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GENENG -~ A PROGRAMFOR CALCULATING DESIGN AND OFF-DESIGN
PERFORMANCE FOR TURBOJET AND TURBOFAN ENGINES
by Robert W. Koenig and Laurence H. Fishbach

Lewis Research Center

SUMMARY

A digital computer program titled GENENG is described. The original version of
the computer program is titled SMOTE (SiMulation Of Turbofan Engine) and was devel-
oped by the Turbine Engine Division of the Air Force Aero Propulsion Laboratory,
Wright-Patterson Air Force Base, Ohio. SMOTE is capable of calculating only turbofan
design and off-design performance using specific component performance maps.
GENENG calculates steady-state design and off-design turbofan and one- and two-spool
turbojet engine performance. Discussed in this report are changes to SMOTE which
enable the user to do jet engine calculations of a general nature, thereby allowing the
mission analyst a greater freedom in selection of engine design characteristics. Typi-
cal of these changes is an automatic redesign of fan and compressor pressure ratios
when the static pressures do not balance at the mix point for mixed-flow turbofans. A
convergent-divergent nozzle performance map addition is shown. Other changes that
permit greater flexibility for generalized cycle studies for GENENG are described, .

Included as an appendix to the report is a complete FORTRAN 1V listing of GENENG.
Sample results and input explanations are included for two-spool turbojet, one-spool
turbojet, and two-spool turbofan engines operating at design and off-design conditions.

INTRODUCTION

For preliminary as well as in-depth studies it is often necessary to study a broad
range of engines operating at both design and off-design conditions in order to find an
efficient airframe/engine combination. The spectrum of flight conditions through which
an engine must operate will strongly affect the optimum design parameter for that engine.

The SMOTE code (SiMulation Of Turbofan Engines), discussed in references 1 and 2,



provided a computer program having off-design-point calculation capability for either
existing engines or theoretical ones - a major advance. Theoretical engines are simu-
lated by scaling component performances from existing engines to the design conditions
of the theoretical engines.

GENENG (GENeralized ENGine), a computer code derived from SMOTE, was writ-
ten to improve the versatility of SMOTE, Among the changes made are as follows:

. (1) One- and two-spool turbojets can be calculated, as well as turbofans.

(2) Afterburner performance maps can be used,

(3) Nozzle performance maps can be used.

(4) Fan and compressor pressure ratios are automatically redesigned for mixed-
flow turbofans if the static pressures at the mix point do not match.

(5) Duct combustor pressure losses are calculated.

- (6) A new method of entering data into the program is used.

A derivative program from GENENG, called GENENG II, is reported in a companion
report to this one (ref. 3). GENENG II calculates performance of two- or three-spool
front- or aft-fan turbofan engines with as many as three nozzles (or airstreams).

These programs have proven to be very versatile, and minor changes tc them can
greatly increase the number of engine configurations that can be studied. As an example,
GENENG was used to study nuclear-powered turbofan engines., This was accomplished
by adding a heat-exchanger subroutine as a substitute for the combustor subroutine to
simulate the use of nuclear power to raise the temperature of the air entering the first
turbine.

In this report are included illustrative examples of the use of GENENG to study
various one- and two-spool turbojets and separate- and mixed-flow turbofans.

GENENG is available from the authors upon request. This FORTRAN IV program
can be used by computing centers having an IBM 7094 Mod 2 computer. With modifica-
tions, the program can be used on all machines that have a FORTRAN compiler.

THERMODYNAMIC ANALYSIS OF ENGINE TYPES

All thermodynamic properties of air and gas are calculated by considering variable
specific heats and no dissociation. The air and gas property tables of reference 4 were
curve fit and are used herein, '

The following discussion presents the thermodynamic analysis of the engine cycles
that can be studied using GENENG.



Two-Spool Afterburning Turbofan

The basic engine, a two-spool turbofan, is shown in figure 1. All other engine
types are treated as variations of this basic engine. Free-stream conditions exist at
station 1 and are determined by using the U.S. Standard Atmosphere Table of 1962
(ref. 5). The conditions at station 2 are determined by flight speed and inlet recovery.

GENENG compressor maps work with corrected values of airflow. At the enirance
to the fan, the corrected airflow WAF is

, C
WAFV¢E:2/518. 668
WA, = (1)
F, Cc P /P
2/ 818

where P2 and PSLS are in atmospheres and PSLS equals 1.0. All symbols are de-
fined in appendix C. Some symbols are formed as the combination of other symbols;
thus WA is airflow, F is for fan, and ¢ when following a compound symbol means
corrected. Station numbers are defined on the appropriate figure.

All the fan air WAF is compressed by the fan giving rise to conditions at station 21.
The power required to do this is

Fan power = WAF X (H21 - Hz) (2)

Some fan air may be lost to the eycle as fan bleed BIF, which is expressed as a fraction
of the fan airflow
Bl, = PC

r = PCp p X WAg (3)

The corrected airflow into the core compressor is

WA §/T,,/518. 668
WA, = C¥’ 21

C
) € Py, /1.0

(4)

The remaining air goes through the fan duct where some leakage from the core air may
also enter (see eq. (11)).

WAp = WA - Blp - WAG + Bl (5)

The air which may be heated by a duct burner to a temperature T2 4 undergoes a pres-
sure drop



_ _{AP
Pyys = Py, X |1 <—5 (6)

> DUCT,

The air would have been heated by the addition of fuel, which can be expressed as a fuel-
air ratio so that

WGy, = WAy, X [1 + (f/a)23] )

The gas is then either expanded through a nozzle (station 29) to produce thrust or is
mixed with the core air as shown in figure 2 (mixed-flow turbofan). The bypass ratio of
the eﬁgine is defined by

WAL
BYPASS = — 2 (8)
WA

The air continuing into the core is compressed to conditions at station 3. The power re-
quired is

Compressor power = WA, X (Hg - H21) = WAg X (H3 - H21) 9)
Some core bleed air BIC may be used for turbine cooling. Some of the air is put

back into the cycle into each of the two turbines, and some is lost to the cycle as over-
board bleed or leakage into the fan duct.

Blg = PCp X WA, (10)
Blpyy = PCp py X Blg (11)
Blop = PCp; op X Blg (12)
Blyp = PCp) gp X Blg (13)
Bl p = PCpy 1p % Blg (14)

+ PCBI, Lp Must be equalto 1.0.
The remaining air is

WA, = WA, - Bl (15)



and is heated to a turbine inlet temperature T4 while undergoing a combustor pressure
drop (AP/P)COMB. The fuel required to do this is expressed as a fuel-air ratio (f/a) 4
so that the weight of the gas entering the first (high pressure) turbine WG:4 can be ex-

i pressed as

WG, = WA, X [1 + (f/a)4] a8
This gas is then expanded through the turbine to conditions at station 5. The enthalpy at

station 5 is first calculated by making a power balance, since this turbine drives the
compressor and supplies any work extracted (HPEXT). By using equation (9),

WG4 X (H4 - 5) = WA3 X (H3 - 21) + HPEXT (1)
In addition, the physical speeds must match

N

HP, TURBINE ~ NCOMP (18)

If high-pressure~turbine bleed air BlHP is added back into the cycle at this point,
H5 must be readjusted.

_ (Blgp X Hy) + WG, Hy _ (Blygp X Hy) + WGHy

H5 (19)
WG4 + BIHP WG:5
Similarly,
Nip, TURBINE = NFAN . (21)
_ (Blyp X Hy) + WGgHgs  (Bly p X Hy) + WGgHg '

WG5 + BILP WG55

For non-mixed-flow turbofans, the gas flow at station 6, WG6, is identical with that
at station 55, WGgg. For mixed-flow turbofans, the air in the fan duct is added.

WG, = WGr55 + WA

Mixed-flow turbofans additionally require that the static pressures at station 25 and at

station 55 (fig. 2) match.

_ (24)
PSg5 = PSyp



The gas flow WG5 then may be heated by an afterburner to a gas temperature T7 and
may undergo a pressure drop.

P; =Py [1 - (aP/ P)AFTERBURNER] #)

And the gas flow rate would be increased by any fuel burned,

]

WG, = WG55 + WFA

7

€

The gas is then expanded through the nozzle (station 9) to produce the remainder of the
engin'e thrust.

Two-Spool Turbojet

The two-spool turboejet is equivalent to a two-spool turbofan with a BYPASS of zero.
This engine is shown in figure 3. In calculating this type of engine, there is no fan duct
and the air entering the inner compressor is the same as the air entering the inlet less
any bleed.

WAC = WAF - BlF (26)

The thermodynamic calculations proceed identically to the previous case, the two-
spool turbofan case, except that any equations referring te the fan duct are eliminated.

One-Spool Turbojet

The one-spool turbojet is shown in figure 4. As can be seen, to simulate this en-
gine the inner compressor and its driving turbine are eliminated. That is, stations 21
and 3 become identical and stations 4 and 5 become identical,

The only calculation changes required therefore are (1) to eliminate any thermody-
namic equations relating to the fan duct and the inner spool of the two-spool turbofan
engine and (2) to add the horsepower extracted to the power requirements of the outer
turbine.

BALANCING TECHNIQUE

An off-design engine cycle calculation requires satisfying various matching con-



straints (rotational speeds, airflows, compressor and turbine work functions, and nozzle
flow functions) at each specified operating condition. GENENG internally searches for
compressor and turbine operating points that will satisfy the constraints., ¥ does this
by generating differential errors caused by small changes in the independent variables.
The program then uses a matrix that is loaded with the differential errors to solve for
the zero-error condition, This procedure is known as the Newton-Raphson iteration
technique. )

For the two-spool turbofan or turbojet engines a solution for a set of six simultane-
ous linear algebraic equations is obtained; for the one-spool turbojet a set of three si-
multaneous linear equations is solved. The six independent variables selected are

ZF Ratio of pressure ratios of outer compressor (faﬁ) along a speed line
b
ZF = (Pressure ratio along speed line) - (Low pressure ratio on speed line)

(High pressure ratio on speed line) - (Low pressure ratio on speed line)

PCNF Percent fan speed or turbine inlet temperature
or T4
ZC Ratio of pressure ratios of inner compressor along speed line; calculated

same as ZF

PCNC Percent compressor speed or turbine inlet temperature
or T4

TFFHP Inner (high pressure) turbine flow function, WG 4%/’_[‘4 / Py
TFFLP Quter (low pressure) turbine flow function, WGSVT5 / Py

ZC, PCNC, and TFFHP are not used for the one-spool turbojet.

The program initially selects new (perturbed) values for the variables, based on the
design values. It is then possible to proceed through the entire engine cycle, where six
(or three) errors are generated. The initial values of the six (or three) variables and
six (or three) errors are base values.

As per reference 1, the partial differential equations for E = {(v) are

jmax
OE, ;
dE, = —1 av, @7
ov,
=1

for i going from 1 to jmax where jmax is 6 for two-spool engines or 3 for one-spool
turbojets; E is an error; V is a variable; and aEij is the change in K, caused by a
change in Vj.

The assumption of a small change in the variable results in the following approxima-

7



tions (B refers to a base value):

dE = E - EB (28)

dv = V - VB (29)
; E_E (30)
. vV V

With these approximations and the knowledge that E should equal zero for the balanced
engine, the set of partial differential equations (eq. (27)) reduces to

AE,.
E, - EB, = ] dV, = -EB; (31)
AV;

for i going from 1 to jmax‘
Thus the calculations made with the perturbed variables are used to compute AE/AV,
and equation (31) is solved for de. The variables V are then given new values from

.=V.B+dV,
VJ V] + VJ (32)

I the engine cycle calculations were linear functions, the engine would balance
(errors within some allowable limits) with the new values of the variables. However,
this is not the case, and it is usually necessary to repeat the process of changing each
variable by a small amount for each pass. A change in each error because of the small
change in the variable is calculated for each pass, where the new values become base
values. This process occurs several times before a balance is obtained.

A subroutine (MATRIX) to determine the solution of a matrix is used to solve the set
of differential equations. After each pass through the engines, a matrix array is loaded
with the appropriate values; after a number of passes equalto 1 + jmax (base value plus
perturbation on each of the independent variables), the matrix subroutine is used to solve
the matrix, This solution (E within some allowable limit) yields the correct values of
the independent variable and satisfies all the component matching constraints.

The most-often-used independent variable and the differential errors for four types
of engines that can be run on GENENG are listed in table I.



SUBROUTINES AND INPUTS FOR ENGINE PERFORMANCE CALCULATIONS

Two forms of data are supplied to GENENG. Some data, such as all the constants
and component map data, are in the form of a BLOCK DATA subprogram. The varying
data are supplied at execution time by the use of input data cards.

The FORTRAN listings of GENENG are presented in appendix A. The function and
description of the subroutines follows in the next section.

GENENG Subroutine Functions and Descriptions

A flow chart of the computer program with the subroutines is shown in figure 5. The
functions of the subroutines are listed here and the purpose of each described.

GENENG Dummy main program to initiate the calculations and cause the input of the
controlled output variables. Because of the looping between subroutines,
control is never transferred back to this routine.

ENGBAL Main routine, Controls all engine balancing loops; checks tolerances and
number of loops and loads matrix; calls input.

GUESS Determines initial values of independent variable (see table I} at each point.
MATRIX  Solves error matrix.

PUTIN Calls input subroutine package. Controls loop on static pressures for mixed-
flow turbofan.

ZERO Zeros nearly all of common and certain controls.
COINLT  Determines ram recovery and performs inlet calculations.

ATMOS 1962 U.S. Standard Atmosphere Table,

RAM Calculates ram recovery defined by MIL-E-5008B specifications,
RAM2 Calculates special cases of input ram recovery as a function of flight Mach
number,

COFAN Uses BLOCK DATA to perform outer-compressor (fan) calculations,

COCOMP Uses BLOCK DATA to perform inner-compressor calculations (two spools
only).



COCOMB

COHPTB
COLPTB

CODUCT

COMIX

COAFBN

FRTOSD
FASTBK
COMNOZ

ERROR

PERF

OUTPUT

CONOUT
10

Uses BLOCK DATA to perform combustor calculations.
or WFB as the main parameter.

May use either T4

Uses BLOCK DATA to perform inner-turbine calculations (two spools only).
Uses BLOCK DATA to perform outer-turbine calculations.

Performs duct and duct-burning calculations for turbofans. May use either

T24 or WFD as main parameters,

Performs gas mixing calculations if in mixed-flow mode. At design points
it calculates areas either from an input static pressure PS55 or from an
input Mach number AMS5 if PS55 = 0. At off-design points it calculates
static pressures and Mach numbers from the design areas. Calculates
ERR (5). Rescales pressure ratios for mixed-flow turbofans to match duct
and core static pressures just prior to mixing, COMIX also calculates
afterburner entrance area A6 as a function of afterburner entrance Mach

number AMS6.

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

parameters.

Dummy routine to transfer values from common FRONT to common SIDE,
Dummy routine to transfer values from common SIDE to common BACK.
Controels the main nozzle.

Controls all printouts if an error occurs. Prints names of subroutine where
error occurred and aiso prints the values of all variables in the main

commons,

Controls printing from UNITQO8. Throughout the program and particularly
in ENGBAL, certain messages, variables, and matrix values are written on
UNITQO8 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.

Calculates performance after the engine is balanced.

Prints output except for controlled output., Prints the main commons after

the design point.

Controls and prints the controlled output variables,



THCOMP

PROCOM
SEARCH

MAPBAC

CONVRG
CONDIV

THTURB
THERMO
AFQUIR

PARABO
BLKFAN

BLKCMP

CMBDAT
HPTDAT
LPTDAT

ETAAB

FRATIO

INPUT

Performs isentropic calculations for compressors.

Calculates thermodynamic gas properties for either air or a fuel-air mix-
ture based on JP-4 using curve fits of the tables of reference 4,

General table lookup and interpolation routine to obtain data from the BLOCK
DATA subroutines.

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 at~
tempt to rectify the situation.

Perforras nozzle calculations for a convergent nozzle,

Performs nozzle calculations for a convergent-divergent (C-D) nozzle.
Performs isentropic calculations for turbines.

Provides thermodynamic conditions using PROCOM.

General quadratic interpolation routine.

Parabolic curve-{fit routine.

Performance data for outer compressor {(fan) map (BLOCK DATA).

Performance data for inner compressor map (BLOCK DATA; two-spool
engines).

BLOCK DATA for combustor,
Performance data for inner turbine map (BLOCK DATA; two-spool engines).
Performance data for outer turbine map (BLCCK DATA),

Generalized afterburner performance BLOCK DATA as a function of fuel-air
ratio with correction factors for off-design afterburner entrance pressure
and Mach number,

Convergent-divergent nozzle velocity coefficient (BLOCK DATA input as a
function of nozzle pressure ratio and area expansion ratio).

Package of Huff input subroutines. (The Huff Input Routine is a very versatile
input mechanism further detailed in appendix B.)

11



Entering the Data

The Huff Input Routine, used to enter input data into the program at execution time,
is discussed in appendix B. Appendix C presents the individual symbols internal to the
program, station numbers, etc., from which compound names such as WAFCDS (WA + F
+ C + DS) are formed. Table II and appendix C present the names of the variables, the
values of which are supplied on data cards.

Choice of component maps - scaling laws. - Many of the engines that are studied
using GENENG are theoretical. Therefore, actual component maps for these engines

will be nonexistent. The program, however, does require component maps to do off-
design calculations. To alleviate this problem, GENENG uses scaling laws to change
data from one component map into a new component map. Hopefully, a component map
can be found which could be expected to perform in a similar manner to the actual map
for the engine type being studied. In fact, several maps that the authors have obtained
are identified as to the range of pressure ratio and the engine component design type for
which they are valid (i.e., pressure ratio range, 4 to 8; subsonic compressor or inner
compressor). Thus, for example, a high-bypass-ratio, subsonic-flight-speed, low-
pressure-ratio fan map for a CF6 engine would not properly simulate a low-bypass-
ratio, high-pressure-ratio, supersonic multistage fan.

The scaling equations used for the compressor maps are

PR, . -1
PR = design (PR -1)+1
map, design
WA, .
WA = design < WA
WA . map
map, design
ETA, .
ETA = design o gra
ETA map

map, design

Similar equations are used for combustor and turbine map scaling. These equations are
found in the appropriate subroutines. In the output are printed the correction factors
used in scaling the maps. The closer these values are to 1.0 (especially pressure ratio,
a primary characteristic of a given compressor map), the more reasonable are the simu-
lated maps of the engine. Conversely, however, not being close to 1.0 does not neces-
sarily mean tliat the simulation is poor since many maps have been shown to be typical
over quite a large range of variables.

BLOCK DATA input. - The two compressor performance maps are entered into the

12



code as the BLOCK DATA subprograms BLKFAN and BLKCMP, The subprograms sup-
plied by the authors with the code and shown in appendix A are not to be taken as realistic
maps. These maps are only of an illustrative nature and are the ones used to run the
sample calculations.

Using subprogram BLKFAN as an example (the first nine cards of which are printed
here) and referring to a typical compressor map (fig. 6), the data are programmed as
follows:

$IBFTC BLKFAN DECK
c THIS IS A GENERALIZED FAN MAP FOR UNREALISTIC SUPERSONIC ENGINE
BLOCK JATA
COMMON / FAN/CN{15),PR{15,15)yWAC(25415)oETA(15,15)4NyNP(15)
DATA NoNP/10+6+327,5410,855%0/
DATA 2N/003704490e59006900790e850.991a001015102:5%0.7
DATA (PR{ 1,J),WAC( 14+J),ETAL 1,J)yJd=1, 6)/
1 1.00000, 243,600, 0.75592, 1.01200, 229.800, 0.756120,
2 1.02800, 199.800, 0.76648, 1.03840, 166,800, 0.75592,
3 1.04480, 133,200, ©0.72512, 1.04800, 864400, 0.64152/

GONTN SN

Card 1 reminds the reader that these maps are fictitious. Card 2 identifies subprogram
as BLOCK DATA, Card 3 identifies common block FAN into which data are to be stored
and dimensions the program variables, Card 4 indicates that there are 10 speed lines (N)
and the number of points NF on each line - six on the lowest speed, seven on the next
three lines, etc. Card 5 assigns the value of speed to each of the 10 lines (low to high).
Cards 6 to 9 along speed line CN=0. 3 set pressure ratio PR, corrected airflow WAC, and
efficiency ETA in sets of three going from low pressure (PR = 1.0) to the surge line

(PR = 1.048). Note there are six sets of three values (NP(1) = 6). The rest of the cards
(appendix A) set the values for each speed line.

The combustor map is also a BLOCK DATA subprogram (CMBDAT). I is a plot of
temperature rise across the combustor against efficiency for constant input pressure.
Entry to the map is through temperature rise and input pressure with efficiency being
output. The cards in the subprogram CMBDAT are reproduced here; a typical combus-
tor map is shown in figure 7.

$IBFTC CMBDAT DECK

BLOCK DATA 1
COMMON /7 COMB/PSI(15)+sDELT(15415),ETA{15+415)+NyNP(15) 2
DATA NyNP / 15,15%15 / 3
DATA 351/44911699482324146735,19.645+24.558929.4704+34.381 4
139.233,444207473e67449100.920045300.,400,,500./ 5
DATA JDELT/1522000915#300.515%4004¢15%#5004915%6004,15%#7004+15%#80D. 3
115#903.,15%1000,,15%21100.,15%12004,15%1300.,15#1400.,15%1500., 7
215#1530./ 8
DATA ETA/ 9
166009072645 077T72e8065+826928430.8554.865,72,870, 10
24758908259 8589.875; +888,.8985.9065.9125.914,6%,915, 11
3.8689039394911909259093500942+0%947:.951,7%,953, 12
4292540336909469:9555096310969909749.977,.978,6%,979, 13
54960929665 ¢97210977929821498550990450.992,.993,6%#,995, 14
649889099172992y29949+99590997,.998,8%,999, 15
7821,03,74.999,12021,00/ 15
END 17
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Card 1 identifies subprogram as BLOCK DATA. Card 2 identifies common block COMB
into which data are to be stored and the dimension of each variable. Card 3 indicates
that there are 15 lines of constant PSI(P3) by the value of N, and that there are 15 values
of DELT(DT) and ETA(ETAB) along 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 the
P3 lines is given starting with the lowest value of AT on the lowest value of P3. Next
comes the second lowest value of AT on each P3, etc. Again this map is unrealistic,
being used for illustrative purposes only. Cards 9 to 16 assign the value of ng in a one-
to-one correspondence with the AT values just assigned. The order is the same. The
combustor pressure loss is input as a design value (i.e., DPCODS = 0. 05) for a combus-
tor type being considered. During off-design operation, the pressure loss is related to
the design value by the following equation; DPCOM = DPCODS X (WA3C/WA3CDS). This
equation is found in the COCOMB routine,

Also entered as BLOCK DATA subprograms are the turbine maps (HPTDAT and
LPTDAT). To illustrate the entering of turbine data, LPTDAT is used, A typical tur-
bine map is shown in figure 8; the data are programmed as follows:

$IBFTC LPTDAY DECK

BLOCK DATA 1
COMMOY / LTURB/TFF(15),CNl15,15)sDH{15+15),ETA(15515)oNoNP(15} 2

DATA VyNP/1149%15,12,9,420/ 3

DATA TFF / 8824705 102.795s 11608355 -129:330, 141.045, &

1 145.725y 150.000s 153.345, 156.405¢ 159.780, 163,170,420,/ 5

DATA (CN{ 1,J)¢DHU 1,J)0ETAL 1:J)9d=1,15)/ 6

1 0.3582, 0.0018, 0.7120, 0.5336 0,0026, 07300, 7
2 0.7365, 0.0035, 0.7472, 00,9754 0,004%4, 0.7300, ]
3 12146, 0.0051, 0.,7140, 1.4173, 0.,0056, 0,7000, 9
4 1,5201, 0.0059, 0.6850, 1.7673, 0,0061¢ 0.6730, 10

5 2.3247, 0.00625 0.6452, 2028275 0.0061, 0.6200, 11

6 2.%565, 0.,0057, 0.6000, 2061379 0.0053, 0.5750, 127
7 2.3166, 0.0044 0.5310, 2094569 0,0035, 0.50004 13

8 3.3138, 0.0001, 0.3850/ 14

Card 1 identifies the subprogram as BLOCK DATA. Card 2 identifies the common block
into which data are to be loaded and dimensions the program variables. Card 3 indicates
the number of constant turbine flow function lines TFF as 11(N) and the number of points
on each line from low to high TFF. Cards 4 and 5 set values of TFF from low to high.
Cards 6 to 14 set values of corrected speed CN, work function DH, and efficiency ETA
along TFF(1) starting from low CN(0. 3682) and ending at high CN(3. 3138). The rest of
the cards set values along higher TFF lines.

In many cases, turbine maps for high-performance engines operate at a choked con-
dition (constant TFF¥). Thus, a turbine map to be represented could possibly have no
lines representing constant TFF for a significant portion of the map. For complete map
representation, lines of constant TFF may be estimated on the map up to the limit load-
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ing line by inputing slight changes for the values of TFF (example: one line for TFF is
62. 105, the next may be input as equal to 62.108). This will eliminate computational
difficulties which would arise if constant values for TFF lines were input.

Afterburner performance has been programmed in a generalized form in subroutine
COAFBN. The afterburner performance map included in the program is shown in fig-
ure 9(a). The performance map shows afterburner combustion efficiency ratio as a func-
tion of fuel-air ratio. The value of afterburner combustion efficiency correction factor
AETAA during off-design operation is shown against design afterburner inlet Mach num-
ber ratio (fig. 9(b)) and design afterburner inlet total-pressure ratio (fig. 9(c)). Other
correction factors or performance maps could be added as desired. The afterburner ef-
ficiency, fuel-air ratio, inlet total pressure, and Mach number are generalized external
to the program.

