/
90,8281 ,0.8545
10,8272 7
2 J=1,10)/
91.2280 ,1.3288
91,6000 7
sJ=1,10)7/
9283449 ,279.90
9237.00 7
9J=1,10)/
90,7762 ,0.8281

111

s1.0672
966,600
90,7251
913128
2104,70
»0.8026
911740
9129.90
90.8439
11.2400
»156.60
90,8600

91.2760

9203.40

»0.8800

91.3420

9238.20

»0.8800

91.3900

9276.60

90,8589

910720 7

y43.200 /

9Ce6415 /

9141380 »1.150C
991.800 ,78.,300
10,7762 50,7401
11.198C ,1.2220
»120.00 ,108.80
90.8281 ,0.7762
91,2844 51.2G28
1138.30 ,133.20
»0.828% ,0.8078

s1e3144 51,3264
v196.80 194,10
,0.9011 ,0.9038
4103828 51,4080
233,40 ,228.30
10,9011 ,0.9108
y1e 364 41,4968
9277 40 264,30

»0.8800 ,0.9011

T o R

COMP. PFAP FOR UNREALISTIC SUPERSONIC EN
INT/CN(15) yPR(15915) s HAC(15,15) ,ETA(15,15) ¢NyNP (15}
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C0.8600 ,0.8282
OATA (PR(8,J)
C1. 0000 ,1.06€0
C1. 6620 ,1.6720
DATA (HAC(8,J)
C316.81 ,31€.80
€C293.h0 .288030
OATA (ETA(8,J)
C0.6002 046415
C0.8589 ,0.,8281
DATA (PR(9,.))
C1.0000 ,1.15€0
C1.8004 ,1.8520
DATA (WAC(S,J)
C350.12 ,350.11
C341.70 ,333.30
OATA (ETA(S,J4)
C0.5694 50,6415
C0.7762 90e7454
DATA (PR(10,J)
C1.0000 ,1.,2648

C1.9900 /

90.8175 7/
2J=1,10)/
914.2028 51,3312
s1.7200 /7
9J=1,10)7/
9316479 ,316.50
9276460 /
9y J=1,10)7
907251 ,0.7762
90.7867 /
yJ=1,10)7s
v1.3300 ,1.4860
91.8760 /
»J=1,10)/
9350.10 ,350.09
9328.20 /
yJ=1,10)7/
90.7251 40,7762
2007251 7/
9J=1,8 )/
»1.4680 ,1.6000

OATA (WAG(1GyJ) 9yJ=1,8 )/

C375.03 4375.02
C368.40 7

9375.01 ,375.00

DATA (ETA(10,J) yu=1,8 )/
CO0e5174 506415 507251 4047559

C0. 6415 7
END

112

91,4616

»312.,90

»0.8281

»1.6000

»350.08

»0.8026

91.7200

9374499

s0.7612

215100

1308.40

90.8589

vy1.6720

9369.20

»0.8078

»1.8100

9374498

20,7506

»1.6000

»300.,00

91,7500

9346.80

90,8026

21,8700

2374.70

90.7251
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BLOGK DATA CMPDAT
c THIS IS A GENERALIZED HePo COMP, KAP FOR UNREALISTIC SUPERSONIL EN
COMMON,/ COMP/CN(15) yPR(15,15),HAC(15415),ETA(15,15),NyNP(15)
DATA NyNP/10,2%6,2%8,4%10,2%8,5%0/
BATA CN/o5625¢674ye7879483991091e0349100679101320914236,1.292,5%u./
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CATA (PR(1,J)
C1.0000 ,1.8400

OATA (WAC(i,J)
C51.000 450,200

DATA (ETA(1,J)
CU0, 5908 ,0.€218

DATA (PR(2,J)
C1,0000 41,9660

DATA (WAC(2,U)
€59.300 ,52.2¢9

CATA (ETA(2,J)
CGe 5906 5008424

CATA (PR(3,J)
©1. 0000 ,1.8400
C6e 5230 7

DATA tHaCt3, )
cr0.,00. ,79,000
Cé5,.,700 7

CATA (ETA(3,J)
C0.5857 ,0.6424
C0.7697 7

OATA (PR(4,J)
C1.0000 ,2.0080
C7.9580 7

DATA (HAC(4,yJ)
C84 o802 984,801
c8u.500 7

DATA (ETAC4,J)
G0.5805 5006424
Gd.7929 7

DATA (PR (5,J)
CB8.5670 59.,28€0

DATA (WAC(S,J)
Ci101.72 »101.71
£99.500 ,98.200

DATA IETA(S,J)
C0.571¢ y0. €424
C0.83394 ,0.8034

OATA (PR16,4J)
C1.0000 2. 8550
CSe1340 49,9250

OATA (WAC(E,d)
C108.,12 ,408.14
C106.,80 104450

CATA (ETA(E,yJ)
C0.5702 »0.€424
C0.8394 ,0.,208%

DATA (PRU(7,J)
C1.0000 ,3.2610

oJ21,6 )}/
924280 ,2.86990
9J=196 )/
149.500 ,46,800
9J=1,6 )/
90,6424 ,0.6527
9Jd=1,6 V7
9»3.0830 ,3.,9339
9J=1,96 )/
158,800 .57.900
2d=1,6 )/
90,6840 ,0.7250
s3J=1,8 )/
92.6800 ,3.,4080

»J=1,8 )/
$69.999 ,69.500

9J=1,8 )/
906837 ,0.7250

’J=1’8 | V4
93.4290 ,4.€050

,J=1,8 )7
984,800 ,84,798

oJ=1,8 )/
9067250,0.7774

9»J=1,10)7/
»3.8820 ,5.2770
!905960 /
’J=1’10)/
9»101.70 ,101.69
’97.‘000 /
yJ=1,10)/
307250 4007774
,0.8058 ,
2J=1,410)7
242970 ,5.6130
910.2190/
»J=1,10) 7/
+108.10 ,108.(C89
9104,00 7
sJ=1,10)/
907250 20,7774
9Ce80041 /
9J=1,10)/
2407590 ,6.1170

113

90,8084

169360

20,0084

974540

9348350 ,4.5490 /7
246700 44,500 /7
906734 50,6424 /
246890 ,5,5290 /
156700 455.000 7/
2076456 ,0.7250 7

145210 45.4450

968,800 ,67.3080
907774 40,7929
956970 ,646140
»84.000 ,83.300
90,8084 ,0.8290
96,4880 ,7.2020
»101.20 ,101.00
90.8394
27.6220
9107.60 ,137.10
90,8394

18.3080

963130

166,400

907274

1745380

981,700

90.80 &

,840000

»100.00

+0.8600

12.5460

9106.70

»0.8€00

99.2180

Y ua-w':v“q‘ﬁg‘ T s TRyt



€9.6380 ,10.,513
CATA (WAC(7,J)
C114e52 9414,51
C113.30 ,112.60
DATA (ETA(7,J)
C0¢ 5599 5006424
C0.8394 ,0.80084
CATA (PR (8,4)
C1.0000 ,1.€8€0
C9,08830 ,10.912
DATA (WAC(E&,J)
C122.93 ,122,92
C122.10 ,121.70
CATA (ETAC(8,J)
C0.5392 ,0.5702
C0.8394 ,0.8084
CATA (PR(S,J)
C1-.0C00 ;43530

C13.65¢€ 7/

DATA (WAC{S,J)
C139.82 ,139,681
139,00 /

OATA (ETA(S,J)
CQ, 4764 40,6011
C0.6992 /

DATA (PR(10,J)
C1.0000 ,3.7€%0
Cib 412 7/

910,996 /
»J=1410)7
9114.50 114,49
92112440 /
9J=1,910)7
2047250 ,0.777%
920.7981 /
2J=1,10)/
9348490 ,5,4660
911,815 ¢
9J=1,10)/
9122.91 ,122,90
»120.7C /
sJ=1,410)/
506424 ,0.72590
257776 /7
9J=1,8 )/
97.6220 920.219

,J=1,8 | ¥ 4
9139.80 ,139,79

1J=198 )/
907250 40,7774

2J=1,8 )/
y6.4810 ,9.1760

DATA (WAC(105J)yJ=1,8 )/

C1646,24 ,146,23
C146.17 7

1146422 5146.21

DATA (ETAU105J) yJd=1,6 )/

€0, 4661 ,0,5702
C3,6624 7
END

10,6424 40,7250

114

116,48

30.808¢4

16,8660

»122.89

20,7774

»11.059

»139.78

20,7826

»10.219

9146.20

90,7508

91164,30 ,113.60

108394 ;048497

98.3740 ,8.9660

9122.88 ,122.60

90,8084 ,0,8239

911,899 ,13.159

9139.50 ,139.30

90,7774 40,7250

911.479,12.711

9146419 ,1606.,18

20,7508 ,0.,7250

o

a SN SO

PR R




E 8LGCK DATA LTURB
b Cc THIS IS A GENERALIZED L.P. TURBINE MAP
COMMON/ LTURB/TFF(15),CN(15,15),0H(15,15),ETA(15,15) yN,NP(15)
DATA NyNP/11,9%1591249,54%0/
OATA TFF/7 88,470, 102.80y 11684, 12933y 141.056y 145,73, i5u.du,
E: 1 153.35, 156.431, 159.78, 163.17, 4e0,/
% JATA ( CNC 1,J) yJ=1,15)/
X3 C(e 3682, 0645336, 0,7365, 0,9754, 1.2146) 1.4173, 1.,6201, 1,7673,
b C2.0247, 2.2827, 2.,4665, 2.6137, 2.8166, 2,9456, 3.3138/
fi DATA ( DHU 1,J) 3J=1,15)7
= co.0018, 0,.0076, 0.,0035, 0D.004&, 0.0051, 80,0056, 0.,0059, 0.0061,
s C0.0062y 0.00€1, 0,0057, 0.,0053, 0.0044, 0,0035, 0,000/
A DATA (ETAC 1,J) 30=1,15)/ :
2 C0.7120y 0,7300, D.7472, 0.7300, 0.,7140, 0,7000, 0.,6850, 0.6730,
- C0.6452, 0,6200y 0.680G, 0.5750, 0.,5310, 0.,5000, 0.3850/
e DATA ( CN( 29J) 9J=1,15)/

k. C0.3682y 0.5548, 0.7919, 1 0672, 1.2882, 1.444E, 1.,6937, 1.8954,
E C2.0619y 2,2273, 23747y 2.6229, 2.8720, 3,0555, 3.3138/
i? DATA ¢ OHC 249J) yJ=1,15)/

c0.0026, 0.00n39, 0.,0054, 0.0069, 0.0080, 0.0087, 0.0096, 0.0101,
. c0.0104, 60,0107, 0.0108, 0.0106, 0.0201, 0.0094, G.0077/