A specific afterburner performance is generalized by dividing the specific off-design
values by the design values, as shown here. The symbols shown are the symbols used in
the ABETTA subroutine, where the generalized and specific values are input. The gener-
alized afterburner values are obtained as follows:

Efficiency (ETABRT) = —BL1A8
ETAADS
Fuel-air ratio (FART) = —ZART
FARTDS
Entrance total pressure (P6T) = _P6_
P6DS
Entrance Mach number (EM6T) = AMS6
AM6DS

However, the correction factor for efficiency AETAA is not a generalized value, The
value of AETAA is an efficiency degradation. These degradations are input in ABETTA
as discrete points on a curve. The values of AETAA are input as functions of the fol-
. lowing: ‘

(1) The change in efficiency as a function of EM6T is input as DELMS6 (which is
really AETAA = f(AMS)).

(2) The cﬁange in efficiency as a function of P6T is input as DELP6 (which is really
AETAA = {(P6)).

At execution time for the design point, values of afterburner combustion efficiency
ETAADS, exit total temperature T7DS, and entrance Mach number AM6DS are input.
Design fuel-air ratio and entrance pressure ratio are calculated from the input values
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and the other design engine characteristics.

The afterburner pressure loss is input as a design value (DPAFDS) during the design
case. During afterburning the pressure loss due to combustion is calculated and the
regular pressure drop is included for a total afterburner pressure loss. The equations
for off-design and combustion pressure losses are contained in the COAFBN subroutines.

To achieve a reasonable accuracy in cycle calculations when using any generalized
component map, the usage of the map should be limited within a certain range of the
original design values and configuration changes. Therefore if, for example, an after-
burner has a design task that differs significantly from an example used, a new general-
ized performance map should be used in order to simulate the component more accu-
rately.

SMOTE, the original code, uses a single-point input for nozzle velocity coefficients
(CVMNOZ and CVDNOZ) when calculating engine performance. GENENG, however, uses
a convergent-divergent nozzle velocity coefficient which is input in map form in the
FRATIO subroutine. The velocity coefficient is input as a function of nozzle total-
pressure ratio (P8/P1 or P28/P1), The data for the nozzle are programmed as shown
below for a performance map similar to that shown in figure 10.

$IBFTC FRATLD DECK

SUBRDJTINE FRASHO (PRATIO, ARATIOLCF) 1
DIMENSION PR(30),AR(10},CFR{30,10):XX(3)oYY(3),22{2) 2
DATA 23/14091025+12591675¢20042425v2054207543401342593655307554.09 3
144255405940 7595295¢50602605:Ta0Bo5Faslleorl3e91l50917031%e02la023s/ 4
DATA A2/ 1.0+1e05514092914228+1431891042391.891.951.9752.15/ 5
DATA (ZFR{I,1)+1=1,180)/ 5
169714949754 497890980+90981709805.978499765749742,49715, 7
249688y 096589096321 9601095730953850950690944504938+2932969275.918, 8
3091094397 408855448755 486790859348515y.844, 9
49963403664 .970029743409785498054.982929805¢9786229762+.9745.9718» 10
5096735 4967349645949627495959.9549236950.9445;.9395,.9308,.9238, 11
6¢3117509014.892,.884,.8752+1.869,.862 12
74956143505, 0963890967109709¢9731909754209775109795,.9815.980,.978, 13
Ba9761949742¢09723+277020496832096373:9594409554+295175.9455.9387, 14
Ge9276r+9177,4,9082,.8998,.891,.883,.8752, 15
$034740969,.951T9e¢9549469579096015.963290966890971+0973746976529T7770 15
$0978903772,4976549752409743+97094965540963792.9603,.955,.9505.94035 17
$.9317+.92324.915,.907,.8996,.892, 18
$.949,563502,.9508,.94739¢943870941949399.9405:9502.956+496055.964, 19
$296T4036835.969200970409703+:9698929596529684909665.960509%%%, 20
$0943894.93479.92659491934.9128,.3067,.901, 21
$.948¢¢3485, 948742948440 9474.94351:93694927549185,.91554+.9155, 22
$2929,094145.94554.950529534.95587,495919.96084,9609,.9601+.957, 23
$.9531,.94484.9362,09279+.91885.910+.901,.8921/ 264

Card 1 identifies the subroutine. Card 2 identifies the subroutine from its calling name
used in the subprogram in addition to the variables that are desired to be transferred.
Card 3 dimensions the program variables. Cards 4 and 5 set the value of PR(P9/P1 or
P29/P1) from low to high. Card 6 sets the values of AR(A9/A8 or A29/A28) from low to
high. Card 7 fills the first 306 array of CFR(CVMNOZ or CVDNOZ) and is followed by
another data statement which fills the remaining 30x4 values. Cards 8 to 24, etc., are
the first values of CFR being loaded for constant values of pressure ratio for varying
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ratios going from low to high.

After the data input, the equations required to interpolate between points of the input
values are included in the FRATIO subroutine.

Usually, a turbojet or a mixed-flow turbofan has a single exhaust nozzle; therefore
the velocity coefficient is determined as a function of A9/A8 and P9/P1. A separate-flow
turbofan is considered to have two separate nozzles; thus in addition to using A9/A8 and
P9/P1, it will use the duct A29/A28 and P29/P28 to determine a velocity coefficient to
correct each stream separately. When desired, however, a different nozzle map
(i.e., convergent nozzle) or single-point inputs can be readily incorporated.

Inputs required at execution time. - Basically, what must be supplied are a list of
the desired output variables, design values of any component existing in the engine
(compressors, combustors, turbines, etc.), and engine operational controls. The vari-
ables that are to be output are selected by the first section of data cards. Any variables
that are in one of the main commons (DESIGN, FRONT, SIDE, BACK, or DUMMYS) may
be selected for output by punching, in columns 1 to 6, the name of the variable as it ap-
pears in the common. Up to 150 variables (25 lines of six 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 the vari-
able to be output; for example, it may be desired to change a station designation to one
more common fo a particular programnier. In this case, the variable name would be
punched in columns 1 to 6 as previously described, but, in addition, the described name
would be punched in columns 13 to 18. Special symbols, such as /, may be used in the
new name, The last card of the controlled output must be a card with "THEEND"*
punched in columns 1 to 6.

Table II summarizes the design inputs for the four basic engines discussed in this
report.

The following control variables should always be supplied at the design point. The
value used is dependent on how the user wants the engine to operate. The symbols and
their purpose are listed in subroutine PUTIN but are shown here for the reader's con-
venience. The superscripts (1) to (4) on the symbols have the following meanings:

(1) means '*automatically returned to zero after each point is calculated, must be re-
input if option is again desired''; (2) means ''option can be used for design or off-
design'', whereas the other two modes can only be used at off-design; (3) means ''these
input values remain as inpuf unless changed by a new input''; (4) means '*before using
these options which are not equal to zero, a setup case must be run where all the compo-
nents are first matched, and then the identical case may be repeated exercising these
options. '
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mEes = 1

@) mopE = 06)

MODE = 1)

@yopE = 23
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MODE = 3(3)
mit = 0(%)

it = 1(3)

DUMP = 0(%)
mump = 1)
DUMP = 2(3)
IAMTP = 00
IAMTP = 1(3)

1AMTP = 2(3)

1AMTP = 3(3)
1aMTP = 4(8)
1AMTP = 5(3)
16GASMX = -1(8)
16ASMX = 0(®)
16asMX = 13)
IGASMX = 2(3)
IDBURN = 1(1)

IDBURN = 2(1)

For calculating design points.

Specify T4,

Specify PCNC.

Specify WFB,

Specify PCNF.

Initializes point.

Will not initialize point.

Will not dump looping write-outs.

Will dump looping write-outs if error occurs.
Will dump looping write-outs after every point,
Will use input AM and military specification ETAR.
Will use input AM and input ETAR.

Will use input T2 to determine T1 = 518, 668 + T2 and standard P1.
(T2 value needs to be input at every point or an error will occur
whenever used. )

Will use inputs P2 and standard T1.

Will use input T2 and input P2.

Will use specific schedule of ETAR located in subroutine RAMTWO.
Separate flow, input A6,

Separate flow, A6 = Ab5.

Will mix fan duct and main streams, A6 = A25 + Ab5,

Will mix fan duct and main streams, input A6,

For duct burning (fan stream only), input T24. (4)

For duct burning (fan stream only), input W¥D, (4)



IAFTBN = 1(1) For afterburning (main stream or mixed stream of fan and main
stream), input T7.

IAFTBN = 2(1) For afterburning (main stream or mixed stream of fan and main
stream), input WFA, ()

IDCD = 1(3) Fan duct nozzle will be convergent-divergent,
IMCD = 1(3) Main nozzle will be convergent-divergent.
NOZFLT = 1(3) For floating main nozzle exit area. @

NOZFLT = 23 For floating fan duct nozzle exit area, (4)

NOZFLT = 3(3) For floating fan duct and main nozzle exit area. 4)
ITRYS=N Number of passes through engine before quitting.
TOLALL =X Tolerance which the errors must satisfy before engine is matched,

The following are other input variables for which some value, depending on the en-
gine design, should be input at the discretion of the user:

DELFG, DELFN, DEISFC Normally input as 1.0 unless correction is desired.

A6, AM55, AM23, AM6, See appendix C, Input Symbols.
HPEXT, AM, ALTP

PCBLF, PCBLC, Value for bleed out of the cycle; decimal equivalent of
PCBLDU, PCBLOB percent compressor flow.

PCBLHP, PCBLLP Value of total bleed returned to turbines for cycle; frac-

tional equivalent of flow. The sum of these variables plus
PCBLDU and PCBLOB should equal 1,

Inputs required for additional options to basic cycles. - To run duct-burning (avail-
able only in fan stream duct) cases load ETAD, T24 or WFDDS, and DPDUDS. To run
afterburning (mixed-flow fan or unmixed fan - available only for core and fan stream)
cases, load T7DS or WFADS, ETAADS, and DPAFDS. Afterburner operation is the same
as in reference 2 with the exception of a generalized afterburner performance map addi-
tion. For changing the generalized map to a specific map for a specific engine design,
the preceding design values are needed at the design point.
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Means of Specifying Mode of Engine Operations

Shown in the section SAMPLE CALCULATIONS (pp. 21 to 46) are the methods of
specifying off-design operation points. The most common one and that used exclusively
herein is to select a Mach number, altitude, and turbine inlet temperature other than
.design values. There are, however, several other possibilities which the user may em-
ploy. For example, changing the following controls:

MODE =0 Specif‘y a new turbine inlet temperature T4.
MODE =1  Specify a compressor rotational speed PCNC.,
MODE =2  Specify a fuel flow rate WFB,

MODE =3 Specify a fan rotational speed PCNF,

If the engine has all its nozzles fixed, an input such as turbine inlet temperature,
fuel flow, or speed will set the thrust level. But other means of changing engine opera-
tion can be accomplished by varying such nozzle thrust areas as

A8 Main nozzle thrust area
A28 Fan nozzle thrust area

For example, an off-design condition may exist where, in an attempt to satisfy continuity
of mass flow (one of the component matching requirements), the fan operating point may
lie outside the limits of the data map that was input for the component map. A fan noz-
zle thrust area change could be used to return the fan operating condition on the map
such that a match would occur, This would indicate a possibility exists that variable fan
nozzle would be required on this engine for operation at the desired condition. The area
is changed by inputing (example: A28 = 1.2 X A28). Since the design areas are not known
prior to running the design point, the Huff Input Routine provides the versatility in which
A28 is increased by 20 percent, as was shown. It whould be noted that any area changed
remains changed until it is recalculated by a new design case or altered by a new input.
The preceding example and statements would also apply if changes were made instead to
A8.

The nozzle exit area (such as A9 or A29) may then be fully expanded (if A8 and A28
are sonic) after component matching is achieved by using the control variables NOZFLT
=1, 2, or 3. The significance of these values was explained in the previous section.
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SAMPLE CALCULATIONS

Shown in this section are complete listings of sample calculations for a single-spool
turbojet, a two-spool turbojet, a separate-flow turbofan, and a mixed-flow turbofan.
Detailed instructions for operating the program are disclosed through means of these
sample calculations plus comments in the program listing (appendix A) and the PUTIN
routine (pp. 50 to 52). The input and output data associated with one complete design
and off-design computer run are shown,

Single-Spool Turbojet

Design point. - This case is for design-point operation of a single-spool turbojet
engine and is represented by three groups of data printout: (1) card images of input data,
(2) results, and (3) the common variables printed out only at the design point.

For this point, the component maps were loaded as BLOCK DATA and scaled to maps
for the desired engine design, The common variables appearing in the printout are de-
fined by the relative locations of the common blocks of DESIGN, FRONT, SIDE, and
BACK. The code for the common variables shown on pages 23 and 24 is as follows:

ZF, PCNF, ZcC, PCNC, T4, MODE

b

COMMDN /DESIGN/

1PCNFGJ,PCNCGU,T4GU oDUMDL 4DUMD2 ,DELFG ,DELFN ,DELSFC,
2ZFDS  +PCNFDS.PRFDS ,ETAFDSyWAFDS +PRFLF LETAFCF,WAFCF
3ZCDS 4PCNCDS,PRCDS ,ETACDSy WACDS oPRCLCF oETACCF,WACCF ,
4T4DS LWFBDS ,DTCODS,ETABDS,WA3CDS,DPLODS,DTCOCF,ETABCF,
STFHPDS y CNHPDS yETHPDS y TFHPCFy CNHPCF o ETHPCF 9 DHHPCF 4 T2DS
6TFLPDS yCNLPDS,ETLPDS y TFLPLFy CNLPCFETLPCFDHLPCF,T21DS
TT24DS 4WFDDS ,DTDUDS,ETADDS, WA23DS,DPDUDS,DYDUCF,ETADCF,
BT7DS »WFADS ,DTAFDS,ETAADS,WG6CDSyDPAFDS,DTAFCF,ETAACF,
9AS55 1A25 1 A6 2 A7 2A8 2A9 +A28 1A29 ’
$PS55 4AM55 LCVDNOZ,CVMNDOZ,A85AV ,A9SAV ,A28SAV,A29SAV
COMMON / FRONT/

1T1 » P1 2 HL 2 S1 2 T2 P2 s H2 252
2T21 yP21 1H21 +S21 2 T3 2P3 yH3 vS3

374 P4 ' HG *S4 ' T5 PS5 +H5 955
4T55 vP55 +H55 + 555 +BLF +BLE »BLDU LBLDB
5CNF » PRF yETAF s WAFC L WAF rHA3 WG4 e FARA
6CNC s PRC +ETAC  ,WACC LWAC +ETAB ,DPLOM (DUMF
TCNHP  4ETATHP4DHTCHP ,DHTC ¢ BLHP 4G5 +FARS (S
BCNLP  LETATLP,DHTCLP +DHTF +BLLP sWG55 »FARS5S5 LHPEXT
9AM 1 ALTP  LETAR L IF 2 PCNF  42C »PCNC  ,WFB
$TEFHP 4 TFFLP ,PLBLF ,PCBLC ,PCBLDU.PCBLOIBsPCBLHPPCBLLP
COMMDN /  SIDE/

1XPl +XWAF ¢ XWAC o XBLF ¢+ XBLDU +XH3 +DUMSL ,DUMS2
2XT21 $XP21 ,XH21 4XS21 ,T23 2P23 1 H23 ¢523 l
3724 yP24 +H24 v S24 2 T25 2 P25 +H25 vS25 v

v
v

% 4 % 9 9 wwsow

4728 »P28 +H28 » 528 e 729 P29 2 H29 »S29
5WAD +WFD »WG24 (FAR24 ,ETAD +DPDUC ,BYPASS,DUMS3
6TS28 ,PS28 ,v28 vAM28 $TS29 ,4PS29 ,Vv29 rAM29
COMMON / BACK/

1XT55 +XP55 4XH55 ¢XS55 4XT25 ,XP25 ,XH25 ,XS25
2XWFB ¢+ XWG55 ,XFARS55,XWFD +XWG24 ¢XFAR244XXP1 ,DUMB
376 P66 1 HE » 56 o ¥7 »P7 2 H7 0 S7
478 P8 »H8 *58 « 79 P9 +H9 +59
5WG6 1WEA 1 W67 » FART LETAA ,DPAFT o»V55 V25
6P56 V6 2 AM6 2+ TS7 +PST W VT 2AMT 1AM25

® % @ B Y0 e

7758 s PS8 VB » AMB 2 T59 »PS9 ' VO »AM9
8VA +FRD »VJD o FGMD o VJIM oFGMM  ,FGPD +FGPM
9FGM +FGP s WFT ¢ WGT oFART oFG oFN 2 SFC
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It should be noted that the program uses fixed effective areas calculated at the design
point. The design case which calculates the area uses a convergent nozzle, Thus, as
seen on the listing (pp. 23 and 24), A8 = AS, Before an aiterburning case or before the
nozzle is allowed to float (become fully expanded to a convergent-divergent nozzle), the
engine components must first be matched in a setup run. Then, the next case may be run
with TIAFTBN or NOZFLT control cards unequal to zero and may be used as shown in the
off-design cases 4 and 5 or 6 and 7. Either a convergent or a convergent-divergent sub-
routine may be used, depending on the input controls. I afterburning has been selected,
the nozzle area is allowed to float to satisfy continuity. However, the areas are re-
turned to their original design values after the afterburning or nozzle float points are
completed.

Because the first example is a single-spool turbojet, values for the inner compres-
sor and turbine, as well as duct parameters, are either zero or 1. The actual or cor-
rected values of compressor exit flow (WAC or WACC, respectively) are printed out
prior to any bleed extraction. The value of WA3 is the combustor entrance airflow after
bleed extraction.

The first 11 lines of the following example show the storage locations reserved for
the input data. The locations are relative to the common block locations shown on
page 21, Only locations for which values of data will be input are required. Following
the end of the storage locations are the input data which are typical for running a single-
spool turbojet engine,

$DATA(L) #1 INPUT DATA CARDS :
STABLE{.REAL.22=TOLALL,34=DELFG;35=DELFN,36=DELSFCs37=2FDS,38=PCNFDS$,39=PRFDS,
40=ETAFDS+41=WAFDS+45=2CDSy 46=PCNCDS+4T=PRCDS;48=ETACDS ,49=WACDS,53=T4DS,54=
WFBD3+55=DTCODS,»56=ETABDS ,58=DPCODS+61=TFHPDS,;62=CNHPDS ;63=ETHPDS 4 69=TFLPDS,
70=CMLPDSs T1=ETLPDS+82=DPUDS +85=T7DS,88=ETAADS:90=DPAFDS,95=46,97=A8,101=PS55,
102=AM55,103=CVDONOZ,104=CVYMNOZ.113=T2,114=P2,125=T4,144=WAFCDS;152=WACCDS,
172=HPEXTs173=AM,174=ALTP,175=ETAR, 1 77=PCNF,179=PCNC+183=PCBLF,184=PCBLC,
185=PCBLDU,186=PCBLOB,187=PCBLHP,188=PCBLLP,205=T24,225=ETAD,257=T7,270=WFA,
273=FETAA;279=AMES313=AM23,99=A28,180=WFB,222=WFDs, INTEGER. ;2=1DES5=M0DE

2 T=10UMP, 8=TAMTP,9=IGASMX,10=1DBURN, L1=TAFTBN,12=1DCD;13=IMCD,16=N0ZFLT,17=
ITRYS,314=ISPOOL+.LOGICAL.»319=FAN) % END OF TABLE GIVING NAMES AND LOCATIONS
#¥0 INPJT DATA TO RUN ONE SPOOL TURBOJET
FAN=.FALSE.,ISPN0OL=1,2FDS=.83333333,PRFDS=8,WAFCDS=633,ETAFDS=.829,PCNFDS=100,
PCBLF=0,PCBLL=,097,PCBLHP=0,PCBLLP=1;PCBLOB=0,T40S=3260,DPCUDS=.056,ETABDS=,985,
ETLPIS=.903,TFLPDS=130.0,CNLPDS=2.300,HPEXT=0,AM55=,238,AM6=.238,ETAADS=,90,

T7D5=3560+DPAFDS=,048,DEL+G=1,DELFN=1,DELSFC=1,TOLALL=c005,1TRYS=210,10DCD=0,
IMCD=0y [DES=1, IAMTP=0,MNDE=0, IDUMP=0, AM=0,ALTP=0,

The following is an example of the normal design-case printout. The fan, compres-
sor, combustor, high-pressure- and low-pressure-turbine correction factors are
printed out, as are the various designated design areas. Following these are the inter-
nal engine thermodyhamic characteristics and thrust and specific fuel consumption,
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¥1 DESIGN POIN
+# POINT ONLY)

FAN DESIGHN
COMPRESSOR DESIGN
COMBUSTER DESIGN
L.P. TURBINE DESIoN
TURBINE AREA DESIGN
AFTERBURNER DESIGN
NOZZLE DESIGN

CuTpuT

MAIN SCNIC CONVERGENT NOZZLE

¥ WITH NORMAL PRINTOUT WHEN
~ = NEXT PAGE HAS THE CLOSE

PRFCF= 0.17500000E+02
PRCCF= 0,10000000E+01
WA3CDS= 0.15521097E+03
CNLPCF= 0,13132174E+0]
A55= 0,20933135E+02
WE6LDS= 0.89939300E+04
A8= 0,85851488E+01
AM= 0. ALTP=
PUNF CNF
0.100000E+03 0,100000E
PCNC
0.100000E+03 0.100000E
T2 P2
0.518668E+03 0.100000E
PCBLF
. 0.
PCBLHP BLHP
WA3 WFB
0.571599E+03 0,219359€
TFFHP CNHP
0. 0.

TEFLP CNLP
0.305347E+03 0.175142F
PCBLOY BLDU

O. 0.
WAD WED
0. 0.
ETAF ETAC
0.829C0CE+00 0.1000C0F
T6 Pé
0.269721E+04 0.378187E
REki WFA
0.269721E+04 0.

431 AMB
0.198204E401 0.100000E
PsS28 AM28

0. 0.
BYPASS HPEXT
0. 0.
CvmMNOZ VJM
0.967632E+00 0.221427E
FG= 6291%

QUCT SHOCK JUTSIO0E C~D NOLILE

CONVERGED AFTER 1

LOOPS

IDES=1 {PRINTED OUT FOR DESIGN

FORMAT (SEE PAGE OF KEY TD VARIABLES)

ETAFCF= 0.94204545£+400 WAFCF= 0.10550000E+01  T2DS= 0.518€6820E+03
ETACCF= 0.l0000000E+01 WACCF= 0,10000000E+01 T210S= 0.101SL359E+04
ETABCF= 0.98500000E+00 DTCOCF= 0.10000000E+01
TFLPCF= 0.425744956+06 ETLPCF= 0.10235344E+01 DHLPCF= 0.231479237€+01
AM55= 0.23823719E+00
AM8= 0.10000000E+01 A9% 0.8585148BE+01 AM9= 0.10C(0CCOE+O01
G. T4= 3260.00 ETAR= 1,000C
2F PRF WAFC WAF
+01  0.833333:E+400  0.800000E+01  0.633000E+03  0.633000E+C3
zc PRC WACC WAC
+01 0. 0.100000E+01  0.110915E+03  0.63300CE+03
T21 T3 P3
+01  0.101916E+04  0.800000E+OL  0.101916E404  0.80000CE+CL
PCBLC PCBLOB 8LOB
0.9700006~01  0.614010E+02 0. 0.
PCBLLP BLLP T4 P4
0.100000£+01  0.614010E+02  0.326000E+04  0.75520CE+C1
WG4 FARG ETAB DPCOM
+02  0.593535E+03  0.383764E-01  0.985000€40C  0,560000E-01
DHTCHP DHTC 5 Ps
0. 0. 0.326000E+04  0.75520CE+01
OHTCLP DHTF 155
+01  0.1717506-01  0.129830E+03  0.269721E+04 0.378187£+01
T24 P25
0. O 0.101916E+404  0.80000CE+O0L
w624 FARZ4 ETAD DPOUC
0.6330006+03 0. 0. 0.
ETATHP EYATLP AM5S AM25
+01  0.1000006+01  0.903000E+00  0.238237E+0C  O.
P56 AMS V6 Wee
+01  0.364695£+01  0.238237E400  0.579433E+03  0.654936E+403
W67 FAR7 ETAA DPAFT
0.654936E+403  0.346539E-01 0. 0.48000CE-01
ve [ AM9 vo
401 0.228834E+04  0.19B204E+01  0.100000E+01  0.228834E+i4
v28 Ps29 au29 v29
0. 'R 0. 0.
WET WeT VA FRD
0.219359E+02  0.654936E+03 0. | 0.
CVONOZ v CFCM FGP
+04 0. 0. 0.45073BE+05  0.178418E+0%5
.60 FN= 52915.60 SFC= 1,25516

The following shows the common variables which can be read, if desired, by refer-
ring to the common designation (p. 21).

COMMON 0.833333E+400 0.100000E403 -0.,000000E-19 ~0.000000E-19 0. 0.100000E+03 C.3260C0E+04 o
0.1C00305 +03 0. 0.326000€404  0.100000€403 0. 0.100000£+01 0.100000E+01 0.1000COE+01
0.4333332+00 0.100000E+03 0.800000E+01L 0.829000E+00 0.633000E+03 0.175000E+02 0.942045E+00 0.105500E+01
0. . 0. 0. 0.633000E+03 0.100000E+01 0.1C0000E+01 0. 1000COE+O1
04326000E+04 0o 0.224084E+04 0.985000E+00 0.155211€+03 0.560000E-01 ©0.100000E+0) 9.985C00E+00
Q. Ge . 04100000E+01 0. 0.100000E+01 0.100000E+01 C.518668E+03
C0.130000CE+03 S.ZBOODOE+01 0.903000E+00 0.425745E+00 0.131322E+01 0.102353E401 0.231879E+01 0.101916E+04
C. . 0. 0. . 0. 0. C.