F OATA (ETAL 24J)yJ=1,15)/

¢ Cco.8000, 0.8400, 0.8200, 0.8300, 0.8300, 0.8290, 0.8100, 0.8000,

4 C0.7850, 07600y 07450, 047000, 0.6800, 0.,6450, 0.5900/
y: ! DATA  CN( 3,J)4J=1,15)/

3 s C0.3682, 0e5941, 0.8655, 1.0764, 1.2519, 1.4354, 1.6201, 1.8409,
F ; C2.0247, 202455, 2.4302, 245956, 2.7791, 3,0555, 3.3138/

R : DATA ¢ DH( 3,J) ,J=1,15)/

3 C0.003%; 0.0051, 0.0071, 0.0087, 0.0099, 0.0114, 0.0122, 0.3134,
: CO. 0143, 0.0152y 0.0157, 08,0162, 0.0166, 0.,0167, Us0164/

3 , DATA (ETAC 3,J) yJ=1,15)/
3 C0.8800, 04300, 0.8600, 0.8630, 0.8670, 0.8700, 0.8720, 0.8727,
33 CU. 8700, 0.4670, 0.8600, 0.8500, 08300, 0,8000, 0.760G/

OATA € CNC 44J)54=1,15)/
C0.3682, 0.4237, 0.6810, 0.8837, 1.1047, 1.2882, 1.5090, 1.7482,
C2. 0429, 2.2091y 243747, 246047, 2.8720, 3.1291, 3.3138/

OATA ( DHU 4,yJ) yJ=1,15)/
,; £0,0033, 0.0038, 0.0061, 0.0078, 0.0096, 0.0110, 0.0126, 0.0141,
4 , C0.0159, 0.0166, 0eG174, 0.0183, 0.0191, 0,0195, 0.0197/

4 | DATA (ETAC 4,J)yJ=1,15)/
5 | C0.7995, 0.8000, 0.8400, 0.8600, 0.8680, 0.8730, 0.8800, 0.8830,
- C0.8835, 0.8820, G.8800, 0.8740, 0.8600, 0,8350, 0.8200/

3 DATA € CNC 5,J) yJ=1,15)/

e C0.3682, 0s5065y 0.7365, 0,975k, 1.2882, 1.5647, 1.7301, 1.9690,
. C2.0983, 2.2637, 2.4332, 2.6691, 2.9456, 3.1846; 3.3138/
3 DATA ( DH( 5,J),J=1,15)/

4 C0.0036, 0.0045, 0.0071, 0.0092, 0.0419, 0.0141, 0.0155, 0,0172,
i C0. 0181, 000192, 040202, 0.0214, 0.0226, 0,0235, 0.0239/
3 DATA (ETA( 5,J)90=1,15)/
" C0.7750, 0.8000, 0.8480, 0.8600, 0.6750, 0.8900, 0.,8912, 0.8940,
C0. 8955, 048370, 048961, 0.8300, 0.8790, 0,867%, 0.8600/

DATA ( CN( 640) 9J=1,15)/
£0.3682, 0.6164, 0.8372, 1.1047, 1.2882, 1.5283, 1.7482, 1.9509,
C2.2133, 2.4302, 246510, 2.8613, 3.1384, 3.2584, 3.3138/

OATA ( OH( 6,J) yJ=1,15)/
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C0,0033, 0.00€64, 0.0007y 0.0113, 0.0130, 0.0152, 0.0171, 0.0187,
0. 0209y 3,0226y 0.0244y 0.0259, 0.0286, 0.0303, 0,0319/

OATA (ETA{ 6,J),J=1,15)7
s o cG.7500, G.8000y O.8450, 0.8600y 0.8730, 0.8900, 0.,8950, 0.9000,
& 2 C0.9005, 0.9010, 0.9004, 0.3000, 0.8900, 0.48800, 0.8735/

& 3 DATA ( CN( 79J)4yJ=1,15)/
< & C0.3682y 07728, 1.0129, 1.2659, 1.4729) 1.6785, 1.8409, 2.6247,
4 i C2,1904, 2.3000, 2.3929, 2.5038, 2.5583, 2.6137, 2.6319/

] | DATA { OH( 7,J),J=1,15)/
= 8 CO.004&4, 0.0089, 0.0115, 0.0141, 0.0162, 0.0181;5; 0.0197, 0.3216,
C0.0235, 0.0250, 0.0265, 0,0284, 0.0296, 0.0314, 0,032/

CATA (ETA( 7,J),J=1,15)7/
C0.,7310y 0.8000, 0.8300, 08600y 0.8750, 0,8900, 0.,8930, 0.8975,
C0.8999, 0.5000, 0.86980, 0.8937, 0.8900, 0,8799, 0.,6710/

DATA ( CN( 8,4),J=1,15)/
C0.3682) 0.€072y 047919; 0.9754,y 1,2337; 1.4568, 1,6383, 1.8409,
C1.,9509y 20801, 2.41237y 242091, 242637, 2.,3009, 2.3051/ '

OATA ( DH( 8,J)yJ=1,15)7/
C0.0048, 0.0078, 0.0102, 0.0124, 0.0153, 0.0177, 0.0201, 0.0226y
C0. 0242y 5.0261, 00274, 0.0285, 0.0299, 0.0314, 0,0321/

DATA (ETA( 8yJ)yJ=1,15)7
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£ C0.7100, 0.7450, 0.7680, 0.8000, 0.,8380, 0,8600, 0.8712, 0.8760,
8 * C0.,0800, 0,8775, 0.8760, 0.8722, 0.8660, 0.8600, 0,8480/

e OATA ( CN( 9,J)yJ=2,15)7/

- C0.3682, 0.5518., 0.6629, 0.8282, 1.0129, 1.1691, 1.2337, 1.3809,

3 C1.5283, 1.6201y 1.7487, 1.8409, 1.8954, 1.,91647, 1.9237/
* CATA ( DHC 9,JiyJ=1,15)/

] C0.0054y 0.0080y 0.00396y 0.0419, 0.0141, 0.01460, 0.0169, 0.0188, :
Fi C0. 0209, 0.0223y 0.0244, 0.0263, 0.0279, 0.0289, 0.,9303/ ]
i DATA (ETA( 9,yJ) 4yJ=.y15)/

C0.6780y 0.7000y 0.7125, 0.7350, 0.7690, 0.8000, 0.8U60, 0.8225
C0.8335, 0.8450y Pe8470s 0.8445, 0.8330, 0.8235, 0.8080/

DATA ( CN(10,yJ) 431,120/
C0. 3682y, 0.4782, 0.6L47, 0.7546, 0.8655, 00,9754y 1.1047, 1.2015, 1
C1.2701y 1.3073, 1.3365, 1.3407/

TR
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i
CATA ( DH(10,J7,J=1,12)7 i
CG. 0061, 0.0G768, 0.0104, U.9122, 0.,0139, 0.0457, 0.0181, 0.0201, |
C0.0217, 0. 0230, 0.0204, 00,0251/ ;
OATA (ETAC10,J}¢J=1,12)/ :
5 C0. 6380, 0.(550, 0.6700, 0.6850, 0.7000, 0.7%10, 0.7160, 0.7180, |
3 C0.7170;y 0.i'140y 047000, 0.6890/ ‘
K DATA ¢ CNCi1,J)y0=1,9 )/
A CU. 3682, 0.u418; 005518, 0.6447, 0.7365, 0.8282, 0.,8837, 0.9391,
9 €0.9715/
X DATA € DH(:11,d)3J=1,9 )/
4 C0. 0069, 041086, 0.0106; 0.0123, 0+0141- 0,0159, 0.0172, 0.0186,
J 0. 0201/
A CATA (ETA(11,J),J=1,9 )/
4 CG. 6000, 0.€000, 0.6120, 0.6170y U.621G, 0.6258, 9.6250, 0.6230,
R C0.6009/
- ENO
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BLOCK DATA ITURB

THIS IS A GENERALIZED I.P. TURBINC MAP
COMMON/ ITURE/TFF(15YyCN(15915),0H(15+15),ETA(15,15) 4N,NP(15)

DATA NyNP/11,9%15,12,9,4%0/

DATA TFF/ 39.670, 82,236y 93,468, 103.4bu,
1 120.000, 122.68, 125.42, 127.82, 130.536,

DATA ( CNC 1,J)4J4=1,415)7
C0.3522, 0.5434, 0.7044, 0.,9320,
C1.9367y 2.1835, 2.3593, 2.5001,

CATA { DH( 1,J)54d=2,15)/
C0.0016, 0,0023, 0.0031, 0.0038,
C0.0055, 0,005, 0.,0051, 0.0047,

OATA (ETAC 1,4)yJ=1,15)/
CQ.7120, 0.,7300, 0e7472, 0.7300,
C0.6452, 0.6200, 0.6000, 0,5750,

CATA ( CNC 2,4) 9J=1,15)7
C0.3522, 00,5278, 0.7575, 1.0208,
C1.9723, 2.1305, 2.2715, 2.5089,

CATA ( DH( 2,J) yJ=1,15)/

C0. 0023, 00,0025, C.0047, 0.0061,
¢CG6. 0092, 0.0094, 0.0095, 0.0093,

DATA (ETAC 2,J)4.J=1,15)/
c0.8000, 0.08300, 0.8200, r.8300,
Ce.78%0, 0,7600, 0.7450, 00,7000,

DATA ¢ CN( 2,J)9J=1,15)7/

C0. 3522, 0.5654, 0.8279, 1.0296,
C1.9367, 2.1479, 2.3245, 2.4827,

DATA ( DHC 2,J)yJ=1,15)/
C0.0027, 00,0045, 0.0063, 0.0076,
C0.0126, 000134, 0.0139, 0.0142,

DATA (ETAC 2yJ) 9Jd=1,15)7/

C0. 8000, 0.8300, 0,8600, 0.0630,
c0.8700, 0.,8670, 0.8600, 0,8500,

CATA ( CNC 3,J) yJ=1,15)/
C0.3522, 0,5654, 0.8279, 1.0296,
C1,9367, 2.,1479, 2.3245, 2.4827,

CATA ( DHC 3,J),J=1,15)/
C0.0027y 0.0045, 0.0063, 0.0076,
C0.0126y 040134, 0.U139, 0.0142,

CATA (ETA( 3,J),J=1,15)7
C0.8000, 0.8300, 0.86500, 0.8630,
C0.8700, 0.8673, 0.8600, G.8500,

DATA ( CN( &,J),J=1,15)7/
€0.3522, 044052, 0.651L, 0.8452,
C1.9540, 2.1121, 2.2715, C.4915,

DATA ( DH( 44J) 4yJd=1,415)7/
c0.0029, 0.0034, 0.0054, 0.0068,
C0.0240, 0,0146, 0.0153, Q.0161,