Ce3560008 04 Go 0. 0. 900000E+00 0.899393E+04 0.480000E~01 0. [
0.2C93312+02 O« 0.209331£+02 04209331E+02 0.858515E+401 0.8585156+01 0. G
Us3645495E401 04238237E+00 0. 0.967632E+00 o, 0. 0. 0.
0.518670GE+03 0.10C000€+01 0.123918E+03 0.159103E+01 0.51B66BE+03 0.100000E+01 0.123918E+03 C.159103E+01
041019162404 0+ 800000E+01 0.245654E+03 0.161236E+01 0.101916E404 0.800000£+401 0.245654E+03 0,161236E+01
0.3260002+04 0.755200E+01 0.916119€+03 0,196079E+01 0.326000E+04 04755200E+01 0.316119€+03 C.196079E+01
0.269721E+04 D.378187E+01 0.735604E+03 0,194649E+01 0. 0.614010£+02 0. C.
0.1€0070z+01 0.400000€ +01 0.829000E+00 0.633000E+03 0.633000E+03 0.571599E+03 0.593535E6+403 C.383764E~01
0.1C00LCE+0L 0.100000E +01 0.100000E+01 0.110915E+03 0.633000E+03 0,985000€+00 0.560000€-01 Q.
C.1C00u0E+0OL . 100000€+01 0. Q. 0. 0.,593535E+03 0.383764E-01 0,111699E+04
0423C000E+0NL 0.390300DE+00 0.398252E-01 0.129830E+03 0.614010E+02 0,654936E+03 0.346539E-01 .
0. 0. 0.100000E+01 0.833333E+400 0.100000E+03 0. 0.100000E+03 C.219359£+02
0. 0.130000€+03 0. 0.970000E-01 C. O 0. 0.1000C0E+01
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G.1CCOCOE+0] 0.633CO0E+03 0.633000£+03 0. 0. 0.245654E+03 Q. 0.

Cel01916% +04 . 800CO0E+0L 0.245654E+03 0.161236E+01 C. 0. 0. [
s C. 0. 0. 0.101916E+04 0.800000E+01 0.245654E+03 0.161236E+01
0. 0. 0. 0. 0. 0. [ Ne
0, 0. 0.633000£+03 0. 0. 0. 0. 0.
[} 0. 0. 0. O 0. 0. .

0.269721E+04 0,37B8187E+01 0.735604E+03 0. 194649€+01 0.101916E+04 0,800000E+01 0.245654E+03 C.161236E+01
V.219359E+02 Ge554936E403 0.346539€E-01 0. 0.633000E+03 0. 0.100000E+01 0.
Ce2697212404 0. 376818BTE+0] 0.735604E+03 0,194649E+01 0.269T21E+04 0.360034E401 0.735601£+03 0,19498TE+01
0.269721E+04 0,360034€+01 0.735601E+03 0.,194987E+01 0.269721E+04 0.360034E+01 0.73560i€+03 0.194987E+0)
(. 65644934E+03 0. 0.654936E+03 0.346539€~01 [ 0.480000E~01 0.579433E403 Q.
Gs36465F +01 0.579433€+03 0,238237E+00 0,267322E+04 0.345885E¢01 0.610475F+03 0.2511015+00 Ve
G.235513E+06 0.148204E+01 0.228834E+04 0,100000E+01 0.235513E+04 0.198204E+01 0.228834E+04 0.1000C0E+0]
Je 0. 0. 0. 0,221427E+04 0.450738E+05 0. C.178418E+0S
N4450738E405 0.178418E+05 0.219359E+02 0,654936E+03 0.346539E-01 0.629156E+405 0.629156E+05 C.125516E+01

Off-design. - In the following cases, only the input data that are changed are printed
out as input. The other data (normal design-case printout, p. 23) are not affected. The
common variables are not repeated because IDES was set to zero internally in the pro-
gram, That printout is eliminated and the design printout converts to the normal off-
design printout format.

Case 1: The engine is operating at a reduced turbine inlet temperature T4 at a sea-
level-static condition. The only input change required is T4.

SD(1)7T4 26604#1 PART POWER ENGINE OPERATION -- OFF-DESIGN
RESWWLTS NOR M AL OFF~-~DESIGN DUTPUT

GUTPUT AM= 0. ALTP= 0. T4= 2660,00 ETAR= 1.C000
PCNF CNF IF PRF WAFC WAF
0.843207€+02 0, 843207E+00 0.766751E+Q0 0.584906E+01 0.525128E+03 0.525128E+02
PCNC CNG 4 PRC . WACC WAC
0.949398E+02 0.100000E+01 0.1C0000E+01 0.100000E+01 0.119482E+03 0.525128E+03
T2 P2 T21 P21 13 P
0.518668E403 0. 100000E+01 0.918624:4+03 0. 586906E+01 0.918615E+03 0.584906E+01
PCELF BLF pCBLC BL pCBLOB BLOB
0. 0. 0.970000E-01 0. 509374E*02 Q. O.
PCBLHP BLHP PCBLLP SLLP T4 P&
0. 0. 0.100000E+01 0.509374E+02 0+266000E+04 04549621E+01
WA3 Wka WG4 FAR% ETAB DPCOM
0.474194E+03 0.133727E+02 0.487563E+03 0.282011E-01 0.985000E+00 0.603254E-01
TEFHP CNHP DHTCHP DHTC T5 P5
0. 0. 0. Us 0.266000€+04 04549621E+01
TFFLP CNLP DHTCLP DHTF T55 P55
03113228403 0.163491E+01 0.169092E-01 0.104294E+03 0.219476E+04 0.278698E+01
PCEBLDU BLDU T24 P24 T25 P25
O. 0. 0. Qs 0.918624E+03 0,58490€E+01
WAD WFD WG24 FAR24 ETAD oPDUC
0. Q. 0.525128E+03 0. 0. 0.
ETAF £7AC ETATHP ETATLP AM55 AM25
0.843563E+00 0.100000E+01 0.100000E+01 0.907545E+00 0.238077E400 0.
Té Pé PS6 AME vé W66
0.219476E+04 0.278698E+01 0.269024E+01 0.238077E+00 0.525868E+03 0.538501€+C3
T7 WFA WG7 FARTY ETAA DPAFT
0.2194760E+04 0. 0.538501E+03 0.254656E-01 0. 0.483102E~C1
pPs8 AMS vs P59 AM9 v9
0.145228E+01 0.100000F+01 0.207131E+04 0.145228E+01 0.100000E+01 0.207131E+04
P528 AM28 vas PsS29 AM29 v29
[N 0. 0. Oa 0. 0.
RYPASS HPEXT WFT WGT VA FRD
. O. 0.133727E+02 0.538501E+403 0. 0.
CvMNGZ VJIM CvDNOZ vJo FGM FGP
0.977273E+00 0.202425E+04 0. 0. 0+338801E405 0,821708E+04
#AIN SCNIC CONVERGENT NOZZLE FG= 42097.19 FN= 42097.19 SFC= 1.143:¢

DUCT SHOCK JUTSIDE C-D NOZZLE

CONVERGED AFTER 14 LOOPS £

Case 2: The engine is operating at design turbine inlet temperature at sea-level-
static condition. The engine components must always be matched at the desired turbine
inlet temperature prior to running the engine at afterburning conditions.
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$D1{1)y T4=3260., * SET UP FUR AFTERBURNER DPERATION

QUTPUT A= 0.
pENF
0,10000CE+03
PCNC
0.100000E+03

T2
0.518663E403
PCBLF

0.
PCBLHP
O.

WA3
0.571599E+03
TFFHP
0.
TFFLP
0.305347E+03
pcaLDy
WAD
0.
ETAF
0.82900CE+00
16
0.269721E404
7

C.269721E+04
PS8
0.198204€+01}
ps2g
0.
BYPASS
CVMNQz
0.967632E+00

MAIN SCNIC CONVERGENT NOZZILE
OUCT SHOCK DUTSIDE C-D NOZZLE

CCNVERGED AFTER 1 Looes

Case 3: The engine is operating at maximum design afterburner temperature at

ALTP=
CNF
0.100000E401

0.100000E+01
P2
0.100000E+01

0.
BLHP
0.
WFB
0.219359€+02
CNHP
0.
cNLP
0.175142E+01
8LDU
0.
WFD
0.
ETAC |
0.100000E +01
P6

0.378187E+01

Oe
AM8
0.100000F+01
AM28
0.
HPEXT
0.
A AL
0,221427E+04

FG= 62915.60

0. T4= 3260.00
ZF PRF
0.833333E+00 ©0.800000E+01
c <
0. 0,100000£+01
T21
0.101916E+04 0,800000E+01
pLBLL <
0.970000E-01 0.614010E+02
PCBLLP sLLP
0. 100000E+01 0.614010E+02
WG4 FAR4G
0+593535€+03 0.383764E-01
DHTCHP DHTC
Q. -
DHTCLP DHTF
0.171750E~-01 0.129830E+03
T24 P24
0. C.
WG24 FAR24
0.633000E+03 0.
ETATHP ETATLP
0.100000E+01 0.903000E+0C
PS6 AM6
0.365225E+01 0.238190E400
> FAR7
0.654936E+03 0.345539€-01
vs PS3
0.228834E+04 0.198204E+01
v28 Ps29
0. 0.
WFY WGT
0.219359€+02 0.654936E+03
cvDnOZ vJb
0. [¢28

FN= 52915,60

WAFC
0.633000E+03
WACC
0.110915E+03
T3
0.101916E+04
PCBLOB
0.
T4
0.326000E+04

EYAB
0.,985000E+0C

T5
0.326000E+04

155
0.269721E+04

0.101916E+04
ETAD
G.
AM55
0.238130E+00
vé
0.579408E+02
ETAA
0.
AM9
0.100000E+01
AM29
0.
VA
Ce
FGM
0.4650738E+05

ETAR= 1.C000

WAF
0.,63300CE+C3

0.63300CE+C2
P

3

0,800000E+01

BLOB

P&
0.755200E401

OPCOM
0.56000CE~-C1

PS
0.75520CE+0U1

I3

55
0.378187E+C)
P25
0.800000E+C1
pPDUC

AM25
0.
We6
0.654936E402
DPAFT
0.480000E~C1
V9
0.228834E+04
v29
0.
FRD
0.
FGP
0.178418E+05

SFC= 1.25516

sea-level-static condition., Once the engine components are matched at the desired tur-
bine inlet temperature, the engine performance for any afterburner temperature that is
greater than the turbine exit temperature may be calculated,

A new value of A8 is computed when afterburning to account for the temperature,

pressure, and mass flow changes. A9 is allowed to float to provide for complete expan-

sion to PS9 = PSO at station 9, The new values of A8 and A9 are printed at the top of the

normal off-design output page.

therefore, JAFTBN = 1 must be used for each afterburning case.

$D{1},T4=3260,T7=3560, [AFTBN=1, # AFTERBURNER OPERATION AT DESIGN TEMP

+ RESULTS NORM AL OFF-DESTGN OUTPUT
NOZZLE DESIGN A8= 0,10260896E+02 AM8= 0.1000C000E+01
CuTput AM= O, ALTP= 0. T4= 3260.00

PCNF CNF IF PRF

0.100000E+03 0.100000€+01 0.833333E+00 0.+ 800000E+0L
PCNC CNC 2c z

0.10CCOCE+03 0.100000€+01 Q. 0.100000E401
T2 P2 T21

0.9518668E+03 0. 100000E+01 0.101916E+04 0. 800000E+01
PCBLF PCBLC "

T, O. 0.970000E-01 0e614010E+02
PCBLHP BLHP PCALLP ALLP

0. 0. 0.100000E+01 0.614010E+02
WA3 WFR WG4 FARSL

0.571599E+03 0.219359E+02 0,5935356+03 0.383764E-01
TEFHP CNHP DHTCHP DHTC

0. 0. 0. Qs
TFFLP CNLP OHTCLP DHTF

0.305347€+03 0.175142E+01 0., 171750E-01 0.129830E+03
PCBLDU BLDU T24 P24

0. . 0. 0. .
WAD WFD WG24 FAR24

0. 0. 0.633000E+03 C. .

A9= 0.12334022E+02

T7= 3560.00
WAFC

0.633000E+03
WACC

0.,110915€+03
T3

0.101916E+04
pCeLOB

0.

T4
0.326000E+04

0.98500QE+00
T5

0.326000E+04
T55

0.269721E+04

125
0.101916E+04
ETAD
0.

The value of IAFTBN is set to zero after each case;

AM9= 0.15117356E+01

ETAR= 1.C000

WAF
0.563300CE+C2

WAC
0.63300CE403
P3
0, 800000E+01
fLOB
[+ 28
P4
0.755200E¢C1
DPCOM
0.56000€E~01
PS
0.75520CE+C]

0.378187E+C1
r2s

0.80000CE+C]
DPDUC

0.
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ETAF
0.829000E+00
Té6
0.269721E+04
17

U.356000E+04
pSa

0.196671E+401
P$28

BYPASS
0.

CvMNO/L
Q.977004E+C0

FAIN SHOCK JUTSIOE C-D NOZILE
DUCT SHOCK DUTSIDE C-D NOZZILE

CONVERGED AFTER 1 LOOPS

ETAC

ETATHP

0, 100000E+01L 0.100000E+01

P6

PS6

0.378187E+01 0.365225E+01
WFA WGT

0.106971++02 0.665633E+03

ve

AM8
0+ 100000E+01 0.2617TTE+04

AM28
0.
HPEXT

VM

v2s
O.
wFT
0.326330E+02
CVDNOZ

0.360752E+04 O.

FG= 74634.20

ETATLP
0.903000E+00
AM6
Ve 238190E+00
FART7
0.515530E-01

0.100000E+01
P529
0.
WGT
0.,665633E+03

0.

FN= 74634.20

AMS S5
0,238190E+0C

Ve
0.579408E+03

0.900029E+0C
AM9
0.151174E+01
AM29
0.
VA
0.
FGM
0.746342E+05

AM25
0.
WGs
0.654936E+403
DPAFT
0.48000CE-41
Vo
0.369243E+04
v29
0.
FRD
0.
FGP
0.

SFC= 1.57406

Case 4: The engine is operating at a subsonic Mach number (0.7) at 25 000 feet alti-
tude with a turbine inlet temperature less than design. The performance shown is for
A8 = A9 (i.e., the engine is using a convergent nozzle).
divergent nozzle could have been simulated by using this case as a setup and having an
additional case with NOZFLT = 1 or IMCD = 1 for complete expansion to occur,

$D111},4M=,7,ALTP=25000,T4=2760,

+ RESULTS NCRM AL OFF-DESIG
cutPUT AM= 0.700 ALTP= 25
PCNF NF
0.90C352E+02 0.344024E+00
PCNC CNC
0.936879E+02 0.100000E+01
T2 P2
0.4T1TRBIE+O3 0.514853E+00
PCBLF BLF
0. 0.
PCBLHP BLHP
0. 0.
WA3 WFB
0.2B9761E+03 0.882030E+01
TEFHP CNHP
0. L
TEFLP CALP
0.307943E+03 0,171379E+01
PCBLLU 8L DU
. 0.
WAD WFD
0. 0.
ETAF ETAC
0.836023E+00 9.100000£+01
Té Ps
0.,227177E+04 0.173692E+01
T7 WFA
0.227177E+04 0.
AMB
0.906790E+0N 0.100000£+01
pPs28 AM28
BYPASS HPEXT
0. 0.
CVMNOZ vViM
0.957531E+00 0.201653[+04

PAIN SCNIC CONVERGENT NOZZLE
NUCT SHOCK JUTSIDE C-D NOZZLE

CONVERGED AFTER 7 LOOPS

FG= 30397.21

N OuTPUT

000. T4= 2760.00
ZF PRF
0.806890E+00 0.7T14555E+01 .
2c PRC
0.100000E+01  0.100000E+01
P
0.894556E+03  U.367891E+01
PCBLC
0.970000E-01 0.311261€+02
PCBLLP BLLP
0.100000E+01  0.311261E+02
WG4 FARG
0.293582E+03 C.304399E~01
DHTCHP DHTC
0. 0.
DHTCLP DHTF
0.171341E-01  0.109754E+03
124 P24
O. 0.
w624 FAR24
0.320887E+03 0.
ETATHP ETATLP
0.100000E+01  ©.905173E+00
PS6 AMG
0.167666E+01  0.23B293E+00
w67 FART
0.329708E+03  0.274872E-01
ve PS9
0.210597E+04  0.905790E+00
v28 PS23
0. O.
WFT WGT
0.882030E+01  G.323708E+03
CVONDZ vJiD
0. O

¥ PART POWER OPERATION AT CRUISE CONDITION

FN= 23300.14

WAFC
0.59442B8E+03
WACC
0.114549€402
13
0.894555E+03
PCBLOB
0.
Té
0.276000E+04
ETAS
0.985000E+0C
T5
0.276000E+404

155
0.22717TE+04
T25%
0.894556E+03
ETAD
0.

AMSS
0.238293E+0C

V6
0.534812E+03
ETAA
0.
AM9
0.100000E+01
AM29
0.
VA
0.711594E+403
FGM
0.206646E405

If desired, a convergent-

ETAR= 1.0000
WAF
0.320887£403
WAC
0.3208376+402
P3
0.367891E+01
BLOR
0.
[
0.346614E+C1
DPCOM
0.578352€-01
#5
0.346614E+C1
PSS

0.173692k40 1
P25

0.367891€E+C1
oPDUC

0,329708E+403
DPAFT
0,482863E-01
ve
0421059 7E+04
v29
0.
FRD
0.703707£+404
FGP
0.973258E+404

SFC= 1.36278

Case 5: The engine is operating at the same subsonic condition as in case 4, but at

the design turbine inlet temperature.

burner case.
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Afterburner operation may be added at this point,
If a different turbine inlet temperature is desired, a new setup case, as in case 4, must
be calculated for component matching purposes immediately prior to running the after-



$D{1),7T4=3260,4% DESIGN T4 AT FLIGHT CONDITION

+

CuTPUT

RESULTS N ORM AL OFF~-~-DESIGN BDUTPUT

AM=  0.700 ALTP= 25000. T4= 3260.00 ETAR= 1.,000C
PCNF CNF IF PRF WAFC WAF
0.984253E402 0.103200E+01 0.856B27E+00 V. B6363TE+OL 0,660746E+03 0.356688E+C3
PCNC e PRC wACC WAC
0.976137E+02 0.1000C0E+01 0.100000E+01 0.100000E+01 0.109007€+03 0.356688E+C2
T2 P2 121 P21 T3 P3
0.471789E+03 0.514853E+00 0.971Q95E+03 0, 6477358401 0.971092€+03 Qa447735E+401
PCBLF PCBLL PLBLOS BLOB
Q. . 0.970000E-01 04345967E+02 0, 0.
PCBLHP BLHP PCBLLP BLLP T4 P4
0. 0. 0.100000£+01 04345987£402 0.326000E+04 0+423093E+C1
WA3 WFR WG4 FAR4 ETAR DPCOM
0+322089YE+0C3 0.125982E+02 0.3345688E+03 0.391140E-01 0.985000€+00 0.550366E-01
TFFHP CNHP DHTILHP OHTL TS Ps
0. 0. 0. 0. 0.326000E+04 0.423093E+01
TEFLP tNLP DHTCLP DHTf T55 P55
0.30733nE403 0,172385€+01 0.171404E~0D1 0.128965E+03 0,269690E+04 0.213226£+01
PCBLOU BLDU T24 P24 T2% P25
Oe 0. 0. O. 0.971095€403 0. 64TTISELD]
HAD wFD WG24 FARZ4 ETA DPOUC
0. 0. 0.356688E+03 C. 0. .
ETAF ETAC ETATHP ETATLP AMSS AM25
0,800114£+00 0.100000E+01 0.100000F+01 0. 904580E +00 0.238236E+CC Q.
T6 P& PS6 AMS V6 WG6
0.26969CE+04 0.213226E+01 0.205917E+01 0e238236E+00 0.579402E+03 0.369286E+03
7 WFA WG7 FART ETAA DPA
0.269690E404 Q. 0.369286E+03 0.353199E~01 [ 0.480007E~C1
PS8 AMB v8 PS9 AM9 Vo
0.111781E+01 0.100000E+0]1 0.228808E+04 0.L11781E+01 0.100000E+01 0.228808E+04
Ps28 AMZ8 vzs PS29 AM29 v2se
0. 0. 0. 0. 0. 0.
BYPASS HPEXT WFT WGt VA FRD
. . 0.125982E+02 0. 3692B6E+03 0.711534E4+03 0.788888L+C4
CVMNO/Z VIM CvANG2Z vJo FGP
0.944853E+00 0.216190E+04 Q. 0. 0.248138E+05 0,135664E+C5
FG= 38380.11 FN= 30491.23 SFL= 1.4€743

MAIN SCNIC CONVERGENMT NOIZLE

DUYCT SHOCK

JUTSIDE C-D NOZZLE

CONVERGED AFTER 1% LOOPS

Case 6: The engine is now operating at a supersonic flight Mach number (2.5) at an

altitude of 50 000 feet.
area A8 equal to the sea-level-static design value,

ing the components only,

$D111,AM=2,5, ALTP=50000,T4=3260,% SEY UP FOR MATCHING ONLY

ouTPUT

D.8321806E+02
PCNC

0.114102E+03
T2

0.875661E+03
PCBLF

PCBLHP
.
WA3
0.456195E+03
TEFHP
0.
TFELP
0,318769€403
PLBLDY
0.
WAD
0
ETAF
0.815437E+00

Té6
0.27401CE+04
T?

0,274010E+04
PS8

0,158576E+01
PS28

.
BYPASS
Ue
CVMNDZ
0.835769E+00

MAIN SCNIC CONVERGENT MNOZZLE

DUCT SHOCK JUTS

CONVERGED AFTER

IPE C-u NOZZLE

8 LOOPS

ALTP= 50000,

CNF
0.64046T7E+00

TNC
0.100000E+01

P2
C.170275€+01

0.
BLHP
O.
WFB
0.153057€+02
CNHP
0.
CNLP
0.145751E+01
BLDU
WFD
0.
ETAC
0.100000€+01
Pe
0.302911E+01
WFA
0.
AMS
0.100000E+01
AM28
0.
HPEXT
0.
VM
0.192812E+04

FG= 57923.74

ZF
0.665972E+00

c
0.100000£+01

0.132686E+04
PLBLC

0.970000£-01
pCBLLP

0.100000E+01
Wih

0.471501E+03
DHTCHP

0.
OHTCLP

0.160734E-01
T24

Ca
WG24
0,505199E+03
ETATHP
0,100000E+01
PS6
04292530£+01
We7
0.520505€+03
vs
0.230699E+04
vezs
0.
WET
0.153057E+02
CvoNgZ
0.

T4= 3260.00

PRF
0.361453E+01
PRC

0.100000E+01
P21
0.615464E+401

0.490043E+02
BLLP
0.490043E402
FARSG
0.335508E-01
DHTC
0,
DHTF
0.121704€+03
P24
0.
FAR24
0.
ETATLP
0.909909E+00
AMe
0.238010E+400
FART
0.302964E-01
Ps9
04158578E+01
PS29
[

WGT
0.520505E+03
vJD
Oa

FN= 19905.36

WAFC
03855106403
WACC
0.131289E+03
T3
0.132686E+04
PCRLOB
0.
T4
0.326000E+04
ETAR
0,985000E+0C
15
0,326000E¢04
155
0.274010E+04
T25

0.1326B6E+04
ETAD

C.
AMS5

0.238010E+00
veé

0.583946E+02
ETAA

0.
AM9

0.100000E+01
AMZ9

0.

- VA

0.242123E+04
FGM

0.311927E+05

ETAR= 0,.8703

WAE
0.505199E403

WaC
04505195E+C2

P3
0.615464E4C1

BLOB
0.

P4
0.57466T64+01

DPCOM
0.662867E-01

°5
0.574661E+CL
P55
0.302911E+C}
P2s
0e615464E+C1
pPDUC
Os
AM25
0.
wG6
0.520505E+C2
DPAFT
0.480047E-01
vo
04230699E+04
V29
0o
FRD
0.380184E+0°
FGP
0.267311E+C5

SFC= 2,7¢813

The engine components are matched with an engine nozzle throat
This case is a setup case for match-
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Case 7: The performance data from this case reflect an expansion to the maximum
attainable area ratio for A9/A8, thus simulating a convergent-divergent nozzle. Per-
formance is calculated such that the nozzle static pressure PS9 is equal to the free-
stream static pressure PS0. This is accomplished by setting NOZFLT equal to 1. The
improvement in thrust and specific fuel consumption from case 6 should be noted,

Although engine performance is calculated as if complete expansion occurred
(A9/A8 = 3.449), a performance penalty from the fully expanded case resulted because
this particular nozzle has a physical expansion limit A9/A8 of 2.15. This means that
the nozzle has a lower-than-optimum thrust coefficient, resulting in a performance
penalty.