DATA (ETAC( 4,J),4=1,15)/
€0.,7995, 0.8000, U0.8400, 0.8600,
Co.8835, 0.8830, 0.,8800, 0.8740,

OATA ( CN( 5,J) ,J=1,15)/
C0.3522y 0o4BU44L, 0,704&4, 00,9330,
C2.00741, 2.1652, 2.32764, 2,5531,

NDATA ( OH( 5,4),J=1,15)7/

117

1.1618,
2.6941,

0.0045,
0.0038,

07140,
6.5340,

1.2322,
2.7471,

g.0070,
2.0089,

0.8300,
g.6800,

1.1975,
2.6583,

G.0087,
0.0146,

0.8670,
0.8300,

1.1975,
2.6583,

c.0087,
0.0146,

0.8670,
0.83CC,

1.0567,
2.7471,

0.0084,
0.0168,

0.6680,
U.86060,

1.2322,
248175,

1.3556,
2.817¢,

0.0049,
0.0031,

0.7000,
0.5000,

1.3818,
29227,

0.0076,
0.0083,

6.82940,
0.6450,

1.3730,
209227,

0.6098,
0.0147,

0.8700,
6.8000,

1.3730,
2.9227,

0.0098,
0.0147,

0.8700,
0.,8000,

1,2322,
2.9931,

0.0097,
0.0172,

0.8730,
0.8350,

1.4967,
3.0461,

112.836,
4%0.7/

1,5497,
3.1698/

0.0052,
0.0001/

0.6650,
U.,3850/

1.620%,
3.1688/

d.0084,
0.0068/

U.8100,
0.5900/

1.5497,
3.1698/

0.0107,
0.0145/

0.8720,
G.7€00/

1.5497,
3.1698/

g.0107,
0.0145/

0.8720,
0.7600/

1.,4434,
J.1€98/

000111’
0.0173/

0.8800,
C.8200/

1.6548,
3.1698/

116,
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1.6905,
0.0054,
0.673u,
1.8136,
U.0089,
0.8000,
1.7609,
0.0118,
0.8720,
1.7609,
0,0118,
0.8720,
1.6722,
0.0124,
0.8830,

1.8834,
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C0.0031, 0.0643, 0.0062, 0.0031, 0.0105, 0.0124, 0.0136, U.0152,
co0.0459% 0.0169, 0.0178, f.0109, 0.0199, 0.0207, 0.02107/

DATA (ETA( 5;5J)pJ=1,915)/ .
Cde7750, 0.68000, 0.,8480, 0.860C,y 08750, 08900, 00,8982, 0.894U,y )
C0.8955, 0.89706y 0.86561, 0.8900, U.879C, 0.8671, 09.8600/ s

DATA { CNC 6440 ,J=1,515)/ i

¥ oo L Namta,' s

CO. 3522, G.58%6, 0.8008, 1.0567,; 1,2322., 1.4619, 1,6722, 1.86¢EL, -
C2.1171, 2.3245; 2.5357, 2.7375; 3.0019; 3.1167, 3.1698/ !

DATA ( DHC &4J)yJ=1:158)/
C0. 0034, 0.0057, 0,3076y 0.,0100, C.0311&4; 0.,0134y 0,0i5C, G.u165,
£0.0184, 0.0199, 0.,0214, 0.0228, C0.0251, 0.,0267, 0.0290/

OATA (ETA( 69J)sJd=1:15)/
C0.7600, 0.,68000, 0. 50y 0487350, 0,8730, 0.8900, 0.£9%0, 0.9000,
C0.9005, 0.90310, 0.,9004, 0.9000, 0.8900, 0.8800y 0,8710/

DATA C CNC 7,J)5J21,15)/
C0. 3522, 0.7352, 0.9689, 1.2109, 1,4089, 1,50%6, 1.7609, 1.93¢7,
C2.0948, 22,2000, 2.2689, 2,3949, 2.,4471, 2.5091, 2.5175/

OAVA ( DHC 75J),J=1,15)/
cC.0038, 0.0078, 0.0101, 0.,0124, 0.0142, 0.0159, 9.0173, 0.0490,
C0.0207, 0.0220, 0.8233, 0.0250, J.0261, 0.,027€; 00,0290/

DATA (ETA( 7,3),J=1,15)7
cg8,7310, 0.80006, 0.8300, 0.8600, 0.8750, 0.8900, 0.8939, 0.8975,
c0. 8999, 0,9000, 0.8980, 0.8937 0,8900, 08799, 00,8710/

DAYA ( CN( 8,J),J=1,15)/
C0. 3522, 0.5808, 0.7575, 09330, 11,1801, 1.3915, 1.5671, 1.7609,
C1.8660, 1.%897, 2.,0601, 2.1131, 2.,1652, 2.,2009, 2.,20487/

OATA  DH( 8,JiyJd=1,y15)/
C0.0042, D-0UGETI, 0.0090, 0s0109;: 0-.9435, 0.0156, (40377, 0.,0199, ]
C0.0213, 0.0230, 0,0241, 0.0251, 0.0263, 0.0276, 0,0283/ .