$0{11+NOZFLT=1+% PERFORMANCE DATA WITH MAXIMUM ATTAINABLE NDZZLE RATIO
NOZZLF DESIGN AB= 0,85821256E+01 AMB= 0.10000000FE+01 A9= 0.29598886E+02 AM9= 0.27C20654E+01

ARATIO= 3.449 OUT OF RANGE,USE DATA FOR 2.150

CUTPUT AM= 2,500 ALTP= 50000. T4= 3260, 00 ETAR= 0.8703
PCNF CNF ZF PR WAFC WAF
0.832186E+402 0.640467€400 0.665972E+00 0.361453E+01 0.385510E+03 0.505199E+03
PCNC b e PRC WACC WAC
0.114102E+03 0.10000CE+01 0,100000£+01 0, 100000E+01 0.131289E+03 0.505199E+C2
T2 P2 T3 P3
0.875661E+03 0.170275E+401 0.132686E+04 0.615464E+01 0.132686E+04 0.615464E+01
PCBLF BLF pCBLC BLL PCBLOB aBLg8
0. 0. 0.970000E-01 0. 490043E+02 0. 0.
PCBLHP BLHP PCBLLP BLLP T4 P4
0. 0. 0.100000E+01 0.490043E+02 0.326000E+04 0.574667£+C1
WA3 WFB WG4 FARSG ETAE DPCOM
0.456195E+03 0.153057E+02 0.471501E+03 0.335508E-01 0.985000E+00 0.662867E-01
TEFHP CNHP DHTCHP DHTC 75 P5
0. 0. 0. 0. 0.326000E+04 0.5T4667E4C1
TFFLP CNLP DHTCLP DHTF 55 P55
0.313769E+03 0.145751E+01 0.160734E-01 0.121704E+03 0.274010E+04 0.302911E+01
PCHLOU BLOU 124 P24 T25 P25
0. Q. 0. . 0.132686E+04 0.615464E+01
WAD WFD WG24 FAR24 ETAD DpPDUC
0. 0. 0.505199E+03 0. 0. 0.
ETAF ETAC ETATHP ETATLP AMSS5 AM25
0.,815437E+400 0.100000€+01 0.100000E+01 04 909909E+00 0.238010E+00 Oe
T6 X3 P56 AMS ve WG6
Us274010E+04 0.302911E+401 0.292530€+01 04238010E+00 0.583946E+03 0.520505E+03
T7 WFA WG7 FART . ETAA DPAFT
0.274010E+04 0. 0.5205055+03 0.302964E-01 0. 0.480047E-C1
PSH AM8 v8 PSS9 AM9 ve
0.158634E+01 0.100U00E+01 0.230699E+04 0, 114456E+00 0.270307E+01 0.462581E+04
ps528 AMZ28 v2s8 PS29 AM29 V29
O. 0. O. Q. 0. O.
BYPASS HPEXT wFT WGT VA FRD -
. O. 0.153057E+02 0,520505E+03 0.242123E+404 0.380184E+C5
CVMNNZ \ALI CVDNOZ vJD FGM FGP
0.958966E+00 04 443600E+04 0. 0. 0.717646E+05 0.
MAIN SHOCK JJTSIDE C-D NOZZLE FG= 71764.62 FN= 33746420 SFCx 1.6227S

DUCT SHOCK JUTSIDE C-D NOZZLE

CCNVERGED AFTER 1 LOOPS

Case 8: The engine is operating in the supersonic flight condition with partial after-
burning. This case illustrates that for an afterburning condition (IAFTBN = 1), the pro-
gram automatically expands the nozzle so PS9 is equal to PS0, There is no need to input
NOZFLT =1 as in the previous case.
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$D(1)T4=3260,T7=2900, [AFTBN=1,+# PARTIAL AFTERBURNING DURING SUPERSONIC OPER.

NOZZLE DESIGN
ARATIO= 34459

ouTPUT

AB= 0,889240Q85E+01

OUuT OF RANGE.USE DATA FOR 2,150

AM= 2,500
PLNF

U.832186E+02
PLNC

0.114102E+03
T2

0.875661E+03
PCOBLF

PCHLHE
0.
WA3
0.456195E+03
TEFHP
[
TFFLP
0.318769E+03
PCBLOU
0.
WAD
0.
ETAF
0.815437E+00
T6

0,27401CE+04
17

0,29CCOGE+04
PS8

0.158505E+01L
Ps2s

BYPASS
CVMNDZ
0.959036E+00

MAIN SHOCK JUTSIDE €-0 NOZZLE
DUCT SHOCk JUTSIDE C-D NOZZLE

CONVERGED AFTER

1 L00PS °

ALTP= 50000.

CNF
0.640467E+00
[
0.100000£+01
p2

0.170275E401

0.
BLHP
HEB
0.153057€+402
CNKHP
0.
CNLP
0,145751F+01
BLDU
0.
WFD
Q.
ETAC
0.100000E+01
P6

0.302911E+01
F
0.160194E+01

0.100000E+01
AM28

HPEXT
0.

VJIM
0.457282E+04

F6= T4205.85

AME=

ZF
0.665972E+00

zC
0.100000E+01
0.132686E+04

eCaLC
0.970000E~01
PCBLLP
0.100000£+01
WG4
0.471501E+03
DHTCHP
0.
DHTCLP
0.160734E-01
T24
0.
WG24
0.505199E+03
ETATHP
0.100000£+01
£56
0.292530E+01

0.522107E+03
ve

0.237121E+04
vas

0.
WET

0.169076E+02
CvDNOZ

Q.

©.10000000E+01

T4= 3260,00

PRF
0.251453E+401

0. 100000E+01
0.615464E+01
by

BLL
0.490043E+02
BLLP
0.490043€402
FARS
0.335508E~01
DHTC
o.
DHT £
0.121704E+403
P24

G.
FAR24
0.
FTATLP
04 909909E+00
AME
0.238010£+00
FARTY
0.334673E-01
PS3
0.114456E+00

O.

WGT
04522107E+03
0.

FN= 36187.47

A9= D0,30845875E+02

T7= 2900.04Q
WAFC
0.385510E+02
WACC
0.131289E+02
13
0,132686E+04
PCB8LOB
0.
T4
0.326000E+04
ETAB
0.985000E+0C
5
0.326000£+404
T55

0.274010E+04
T25
D.1326B6E+04
ETAD
0.
AMES
0.23B8010E+00

vé
0.583946€+403

ETAA
0.866827E+00

AM9
0.269776E+01

AM29
G.

VA
0.242123E+04

FGM
0.742059E+05

AM9= 0.26977559E+01

ETAR= C.8703
WAF
0.505199E4C2
WAl
0.505199E+03

3
0.615464E+01
BLOB
a.
P4
0.574667E+CL
DPCOM
0.66285TE~C1
s
0.574667E+01
PSS

0.302911E44.1
P25
0.615464E+01
opPouUC
0.
AM2S
Oe
NG6&
0.520505E+02
DPAFT
0.480047E-C1
Ve
0,476814E+04
v29
0.
FRD
0.380184E+05
FGP
0.

SFC= 1.£82C1

Case 9: The engine is operating in the supersonic condition at the maximum design
afterburner temperature.

$D113,76=3260,T7=3560,AFTBN=1,¢

NOZZLE DESIGN
ARATIO= 3,575

cureut

A8= 0.10150120£+02

MAX AFTERBURNING AT SUPERSONIC OPERATION

DUT OF RANGE,USE DATA FOR 2.150

AM= 2.500
PCNF

0.832186E+02
PCAC

0.114102E+03
T2

0.875661E+03
PCBLF
0.
PCRLH®
Wa3
0.455195E+03
TEFHP
0.
TRFLP
0.318769E403
PCBLLY
o,
WAD
0.
ETAF
0.815437€+00
T6
0.27501CE+0%
17

0.356000E+04
fss

0.157511E+01
Ps23

0.

BYPASS
0.

CvMNOZ
0.959380E+00

MAIN SHOCK DUTSIDE C~D NOIZLE
CUCT SHOCK DUTSINE C~D NOZZLE

CONVERGED AFTER

1 LuoPS

ALTP= 50000.

CNF
0.640467E+00
TNC
0.1000005+01
p2

0.170275E401
BLF
0.
BLHP
0.
L13:]
0.153057€+02
CNHP
0.
CNLP
0.145751E+01
BLOU
0.
WFD
O.
ETAC
0.100000E+01
Po
0.,302911E+01
WFa
0.794422E+01

0.100000£+01
AMZS8

ViM
0.510720E+04

FG= 83884.25

AM8=

0.10000000E+01

T4= 3260400
F PRF
0.665972E+00 G.361453£+01
ZC C
0.100000E+01 0,100000E+01
¥21 P21
0.132686E+0% 0.615464E+01
pCBLC BLZ
0.970000E-01 0.490043E+02
PCRLLP BLLP
0.100000E+01 0. 490043E+02
WG4 FAR4
0.471501€+03 0.335508€~01
OHTCHP DHTC
0. .
DHTCLP DHTF
0.160734E~01 0s 121 704E+03
T24 P24
0. Oe
WG24 FAR24
0.505199€+03 0.
ETATHP ETATLP
0.100000E+01 0, 309909E+00
PS6 AM6
0.292530€+01 0.233010E+00
FAR?7
0.528449E+03 0.460213E~01
va PS9
0.261903E+04 0,116456E+00
v2s PS29
0. Co
WFT WGy
0.232499E+02 0.528449E€+03
tvpno? vJb
0. 0.

FN= 45B8565.87

A9= 0.36281396E+02

T7= 3560.0C
WAFC
0.385510€E+03
WACC
0.131289E+03
T

3

0.132686E+04

PCBLOR
0.

T4
0.326000E+04

ETAR
0.985000E+00

TS
0.326000E+04

155
0.274010E+04

T25
0.132686E+04
ETAD
0.
AM55
0.238010E+00
vé
0.583946E402
ETAA
0.908862E40C

0.2685T7E+01
M29
0.
va
0.2642123E+04
FGM
0.838843E405

AM9= 0,2685771BE+4Q1

ETAR= C.8703
WAF
0.505199E+03
waC
0¢505195E+C 3
P3
0s€15464E+C1
BLOB
0.
P4
0.57466TE+CL
OPCOM
0.662867E-01
es
0. 57466 7E+C1
P55
0430291 1E+CL
P25
0.615664E+01
DPOUC
0.
AM25
WGé
0452050564012
DPAFT
0,480047E-01

V9
0.532344E+C4
v29
0.
FRD
0.380184E4C5
FGP
o,

SFC= 1.824%¢8

29



Case 10: Ability to fix the mechanical shaft speed PCNF is a revision to reference 2
which was supplied by its author, This engine operation method is accomplished by set-
ting the control MODE equal to 3. MODE = 3 allows the engine to run at some desired
value of shaft speed while the primary stream area A8 is varied. The value of turbine
inlet temperature necessary to properly match the components is calculated in the pro-
gram,

The supersonic flight condition is used for illustrative purposes. Any condition de-
sired could have been used. In case 9, the outer compressor shaft speed was consider-
ably less than 100 percent when the design turbine inlet temperature T4 and area A8 were
used. By using MODE = 3 instead of MODE = 0, the design T4 was exceeded when a 100-
percent shaft speed was specified. A8 was increased by 1 percent. An attempt was made
to run the design value of A8; but the T4 exceeded the program limit value of 4000° R and
the components did not match., The limit value of a 4000° R temperature is used because
the equations for the gas properties do not account for the dissociation of the products of
combustion which would become significant at higher temperatures.

$0{1)+M0ODE=3,PCNF=100,A8=8,58671.01.NOZFLT=0,% SETUP FOR 100 PERCENT COMP. SPEED

cuTPuT A= 2,500 ALTP= 50000, T4= 3962.97 ETAR= (,8703
PCNF CNF IF PRF WAFC WAF
0.1CCOQCE+03 0.769621E+00 0.736343E+00 0.50244BE+01 0.473919E+03 0.621058E+C3
PCNC CNC c PRC WACC WAC

0.119204E+03 0,100000E+01 0.100000E+01 04300000E+01 0.121299E+03 0.621058E+C3
T2 T3 4

P2
0.875661E+03 0.170275E+01 04144819E+04 0.855543E+01 0.144819E+04 0.855543E+C1
PCBLF BLF PCBLC BLC pPCBLOB BLOB
]

0. 0. 0.970000£-01 0.602426E+02 . [}
PCBLHP BLHP PCBLLP BLLP T4 P4
0. 0. 0.100000E+0L 0.602426E+02 0.396297E+04 0.803147£+01
HA3 WFB WG4 FAR4 ETAB DPCOM
0.560815£+03 0.259670E+02 0.586782E+03 0.463022E-01 0.,985000E+00 0.612431E-C1
TFFRP CNHP DHTCHP DHTC 15 PS5
0. C. 0. 0. 0.396297E+04 0.803147€+01
TFFLP CNLP DHTCLP DHTF 155 P55
0.312963E+03 0.158851E+01 0.167439E-01 0.153692E+03 0,332634E404 0.412729E+C1
PCsLDU 8LDU T24 P24 T25
. 0. 0. 0. 0.144819E+04 0.855543E+01
WAD WFD w624 FAR24 ETAD bepuc
0. 0. 0.621058E+03 0. 0. 0.
ETAF ETAC ETATHP ETATLP AMSS AM25
0.8403956E+00 0,100000E+01 0.100000E+01 0.908362E+00 0.240982E+00 0.
T6 P6 PS6 AM6 vé wG6
0.332634E+04 0.412729€E+01 0.398387£+01 0.240982E+00 0.647423E+03 0.647025E402
T WFA WG7 FARY ETAA DPAFT
0.332634E+04 0. 0.647025E+03 0.418109€-01 0. 0.482537E-01
PS8 AM8 v8 PS3y AM9 ve
0.217407E401 0.100000E+01 0.253416E+04 0.217407E+01 0.100000E+01 0e253416E404
PsS28 AM28 vas Ps29 AM29 va29
. 0. 0. 0. 0. 0.
BYPASS HPEXT WFT WGT VA FRD
. 0. 0.259670E+02 0.647025E+03 0.242123E+04 0.467372E+05
CVMNOZ VJM CvDNOZ vJo FGM FGP
0.801550E+00 0,203126E+04 0. O. 0.408489E+05 0,377970E405
MAIN SCNIC CONVERGENT NOZZILE FG= 78645.91 FN= 31908.72 SFC= 2.92964

CUCT SHOCK QUTSIDE C-D NOZZLE

CCNVERGED AFTER 7 LOOPS

Case 11: This case indicates that if MODE = 3 and the area is changed, T4 will
change. The nozzle throat area has been opened to 120 percent of its design value
(A8 = 8.586 x 1,20). The engine components match at a point where the calculated T4 is
less than the design value and the compressor shaft speed is 100 percent of design. Area

30



variation A8 and compressor speed variations are the options that are available when
MODE = 3. The engine components are matched in all setup cases with the engine
operating with the throat area A8 equal to A9 as if the engine has a convergent nozzle,

In order to return to a convergent nozzle, an input of the control variable NOZFLT = 0

is required when a new setup case is run because NOZFLT is not reset to zero internally.
This case is a setup case and illustrates only one of the many options available for oper-
ation of the GENENG program,

$0(1)4NDZFLT=1,% PERFURMANCE WITH BEST NOZZLE AREA RATIO
NOZZILE DESISN A8= 0.86801134E+01 AM8= 0.10000000E+01 A9= 0.37183272E+02 AMI= 0.287€52C6E+01

ARATIO= 4.284 OUT UF RANGE.USE DATA FOR 24150

cutpuTt M= 2,500 ALTP= 50000. T4= 3962.97 ETAR= 0,.8703
PLNF CNF PRF WAFC WAF
0«100000E+03 0,769620E+00 0.736343E+00 0.502448E+01 0.473919€+03 0.621058E+03
PLNC CNC < WACC WAC
0.119204E+03 0.100000E+01 0.100000E+01 0.100000E+01 0.121299E403 0.621058E+02
T2 P2z 2 P21 T3 P3
0.875661E+03 0.,170275E+01 0.144819E +04 0,855543€E+01 0.1448139€+04 0.855543E+ )
PLBLF BLF PLALC z pcaLos BLOB
C. 0. 0.970000E~01 0.602426E402 [*29 0.
PCBLHP BLHP PCBLLP sLLP Té P4
0. 0. 0.100000E+01L 0.602426E+02 0.396297€E+04 0.803147E+01
WA3 WFB WG4 FARG ETAE DPCOM
0.560815£+03 0.259670E+402 0.586782E+03 0.463022E-01 0.985000€E+00 0.612431E-01
FEFHP CYHP DHTCHP DHTC T5 P5
0. 0. C. 0. 0,396297E+04 0.803147E+01
TFFLP CNLP DHTCLP DHTF T55 P55
0.312963E+03 0.158851E+01 0.167439E~01 0.153692E+03 0,332634E+404 0.412729%E+01
PLBLDY BLDU T24 P24 T25 P25
0. 0. 0. 0. Q.144819E+4046 0.855543E+C1
WAD WFD WG24 FAR24 ETAD opPDUC
0. 0. 0.621058E+03 0. Q. .
ETAF ETAC ETATHP ETATLP AM55 AM25
0.840394E+00 0.100000E+01 0.100000E+01 0.908362E+00 0.240982E+0C .
T8 P6 PSs AME veée W66
0.332634E+404 0.412729E+01 0.398336E+01 0.240982E+00 0.64T423E+03 0.547025E+03
17 WFA WG7 FAR ETAL DPAFT
0.332634E+04 0. 0,647025E+03 04418109€-01 O. 0.48253¢8E-C1
PS8 AM8 vs PSS9 AMg ve
0.217200£+01 0.100000£+01 0.253416E+04 0.114456E+00 0,287652E+01 0.529546E+04
PsS2B AM28 vas PS29 AM29 v29
. 0. 0. 0. O. 0.
BYPASS HPEXT WFT WGT va FRD
[+ 0. 0.2596TQE+02 0.647025€+03 0.242123E+04 04673726405
CvMNOZ VJM CVDONUZ vJo FGM FGP
0.348016E+0C 0.502018E+04 0. Qs 0.100956E+0¢ 0.
MAIN SHOCK JUTSIDE C-D NOZZLE FG=100956.46 FN= 54219.26 SFC= 1.7z412

CUCT SHOCK DUTSIDF C-D NDZZLE

CONVERGED AFTER 1 L00PS

Case 12: The final example case is the performance for the previous case (11) when
the maximum attainable area expansion is used (PS9 = PS0).

$0{1)+MODE=3,PCNF=100,A8=8.58621.20.NOZFLT=0,% SET UP FOR 100 PERCENT

ouTPUT AM=  2.500 ALTP= 50000, T4= 3157.72 ETAR= 0.4703

PCNF CNF IF PRF WAFC WAF

0.,100000E+03 U4 769620E+00 0.613211€+00 0.435150E+401 D.488534E+03 0.640210E+403
PCNC PRC WACC WA

0a117487£+03 0.100000E+QL 0.100000e+01 0. 100000E+01 0.142298E+03 0.64021CE+C2
T2 P2 T21 P21 T3 P3

0.875661£+03 0.170275€+01 0.140676E+04 0. 740952E+01 0.140676E+04 0.740952E+01
PCBLF BLF pPCBLL b pPCsLOBR BLOB

. Q. 0.970000E-01 0.621004E+02 0. 0.
PLBLHP BLHP PCBLLP BLLP T4 P4

0. Q. 0,100000€+01 0.521004E+02 0.315772E+04 0. 687T18E+401

WF8 WG4 FAR4 ETAB DPCOM

0.578110E+03 0.174823€+02 0+595592E+03 0.302405E-01 0.985000E+0C 0.718451E-01
TFFHP CNHP DHTCHP DHTC T5 P5

Ou Q. 0. 0. 0.315772E+04 0.687718E+01
TFFLP oNLP DHTCLP DHTF 58

0.331151€E+03 0,177956€+401 0,196409E~01 0 144425E403 0.258009E+04 04311714E+01
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PLBLDL BLDU 124 P24

125 P25
0. 0. 0. 0. 0.140676E+04 0.740952£+401
WAD WFD WG24 FAR24 ETAD OPDUC
Go O 0.640210E+03 O. 0. 0.
ETAF ETAC ETATHP ETATLP AMSS AM25
0.810314E+00 0.100000£+01 0.100000E+01 0.917729E+00 0.287188E+00 e
T6 P6 PSé AMS vé W66
0.258009E+04 0e311714E+01 0.296110E+01 G.287188E+00 0.683798E402 0.,657693E+02
71 wFA FAR7 ETAA DPAFT
0.258009E+04 0. 0.657693E+03 04273072€~01 0. 0.571973E~C1
PS8 AMB v8 PS9 AM9 Vo
0.161452E+01 0.100000E+01 0.224079E+04 0.161452E+01 0.100000E+01 0,224079E+04
Ps28 AM28 v2s Ps29 AM29 v29
Q. 0. 0. O. 0. 0.
B8YPASS HPEXT wFT wWGT va FRD
0. 0. 0.,174823E+02 0.657693E+03 0.242123E+04 0.481785E+C5
CVYMNOZ ViM CvonDZ vap FGM
0.833962E+00 0.186873E+04 0. 0. 0.382001E+05 0.327071E405
MAIN SONIC CONVERGENT NOZZLE FG= 70907.18 FN= 22728.66 SFC= 2.769C3

DUCT SHOCK JUTSIDE C-D NOZZLE

CONVERGED AFTER 8 LUOPS

Two-Spool Tu rhojet

Design point. - An example is given for design-point operation of a two-spool turbo-
jet. For the design point the data are printed out in three groups: (1) card images of the
input data that were changed from the original input data, (2) results, and (3) common
variables at the design point. The card images show two cards having $D(1), IDES =1,
imprinted. These two cards in sequence recall the original design inputs. This method
can be used as many times as desired in any computer run to design a new engine. A
typical use for this may be a study of several engines where design-point performance
only is sufficient. Thus, only changes in engine design characteristics need be input and
a new engine is run. Or, as in this case, the engine was changed from a single-spool
turbojet to a two-spool turbojet by changing ISPOOL = 1 to ISPOOL = 2 and by inputing the
design pressure ratio and efficiency of the inner compressor and the design efficiency
speed and flow function of the inner turbine. Also a change to the front compressor pres-
sure ratio was made to have an overall pressure ratio of 8:1. The MODE was reset to
zero (MODE = 0) from the previous cases of the single-spool turbojet engine.

$D(1),IDES=L, # FIRST OF TWO IDES=1 CARDS NECESSARY TO CHANGE DESIGN POINT
$D(1),IDES=1, # SECOND OF TWO IDES=1 CARDS NECESSARY TO CHANGE DESIGN POINT
ISPOCL=2,#% TWD SPOUL TURBIJET

PRFDS=2,PRCDS=44ETACDS=.85, PCNCDS=100,2CDS=,81433225, # OVERALL P RATIO STILL 8
TEHPOS=50,00,CNHPDS=2,000,ETHPDS=.90,M0DE=0, % ADDITIONAL INPUT WAS REQUIRED TO
+ RUN TWO SPUOOL TURBJJETS, MODE =0 RESETS TO USE OF T4 RATHER THAN SPEED

FAN DESIGY PRFCF= 0.25000000E+01 ETAFLF= 0.94204545F+00 WAFCF= 0.10550000E+01 T2D5= 0.518€6820E+03
LOMPRESSOR DESIGN PRCCF= 0,42857143E+00 ETACCF= 0.98837209E+00 WACCF= 0.35584073E+401 T21DS= 0.655¢22C0E+03
COMBUSTER DESIGN WA3COS= 0.15548823E+03 ETABCF= 0.98500000E+00 DYIOCF= 0,10000000£+01

HePo TURBINEZ DESIuN CNHPCF= 0.11419282E+01 TFHPCF= 0.16375691E+00 EVAPCF= 0.10000000E+01 DHHPCF= 0.489°59067E+0C
L«P. TURBINE DESIGN CNLPCF= 0.12507844E+01 TFLPCF= 0.27070545E+00 ETLPCF= 0,10235344E+01 DHLPCF= 0.6B989028E+0C
TURBINE AREA DESIGN A55= 0.21628949F+02 AM55= 0.23823737E+00

AFTERBURNEZR DESIGN WG6CDS= 0.90353905E+04

NOZZLE DESIGN AB= 0.862445T77E+01 AM8= 0.10000000E+01 A9= 0.8624457T7E+01 AM9= 0.10CCOCOCE+O1L
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CUTPUT AM= 0. ALTP= 0. Ta= 3260.00 ETAR= 1.C000

PCNF CNF IF WAFC WAF
0.10000CE+03 0.100000E+01 0.833333E+00 0+ 200000E+01 0.633C00E+02 0463300CE+0 3
PCNC CNC [ PRL HWACC wAC
0.10G000E+03 0. 100000E+01 0.814332E400 0,400000E+01 0.355841E+03 0.633000E+C3
T2 P2 P21 13 P3
0.51866E8E+03 0.100000E+01 0.655622E+03 0.200000E+01 0.102280E+04 0.80C00CE+D]
PUBLF BLF PCBLC BLC PCBLOE BLOB
Q. O. 0.970000E~01 0.614010E+02 0. 0.
PCELHP BLHP pLaLLP BLL® T4 P&
0. O. 0.100000E+01 0.614010E+02 0.326000E404 0.75520CE+C1
WA3 WFB WG4 FA24 ETAR DPCOMN
0.571599E+03 0.219038E+02 0.593503€+03 0.383203E-01 0.985000E+00 0.56000CE-01
TFFHP CNHP DHTCHP DHTC 75 PS5
0.305331€+403 0.175142E+01 0.600000E-01 0.957639E+02 0.295739E404 0.457332E+01
TFFLP cNLe OHTICLP DHTF 755 P55
V. 480227€+03 0.183885E+01 0.17175CE-01 04350417E+02 0.269456E+04 0.376248E+01
PLBLOY BLLU T24 P24 T25
D. O. 0. . 0.655622E+03 0.20000CE+0]
WAD WFD w624 FAR24 ETAD DPDUC
0. 0. 0.633000E+03 . 0. 0.
ETAF ETAC ETATHP ETATLP AM55 AMZS
0.82900CE+00 0.850000£+00 0.900000E+00 6.903000E+00 0.238237€400 0.
T6 P& PS& AMS vé WGe
0.269456E+04 0.376248E+01 0.362824F+01 0.238237E+00 0.579167E+02 0.654904E+02
T7 WFA WG7 FARTY ETAA DPAFT
0.269450E+04 0. 0+654904E+03 0.345032€-01 0. 0.48000CE~0})
PS8 AMB v8 PS3 AM9 V9
0.197185E+01 0.100000E+01 0.228725E+04 0.197183E+01 0.100000E+01 0,228725E+04
ps28 aM238 vzs PS29 AM29 V29
. 0. 0. 0. 0. 0.
BYPASS HPEXT WwFT WGT VA FRD
C. 0. 0.219038E+02 0.654¢904E+03 0. Q.
CVYMNOZ VJiM CVvDND2 vJ4D FGM FGP
0.96785CE+00 0.221372E+04 Q. Ga 0.450603E+05 0.177371E+05
HAIN SCNIC CONVERGENT NOZZLE FG= 62797.45 FN= 62797.45 SFC="1.25568
DUCT SHOCK JUYSIOE C-D NOZZILE
CONVERGED AFTER 1 LOoPS
COMMON 0+833333E+00  0.100000E+03 =~0.000000E-19 -D.000000E-19  0.814332E+0L 0.100000E+03 0.326000E+04 O
0.1C0000E+03 0. 1000COE+03 0.326000E+04 0.100000E+03 0. 0.100000E+01 0.100000E+0} 0.10Q000E+01

0.833333E+00 0+ 1000J0E+03 0.200000E+01 0.829000€+00  0.633000E+03 0.250000E+01 0.942045E+00 0.1055C0E+01
0.814332E+00 04100000E+03 0.400000E+01 0.850000E+00 0.633000E¢03 0.428571£+00 0.988372E+400 0.355841E401
0.326000E+04 Qe 0.,223720E404 0.985000E400  0.155488E+03 0.560000E-01 0.10C000E+01L 0,985CCOE+00
0.5C0000E +02 0.200000E+01 0.900000E +00 0.163757E+00 0.114193£+01 0.100000E+01 0.489591E+00 0.518668E+03
0.1300005+03 0.230000€+0) ©0,%903000E+00 0.2707056+00  0.125078E+01 0.102353E+01 0.689830E+00 0.655622E+03

0. Q. 0. [ 28 0. 0. 0. Ce
0.356000E+04 0« 0. 0. 900000E+00 0.903539E404 0,480000E-01 Q. o,
0.2102%9E+02 0. 0.210289E402 0.210289E+02 0.8624%6E+01 0.862446E+01 0. 0.
0.362824E+01 04238237€+00 C. 0.967850E400 0. 0. 0. 0.

0,5186705+03 0.100000E401 0.12391BE+03 0.153103E+01 0.518668E+03 0.100000E+01 0.123918E+03 0.159103E+01
0.6556222+03 0.200000E+01 0.156774E+03 0.159970E+01 04102280E+04 0.800000E+0L 0.246562E403 0,161 325€+01
0,32600NE+04 04755200E+01 0,916050E+403 0.196075E+01 0.295739E+04 D.457332E+01 0.820286E+03 0.196436E+01
0.269456E+04 0.376248E+01 0.734740E+03 0.194651E+01 0. 0,614010E+02 O. 0.
0.1€0DCOE+0L 0.200000E+0L 0,829000E+00 0.633000E+03 0.633000E+03 0,571593E+03 0.593503E+03 €. 383203E-01
C.1C00u07 +01 0+400000E+01 0.850000E +00 0.355841€403 06330008403 0.985000E+00 0.560000€-01 0.
0.2CO0GRE+QL 0.Y000D0E +00 0.293754E-01 0.957639E+02 . 0.593503E+03 0.383203€-01 0.111699E+04
0.230000E+02 0.903000E+00 0.11848B£-01 0.350417E+02 0.614010E+02 0.654904E+03 0.3460326-01

C. 0. 0.100000£+01 0.833333E£+00 0.100000£+03 0.814332E+00 0.100000F+03 C.219038E+02
0.5C00NCE+C2 0.130000E+03 0. 0.970000E-01 0. 0. 0. . 0, 100CCOE+DY
0.1TOUTDE+0] 0.633000E403 0.633000£+03 0. 0. 0.246562E403 Q. 0.
0.655622E+03 04200000€+01 B.156TT4E+03 0.159370E+01 0. 0. 0. 0.
0. 0. [ Q. 0.655622E+03 ©0.,200000E+01 0.,156774E+03 0.159970E+01
0. 0. 0. 0. G. 0. 0. 0.
0. 0. 0.633000E+03 Q. 0. 0. G. C.
0. [« 0. 0. 0. 0. O. 0.

0.269456E+04 0,37624BE+01 0.734740E+03 0.194651E+01 0.655622E+403 0.200000F+01 0.156774E+03 0.159970E+01
0.219038€+02 D.549504E+03 0.346032€-01 . 0.633000E+03 0. 0.1000Q0E+QL G.
0.269456E +04 0.37624BE+01 0.734T40E+Q3 0.194651E+01 0.269456E+04 0.358188E+01 0,734737E+03 V. 194989E+01
0,269456E +04 0.358188E+01 0.734737€+03 0.194989E+01 0.269456E+04 0.358188€+01 0.734T737E+03 0.194989E+01
0.6564906£+03 0. Q.654904E+03 0.346032E~01 0. 0.480000E~01 0,579167E+03 [
0,362924E+01 0.,579167E+03 0.238237E+00 0,267059E+04 Q.344111E+40) 0.610194E+03 0.251101E+00 C.
0.235272E+06 0, 197183E+01 0.228725E404 0.100000E+01 0.235272E404 0.197183E+01 0.228725E+06 Ca 1000COE+DY
0. [N C. O 0,221372E+04 0.450603E+05 0. 0.177371E+05
0.4506U3E +05 0.177371E405 0.219038E+02 0, 654904E+03 0.346032E-01 0.627974E405 0.627974E+05 0.1255368E+401

Off-design. - The following cases are off-design cases for the two-spool turbojet.

Case 1: The engine is operating at a reduced turbine inlet temperature at sea-level-
static condition. The input change of T4 was required. The compressor shaft speed of
both compressors is reduced as are the pressure ratios, airflows, etc., all of which are
representative of part-power operation.
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$D11),T4=2bb6U,31 PART POWER ENGINE OPERATION

+ RESULTS NDRM AL OFF-DESTIGN BUTPUT
GUTPUT A¥= 0. ALTP= 0. Té= 2660.00 ETAR= 1.C000
PCNF CNF ZF PRF WAFC WAF
0.836241E+02 0.836241E+00 0.8497285+00 0.175763E+01 0.503176E+03 0.503176E+C2
PCNC CNC A PRC WACC waC
0.904097€+02 0.925609E+00 0.709173E+00 0,324591£+01 0.314397E+03 0.503194E+C3
T2 P2 T3 P3
0.518668E+03 0.100000E+01 0.625500€+03 0e175763E+01 0.930191E+03 0.570S11E+01
PCBLF BLF PLALC 8LC PCBLOB 8L0B
. 0. 0.970000E~01  0.488098E+02 0. 0.
PCBLHP BLHP PCBLLP sLLP T4 P4
Ca O. 0.100000£401 0.488098E+02 0.266000E+04 0.536548E+01
WA3 WFB WG4 FARG ETAS oPCOM
0.,454384E+02 0.127365F+02 0.467120E403 0.280302£~01 0.985000E+0C 0.595301€E-01
TFFRP CNHP DHTCHP OHTC 75 PS
0.305530E+03 0.175297E+01 0.613443E~01 0.797926E+02 0.239574E404 0.320282E+°1
TFEFLP CNLP DHTCLP DHTF 155 P55
0.485755E+03 0.170849E+01 0.16667T3E-01 0.275883E+02 0.218600E+04 0.26509CE+C1
PCHLDU BLDU 124 P24 T25
0. 0. 0. . 0.6255006403  0.175763E+01
WAD WFD HG24 FAR24 ETAD nPDUC
O. 0. 0.503176E+03 0. 0. .
ETAF ETAC ETATHP ETATLP AM5S5 aM25
0.848567E+00 0.809756E+00 0.89739SE+00 0.906332E+00 0.238214E+00 0.
T6 P6 PS6 AM6 '3 W66
0.218600E+04 0.265090E+01 0.255886E+01 0.238214E400 0.525189E+072 0.51593CE+C3
37 WFA WG7 FART ETAA DPAFT
0.218600E404  O. 0.515930E403  0.253113E-01 0. 0.483412E-01
pse AM8 Vs PS9 AMG v9
0.138197E+01 0.100000£+01 0.,206732E+04 0.,138197E+01 0.100000E+01 0.206732E+04
PS28 AM28B v28 ps29 AM29 v29
0. 0. [+ 0. 0. 0.
BYPASS HPEXT WFT WGT VA FRD
0. 0. 0.127365E+02 0.515913E+03 0. 0.
CVMNDZ VIM CVDNOZ AL FGM FGP
0.978239E+00 0.202233E+04 O. Q. 0.324293E+05 0.697137E+04
MAIN SCNIC CONVERGENT NOZZLE FG= 39400,71 FN= 39400,71 SFC= 1.1¢372

OUCT SHOCK QUTSIDE C-D NOZILE

CONVERGED AFTER 13 LOOPS

Case 2: The engine is now operating at a supersonic flight Mach number (2.5) at an
altitude of 50 000 feet. The engine components are matched with an engine nozzle throat
area A8 equal to the sea-level-static design value. This case is a setup case for match-
ing components only.

$D(1)yT4=3260,AM=2,.5, ALTP=50000,& SET UP FUR CUMPONENT MATCHING ONLY

* RESULTS NORM AL OFF-DESIGN DUTPUT
ouTPUT AM= 2,500 ALTP= 50000. T4= 3260.00 ETAR= C.8703
PCNF CNF ZF PRF WAFC WAF
0.851964E+02 0,655689E+00 0.823071E+00 0.148416E+01 0.373082E+03 0.488914E+02
PCNC CNC c PRT WACC WAC
0.102605E+03 0.832254E£+00 0.556194E+00 0.245472E+01 0.268143E+03 0.488881E+03
T2 P2 T3 P3
0.875661E+03 0.170275€+01 0.996510E+03 0.252716E+01 0.135728E+04 0.4620347E+0,
PCBLF BLF PCSLC 8LC PCBLOR 8LOB
. 0. 0.970000E-01 0.474215E+02 0. [
PLCBLHP BLHP PCBLLP BLLP Yo P4
0. 0. 0.100000E+01 0.4764215E+402 0.326000E+04 0.580439E+01
WA3 WFB L1ty FAR4 ETAB DPCOM
0e441460E+03 0.145963E+02 0.456056E+03 04 330637E-01 0.985000€+0C 0.642514E~C1
TFFHP CNHP DHTCHP DHTC 75 P5
03052356403 0.179705€+01 0.618535E-01 0.982400E+02 0.294654E+04 0.346287E+01
TFFLP cNe DHTCLP OHT F T55
0.486451£+03 0.156951E+01 0.157361E-01 0.31977T9E+02 0.271L686E+Q4 0.289862£461
PCBLDU BLDU T24 T25
. 0, 0. 0. 0.996510E+03 0a252716E+01
WAD WFD WG24 FAR24 ETAD DPDUC
C. 0. 0.488914E+03 0. [ Q.
ETAF ETAC ETATHP ETATLP AM5S5 AM25
0.840470£400 0.758931E+00 0.898441E+00 0.905158E+00 0,238434E+00 [
T6 P PS6 AME vé WG6
0.271686E+04 0.289862E+01 0.279887E+01 0,238434E+00 0.582650E+013 0.503478E+402
17 WFA WG FART ETAA DPAFT
0.271686E+04 0. 0.50347BE+03 0.293565€-01 0. 0.480968E~01
pse AM8 v8 Ps3 AM9 v9
0.151968E401 0.100000E+01 0.229751E+04 0, 151968E+01 0.100000E+01 0.229751E+4C4
Ps28 AM28 v28 PS29 AM29 v29
0, 0. 0. 0. 0. 0.
BYPASS HPEXT WFT WGT VA FRD
O. G. 0.145963E402 0.503510E+03 0.242123E+04 0,367928E+05
CVMNDZ VJIH CVONOZ vJo FGM FGP
0+839843E+00 04192956E+04 0. 0o 0.301948E+05 0.256471E4CS
¥AIN SCNIC CONVERGENT NOZZILE FG= 55841.86 FN= 19049.05 SFC= 2.75849

DUCT SHOCX DUTSIDE C~D NOZZLE

CUNVERGED AFTER 20 LOOPS
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Case 3: The performance data for this case reflect an expansion to the maximum at-

tainable area ratio for A9/A8, thus simulating a convergent-divergent nozzle.

Perform-

ance is calculated such that the nozzle static pressure PS9 is equal to the free-stream
static pressure PSQ0. This is accomplished by setting NCZFLT = 1.

$DU{1)4NDZFLT=1, % PERFORMANCE WITH MAX ATTAINABLE
CFF-DESIGN O

* RESULTS N O R M AL

NDZZLE DESIGN AB=

0.86367638E+01

AREA RATIO
utTpPur

AMB= 0.10000000E+01

ARATIO= 3,356 JUT OF RANGE,USF DATA FOR 2.150
BUYTPUT AM= 2,500 ALTP= 50000,
PCNF CNF ZF
0.851964E+02 0.65%689E+00 0.823071E+00
PCANC CNC c
0.102605E+03 0.832254E+00 0.556194E+00
T2 P2 T21
0.B75661E+03 04170275F+01 0,996510E+03
PCBLF BLF PCALC
0. [ 0.970000E-01
PCBLHP BLHP PCBLLP
. Ce 0.100000E+01
WA3 WFR WG
0.441460E+03 0s145963E+02 0.456056E+03
TFFHP CNHP DHTCHP
0.305235E+03 04179705E+01 0.618535€~01
TFFLP CNLP DHTCLP
0.486451E+Q3 0.156951€+01 0.157361E-01
PCBLOU BLDU T24
0. 0. Q.
WAD wWFD WG24
0. 0. 0.488914E+03
ETAF ETAC ETATHP
0.840476E+00 0.758931E+00 0.898441E+00
. Té P& PSe
0.2716B6E404 042R9862£+01 0.27988TE+01
T7 WG7
0.27168¢E+04 0, 0.503478E+03
AM8 Vs
0.151752E+01 0. 100000E+01 0.229751E+04
ps28 AMZ8 v2s
. . 0.
BYPASS HPEXT WFT
0. Q. 0.145963E+02
CV¥NDL VIM cvDNOZ
0.960271E+0C 0.440147E+04 Ue

YAIN SHOCK DUTSIDE C-D NOZZLE
DUCT SHOCK JUTSID: C-D NOZZILE

CONVFRGED AFTER 1 LOuPS

o= 68876.71

Té=

A9= 0.28983159E+02
3260.00
PRF HAFC
0e 148416E+01 0.373082E+03
PRC WA
0.245472E+0) 0.268143E+03
P21 T3
0.252716E+01 0.135728E+04
PCBLOB
0.474215E402 0.
BLLP T4
0.474215€E+402 0.326000E+04
FARY ETAB
0,330637€-01 0,985000E+00
DHTC 15
0.982400E+02 04294654E+04
DHTF T55
0.313779E+02 0.271686E+04
P24 725
Q. 0.996510E+023
FAR24 ETAD
0. 0.
ETATLP AM55
0,906158E+00 0.238434E+0C
ANS vé
04238434E+00 0.582650E+03
FART TAA
0.298565E-01 O.
P59 AMG
0.114456E+00 0.267683E+01
PS29 AM29
Oe 0.
WGT -ovaA
0.503510E+03 02421236404
vJd FGM
[« 0.68BT6TE+05

FN= 32083.89

AM9= 0,26768298E+01

ETAR=
WAF
0.488914E+02

0.£703

0.488881E+03

P3
0.620347E+01
8LO8
0.
P&
0.580489E+C1
DPCOM
0.642514E-01
s
0.346287E+01
P55
0.289862E+::1
P25
0.25271€6E+01
BPOUC

0.503478E+03
DPAFY

0s480968E~C1
v9

0s458357E+04
v29

0.
FRD

0.367328E405
FGP

0.

SFC= 1462779

Case 4: The engine is operating in the supersonic flight condition with partial after-
burning. No new Setup case was required because the components are still matched

from the previous two cases (2 and 3).

IAFTBN = 1 automatically expands the nozzle so

PS9 = PSO. It also adjusts A8 for the new temperature and pressure condition such that

the nozzle throat is sonic.

$O{11yT7=2900, IAFTBN=1, + PARTIAL AFTERBURNING AT SUPERSONIC DNPERATION

# RESULTS NORM AL OFF-DESIGN OUTPUT
NOZZLE DESIGN AB= (0+89961808E+01 AM8= 0,10000000E+01 A9= D.30389738E+02
ARATIO= 3.378 OUT DF RANGE,USE DATA FOR 2.150
ouTPUT AM= 2,500 ALTP= 50000. T4= 3260.00 T7= 2900.0C
PCNF ONF ZF PRF WAFC
0.851964L+402 0.655689E+00 0.823071E+00 0e 148416E+01 0.373082E+03
PCMC CNC zc i WACC
0.102605E+03 0.832254£+00 0.556194€+00 0.245472£+01 0.,268143E+03
T2 P2 T3
0.875661E+03 0.170275E+01 0.996510E+03 0.252716E+01 0.135728E+04
PLBLF PCBLC BLZ PCBLOB
0. 0. 0.970000E-01 0.476¢215E+02 0.
PLBLKHP BLHP PCBLLP BLLP T4
0. 0. 0.10000CE+0L 0e474215E+02 0.326000E+04

Both A8 and A9 are printed out at the top of the listing.

AM9= 0,26712209E+01

ETAR= C.8703
WAF
0.488914E+02
WAL
0.488B81E+(3

P3
0.620347€401

BLOB
0.

P4
0,580489E+01
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WA3 L13:) WG4 FAR4 ETAB DPCOM
0.441460E+03 0.145963E+02 0.456056E£+03 0.330637E-01 0.985000E+0C 0.642514E-01
TFFHP CNHP DHTCHP DHTC 15 Ps
0.305235E+03 0.179705E+01 0.618535E-01 0. 982400E+02 0.294654E+04 0.346287E+0)
TEFLP CNLP DHTCLP DHTF ¥55 P55
0.486451E+03 0.156951F+01 0,157361E~01 0,319779E£+02 0.271686E+04 0.289862E+C1
PLBLDY BLDU T24 P24 T25
0. 0. 0. 0. 0.396510E+03 0,252T16E+0 .
WAD WFD WG24 FAR24 ETAD OPDUC
Q. 0. 0.488914E+03 O. O. 0.
ETAF ETAC ETATHP ETATLP AM55 AM25
0.340476E+00 0.758931E+00 0.898441E+00 G« 905158E£+00 0.238435€+00 0.
Té6 Ps Pse AME vé nG6
0.271586E+04 0.269862E+01 0.279887E+01L 0.238435F+00 0.582650E+03 0.50347TE+03
T7 WFA WET FART ETAA DPAFT
0.290000E+04 04171925E+01 0.505197E+03 0.333732€~01 0.893552€40¢C 0.480968¢E-01
psa AM8 vs PS9 AM9Q v9
0.151599E+01 0.100000E+01 0.237123E+04 0. 114456E400 0.267122€+01 0.474598E+04
psas AM28 vas PS29 AM29 V29
0. 0. 0. C. 0. 0.
BYPASS HPEXT WFT WGT VA FRD
0. O. 0.163155E+02 0.505229E+03 0.262123E+04 0.367928E+05
CyENDZ VaM CVDNOZ vJo FGM
0.960350E+00 0.45S780E+C4 [N 0. 0,715666E+05 0.
MAIN SHOCK JUTSIOE C-D NOZZLE FG= 71566.56 FN= 34773.74 SFC= 1.6E5CS

CUCT SHOCK JUTSIDE C-D NOZZLE

CGNVERGED AFTER 1 £00PS

Case 5: The engine is operating in the supersonic flight condition at design after-
burner temperature.

5D(1),TT=3500,[AFTBN=1,% MAX AFTERBURNING AT SUPERSONIC DPERATION

* RESULTS NDOR M AL DFF-DESIGN DUTPUT
NOZZLE DESIGN A8= 0.10154220E+02 AM8= 0.10000000E+01 A9= 0.35230915£+02 AM9= 0.266(T7638E+0]
ARATIG= 3.470 OUT OF RANGE,USE DATA FDR 24150
cuTPUT AM= 2,500 ALTP= 50000, Te= 3260.00 T7= 3500.00 ETAR= C.8703
PCONF CNF IF PRF . WAFC WAF
0.851964E+02 0.655689¢+00 0.823071E+00 0.148416E401 0.373082€E+02 0.488914E+03
PCNC CNC PN PRC WACC WAC
0.102605£+03 04 R32254E+00 0.556194E+00 0.245472E+01 0.268143E403 0.,488881£+C3
T2 P2 721 P21 T3 P3
0.875661E+03 0.170275%+01 0.996510E+03 0.252716E+0L 0.135728E+04 0.620347€+01
PCBLF BLF PCBLC BLC PCBLOR RLOB
0. 0. 0.970000E-01 0.474215E+402 0. O.
PCEBLHP BLHP PCALLP BLLP T4 P&
Q. 0. 0.100000E+01L 0.4742155+402 0.326000E404 0.58048S5E+01
Wa3 WFR WG4 FAR4 ETAR ppCOM
0e441460E+03 0.,145963E+02 0.456056E+03 0330637601 0.985000€£+00 0.642514E~-01
TEFHP CNHP DHTLHP DHTC T5 P5
0.305235E403 0,179705F+01 0.618535E-01 0.982400E+02 0.294654E+04 0.346287E+C1
TFFLP CNLP DHTCLP DHTF T55 P55
0.486451E+03 0.156351E401 Q.157361£-01 0.313779€+02 0.2716B6E+04 0.289862E+01
PCALOV BLDU T24 P24 T25 P25
0. 0. 0. O. 0.996510E+03 0.252716E+401
WAD WFD WG24 FAR24 ETAD DPDUC
O. O« D.4B8914E+03 0. 0. 0.
ETAF ETAC ETATHP ETATLP AMS5 5 AM25
0.84GC476E+00 0.758931E+00 0.898441E+00 0.906158E+00 0.238435E+0¢C 0.
T6 P6 PSe AMS5 vé wGo
0.271686E+04 0.289862E+01 0.279887E+01 0,238435E+400 0.582650E403 0.503477E+C3
T7 WFA WG7 FAR? ETAA DPAFT
0.35CCOCE+0% 0.724094E+01 0.510718E+03 0. 446677E-01 0.919029E+0C 0.480968E-01
PS8 AMS ve Ps9 AM9 Vo
0.150725E+01 0.100000E+01 0.259758E+04 0.114456E+00 0.266076E+01 0.524976E+C4
Pses AM28 V28 PS29 AM29 V29
[+ 0. 0. Oe 0. 0.
BYPASS HPEXT WFT WGY VA FRD
0. 0. 0,218372E+02 0. 510751E+03 0.242123E+04 0.367928E+C5
CvMNDZ VIM CVDNOZ FGP
0.960653E+00 0.504319E+04 0. O. 0.800537E+05 0.
MAIN SHOCK JJTSIDE C-D NOZZLE FG= 80053.69 FN= 43260.88 SFC= 1.81721

DUCT SHOCK JUTSIDE C-D NOZZLE

CONVERGED AFYER 1 Looers

Separate-Flow Turbofan

Design point. - This is the design case for the separate-flow turbofan. For the de-
sign point, the data thgt were changed are shown on the top of the following example.
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The control card FAN = , TRUE. designates that there is now a bypass ratio. Thus the
front compressor (fan) flow does not equal the inner compressor flow. Consequently, a
value for the inner compressor flow must be input. This value determines the engine
bypass ratio. Also, a duct Mach number AM23 must be input. If the design is to be a
duct-burning turbofan engine, AM23 should remain low (i.e., similar to an afterburner
inlet Mach number - between 0, 15 and 0. 25) to keep friction losses at a minimum in the
burner. Also a computational problem could arise when the duct burner is operating if
AM23 is too high. The large temperature increase due to fuel addition will cause choking
at engine duct station 24, consequently a printout error would occur.

The values of AM and ALTP are input to zero which are the conditions designated for
the engine design point. A duct pressure loss DPDUDS is also input.

In the output of the results, the duct parameters now have values associated with the
engine design, which includes area (A28 and A29) and duct Mach numbers.