BATA (ETAC( 8,J),J=1,15)/
C0.7100, 0.7450, 0.7680, 0.8000y 0.8380, 0.8600, 05712, 0.8780,
C0.8800, 0.8775; 0.8760, 0.,8722y N.36060, 0.8600, 0.8430/

DATA ( CNC 9,J)4J=1,15)/
C0.3522y Ge5278, 0.6340, 0,74922, 3.968%, 1.,3183, 1.,1801, 1.3209,
C1l. 4619y 1.5497, 1.6722, 1.7609, 1.8130, 1.8315, 1.8401/

DATA ( DH{ 9,4) 4J=1,15)7
C0.0047,y 0.0070, 00,0084, 0,0104, 0.0124, 0.01041, 9.0148, 0.5156,
C0.0184, $.0196, 0.0214, (0,0232;, 0.02:5, 0.0255, N.0267/

DATA (ETACL S,J7,J=19454/
cC0.6780,y 0.7000, 0.7125, 2.7350, 00,7690, 0.8000; 0.8060, 0.8225,
C0.8395, 00,8450, 0.8470, C.8445, 0.8330, 0.323%, 0.8080/

DATA ( CN\10,J3yJ=1,12)/
Ch. 3522, 0.45745 06167, 0.7218, 0.8279, 0.,9330, 1,567, 1.,1693,
61021“59 1025053 1-2?8Q, ioZBZQ/

GATA ( DH(L0 .3} ,u=1,12)7
CGe 8054, 0,0U€ES, G.00622, D.0107, 0.0123, 040138, 0.0159, 0.0177,
C0.0191, 0.0202, 0.02i4, 00,0221/

CATA (ETA110,J1,0=1412)7
CG.6380, 0.8550, 0.H706, 0.€850, 00,7005, 0.7110, U,7180, 0.7180,
C0e?7170y G.7140; 00,7000, 0.6896G/

DATA ( CNCiL,4),.0=159 )/
Cids 3522, 04226, (.5278, 0.6167, 0.704%, 6.7922, U.8452, 0.8983,
C0.9293/

DATA { DHC11,J),d=1,9 )/
G0, 0061, 0,9075, 0.0093, 53,0108, 0.,0120, Q.0140y (.0151, 0.,5164,
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C0.0177/
DATA (ETA(11,J)9J=1,49 )/

C0.6000; 00,6000y 046120y 06370y 00,6210y 06258, 0.6250, 0,623y,
C0.6009/

END
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b B BLOCK DATA HTURB
E : c THIS IS A GEMERALIZED H.F, TURBINE MAP
= -

[T TN W 7 )

COMMON /7 HTURB/TFF{15),CN(15,15) y0H(15,15) ,ETA(L15,15) 4,N,NP(15)
UATA N,NP/7105;9%15,12,5%0/
CATA TFF/ 39.670, 42990, 47460, 48.610, 49.175, 49,600,

% s 1 50,000, 56,425, $0.920, 51.575, 5%*0./ ;
g X DATA { CNC 1,5 5J=2:16)/ !
L €0,16872, 0.3372, 0.5156, 0.7128, 0.9382, 1.1442, 1.3138, 1.5382,
C1. 7264, 1,9324, 241500, 2.4058, 2.5892, 2.7662y 2.9460/
DATA ( DHC 14J) 5J=4,15)7
C0.0032, 0.0057, 0.0084; 0.0108, 0.0133, 0.0152, 0.0164, U.0174,
C0.0479, 0.0176, 0.,0167, 0.0144, 0.,0420, 0,0082, 0.,0024/
] DATA (ETAL 1,J),J=1,15)7/
B 3 C0.6219; 0.7078, 0.7868, 0.8030, 0.8090, 0.7963, 0.7779, 0.7422,
& C0.7078, 047635y (6058, 0.5309, 08,4773, 0.4045, 80,3034/

DATA € CHN( 2,J) yJ=1,15}7
C0.1872y 0.39G42, 0.5814, 0.7128, C.8442, 0.3604, 1.1068, 1.2754,
C1. 4450, 1,7C€E8, £.9696, 242706, 2469703 3.0960, 33,3774/

DATA € DH( 2,4) 4J=1,15}/
C0.003b, 0.0080, 0.0413, 0,0136, 0.0456, 3,01°%, 0.0192, 0.0212,
C0. 0228, 0.0248, CoU260, U.0261, O.0241, 0.0188, 0.6126/
g DATA (ETA( 25J)yJ=i415)7