$0(1),1DES=1,

$0{11,1DES=],

PRFDS=245¢ PRCDS=L04WAFCOS=500,WACCDS=100,ALTP=0,AM=0,IGASMX=0,AM23=.15,
FAN=,TRUE. » ISPOOL=2,0P0UDS=.02,

* SEPARATE FLOW TURBOFAN ENGINE-~DESIGN CASE

FAN DESIGN PRFCF= 0.37500000E+01 ETAFCF= 0.94204545E+00 WAFCF= 0,83333334E+00 T20S= 0.518¢6820E+03
COMPRESSOR DESIGM PRCCF= 0.12857143E+01 ETACCF= 0.98837209€+00 WACCF= 0,10000000E+01 T21DS= 0.70574329E+03
COMBUSTER DESIGN WA3CDS= 0.19974B41F+02 ETABLF= 0.985000006+00 DTIOCF= 0.10000000E+01
H.P, TURBINE DESIGN CNHPCF= 0,11419282E+01 TFHPCF= $.15210490€+01 ETAPCF= 0.10000000E+01 DHHPCF= 0.10CE9C18E+01
L.P. TURBINE DESIGN CNLPCF= 0,11782237£+401 TFLPCF= 0.14620719E+01 ETLPCF= 0.10235344E+01 OHLPLF= 0.249€7145E401
DUCT NOZZLE DESIGN A2B= 0.27472096E+01 AM28= 0.10000000E+01 A29= 0.27472096E+01 AM29= 0.100C000CE+0QY
TURBINE AREa DESIGN A55= 0.64546229E+01 AM55= 0.23825740E+00
AFTERBURNER DESIGN WGOCDS= 0,27906742E+Q4
NOZZLE DESISN AB= 0,26471373E+01 AMs= 0.10000000E+01 A9= 0.26471373E+01 AM9= 0,100C0000E+0]
cuTPuUT AM= 0. ALTP= O. T4= 3260.00 ’ ETAR= 1.C0QC
PCNF CNF ZF PRF WAFC WAF
0.10CCUCE+03 0. 100000E+01 0.833333E+00 0.250000E+01 0.500000E+03 0.50000CE+0 2
PLNC CNC 0’ PRC WACC WAC
0.100000E+03 0.100000£+401 0.814332E+00 0,100000E+02 0.100000E+03 0.214319£+03
T2 P2 T21 p21 T3 3
0.518668E+03 0.100000£+01 0.705743E+03 0. 250000E+01 0.143796E404 0425000CE+C2
PCBLF BLF PCBLC < ecaLoe 8L08
O. 0. 0.970000E-01 0,207890E+02 0. 0.
PCELHP BLHP pcBLLP BLLP T4 P4
0. (28 0.100000£+01 0.2Q7890€402 D.326000E+04 0.23600CE+02
WA3Z WFB WG4 FAR4 ETAB OPCOM
0.173530E+03 0.614T14E+01 0.199678E+03 0.317632E-01 0,985000E+0C 0.56000CE~-CY
TFFHP CNHP DHTCHP DHTC T5 P5
0.328721iE+02 0.175142E+01 0,600000£-01 0.197341E+03 0.262422E+04 0.782808E+01
TFFLP CNLP DHTCLP DHTF 155 P55
0.889143E+02 0.195209E+01 0.171750E-01 0.112529€+03 0.218109E+04 043689528401
PLBLOU BLOU 24 P24 125 P25
0. O. 0.705743£+03 0.245000E+01 0.705743E+03 0.245000E+0:
WAD WFD WG24 FAR24 ETAD DPDUC
0.285681E+403 0. 0.285681E+03 Os 0. 0.20000CE~11
ETAF ETAC ETATHP ETATLP AMSS AM25
0.829C00E+00 0.850000£+00 0.900000E+00 0,903000E+00 0.238257E+00 0.15744¢E+CO
Té6 4] PSé AMS vé WG6
Ga218104E+00 0,368952E+01 0.355616E+01 0.238257€E+00 0.524239€+¢03 0.2204686E+C2
7 WFA WG7 FART ETAA DPAFT
0.213109E+04 0. 04220466E+03 0.285822E~01 O. 0.480000E~1
Ps3 AMB v8 PS3 AMG va
0.19242%5E+01 0.100000E+01 0.206441E+04 04192429E401 0.100000E+01 0.206441E+04
ps2a AM28 v2s PS29 AM29 vZe
0e129756E+01 0.1000002+01 0.118926E+0% 0.123756E+01 0.100000E+01 0.118926E+04
BYPAS: HPEXT WFT WeT VA FRD
0.,133297E401 O. 0.614714F401 0.506147E+03 Q. 0.
TVMNUZ VJIM cvovuz vJo FGM FGP

0e986365¢E+00 0.199971t+04 0.378T68E+00 0e115401E+04 0.240381E405 0.690771E+04

#ATN SCNIC ZONVERGENT NOZZLE FG= 30945.33 FN= 30945.83 SFC= Q.715:1
DUCT SENIC CONVERGENT NOZZLE

CONVERGED AFTER 1 LOOPS
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COMMON 0.833333E+00 0.100000E+03 ~-0,000000E~-19 ~0.000000E~19 0.814332E400 0.100000E+03 0.326000E+04 O

0.1CO000E +03 0.100000E+03 0.326000E+04 0.100000E403 0. 0.100000E+01 0.100000E+01 0.1000C0E+01
0.833333E+00 0.100000E+03 0.250000£+01 0.829000€E+00 0.500000E¢03 0,.375000€+01 0.942045E+00 0,833333€E+00
0,814332E+00 0.100000€+03 0.1000C0E+02 0.850000E400  0.214319E+03 0.128571E+01 0.988372E+00 0. 1000C0E+01
C.326000E +04 0. 0.,182204E+04 0.985000E+00 0.199748E+02 0.560000E~01 0.100000E+01 0,985C00E+00
0.5C00C0E+02 0,200000€E+0} 0.900000E+00 0.152105€+01 0.114193E+0] 0.100000E+01 0.100890£+01 0.51866BE+03
0,130000E+03 C.230000E+01 0.903000E+0C 0.146207E+01 0.117822E+01 0.102353E+01 0.249671E+01 C.705743E+03

0. Q. 0. 0. 0.303574E404 0.200000E-01 0. Co
04356000€ +04 0. Q. 0.9000C0E+00 027906 TE+04 0.4B80000E-0L C. Q.
0,645402E+01 O, 0.645462E+01 0.645462E+01 0.264714E+01 04264T14E+01 0.274721E+01 0.274721E401
0.355615E+01 N.238257E€+00 0.978768E+00 0.968658E+00 0, 0. 0. 0.

0.518670E+03 0,100000E+C) 0.123918E+03 0.159103E+01 0.518668E403 0.100000E+01 0.123918E+03 0.159103E+01
0.705743E+03 0.250000£+01 0.16B857E+03 0.160216E+01 0.143796E+04  0.250000E+02 0,352717E+03 0.1622C9E+01L
G.326000E ¢04 0.236000E+02 0.907906E+03 0.187798E+01 0.262422E+04 0.782808E+01 0.710565E+03 0, 188645E+401
0,2181C9E+04 0.368952E+01 0.574903E+03 0.188086E+01 0. 0.207890€+02 0. a.
0.1C00CDE +01 0.250000E+01 0.829000E+00 0.500000E+03 0.500000E+03 04193530€+03 0.199678E+03 C.317632E-01
0.1C0000E+0L 0.100000E +¢2 0.850000E +00 0.100000E+03 0.214319€E+03 0.985000E+00 0.5600006-01 .
042C000UE +01 0.900000€+00 0.605341E-01 0.197341E+03 0. 0.199678E+03 0.317632€~01 Coll1699E+04
0.2300U0E+01 0.903000E+00 0.428810E-01 0.112529E+03 0,207890E+02 0.220466E403 0.286822€~01 0.

C. O, 0.100000E+01 0.833333E+00 0.100000£+03 0.,814332E+00 0.100000E+03 0,614 T14E+01
0.5C00C0E +02 0.130000E+03 0. 0.970000€-01 0. 0. 0. 0.,100C00E+0]
€. 1€00¢0E+01 0.50CU00E+03 0.214319E¢03 0. C. 04352T717E+03 0. C.

0.250000E+01 0.168857E+03 0.160216E+01 0.705743E+03 04250000E+0) 0.1688S7E+03 0.160216E+01
0.245000E+01 0.168B57E+03 0.160355E+01 0.705743E+03 0.245000E+01 0.168857E+03 0.1603555401
0.705743F+03 0.245000€+4C1 0.168857E+03 0.160355E+01 0.705743E+03 0.245000E+01 0.168B57E+03 0,160355E+01
0.285621E+03 0. 0+205681£+03 0. 0. 0.200000E-01 0.133297€+01 0.

C.5E8448E +03 0.129756E+01 0.118926E+04 0.100000E+01 0.5884B8E+03 0.129756E+01 0.118926E+04 ¢ ,1060COE+0L

0.218109E +04 0.368952E+01 0.574903E+03 0.,1880B6E+0L 0.705743E403 0.245000E401 0.168857E+03 0,160355€+01
0,614714E+01 0.220466E+03 0.286822E-01 0. 0.285681£+03 0. 0.+100000E+01 Q.

0,2181G9E+C4 0.368952E+01 0.574903E+03 0.188086E+01 0.218109E+04 04351242E+01 0.574905E+03 0.,188423E+01
0.21BlU9E +04 0.251242€401 0.574905E+03 0.188423E+0L 0.,218109E+04 0.351242E401 0.574905E+03 0.188423E+0L
0,2204566E+063 0. 04220466E+03 0.286822E-01 0. 0.480000E-01 0.524239E+03 0.

0.355615E+01 0.524239E+03 04238257E+00 0.216058E+04 0.337259E+01 0a552311E+03 0.251121E+00 C.157446E+00
0.1889230% +04 0.192429E+01 0.206441E+04 0.100000E+01 0.188980E+04 0.192429E+01 0.206441E+04 ©0,100C00E+01
0. 0. 0.116401E+404 0.103355E+05  0.199971E+04 0.137026E¢05 0,172992E+04 0.,517779E+04
0.240351E+05 0.690771E+04 0.614714E+01 0.506147E+03 0,122943E-01 0.309458E+05 0.309458E+05 0.715112E400

Off-design. - The following are the off-design cases for the separate-flow turbofan
engine,

Case 1: The engine is operating at Mach 2.5 at an altitude of 50 000 feet. The en-
gine components are matched, with the duct and primary nozzle throat areas (A28 and A8)
equal to the sea-level-static design value. This is a setup case for matching components
only, However, note the very low thrust of the turbofan engine at this flight condition be-
cause the ram drag FRD is nearly equal to the gross thrust of the two streams FG,

$D(11,AM=2,5,ALTP=50000, *1
* OFF DESIGN OPERATION AT MAX T4 (SETUP CASE)

QUTPUT AM= 2,500 ALTP= 50000, T4= 3260.00 ETAR= C.8703
PCNF CNF F PRF WAFC WAF
0.709714E+02 0454621 1E+00 0.652696E+00 04141563E+01 0.254159E+03 0.333068E+02
PCNC CNC zc PR WAZC WAC
0.792542E+02 0.670088E+00 0.657516E+00 0.479978E+01 0.574781E+02 0.100423E+03
T2 P2 T21 P21 13 P3
0.8756561E403 0.170275E+401 0.987251E+03 0.2410475#01 0.170093E+04 0.115697E+02
PCBLF BLF PCBLC PCBLOB BLOB
. 0. 0.970000E-0L 0, 974107E+Ol 0. 0.
PCBLHP BLHP PCBLLP BLLP T4 P4
0. 0. 0.100000E+01 0.974107E+01 0.326000E+04 0,108562E+02
WA3 WFB WG4 FAR4 ETAB DPCOM
0.906823E+02 0.248834E+01 0.931707E+02 0.274401E-01 0.985000E+00Q 0.616665E~-01
TFFHP CNHP DHTCHP OHTC 185 PS5
0.333433E+02 0.138808E+01 0.607172E-01 00 199384E+03 0.261240E+04 0,332216E+01
TFFLP cNLP DHTCLP DHTF T55
0.,975392E+02 0.138856E+01 04150943E-01 0.984124E+02 0.223271E+04 0. 173915E+01
PCBLDU 8LDU T24 P24 725 P25
0. 0. 0.987251£+03 0.236231E+01 0.987251€E+03 0.236231E¢C1
WAD WFD wG24 FARZ24 ETAD OPDUC
0.2326435E+03 0. 0.232645E+03 O. 0. 0.199785E~C1
ETAF ETAC ETATHP ETATLP AM5S AM
0.796334E+00 0.71556BE+00 0.855728E+00 0.912016E+00 0.238583E+00 0.158118€+C0
Té P6 PS6 AMb6 vé WG6
0,223271E+04 0.173915E+01 0.167855E+01 Ce238583E+00 0,531377E+03 01029126402
17 WFA HGT FART ETAA DPAFT
0.223271E+04 0. 0.102912£+03 0.247785E-01 0. 0.480925€-01
PS3 AMB ve Ps9 AM9 ve
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0.9033046E+00 0.100000E+01 0.208880E+04 0.908306E+400 0,100000E+01 0.20888CE+04
aM29

Ps28 AM28 v2s ¥29
0.12568'€401 0.100000E+0Y 0,140492E+0¢ 0.125681E+01 0.100000E+01 04 140492E404
BYPASS HPEXT WFT WG VA FRD
0.231664E+01 0. 0.248834E+01 0,335557€+03 0.242123E404 0.250648£+40%
CVMNGZ VM CVONDZ vJb FGM FGP

0.878349E+G0 0.183469E+04 0,852815E+00 0. 119813E+04 0.145319€+05 0.110884E+C5

HAEN SCNIC LONVERGENT NOZZLE FG= 25620,31 FN= 555.53 SFC=16.1:516
DUCT SCNIC CONVERGEMY NDZZLE

CONVERGED AFTER 34 LOOPS

Case 2: The same flight condition and engine operation is shown in this case as in
case 1 because it is a continuation of the previous setup case. However, the engine is
now duct burning, Therefore T24, IDBURN, and ETAD must be input. The duct burner
does not have a performance map included in the subprogram as was the situation with
the afterburner. Consequently, every duct-burning case requires the input of the burner
efficiency (ETAD) and the control card (IDBURN = 1) in order to operate.

A new throat area (A28) is calculated reflecting the change in temperature, pressure,
and mass flow of the gas in order that the nozzle is sonic. The value of A8 remains at
the design value unless it is altered with a separate input. A permanent change in A8
would require a new setup case prior to running a duct-burning case.

$D(11,T24=3460,ETAD=.90, ICBURN=1,
* JFF DESTGN NPERATICN J1TH DUCYBURNING

OUCT NDZZLE DESIGN A28= 0.,586485843E+401 AM25= (0.10000000£+401 A29= 0.18051276E+02 AM29= 0.2547472CE+01

ARATIO= 3,086 OuT OF RANGE,USE DATA FOR 2.150

CuUTPUT AM= 2,500 ALTP= 50000. To= 3250.00 T26= 3460.00 ETAR= C,8703
PLMF CNF 1F PRF WAF{ WAF
0.709714E+02 0.5462115400 0.652696E+00 0.141563E+01 0.254159€+03 0.333068E+02
PCNC NG c PRC WACC waC
0,792542E+02 0.670088F+00 0.657516E+00 0a 47997BE+0]) 0.5747B1E+02 0.,100423E+03
T2 P2 T21 P21 T3 P3
0.B75661E+03 0.170275F+01 0.987251£+03 0.241047E+01 0.170093E404 0.115697E+C2
PCELF BLF pPCBLC 8LC PCRLOB aLcs
. 0. 0.970000E-01 C.974107E+01 0. 0.
PCBLHP BLHP PCBLLP BLLP T4 P4
0. 0. 0.100000E+01 04974 107E+0L 0.3260008+04 0.108562£+07
LE-¥] a3y WG4 FARS ETAR oPLOM
0.,906823E402 0.248834E+01 0.931707E+02 0.274401E-01 G.985000E+00 0.616665E~01
TFFHP CNHP DHTCHP OHTC T5 PS5
0.333433E+02 0.138808E+01 0.607172E~01 0.199384E+03 0.,261240E+04 0.332216E+0Q1:
TEFLP CHNLP DHTCLP HYEF T5% P55
0.975392£+02 0.138856E£401 0.150943£-01 0.984124E+02 0.223271E+04 0417391 5E+01
PLALOY BLDU T24 P24 125 P25
C. 0. 0.346000E+0¢4 0.224230E401 0.346000E+04 0.22423CE+01
WAD WFD WG24 FaR24 ETAD 0PDUC
0.232643E+03 (0.108448E+402 0.243590E+03 0.470450E~01 0.900000€+0C 0.1997896~01
ETAF ETAC ETATHP ETATLP AMS S5 AM25
0.796334F+00 0.715568E+00 0.855728E+00 0.912016E+00 0.238583E+40C 04268145E+07
T6 Po Ps6 AMS V6 wGo
04223271E+04 Us173915E401) 0.1567855E+01 0.238583E+00 0.531377€+03 0.102912£403
YT WFA Wev FART ETAA DPAFT
0.223271E404 0. 0.102912E+03 0.247785£-01 0. 0.480924E-01
PS8 AMB ve Ps9 AMg v9
0.908306€E+00 0.100000F+01 0.,208B80E+04 0.908306E+00 0,100000E+01 0.208880E+Cs
PS23 aM28 vze PS29 AM29 v29
0.124170E+0] 0.100000€+01 0.258242E¢04 0.114456E+00 0.254T4TE+01 0.510859E+04
BYPASS HPEXT WFT WGT VA FRD
0.231664E401 O, 0.134331€+02 0,346501E+03 0.242123E404 0. 25064 8E+05
CVMNOZ Vim cvinNDZ FGM FGP

0.8783495400 0,183469E+04 0.965722E+00 0.4933348BE+0% 0+432198E+405 0.444T08E+04

MAIN SCNIC CONVERGENT NOZZILE FG= 47665488 FN= 22602.09 SFC= 2412959
QUCT SHOCX JUTSIDE C-D NOZZILE

CONVERGED AFTER 1 LDOPS
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Mixed-Flow Turbofan

Design point. - A mixed-flow turbofan engine is designed by using the input
IGASMX = 1 and resetting the AM and ALTP to the desired value (sea-level-static in the
example). This output listing shows the rebalancing of the fan and inner compressor
pressure ratio to a value such that the static pressures at stations 25 and 55 will match.
The overall compressor pressure ratio remains fixed. The values of the combination
are not necessarily the optimum values; but it does give an indication, for the selected
design values, as to what combination can be considered. Once the static-pressure val-
ues are satisfied, the program operates in a normal design mode. The other input cards
are those required for the afterburner design. These values of design efficiency and
temperature must be input for the design case in order to scale the generalized after-
burner map to the proper design conditions. The afterburning takes place in the com-
pletely mixed streams - similar to an afterburning turbojet. The mixed-flow turbofan
engine uses a single exhaust nozzle. The design areas are then printed out for this type
of operation.

$D(1}+IDES=1, #1

$D{1),IDES=1,

AM=0,ALTP=0, IGASMX=1s * MIXED FLOW TURBOFAN - DESIGN CASE
TIDS=3460yETAADS=4.89, AM6=,15,DPA+DS=,.05, ¥ AFTERBURNER DESIGN VALUES

FAN DESIGN PRFCF= 0,37500000E+01 ETAFCF= 0.94204545E+00 WAFCF= 0.83333334E+00 T208= 0.51866820E+03
COMPRESSOR DESIGN PRCCF= 0,12857143E+0)1 ETACCF= 0.98837209€+00 WACCF= 0,10000000E+01 T21DS= 0,705743229€+03
COMBUSTER DESIGN WA3CDS= 0.19974841F+02 ETABCF= 0.98500000E+00 DTCOCF= 0.10000000E+01

HePe TURBINE DESIGN CNHPCF= 0.11419282E+01 TFHPCF= 0.15210490E+0] ETH4PCF= 0.10000000F+01 DHHPCF= 0.1008901EE+Q1
LePa TURBINE DESIGN CNLPCF= 0,11782237E+01 TFLPCF= 0.14620719E+01 ETLPCF= 0,10235344E+01 DHLPCF= 0.249€7145E+C1
CHANGE PRFDS FROM 20500 TO 3.701 AND PRCDS FROM 10.000 TO 6.754

FAN CESIGN PRFCF= 0,67532611E+01 ETAFCF= 0.94204545E+00 WAFCF= 0.83333334E+00 T20S= 0.518£6820E+03
COMPRESSOR DESIGN PRCCF= 0,82205365E+00.ETACCF= 0,98837209E+00 WACLF= 0.10000000E+01 T210S= 0.80123&6¢60E+03
COMBUSTER DESIGN WA3CDS= 0,27828602F+02 ETABCF= 0.98500000E+00 DTIOCF= 0.10000000E+01

H.P. TURBINE DESIGN CNHPCF= 0,11419282E+01 TFHPCF= 0.10948068£+01 ETAPLF= 0,100000005+01 DHHPCF= 0.89256629E+00
L+.Ps TURBINE DESIGN CNLPCF= 0.11947035E+0} TFLPCF= 0.11955020€E+01 ETLPCF= 0,10235344E+01 DHLPCF= 0.26482349E+C1
CHANGE PRFDS FROM 2.500 1O 4,057 AND PRCLDS FROM 10.000 7O 6,163

FAN DESIGN PRICF= 0,76415902E+01 ETAFCF= 0.94204545E+400 WAFCF= 0,83333334E+400 T205= 0.518¢682CE+03
COMPRESSUR DESIGN PRCLF= 0,73753452E+00 ETACCF= 0.98B37209E+400 WACCF= 0.10000000€+01 T21DS= 0.824%88B5E+03
COMBUSTER DESIGN WA3CDS= 0,30070055E+02 ETABCF= C.98500000E+00 DTLOCF= 0,10000000E+01

HeP. TURBINE DESIGN CNHPCF= 0.11419232E+01 TFHPCF= 0.10136263E+01 ETHPCF= 0,10000000E+01 DHHPCF= 0,862E961CE+0C
L.P. TURQINE DESIGN CNLPCF= 0,11789344E401 TFLPCF= 0.11433495E+01 ETLPCF= 0.10235344E+01 DHLPCF= 0.26415626E+01
CHANGE PREODS FRQOM 2.500 10 44215 AND PRCDS FROM 10.000 1O 5931

FAN DESIGH PRFCF= 0.80373937E+4C1 ETAFCF= 0.74204545E+00 WAFCF= 0.83333334E+00 T2DS= 0.518€6820E+03
COMPRESSO< DESIGN PRCCF= 0.70446542E+00 ETACCF= 0.98837209£+00 WACCF= 0,10000000E+01 T21DS= 0.835(7622E+03
COMBUSTER DESIGN «A3C0S= 0,21058852F+02 ETABCF= 0.98500000€+0C 2VCOCF= 0.10000000F+01

HeP. TURBINE DFSIG CNHPCF= 0.11419282E+401 TFHPCF= 0.98150524E+400 ETAPCF= 0.10000000E+01 DHHPCF= 0.849593¢5E+CC
L.P. TUREINE DFSIGN CNLPCF= 0.12007443E+401 TFLPCF= 0.,11225456E+01 ETLPCF= 0.10235344E+01 DHLPCF= 0.263%1416E+401

TURBINE/DUCY AREA DESIGN AS55= 0.87603192E+01 AM55= 0.238255L1E+00 425= 0.10494306F+02 AM25= 0.57€€1657€-01
AFTERRURNZR DFSIGH WG6CNS= 0.51521512E+04

NUGZZILE DeSIGN Ad= 0.4866023RF+C1 AMB= 0.10000000E+02 A9= 0.48660238E+01 AM3= 0.10CCO0COE+OL
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SUTPUT

MAIN SCNIC CONVERGENT NOZZLE

aM= 0. aLye= V. Té=
PCAF CNF IF
0.10CO0UE«03  0.100000E+01  0.833333E+00
PCNC €N ¢
0.10CCOGE+03  0.1000QGE«01  0.814332£400
T2 P2 21
0.51366°E+03  0.100000F+01  0.835076E+03
PCALE BLE PCALL
o. 0.970000E-01
PCELHP BLHP PCALLP
o. 0. 0.100000E +01
WA3 WEE Woo
0.2999596+403  0.948284E+01  0.309442E+03
TEEHP CNHP DHTCHP
0.509427E+02  ©.175142E+01  0.600000E-01
TEFLP cNLe DHYCLP
0.1158G35+03  0,191548E+01  0.171750€~01
PLHLDU BLOU T24
0. a. 0.835076E+03
WAD WFD wG24
0.167819E+03 0. 0.167819€+03
ETAF ETAC ETATHP
0.829000E+00  0.8500006+00  0.9000VOE +0D
T6 Pe (33
0.181619E+04  0.421426E+01  0.415724E+01
T7 W67
0.181619E+04 0. 0.509483E+403
PS8 AM8 v
0.2179564E+01  0.1000006401  0.18903BE+04
Ps23 AM28 vas
0. 0. 0.
BYPASS HPEXT WET
0.505203E+00  O. 0.948284E+01
CVMNOZ VaM CVONDZ
0.963159E+00  0.1B2074E+04 O,

CONVERGED AFTER 1 L00PS

COMMON

0.1CO0000E+03
0.833333£+00
0.814332€+00
0.326000E+04
0.5C0000E+Q2
0.130000£+%03
Q.
0+346000E+04
0.876032E+01
0.412124E+01

0.518670E+03
0.835076E403
0.326000F +04
0.224356E404
0.1C0000E +01
0.1CO000E +01
0.200000€ +01
0.230000E +01

Q.
0.5C0000E+02

041C00Q0E+Q1
0.835076E+03
0.835076E+03

C.
0.167819E403
0. =

0.224356E+04
0.,948284E+01
0.181619E+04
0.181619E+04
0.5094B2E +03
0.415724€+01
0,155960E+04

Q.
0,288318E+05

0.833333€+00

0+100000E+03
0.10000DE+03
0.100000E+03
Oa

0.200000E+01
0.230000E+01
0Oa

0.

0. 104943E+02
0,238255E+00

0.100000E+0)
0.421436E+01
0.236000E+02
0.427559E+0)
0.421496E+01
D.533126E+01
0.900000E +Q0
0.903000E +00

0.
0.130000€+03

0. 500000E+03
0,421496E+01
0,413066E401
Q.
0.
0.

0.427559E+01
0.341664E+03
0.421426E+01
0,400355E+01
0.

0.,290659E+03
0,217954E+01

0.
Da121464E+05

0.100000E+03

©0.326000E40%
0,421496E+01
0.593126E+01
0.181282E+0%
0.900000E+00
0,903000E+00
C.

0.
0.192546E+02

0.123918E+03
0.2002592E+03
0,907719E+03
0.593308E+03
0.829000E+00
0.850000E+00
0.509996E-01
0.452585E-01
0.100000E+01
Q.

0.332181E+403
0.200259£+403
0.200259E+03

0.
0.167819E+03
0.

0.593308E+03
0.285472E-01
0.463844E+03
0.463844E+03
0.509483E+03
0.143360E+00
0.189038E+04

0.
0.948284E40)

FG= 40978.13

-0,000000E~19

0.100000E+03
0.829000E+00
0.850000E+00
0.985006£+00
0.981505E+00
0.122255E+01
De

0.890000E+00
0.192546E+02
0.963159E+00

0.159103E+01
0.160719E+40L
0.1877B8E+0L
0.187903E+01
0.500000€+03
0. 100000E+03
0.166259€+03
0.123352€+03
0.833333E+00
0.970060E-01

0.
0.160719E+01
0.160858E+01
0.
(%
0.

0.187903€+01
.

0,181456E+01
0.181808E+01
0.189657E-01
0.181019E+04
0, 100000E+01

0.
0.509483E+03

-0.000000E~19

Oe

0.500000E+03
0.332181E+03
0.310589E+02
0.114193E+01
0.120074E+01
0+115056E+04
0.515215E+04
0.486602E+01

0.

0.518668E+03
0s144718E+04
0.272550E+04

0.
0.500000E+03
0.332181E£+03

Q.
0,322216E¢02
G.100000E+03
0.

0.
0.835076E+03
0.835076E¢03
0.
0.
0.

0.835076E+03
0.167819E+03
0.181619E+04
0,181619E+04
0.

0.394954E+01
0.155960E404
0.182074E404
0.189657E-01

3260.00
oRF
0.421496E+01
PRC
0.593126E+01

0,421496£401

BLZ
0.322216E+02
RLLP
0.322216E+02
FAR4
0.316137E-01
DHTC
Us165259E+03
DHTF
0.123352E403
P24
0.413066E+01
FAR24
0.
ETATLP
0.903000E+00
AMp
0.143360E+00
FART
0.189657E-01
Ps9
0.217954E+01

Q.
WGT
0.509483E+03
vJD
Oe

FN= 40978.13

0.814332E+00

0,100000E+01
0.803739E401
0.704465E+00
0+550000E~01
0.100000E+01
0.,102353E+01
0.200000€-01
0.500000E~01
0.486602E+01

0.

0.100000E+01
0.250000E+02
0.949214E4+01
0.322216E+02
0.299959E+03
0.985000E+00
0.309442E+03
0,341664E+03
0.814332E+00
C.