3 ! C0.6068, 0.7078, 0.8090, 0.8292, 0.8363, 0,8393, 06.8368, 0.8302,
. B CO0.8254; 0¢8090, Ua7695, 0.7078, 0.60656, 0.5056, 041977

i ; DATA ( CNC 3,J) 3J=1,15)7
. | C0.1872y 0.4362, 0.5568; 0.8726, 1+0696, 1.7382; 1..4628, 1.6882,
i 3 C1.9696, 2.2128; 245520, 2.6050, 3.0392, 3ctoW8, 3,3774/
A CATA ( DHC 3,J) 3J=1,15)7
i C0.00465 0.0100, 0.0144, 0,0184, G.0246, B.0240, D.0268, 0.0%292,
; CO0.031€, 2.0321, Cs034ky 0,0345, U066, D324, 0.0312/
3 DATA (ETAC 3,4),J=4,15)/

) C0.5764y 0,7078, 0.8090, 0.8494, 0,8543, 0.8315, 0.84%%, 0,8609,
e C0.3262, 0.8090, 07579, 0.7076, 0.6652, 0.606H8, 5.5855/

kK DATA { CNC tyJ) 9Jd=1,45)7

y C0.1872; 002550, 0.473k, D.6342, 0.9148, L.1442, 1.3862, 1.5618,
k. C1.8040, 1.9794y 2:27%%, 2.5138, 2.8334, 3,4422, 3.3774/
. BATA & BHE 44yJ) yJ=8445)/
o C0.0052y 0,068, B.0120, B.0i64, 0.0204, 0.0244, G.0280, G.0304,

'v"kﬁ“g‘-d{i e PR

2
P

i BT

* 00003351 50035E’ 0.0388; on“#i?., gnﬁ‘)‘!i. 0.0‘072} 300‘99“/
g DATA (ETAC 4,d),.021,15)7
g % C0.56435 10,5068, 0.7078; 8.310%0, 0.8434, 35,8596, 0485496, H.8575,
C2, 8538y 0. 9494y D.8363, 082628, 02090, 07797y (e7584/
OATA ( ENC 5,4 ;Jz=44154/7
C0.1572, €- 060G, G»5254, 0.7500+ 09754, 1,2754, L.4824, 14,7638,
CZ. 5“50! 20 3362; 2:6‘0;0) 2.5735'; 5':9?6“5 30152“) :‘*.1616/
! DATA € DHU S4J04Jd=1,1500
k CRe 0033y 000088, 0.,0144%, 0.9132, 2.0236, 8.3288, 0.0321, 0.0360,
‘ 000400y 003445y Qed%96, 040540 0.0596, 0,0640, Q.C661/
OATA (ETAC 5,42 ;4=1,45)/
C0.55062, Ne€0068y 0.7076, £,8090, 0,34494, 0.8697, 0.8696, 0.8662,
Cie 8615y Gu8555; (43520, 0.8434%; 0,843k, N.8532y (.B570/
DATA { CNC 8,J) .J=4,15)¢
3 €0.1872y 0.3568, 2,619C, 0.8626; 1.0932, 1.2852; 1.5040G, 1.5838¢,
C1e9138; 2412469 242700, 2o4226, 2.4959, 2.5272, 2.55587
CATA ( DRl 64J) ,J=1,10)¢

(L gt st
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Co0.00648,
Co.0472,

CaTA
CJ.5309, 0.,€0€8, 0.7078, 0.8090,

0.01c2, 0.0192,
000524y 0.0564,
(ETAL 65J) 54=1,15)/

€. 0252,
0.0668,

C0.8%40, 00,8963, 0.8375, 0.8937,
DATA ( CNC 73J) 9 =14150/
C0.1872, 0.4314, 0.6844; 0.5568,
C1,7450, 1.8618, 1.9558, 2.00¢0;
DATA ( DHE TyJd)sJd=1,15)/
CG6.0080, 0.01€4, 0.0236,
C0.0510, C.0544, 0.0576,
DATA (ETA( 7,J)9J=1415)/
C0.5062; 0.€068, 0.7078,
C0.8954, 0.9000; 0.9010,
DATA ( CNC 8,J)yJ=1,15)/
CD.1872y 004834y U.7314, 0.83164,
C1.4638, 1.5950y 1.6746, 1.74590,
CATA ( DH( 8,J)3J=1,15)7
CJ,0088, 0.0196, 0.0272, 0.0316,
Cg0.0488, 0.0528, 0.0560, 0.0596,
CATA (ETAL 8,J4),J=1,15)/
Cl. 5051, U.E068, G.7078, 0.7665,
€0.8697, 02,3008, 0.3848, 0.884C,
BATA ( CNC 9,J) yJ=1,15)/
CN.1872) 043372y 0e5344y 046754,
C1.2198, 1.3138, 1.3636, 1.4063,
CATA ( DH( 9,J)9J=1,45)/
C0.3093y 0.0459, 0.0232, 0.0284,
Cg. 0480y 000524y 0.0556, 0.9580,
CATRA {EVA( 9,J)yJ=1:15)/
C0. 4909, 0.5380) 0.6068,
C0.8191, 0.8382;, 0.8347,
DATA { CN{10,J)yJd=1,12)/
C0.1872, 0.2814, 0,3804,
C0.7696, G.8068, 0.,8254,y
CAYA ( DHI10,J)sJ=1,y122/
¢0.0132, 0-0180, 0.0228,
C0., 0440, (o0476y G.0504,
OGATA (EYA(10,d),J=1y12:7
CBa 2257, B.4747, 0.%056,
Cd.h2hlU, 0.€330, 0.6265,
END

0.030n,
0.0600,

0,8090,
0.9000,

0.6573,
0.8363,

Ue4686,
0.8304/

0.0268,
.0530/

0.5359,
G.5113/
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0.0300,
Ge0660,

48694,
0.8968;

1.20140,
2.0450,

0.0372,
00624

0.6494,
0.8980,

1.0226,
1.8210,

00555,
0.0640,

0-8090
U0.8733,

0.8C63,
1.4453,

0.0330,
0.0612,

0.7078,
0.8322,
0.5628,
0.0314,

0.5683,

d.0344,
0.0668,

0.8697,
08937,

1.3834,
2,0824,

0.0416,
G.0660,

0.8697,
0.8925,

1,14642,
i.8156,

0.0392,
0.0664;

0.8292,
9.8697,

0.9196,
1,463%8,

0.0358y
0.0048,

0.T7403,
08241,
0.6382,

3.0352,

0.5% 1

0003899

U.06%3/

J.88619,
0.889¢/

1.5108,
2.40107

0.04%8,
c.a700/

t.8797,
0.8793/

1.2804%,
1.8196/

0s0432,
0.0693/

008“9“,
0.8590/

1.01286,
1.4676/

0.06400,
0.15687

D.7276,
f.8090/
0.5892,

0.5280,

006'63,

000“21,

u.8899,

1.61867

0.0%?6,

6.8899,

1.3696,

0.d4064,

0.8556,

1.1254,

UcU““Z;

9.8090,

$.7362,

Ol 2,

0.6176,
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SECTION VIII

SAMPLE INPUT LISTING

The £i~st section of data cards is the set of variables selected for
output {controlled output). The second section is the Namelist input for
running the desired points. The Namelist input consists of the following
points: design point &t sea-level static, a setup case for sea-level
static ¢ fterburning, a sea-level static full afterburning point, several
points in a subsonic power hook, a setup case for supersonic afterburning,

and the supersonic full afterburning point,

T v v E R N T S




o

bact
(Rt

e

ok
ﬁu,hs’”‘.‘.

T
i ¢ ’
R vy

oy

ko i
e T
EEaR oy g

i

=

J

2 B B |
P~ JR"% BN £ 0 ~JRTVIR VIEVY NS |
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ETAC

ETATHC
ETATIF
ETATLC

-
1o

25
PS¢
444
V5
WhH e
T7
WF A
Fac?
ETAA
NoAFRT
PSR
a4y
va
PSq
Avqg
LE]

Og 2R
AME 8
v2s
Psee
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SOATAIN ITITLE=1,TNES=1,TDUMP=1,TAMTP=0,M00E=3,
TGASMY=2,7400=1,0Q66=2, 0, AUGE=N A0, AME=N 24 HDTYT N, ,NCT7EL TN,
ITRYS=200,,TOLALL=,005,2F)2S=1,8333,2TDS=0,/44L%,700S=0, 92143,
PCMFDS=100442TAFO0S=0,8334PCHINS=1004,ZTALDS=04953,PCNCMS=210%,
ETACDS=0406539D°C0DS=06047,43°0UCS=0,95,NT700S=12504,4ZTABC3=0,9375,
PRFDS:?.Z,“?I')‘;:'{.%??,r‘?f‘ggz".!;'35’!-"‘9"}'3:7515‘"’.'2:'}5:12°.’
TrHPDS=504Ny"NHPIS=2.0, 7 THIDS=0,3581,TFIPNS=120,,°NIPNS=2,2,2TI°DS=.881,
TFLPDS=130,3,0ML°DS=2¢3,47TLPNS=0,317,0PAFNS=0,0,0Y¥NCZ=3,989,
DELFG=140,0ILFN=140,02LSFC=140,=CCLF=0,0,PCFRLI=0,0,PC8L0=0,0,
T40S=2860,,)AM=20,0,ALT7=93,97%
SLS TRISSL DESIGN POTINY
$OATAIN MODZ=0,T4=28604,ITITLE=12
SETUP FOR SLS AFTEFIURINTHG
$OATAIMN T4=2860,,IAFT3N=1,T77=3700,,5TAA=0,875,TITITLE=1?
SLS FULL AFTERIURNINCG
$DATAIN MNDT=3,PCNT=00, 0, A%=0,75,ALTP=25900,,ITIT{ E=12
SURSONIC POWER H40ONX -
$DATAIN OCMF=90,3 .
$DATAIN OCHF=2],9 - .
SDATAIN PCMF=70,7%. )
SNATATN MONE={,DONMAS4NN,  AM=1, 9,A TO=ENANN  TTTTIC=4
STTUF FOX SUBHRSOMIL abi-k=yinlng
$OATAIN SCNC=100,yTAFTRN=1,T77=3700,,°TAA=0,85,TTITLE=4"
SURPEZPSONIS FULL AFTERBURNING .
$DATAIN IZ4D=13
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SECTION IX

SAMPLE OUTPUT LISTING

The following are typical computer printouts, the first point is

the. design point and includes a page of correction ( or scaling)

factors and a page of values of variables in common. The other

operating points consist of a page of output for each point. Not

included for these points is a common dump, which follows each output

correction factors.

LT

VEIAJ K

o

page and 1s very similar to the common dump following the design point
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