0,355137E+03
0.,421496E+01
0.413066E+0)

0.
0.200000E-01

0.%413066E+01
0.400355E+01
0.400355E401
0.500000E-01
0.306344E+03
0.217954E+01
0.288318E+05
0.409781E+05

ETAR= 1.0000

WAFC wWAF
0.500000E+03 0.50C00CE+02
WALC wAC
0.100000€+02 0.332181¢€+C2
T3 P3
0.144718E+04 0.250000£+C2
PCBLOR 6LOB
0. 0.
T4 P4

0.326000E+04 0.2360008+C2

ETAB

DPCOM

0.985000E+00 0.56000CE~01

15

PS

0.272550E+04 0.949214E+01

55

P55

0.224356E+0% 0.427559E+01

T25 P25
0.835076E+03 0.413066E+01
ETAD DPDUC
Q. 0.20000CE~01
AMS S AM25

0.2382556£400 0.578617€-01

vé W66
0.290659E+032 0.509483E£+02
ETAA OPAFT
o, 0.500000E~C1L
AM9 v
0.100000E+01L 0.1839038E+C4
AM29 v29
0. 0.
va FRD
0. 0.
FGM FGP

0.233318E+05 0.121464E+05

0.100C00E+03

0.100000E+01
0.942045€+00
0.988372E+00
0,100000E+01
0.849994E+00
0.263514E401
0.
0.
Qq.
0.

0.123918E+0Q3
0.355137E+03
0. T41460E+03

0.

0.3059442E+03
0.560000E-01
0.3161376~01
0.285472E~01
0.,10C000E+03
0.

Q.
0.200259€+03
0.200259E+03

[N
0.505203E+00
0.

0.200259€+03
0 .100000E+01
0.463844F+03
0.463844E+03
0.531343€+03
0.151095E+00
0.+189038E+04

Q.
0.409781E405

SFC= 0.82308

0.3260C0E+04 [}

0.1000C0E+01
0.833333E+00
0+ 1I00COOE+0]
0.9850C0E+00
Co51866BE+03
0.835076E403

0.159103E+01
ne162376E+0L
0.188473€+01

0.
C.316137E-01
Q.
0.111689£404

0.
C.94B284E+C1
0.10CCCOE+OL

©.
€. 160719£+01
0.1608585401
Q.
0,
C.

0,160858E+01
c.,

C€.1818082+01
0,181 208E+01
C.R1A543E+02
0.578617&-01
0.100CC05+01
0.121464E405
0.833084E+00

Off-design. - The following are off-design cases for the mixed-flow turbofan.

Case 1: The off-design case was selected to be supersonic Mach number (2.5) at

50 000 feet altitude. Case 1 illustrates a setup case for the afterburning case (case 2)

which follows immediately after. Since the engine is operating at the design T4, the only
input cards required are the AM and ALTP cards.
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SD{1}yAM=2,5,ALTP=50000, $1
* OFF DESIGN OPERATION AT MAX T4 (SETUP CASE)

CuTpPuT AM= 2,500 ALTP= 50000. T4= 3260,00 ETAR= 0.E703
PCUNF CNF F PRF WAFC wAF
0.563944E£+02 0.434023E+00 0.4357TTE+00 0. 140745E+01 0.222610E+03 0.291724E+C2
PCNC CNC zc PRC © WACC WAC

0.856482E+02 0.786044E+00 0.696801E+00 0¢372696E401 0.583886E402 0.118544¢£+02
T P T P3

P2 T21 21
0.B75661E+03 0.170275£+01 0.991445E+03 0.239654E+401 0.153061E+04 0.888387E+CL

PCBLF BLF pCBLC 8Ll PC8LOB BLOB
. 0. 0.970000E-01 0.114987€+02 0. 0.
PCBLHP BLHP pCaLLP BLLP T4 P4
0. 0. 0.100000E+0L 0.114987E+02 0.326000E+04 0.837006E+CL
WA3 WwF8 WG4 FARG ETAB oPCOM
0.10704SE+03 0.323859E401 0.110283€+03 0.302545E-01 0.985000E+00 0.578362E~C1
TFFHP CNHP DHTCHP DHYC T5 P5
0.511908E+02 0.1500065+01 0.538222E-01 0.148746E+03 0.278122E+04 0.36984BE+01
TFFLP CNLP DHTCLP DHTF 155 P55
0.107005E+03 0.106935E+01 0.103248E-01 0.755756E+02 0.244645E+04 0.231426E+01
pPCBLDU BLDU T24 P24 T25 P25
O. 0. 0.991445E+03 0.230175E+01 0.991445E+03 0.230175€+(C1
WAD WFD WG24 FAR24 ETAD oPDUC
0.173180E+03 O. 0.173180€E+03 Qe 0. 0+395519¢€-C1
ETaAF ETAC ETATHP ETATLP AMSS AMZ2S5
0.753899€+0C 0.773388E+00 0.889117E+00 0.889316E+00 0.161228E+00 0e117851E+CC
Té6 P6 PSs AMS N vé WGo
0.163453E404 0.230603E+01 0.227469E+01 0.143137E+00 0.276685E+03 0a294962E+C2
T7 WFA WG7 FART ETAA OPAFT
0.163458E+04 0. 0.294962E+03 0.111016E-0L C. 0.501864€~01
PS8 AM8 ve PS3 AM9 v9
0.118683E+01 0.100000E+01 0.179734E+04 0.118688£+01 0.100000E+01 0e179734E+04
Ps28 AM28 v2s P£S29 AM29 v29
0. 0. Oa O Q. Q.
BYPASS HPEXT WFT WGT VA FRD
0.146090E+01 0. 0.323859E+01 0.294962E+03 0.242123E+04 04219534E40°5
CVMNDZ VRL CVvDNDZ vJp FGM FGP
0.858472E+00 0.154296E+04 0. 0. 0.141454E+05 0.110434£+405
MAIN SCNIC CONVERGENT NOZZLE FG= 25188482 FN=  3235.39 SFC= 3,€(35¢

CONVERGED AFTER 21 LOOPS

Case 2: The previous setup case is used here for an afterburning example. Values
of afterburner efficiency ETAA, pressure loss DPAFT, and Mach number AMS6 indicate
values selected from the afterburner performance map at off-design. The expanded
nozzle areas are shown; a printout indicating that a nozzle having a greater expansion
ratio than the convergent-divergent nozzle map used would have been more optimum
(instead of 2.150). Consequently, a slight loss in velocity coefficient due to an under-
expanded nozzle occurred.

$D(1)y T7=346C, IAFTBN=1, ¢+ AFTERBURNING CASE

NOZZLE DESISN AB= 0.76637719E+01 AM8= 0.10000000E+01 A9= 0.23089376E+02 AM9= 0,25228265E+01
ARATIG= 5.013 OUT OF RANGE,USE DATA FOR 2.150
ouTeut AM= 2.500 ALTP= 50000. T4= 3260.00 T7= 34560.00 ETAR= 0.8703
PCNF CNF IF PRF WAFC WAF
0.563944E+02 0.434023E+00 0.43%77TE+00 0.140745E+401 0.222610E+03 0.291724E+02
PCNC CNC 2C PRC WACC WAC
0.85648,E+02 N.786044E+00 0.696801£+400 0.370696E+QL 0.683886E402 0.118544E403
T2 P2 T21 P21 T3 P3
0.875661E403 0.170275E+01 0.991445E+03 04239654E+01 0.153061€+04 0.888387E+C1
PCRLF BLF PCRLC < pcaLoB BLNB
0. [+ 0.970000E-01 0+114987TE+02 0. 0.
PCBLHY BLHP PCRLLP BLLP T4 P4
O. Os 0.100000E+01 0.114987€+02 0.326000E+04 0.B837006£+01
Wa3 WFB WG4 FAR4 ETAR opPCcom
0.107045E+03 0.323859E+01 0.110283E+03 04302545E-01 0.985000€+00 0.,578362E~01
TEFHP CNHP DHTCHP DHTC TS P5
0.511908€+02 04 150006E+01 0.538222€E-01 0. 148746E403 D.278122E+06 0.369848E+C1
TFFLP CNLP DHTCLP DHTF T55 P55
0.107003E+03 0.106935E401 Ce103248E~01 0.755756E+02 04244645E+04 0.231426E401
PCHBLOU BLDU T24 P24 T25 P25
0. 0. 0.,991445E+03 0.230175E+01 0.991445E+02 0.230175E+01
WAC WFD WG24 FAR24 ETAD DPOUC
0.173180E+03 0. 0.173180E+03 0. 0. 0,395519€E~C1
ETAF FTAC ETATHP ETATLP AM5 S AM25

0.753899E+00 0,77338BE+00 0.889117£+00 0.883316E+00 0.161228E+00 0.117851E+0C
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T6 Pe Ps6 AMS vé WG6
0.163458E+04 0.230603£+401 0.227468E+01 0.143137€+Q0 0,276685E+03 0.294962E+C3
7 FART

R ETAA UPAFT
0.346C00E+04 0.109850E+02 0.305947E403 0.487570E-01 0.774686E+00 0.501864E-01
PSe V8 PSy AMG Ve
0.119096E+01 0.100000£+01 0.258203E+404 0. 114456E+00 0,252284E+01 0.508533E+04
PS28 AM28 v2s Ps29 AM29 V29
0. 0. O. C. [ 0.
BYPASS HPEXT WFT HGT VA ERD
0«14609CE+QL [\ 1Y 0,142236E+02 0.305947E+03 0.242123E+04 0+ 219534E4C5
CVMNOZ VJIM CVDNOZ vJD FGM
0.966656E+00 0.491576E+04 0. 0. 0. 46T646E+05 0.
MAIN SHOCK JUTSIDE C-D NOZ2LE FG= 46744.62 FN= 24791.19 SFC= 2.0¢6544

CONVERGED AFTER 1 LDOPS

Design case without pressure ratio rematch. - The mixed-flow turbofan engine is
shown again. However, the design fan and compressor pressure ratios were picked such
that no rematch was required to balance the static pressures. This is another design
case. As many design cases as desired can be run in succession. Care must always be
taken to include the variables in input that need to be changed from the previous design
case.

$0t1)+1DES=1,
$N(1),IDES=1,
PRFDS=5,0,PRCIIS=5.04AM=0,aLTP=0,¢ MIXED FLCW TURBOFAN WITHOUT REQUIRED P REMATCH

FAN DESIGH PRFCF= 0. 10000000E+02 ETAFCF= 0.94204545E+00 WAFCF= 0.83333334E£+00 T205= 0,518¢6820E+03
COMPRESSOR DESIGN PRCCF= 0,57142857E+00 ETACCF= 0.98837209F+00 WACLF= 0.10000000F+01 T21DS= 0.8B12SYE4E+C3
CUOMBUSTER DESIGN WA3CDS= 0.35881686E+02 ETABLF= Q.94500000€+400 NDYLOCF= 0.100000N0F+01

HePo. TURBIME DESIGH CNHPCF= 0.11419282E+01 TFHPCF= 0,85001019€+00 ETHAPCF= 0,10000000E+01 DHHPCF= 0.78992675E+00
LePe TURBINE DESIGY CNLPCF= 0.12091271E401 TFLPLF= D.10362098E+01 ETLPCF= 0.10235344F+01 DHLPCF= 0,25841724E+01

TURBINE/DULY AREA UESIOGN A55= U,93469959E+01 AM55= 0,23825344E+00 A25= 0,10994153E+01 AM25= 0.35644279E+00

AFTERBURNFR DESIOGN WGHLNS= 0,.48504900E+04
HOZILE DESIGN AB= 0.46035268E+01 AMg= 0.10000000E+01 A9= 0.46035268E401 AM3= 0.10CCOCOCE+CQL
CuTPUT AM= 0O, ALTP= 0. T4= 3260.00 ETAR= 1.C0OCC
PCNF CNF ¥ PRF . RWAFC WAF
0.10C00NE+03 0.100000€+01 0.833333£+400 0.500000E+01 0,500000E+Q 3 0.50000CE+C3
PONG N [49 PRC WACC
0.100000E+03 C.1C0C00E+01 0.814332E+400 0.500000E+01 3.100000E+03 0.383577E+C2
T2 p2 T21 P21 T3 P3
0.518663E+03 0.100000E+01 0.881300E+03 0.500000€401 0.144B58E+04 0.25000CE+02
PCRBLF BLF PCBLC BLL PCBLOB sL08
0. a, 0.970000E-01 0.372070E+02 0. 0.
PLRLHE ALHP PLOLLP BLLP T4 P4
Q. Oe 0.100000E+01 0.372070E402 0.326000E+04 0.236000E+02
WA3 WF8 WG4 FARG £Ya8 OPLOM
0.346370E+03 0.109422E402 0.357312E+03 0.315911FE-01 0.985000E+0C 0.56000CE-C1
TFFHP CAHP DHTCHP DHTC 75 P5
0.58822°E+02 0.175142E+01 0+600000E-01 0.154510E+03 0.,276368E+04 0.101882E+02
TFFLP CNLP ourtcLe OHYF 5 P55
0.125457E+03 0.190220F+01 0.,171750€-01 0.122659E403 0.228157E+404 0.466804E+C1
PCALDY BLoU 724 P24 T25 P25
0. [t 0.881300€+03 0,490000£+01 0.881300E+03 0.49000G0E+Q1
waD wFD WG24 FAR24 ETAD oPDUC
0.115423E+03 0. 0.,116423E+03 0. 0. 0.20000CE-0O1
ETAF ETAC ETATHP ETATLP AM5S AM2S
0.829C0CE+00 0.850000E+00 0.900000E+00 0.903000€+00 0.238253E+00 0.356444E+00
T6 P& PS6 LLELY vé w66
0.199038E+04 0.468986F+01 Q0.449153E401 0.256683E+00 0.541234E+02 0.510942E+03
T7 WEA WG7 FART ETAA NPAFT
0.199034E+04 0. 0.510942E+03 D, 218B44E-01 0. 0.500000€-01
PS8 Avg v8 PSI AM9 va
0424324¢E+0Y 0.100000E401 0.197586E+04 0.243248E+01 0.100000E+01 0.197586E+04
PsS28 aAM28 vas PS29 AM29 vZ29
0. 0. 0. 0. 0. 0.
BYPASS HPEXT WFT WGt VA FRD
0.303514E400 0. 0.109422E+02 0.510942E+03 0. 0.
CVMNDZ VM CVDNOZ v FGM FGP
0.957521E+00 0.1891925+04 0. O. 0.300448E+05 0.139553E+05
MAIN SCNIC CONVERGENT NQZZLE FG= 44000,11 FN= £4000.11 SFC= 0.88527

CONVERGED AFTER 1 LooPS
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CoMMON 0.833333E+00 ©0.100000E403 -0.000000E-19 -0.00000DE-19 G.B14332E+00 0.100D00E+03 0.326000E+04 ]

0.1C0000:+03 0.100000E£+03 0.326000E404 0.100000E+03 0. 0.100000E¢01 0.100000E+01 0.100CCOE+OL
0.2333332+00 0.100000E+03 0.500000E+01 0.B829000£+00 0.500000E+03 0.100000E+02 0.942045E+00 0.833333E+00
0.816332€+00 C.100000E+03 0.500000E+01 0.850000€+00 0.383577E+03 0.571429E+00 0.,988372E+00 0.1000C0E+01
0.3260C02+00 0. 04181142E+04 0.985000E+00 0.358817E+02 0.560000€-01 0.100000E+01 0.985CCOE+00
0.5C0000+02 0.200000£+01 0.900000E+00 0.850010E+00 0.114193E+01 0.100000E+01 0.789927E+00 0.51866BE+03
0.130000%+03 G4230000E+01 0.903000E+00 0.103621E+01 0.120913E+01 0.102353E+01 0.258413E+01 0. &B13COE+03

0. C. 0. 0. D.631241E+03 0.200000E~01 0. 0.
0.346000Z 404 O. 0. 0, 8390000E+00D G. 4B6049E+ 0o 0+500000E~01 T, 0.
0.9347302+C1 0.109942E+01 0.104464E+02 0.104464E+02 0.460353E+01 0.460353E+01 0. 0.
0.449964E4+01 0.2368253€E+00 0. 0.957521E+00 0. 0. O C.

0.5186702+03 0.100000€+01 0.123918E+03 0.159103E+01 0.518668E+03 0+100000E+01 0,123918E+03 C.159103E+01
0.8913002+03 0.500000€ +01 0.211573€+03 0.160867E+01 0.14685B8E¢04 0.250000E402 0.355503E+03 0.162402E+01
0.236000E+02 0.907691E+03 0.187788E+01 0.276368E+04 0.101882E+02 0.753181£+03 0. 188413E+01
04466806E+01 0.604585E+03 0.187798E+01 0. 0.372070E+02 0. e

0.1C00N0Z+01 2« 500000E 401 0.829000E+00 0.500000E+03 0. 500000E+03 0.346370E+03 0.357312E+03 0.315911€E-01
0. 1C00LGE v O] 0,500000£+01 0.850000E+00 04100000€E+03 0.38357TE+O3 0.985000E+00 0.560000E-01 Ce

0.2C00%2C+n1 0.90G00JE+00 0.473956E-01 0.154510€+03 0. 0.357312E+03 0.315911€-01 C.1116S9E+04
0.230000E+01 0.903000€ +C0 0.,443R824E-01 0.122659€+03 0.372070E+02 04396519E+03 0.285267€-01 [

0. 0o 0.100000E+01 0.833333E+00 0.100000€+03 0.814332E+00 0.100000E+03 0.109422€+02
0.5C00002+02 0.130000E+03 0. 0.970000E-01 Y [ 0. C. 100000E+01

0.1COUO0E+01 0.5C0000E +03 0.383577€E+03 0. 0. 0.355503€+03 0. Co

0.8813908+03 0.500000£+01 0.211573E+03 0.160867E401 0.881300E+03 0.500000E+01 0.211573E+03 0.160867c+01

0.381300E403 0.490000E +01 0.211573E403 0.161005E+01 0.881300E+03 0.490000E+01 0.211573E+03 0.161CO5E+01
e,

0. 0. O. O Oa 0. €.
0.1164233+03 0. 0.116423E403 0. 0. 0.200000E-01 0.30351BE+00 0.
T. [ 0. 0. 0. 0. 0. C.

0.2281572+C4 0.466804E+01 0.604585E+03 0.187798E+01 0.881300E+03 0.490000E+01 0.211573E+03 C.161005E+01
0.1C94228+C2 0.394519E+03 0.285267E~01 O 0.116423E+03 0. 0.10C000£+01 Te

0.1690 430 +C4 0.468986E+01 N.515033E+03 0.183454E+01 0.199038E+04 0.445537E+01 0.515033E+03 0.183806E+01
041990182 +04 0.445537E+01 0.515033E+403 0.183806E+01 0.199038€+04 0.445537€E+01 0.515033E+03 €. 183806E+01

0.510942F+03 0. 0,510942E+03 0.218844E-01 Q. 0.500000E-01 0.535611€+03 0.5104C1E+03
0.449153£+0L 0.541234E+03 0.256683€+400 G.196783E+04 0.424783E+01L 0.5T1843E+03 0271337400 0.356444E+00
0.171607E+04 0.26324BE+01 0.197586E+04 0.100000E+01 0.171607E+04 0.243248E+01 0+197586E+04 9.100CCOE+OL

0. 0. 0. 0. 0.189192E+04 0.300448E+05 Q. 0.139553E405
0.3C044BE+05 0.139553E+05 0,109422E+02 0.510942E+03 0.218844E-~01 0.440001E+05 0+440001E+05 0.895270E+00

CONCLUDING REMARKS

The computer code (GENENG) presented herein has proven to be an indispensable
tool for steady-state cycle analysis of various types of jet engines, namely two-spool
mixed- or unmixed-flow turbofans and one- or two-spool turbojets.

This program has been found to be valuable for many applications because it has the
capability of studying a broad range of engine types having different design character-
istics, while it also has low-execution-time requirements. The laborious task of match-
ing components manually at off-design operating has been eliminated.

The program has proven itself to be easy to use, especially in terms of input re-
quirements. It is felt that with a minimum of effort the reader can become proficient in
using the computer code.

The code is available to be reproduced on the requestor's tape upon application to
the authors.

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, October 1, 1971,
132-15.
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APPENDIX A

GENENG PROGRAM LISTING

$IBFTC GENENG DECK
COMMON /POINT/IDATPT
COMMON/LO0OPPR/KKGOsPRFNEWy PRCNEW
DATAII1/70/
DIMENSION XLO(5):XHI{5}
EQUIVALENCE(XLDsDHLOSV) ; (XHI ,DHHISV)
COMMON/ALL/X(28)/DESIGN/Y({BO0O)/FRONT/Z(80)/SIDE/H(48)/BACK/Y(T2)
COMMON/DUMMYS/DUMMY{100)
EQUIVALENCE (PO6DSAV, DUMMY{T7) 3o {AMBDSYDUMMY(8) ) {ETAASV,DUMMY(9}),
LIFARTSY ,DUMMY{101})
LOGICAL ERRERsCLEAR
DATA CLEAR/.TRUE./
COMMON/ERER/ERRER
ERRER=,FALSE.
iF {-NOT.CLEAR) CALL ENGBAL
CLEAR=QFALSEa
DO 1 J=1,408
1 X{J)=3.
IF (111-EQ.0} KKGO=0
i1i=1
IDATPT =0
CALL CONDUT (1)
P6DSAVY =1,
AM6DSV =1,
ETAASY=1.
FARTSV=1.
DO 2 1=1,5
Xeo{ij=100.
2 XHI{I}=100.
CALL ENGBAL
sTop
END

$IBFTC ENGBAL DECK

SUBROJTINE ENGBAL

COMMON / ALL/

1WORD ,IDES JDES +KDES ,,MODE LINIT LIDUMP ,IAMTP ,
21GASMK, IDBURN, IAFTBM, IDCD o IMCD IDSHJC.IMSHOCNOZFLT,
3ITRYS ,LOOPER,NOMAP ,NUMMAP,MAPEDG, TOLALL,ERR{6]}

COMMDN /DESIGN/

1PCNFGJ o PCNCGUsT46GU  ,DUMDL ,DUMD2 ,DELFG ;DELFN ;DELSFC,
2ZFDS (PCNFDS,PRFDS ;ETAFDS,WAFDS oPRFCF ,ETAFCF,WAFCF »
32CDS ,PCNCDS,PRCDS ,ETACDS,WACDS ,PRCCF ,ETACCF,WACCF ,
4T40S WFBDS ,DTCODS.ETABDS,WA3LDS,DPCODS,DTCOCF,ETABCF,
S5TFHPDS s CNHPDS, ETHPDS » TFHPCF s CNHPCF,ETHPCF, DHHPCFT2DS
6TFLPDS s CNLPDSETLPDS « TFLPCF-CNLPCFoETLPCIFoDHLPCF,T21DS &
7724DS »WFDDS oDTDUDS,ETADDS,WA23DS,DPDUDS,DTDUCF,ETADCF,
8T7DS +WFADS »DTAFDS.ETAADS,WG6CDS,DPAFDS,DTAFCF,ETAALF,
9A55 9 A25 s Ab v AT s AB 7 A9 A28 2 A29 "
$PS55 $AM55 SCVDNOZ-CVMN3IZ,A4B8SAY .A9SAY A28S5AV,A295AY

W ead ORI QN
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COMMON /7 FRONT/

171 +P1 2 H1 # 51 972
2721 sP21 sHZ21 +521 313
374 *P4 s Hé + 54 215

4755 +P55 s H55 ¢ 555 ¢+ BLF
5CNF s PRF +ETAF  ,WAFC S WAF
6CNC s PRC +ETAC L,WACC SWAC
TCNHP  ¢ETATHP¢DHTCHP,DHTC ,BLHP
BCNLP SETATLPsDHTCLP,DHTF ,BLLP
9AM s ALTP SETAR ZF » PCNF

$TFFHP TFFLP ,PCBLF ,PCBLC ,PCBLDU

COoMMDN /  SIDE/

1XP1 + XKWAF +XWAC LXBLF »XBLDU

2XT21 #XP21 ¢XH21 $XS21 723
3724 P24 sH24 2524 s 125

4728 +P28 sH28 9528 729

SWAD s WFD s WG24 +FAR24 ETAD

671528 PS528 ,v28 s AM28 5 TS29
COMMON /7 BACK/

1XT55 XP55 $XHS55 $XS55 X725

2XWFB ¢ XWG55 «XFARS5:XHFD » XWG24

3T6 qpb 9H6 756 yT-’
478 ;P8 s H8 +S8 e 19
54G6 sWFA s WGT s FART LETAA
6PS6 2 V6 » AMS e IS8T s+ PST

7758 +PS8 :V8 s AM8 2159
8VA o FRD :VJD » FGMD »VJM
9FGM s FGP s WFT e WGT 9 FARY
COMMDN/DUMMYS/DUMMY(100)
LOGICAL ERRER;FAN

sP2
»P3
+P5
+BLC
s WA3
+ETAB
9sdAGS
+WG55
2ZC

¢+ PCBLOB,PCBLHP,PCBLLP

¢ XH3
»P23
9 P25
+P29

PHZ ySZ
9 H3 ¢S3
s H5 55

+BLOU LBLOB
s WG4 » FARG
sDPCOM DUMF
sFARS ,CS

s FAR55 ¢HPEXT
s PCNC . WFB

s DUMST ,DUMS2

sH23 523
sH25 2525
s H29 9529

2IPDUC ,BYPASS,DUMS3

2 PS29

s XP25

Y29 s AM29

1 XH25 X525

s XFAR24, XXP1 ,DUMB

sP7
sP9

s OPAFT

s VT
»PS9
+« FGMM
o FG

sHT »S7
»HO 259
2 ¥55 V25
2 AM7 2 AM25
V9 s AM9
+FGPD o FGPM
s FN + SFC

EQUIVALENCE (FAN,DUMMY(11)),{ISPOOL,DUMMY(6))

COMMOV/ERER/ERRER

DIMENSION VAR{6),DEL(6},ERRBI6),DELVAR(6},;ERAT(6,6),VMAT(6),

1AMAT(5)

DATA AWJORD/6HENGBAL/

DATA VDELTA;VLIM,VCHNGE,NOMISX/
1 0,001,0.,100,0.85054/

CALL PUTIN

If (INIT.EQ.1) GO TO 1
TFFHP=TFHPDS

TFFLP=TFLPDS

LO0OPER=0

NUMMAP =0

NOMISS=0

L00P=D

MISMAT=0

NOMAP=)D

[6G0=2

PO 3 I=1l:6

VMAT{I}1=0.

AMAT(I)=0.

DELVAR(1}1=0,

DO 3 L=1+6

EMAT{IL)=0,

LOOPER=LOOPER+]

CALL CTOFAN

WORD=A40RD

If {(L3DPER.GT-ITRYS) ERRER=,TRUE.
iIF {LJJPER.GT,ITRYS) GO TO 24
IF (NDMAP,GT.0) GD 7O 2
NUMMAP =0

@ @ b W @ @ 8 W @ @ 9 @ @ W
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10

11
12

13

14

15
16

17

|18

VAR(1}=2ZF=2100,

IF {MODE.NE.3) VAR{2}=PCNF

IF (MIDE.EQ.3) VAR(2)=T4/10.
VAR{3}=72C=100.

IF (MIDE.NE-1) VAR{4)=PCNC

If (MODE.EQ.1} VARI&)=T4/10,
VAR(5} =TFFHP

VAR{6) =TFFLP

NMAX=5

IF (FAN.OR.ISPOOL.EQ.2) GO TO 6
NMAX=3

VAR{3)=TFFLP

DO 7 I=1.NMAX

IF {ABS{ERR(I))-GT-TOLALL} GO TO 8
CALL PERF

CALL ERROR

If (LIIP,GT.0) GO T3 10
MAPEDG=0

MAPSET=0

DO 9 I=1,NMAX

ERRB{I}=ERR(I)
DEL(I)=VDELTA=#VAR(I}

GO TD 13

IF {MISMAT.GT.0) GD TO 27

IF (MAPEDG.EQ.O) GD 7O 11
MAPED3=0

MAPSET =1
VAR{LIDP)=VAR(LOOP)+2.#DEL{LOOP)
GO TO 14

IF {MAPSET.EQ.O0} VAR{LOOP)=VAR{LOOP}+DEL (LOCP)
IF (MAPSET.EQ.1) VAR{LOOP}=VAR{LDOP}-DEL{LDODP}
MAPSET=0

DO 12 I=1.NMAX
EMAT(I,L00P)=(ERRB(I}-ERR{I}}/DEL{LOOP)
LOOP=LO0P+1

IF (L3JP.GT.NMAX) GJI TO 15
VAR(LIIP)=VAR{LODP)-DEL{LOOP)
IF=VAR{1)/100.

IF (MIDE.NE.3) PLNF=VAR{2)

IF (M3DE.EQ.3) T4=VAR{2)%#10.
IC=YAR(31/100,

IF (MIDE.NE.1} PCNC=VAR{4&)

IF {(MJIDE.EQ.1} T4=VAR{4)=10.
TFFHP=VAR(5}

TFFLP=VAR{&)

I {ISPOOL.EQ.1) TFFLP=VAR(3)
IF (ZFslT.0.) ZF=0,05

IF {ZZ.4T7.0.) ZC=0.05

GO TD {2+4)+1G0

DO 16 I=1,NMAX

AMAT(I)=—~ERRB(I}

DO 18 I=1,NMAX

1ZERO=D

DO 17 LOOP=1,NMAX

IF (EMAT{(I,LO0P).EQ.0.} IZERD=IZERO+1
IF (IZERO.LT.NMAX} GO TO 18
WRITE (6,30) I

LODPER=TITRYS5+100

GO TD 24

CONTINJE

DO 20 LOOP=1,NMAX

IZERD=)

DO 19 I=1,NMAX
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20
21

22

23

24
25

26

27
28

29
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IF (EMAT{I.LO0P}.EQ.0O.] IZERO=IZERO+1
IF {IZERD.LT.NMAX) GO TO 20

WRITE {6,31) LOOP

LOOPER=ITRYS5+100

GO T0 24

CONTINUE

CALL MATRIX (EMAT,VMAT,AMAT,NMAX)
LBIG=D

VARBIG=0.0

00 22 L=1,NMAX

ABSVAR=ABS{VMATI(L))

IF (ABSVAR.LE.VLIM=VARI{L)) GO 7O 22
IFr (ABSVAR.LE.VARBIG) GO TO 22
LBIG=L

VARBIS=ABSYAR

CONTINUE

VRATIJ=1.0

IF (L316G.GT.0) VRATIO=VLIM=VAR{LBIG)/VARBIG
ERRAVE=0,0

VMTAVE=0,0

DELAVE=0.0

00 23 L=1,NMAX
DELVAR{L)=VRATIO=VMAT(L)
ERRAVE=ERRAVE+ABS (AMAT(L )}
VMTAVE=VMTAVE+ABS{VMATI{L})
DELAVE=DELAVE+ABS{DELVARI{L))

VAR{L) =VAR{L}+DELVAR{L}
ERRAVE=ERRAVE/FLDAT{ NMAX)
VMTAVE=VMTAVE/FLOAT{NMAX)
DELAVE=DELAVE/FLOAT{NMAX)

IF (MISMAT.GT.0) GD TO 29

IF (NOMISS.EQ.0) MISMAT=1

IF (MISMAT.EQ.O0) IG3=1

WRITE (8:32) LOOPER

DO 25 1I=1,NMAX

WRITE (8+33) AMAT(I) (EMAT{I L)eL=1c6),YMAT{I).DELVAR{I) +VAR{I)
WRITE (8534} ERRAVE,VMTAVE,DELAVE
IF (LJJIPER.LT.ITRYS} GO TO 14

CALL ERROR

RETURN

VMTAVK=VMTAVE

DO 28 I=1,NMAX

AMAT(I)==-ERR(I}

GO TD 21

WRITE (8y35) AMAT,ERRAVE,DELVAR;DELAVE,VMAT,VMTAVE,VAR
MISMAT=MISMAT+1

IF (VMTAVE.LT.VCHNGE=#VMTAVX) GO TD 26
WRITE (8,36}

IF (MISMAT.LT.NOMISX) NOMISS=1
MISMAT =0

L0ooP=)

160=2

GO 70 5

FORMAT {4HOROW,12,16H IS ZERD IN EMAT)
FORMAT ({T7HOCOLUMN,12,16H IS ZERDO IN EMAT)
FORMAT (8HB ERRB,28X23HERROR MATRIX AFTER LOOP,I14,29X4HYMAT ,6X5H

LDELYAR, TX14HVARIABLES$55%%)

FORMAT (1HO3FBa4¢8X6F10.45 10XF10e4sF11:494XF1llob+6H$85558%)
FORMAT (1HO,FB.4,32X14HAVERAGE VALUES,31Xs2F1ll.4y6H5$%$%8%)

141
142
143
146
145
145
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
166
165
166
167
168
169
170
171
i72
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
i89
1390
191
192
193
194
195
196
197
198
199
200
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36

$IBFTC GUESSS

FORMAY {12HOw=--- AMAT, TF1l606:6H$$$8884/912H ——==—~ DELVAR7F15.5¢6
LHE$868%4/ 412H —~--- VMAT, TF16.6:.6H5$$8385/512H =~~~ VAR, 5F15.6
2:6H$$888%)

FORMAT {1HO,50X22HCHANGE TOD SMALLS$53$55)

END

DECK

FUNCTION GUESS{MsToTDyPsPD;WsWDoDyDDyVD}

IF (M. EQ.O1}
IF (M. EQ.1)
IF {(M.EQ.2)
IF (M.EQ.3)
IF (M.EQ.%)
IF (M. EQ.5}
IF (M. EQe6)
IF (M. EQaT}
RETURN

END

GUESS=VD={(T/TD)#=1.60)={(DD/D)#=20.50)
GUESS=VYD=#{{P/PD}#=1.80)=({DD/D)=20,.33)
GUESS=VD#{(W/WD)}#20.33}={(DD/D)==21.00)
GUESS=VD# ({W/WD}%20,00)=2{(P/PD)#20.50)
GUESS=VD#{{W/HD]##0,005={(P/PD)=2%0,50)
GUESS=VD&{{T/TD)}=#1.101={{DD/D)#%0.60)
GUESS=VD#({P/PD}#21.00}1=#{{D/DD)#=50.25)
GUESS=VD#{(P/PD)#%0,62)#{{D/DD)#=20.31)

$IBFTC MATRLIX DECK
SUBROJTINE MATRIX (EosVsAsN)
DIMENSION E{636)sVI(6)sA{6)PIVITIoT(657)

3|

MNN=N+1
NM=N-1

D0 2 Js=1sN

IF (TEMP.GTL.ABS(T{J,1))) GD TO 2
TEMP=4BS{T(J,1))

iPlv=}
CONTINUE
IPl=1+#1

DO 3 J=IPLlsNN
PIVIJ)=TUIPIV.J)/TLIPIV, )

IFROM=N
ITO=N

iF (IFROM.EQ.IPIV) GD 7D 6
RM==T{ IFROM, I}

DO 5 J=IPLl,NN

TLITO: J)=T{IFROM; J)+RM=PIV{J)

1T0=1T3-1

IFROM=IFROM-1
IF {IFROM.GE-I) GO TO 4
DO 7 J=1IP1.NN
T{l:31=PIV(J}

DO 8 I=1,NM

J=NN-1
K=N-1
00 8 L=Je¢N

201
202
203
204
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TIKsNY)=T{KsNN}=T(KeL)=#T{L,NN)
DO 9 I=1.N

VIE)=T{I,NN)

RETURN

END

$IBFTC PUTLN DECK

50

SUBROJTINE PUTIN

COMMON /POINT/IDATPT

COMMON / ALL/

1WORD L IDES 3JDES SKDES ,MODE LINIT IDUMP ,IAMTP .
2IGASMX o IDBURN,; IAFTBN IDCD ,IMCD +IDSHOC, IMSHOC.NOZFLT,
3ITRYS <LOOPER,NOMAP ,NUMMAP,MAPEDG,;TOLALL,ERR(6]}

COMMON /DESIGN/

1PCNFGJs PCNCGU,T4GU ,DUMD1 ,DUMDZ2 ,DELFG ,DELFN ,DELSFC,
2ZFDS PCNFDS;PRFDS ,ETAFDS,HWAFDS +PRFCF <ETAFCF.WAFCF o
34CDS »PCNCDS,PRCDS ;ETACDS.WALDS PRCCF ,ETACCF,WACCF
4T74DS +WFBDS ,DTCODS+ETABDS.WA3LDS,IPLODS,DTCOCF,ETABCF,
5TFHPDS » CNHPDS, ETHPDS  TFHPCF s CNHPCF s ETHPCF o DHHPCF, T2DS
6TFLPDS yCNLPDSETLPDS o TFLPCFsCNLPCFoETLPLF,DHLPCF,T21DS
7124DS ,WFDDS ,DTOUDS,FTADDS,WA23DSyDPDUDS,DTDUCF,L,ETADCF,
B8Y7DS »WFADS ,DTAFDS,ETAADS,WG6CDS.DPAFDSyDTAFLF,ETAACF,
9A55 2 A25 s A6 o A7 A8 s A9 A28 +A29 N
$PS55 <AM55 SCVDNOZ,CVMNIZ.ABSAV ,A9SAV ,A28SAV,A29SAYV
COMMDN / FRONT/

171 sP1 s H1 sS1 212 2P2 sH2 2S2 »
2721 ¢P21 s H21 #3521 273 sP3 ¢ H3 953 9
374 « P& o Hé ¢S4 275 2P5 #H5 255 ®
4755 ¢+ P55 2 H55 + 555 s BLF ¢ BLC +BLDU BLOB
5CNF s PRF +ETAF sWAFC oWAF s WA3 sHG4 ¢FARG o
6CNC ¢PRC sETAC JWACC LWAC sETAB oDPCOM ,DUMF
TCNHP  (ETATHP¢DHTCHP s DHTC $BLHP s WG5S ¢ FARS +CS D)
BCNLP  SETATLP,DHTCLP,DHTF BLLP WG5S $FARS55 HPEXT
9AM s ALTP LETAR ZF 2 PCNF 5 12C ¢ PCNC 5, WFB 9
$TFFHP ,TFFLP ,PCBLF ,PCBLC ,PCBLDU,PCBLDB,PCBLHP,PLCBLLP
COMMDN /7 SIDE/

iXpPl s XWAF S XWAC XBLF +XBLDU #XH3 s DUMSL »DUMS2 »
2XT21  o#XP21 $XH21 5%XS21 ,723 sP23 pH23 2523 ?
3724 s P24 sH24 2524 2725 2 P25 2 H25 +525 ®
4728 2P28 2H28 2528 2 V29 2 P29 s H29 2329 )
SWAD +WFD +MG24 $FAR24 ETAD DPDUC .BYPASS,DUMS3
67S28 ,PS28 .v28 s AM28 27529 ,PS29 V29 s AM29

COMMDN / BACK/

IXT55 $XPS55 XH55 X555 $XT25 XP25 XH25 X825
2XHFB s XWGH5 XFARSSXWFD XWG24 XFAR24,XXPL DUMB
376 s PO ¢ H6 256 2 T7 o PT o HT ST N
478 + P8 s HE 258 : 79 s+ P9 o HO 2SS9 ?
5WG6 s WFA s WGT s FART LETAA DPAFT V55 s¥25 ’
6PS6 » V6 s AMS # TS7 + PS7 + VT s AMT s AM25
77S8 ¢ PS8 sV8 s AM8 +7S9 sPS9 2 VO s AM9 2
BVA « FRD W VJID o FGMD s VUM o FGMM  SFGPD  LFGPM

IFGM s FGP P WFT P WGT s FART FG g FN + SFC
COMMON/DUMMYS/DUMMY{ 100)
COMMOM/LOOPPR/KKGOyPRFENEW, PRCNEHY
DIMENSION XSAVE(308) XFILL(1)

EQUIVALENCE {XFILL,"ORD)
LOGICAL ERRER
COMMON/ERER/ERRER

34
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ITITLE=1

WILL READ IN TITLE
FOR CONSTANT T4
FOR CONSTANT PCNC
FOR CONSTANT WFB

MODE=3 FOR CONSTANT PCNF

MODE =0
MODE =1
MODE =2
INIT =1
ibumMp =1
IDUMP =2
TAMTP =0
IAMTP =1
TAMTP =2
IAMTP =3
TAMTP =4
TAMTP =5
IGASMX=~-1
IGASMK=0
IGASMK=1
IGASMX =2
IDBURN=1
IDBURY=2
IAFTBN=1
TAFTBN=2
IDCD =1
IMCD =1
NOZFLT=1
NOZFLT=2
NOZFLT=3
ITRYS =N
DIMENS ION

WILL NOT INITIALIZE PODINT

WILL DUMP LOOPING WRITE-DUTS IF ERROR DCCURS
WILL DUMP LOOPING WRITE-OUTS AFTER EVERY POINT
WILL USE INPUT AM AND MIL SPEC ETAR

WILL USE INPUT AM AND INPUT ETAR

WILL USE T2 AS T1=T1+4T72 AND STANDARD Pl

WILL USE P2 AND STANDARD 71

WILL USE T2 AND P2

WILL USE RAM2 FOR SPECIAL RECOVERY

SEPERATE FLOW». INPUT AMS
SEPARATE FLOW., A6=A55
WILL MIX DUCT AND MAIN STREAMS, A6=A25#+A55

WILL MIX DUCT AND MAIN STREAMS; INPUT AMé

FOR DUCT BURNING., INPUT T24

FOR DUCT BURNING, INPUT WFD

FOR AFTERBURNINGs INPUT T7

FOR AFTERBURNING, INPUT WFA

DUCT NOZZLE WILL BE C-D

MAIN NOZZLE WILL BE C-D

FOR FLOATING MAIN NDZZLE

FOR FLOATING DUCT NDZZLE

FOR FLOATING MAIN AND DUCT NOZZLES
NUMBER OF PASSES THRU ENGIME BEFORE QUITTING
ITABLE{(400)

DATA (ITABLE(I)»I=1431/05400,0/

CALL ZERD

IF {K<GO.EQ.1) GO T3 5

IDES=D

CALL INPUT (5;6,1,WORD,ITABLE}

IF {EXRER,

AND.IAFTBN.GT.0) GO TO 1

ERRER=,FALSE,

TABLE IS REFERENCED TO COMMON/ALL/FIRST ENTRY
IFf (IDES.EQ.O0) GD 7O 7

IF {(K<G50.NE.2) GO T2 3

DO 2 1=1.308

XFILL{IY=XSAVE(I)

CALL INPUT (5+6¢1:WDRD,ITABLE}

CONTINUE

SAVE INPUT IN CASE JF LOGP ON PRESSURE RATIOS
DO 4 I=1,308
XSAVE{ [)=XFILL(I]

Go 70 7

DO 6 i=1,308

XFILL{I)=XSAVE(I)}

WRITE {6:8) PRFDS¢PRFNEW,PRCDS,PRCNEN
PRCDS=PRCNEW

PRFDS=PRFNEW

CONTINUE
KKGOD=2

IF {IAFTBMN.GT-0.0R.IDBURN.GT.0} INIT=1

IF (NJZFLT.GT.0) INIT=1

IF (MIDE.EQ.0) MWRITE {8,9) IDES;AMsALTPT4,T2%,T7

IF {MODE.EQ.1} WRITE {(8,10) UIDES,AM,ALTP,PINC,T726,T7
IF {MJIDE.EQ.2) WRITE (8,11) IDES,AM,ALTP;WFB:T24+77
CALL COINLT

RETURYN



@O0

1,F10.3.4H T0,;F10.3)

9 FORMAT (1HO,7H
1 T4=,FBa2+53X7H

10 FORMAT {1H0,7H
1PCNC=sFBa3:5XTH

11 FORMAT {1HO,TH
1 WFB=sFBa%+5XT7H

END

$IBFTC ZERO

DECK

SUBROUTINE ZERD
COMMDN /7 ALL/

1WORD

+IDES sJDES HKDES

21GASMK, IDBURN, IAFTBY, IDCD
3ITRYS L0D0PER,NOMAP ,NUMMAP,MAPEDG, TOLALL ,ERR{6)
COMMON/DESIGN/QXQ{80)
COMMON /7 FRONT/

171
2721
374
4755
5CNF
6CNC
TCNHP
BCNLP
9AM
$TFFHP

+P1 +HL ¢51

: P21 s H21 2521

s P& o HG 254
sP55 s H55 »S55

s PRF +ETAF S HAFC
¢+ PRC sETAC S WACC
2ETATHP ; DHTCHP o DHTC
pETATLP, DHTCLP , DHTF
sALTP  L,ETAR ZF

s TFFLP PCBLF ,PCBLC

COMMON 7/ SIDE/

1XP1
2X721
3724
4728
SWAD
67528

e XWAF ,XWAC XBLF
s XP21 sXH21 $XS21
P24 s H24 9S24
+P28 ¢H28 + 528

¢+ WFD +W624 <FAR24

»PS28 ,v28 2 AM28

COMMON /7 BACK/

1XT55
2XWFR
376
478
5WG6
6PS6
7TS8
BVA
9FGM

2 XP55 4XH55 $XS55
+ XHG55 3+ XFARS55,XWFD

+P6 s H6 ¢ S6
9P8 yHS 958
' WFA s WGT s FART
s Vb 2 AM6 9 TST

2+ PS8 2 V8 s AM8
s FRD +VJD o« FGMD
¢+ FGP s WFT s WGT

COMMON/DUMMY S/ DUMMY (100}
DIMENSION Z1(63},22{48}),23(72)
EQUIVALENCE (Z1,T1)e(22,X%XP1},(Z3:XT55)

IDES=)
JDES=)
INIT=0

IDBURN=0
TAFTBN=0
IDSHOCZ=3
IMSHOC =3

T2Q=T2

52

FORMAT (18HOCHANGE PRFDS FROMsF943s4H T0.F9.3,16H AND PRCIDS FRIHM

IDES=313,10X7H AM=oF7,3:6XTH ALTP=sF7.0:6X7H
T24=3F84s2+5X7H TT=9FB8.2+6H$$5%5%%)

IDES=,13,10XTH AM=yFT7.3:6XTH ALTP=,F7.0,6X7H
T24=,F8,255XTH T7=3F8.2s6H5$5%%8)

IDES=:13,10X7H AM=3FT7.346X7TH ALTP=3F7:0+6X7H
T24=,F8s2¢5X7TH T7=:F8.2:6H3565%8)

¢t MODE S INIT L IDUMP ,IAMTP ,
+ IMCD , IDSHOC, IMSHOC o NDZFLT,

o T2 2P2 e H2 52

273 2P3 eH3 #S3

s 75 2P5 «H5 2S5

s BLF ¢BLC +BLDU BLOB

s WAF + HA3 s WG4 sFARG

s WAC +sETAB ,DPCOM ,DUMF

o BLHP WG5S +FARS L(CS
+BLLP ,WG55 LFARS55 ,HPEXT
s PCNF  IC +PCNC  WFB

s PCBLDU,PCBLOB, PCBLHP PCBLLP

*® W W @ W F F e @D

9 XBLDU . XH3 2 BUMSL ,DUMS2
2723 sP23 s H23 2523 9
3725 2 P25 g H25 2525 9
» 729 2 P29 s H29 2529 ?
+ETAD DPDUC ,BYPASS,DUMS3 ,
27829 ,PS29 ,V29 ¢ AM29

2 XT25 XP25 ,,XH25 XS25
e XWG24 XFAR2%4.XXPL DUMB
,TT vp" QH? 157

s 19 «P9 o HO 259

s ETAA ,DPAFT ,V55 s V25
s PST o V7 « AM7T s AM25
s 1S9 :PS9 s V9 9 AM9
» VJIM +FGMM  FGPD FGPM
¢+ FART FG sFN » SFC

@ @ % W D w I P
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P2Q=p2
T4Q=T4

DO 1 [=1:63
Z1(1})=0.

DO 2 1=1,48
22(1)=0.

DO 3 I=1,72
Z3(11=2.
72=722
P2=pP22
T4=T42

CALL SYG (1)
RETURN

END

$IBFTC COINLT DECK

SUBROJTINE COINLT

COMMDN / AtL/

1WORD L IDES ,JDES +KDES MODE LINIT LIDUMP ,IAMTP ,
2IGASMX s IDBURNy IAFTBN, IDCD 5 IMCD ,IDSHDC, IMSHOC,NDZFLT,
3ITRYS LO0OPER,NOMAP NUMMAP,MAPEDG, TOLALL,ERR{6)

COMMON /DESIGN/

IPCNFGJ s PCNCGU-T4GU  +DUMDL (DUMD2 DELFG oDELFN ,DELSFC,
2IFDS +PCNFDS;PRFDS ETAFDS,HWAFDS PRFCF ,ETAFCF.WAFCF .
3ZCDS o+PCNCDS,PRCDS ETACDS,WACDS ,PRCCF 2ETACCF,WACCF ,
4T4DS S WFBDS sDTCODS,ETABDS,WA3LDS,DPCODS,DTCOCF,ETABLF,
5TFHPDS s CNHPDSsETHPDS o TFHPC Fo CNHPCF s ETHPLF o OHHPCFT2DS ~
6TFLPDS ¢ CNLPDSSETLPDS s TFLPLF CNLPCF,ETLPCF, DHLPLCF-T21DS
T724DS <WFDDS ,DTDUDS.ETADDS:WA23DS,dPDUDS,DTDUCF,ETADLCF,
8T7DS o WFADS ,DTAFDSETAADS ,WG6LDS,DPAFDS,DTAFCF,ETAALF,
9A55 9vA25 2 AS v A7 + A8 249 sA28 +A29 ?
$PS55 SAM55 L,CVDNDZ,CVMNOZ.ABSAVY ,A9SAY A28SAV,A29SAY

COMMON / FRONT/ .

iT1 s P1 sH1 51 272 W P2 s H2 952
2721 o P21 2 H21 ¢S21 + 73 +P3 sH3 ¢33

374 s P& s HG »S4 275 +P5 9 HS ¢S5
4755 ¢+ P55 sH55 2555 +BLF 2 8LC #BLDU  ,BLOB
S5CNF ¢ PRF +ETAF s WAFC sWAF s HA3 s HG& s FARS
6CNC s PRC sETAC <WACC WAL sETAB ,DPCOM ,DUMF
JCNHP  (ETATHP,DHTCHP sDHTC oBLHP +KGS +FARS LS
BCNLP GETATLP.,DHTCLP,DHTF BLLP WGBS FARBS HPEXT
9AM sALTP SETAR ZF s PCHMF L ZC +PCNL 4 UFB
$TFFHP (TFFLP PCBLF ,PCBLC ,PCBLDU,PCBLDBsPCBLHP,PLBLLP

COMMON/SIDE/ZYX{48)/BACK/YZX{T2)
COMMON/DUMMYS/DUMMY{ 100}

DATA AWORD/6HCOINLT/

WORD=AHORD

AJ=773.26

6=32.174049

ALT=ALTP#2-.0855531E+07/(2.0855531E+07-ALTP)

CALL ATMOS {(ALT Tl XX1eXX2:XX3,PLlsCSoXX4, I1ER)

IF (IAMTP.EQa.2) Ti=T1472

IF (IAMTP.EQ.5) CALL RAM2 (AM,ETAR}

IF (IAMTPeNEcl-AND-IAMTP ,NE.5}) CALL RAYM {AM,ETAR]}

FAR=0,3

CALL 2R0COM (FAR,TL,CSsXX2sXX3,R1,PHI1IH1}

S1=PHI1-R1#ALOG{(PL}

H2=H1+{AM=#CS ) #22/{2.2A3=G)

® g WV W W B G B
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P2T=1.

DO 1 I=1,10

CALL THERMO (P2T3H2,T2T,52T5AWs0,04041}

IF {ABS{S2T-S1).LE.0.0001%S1} GO TO 2
P2T=Pl#EXP{{AW/1.986375)#((S2T-S1)+(1.986375/AW) 2ALOG(P2T/P1)))
CALL ERROR

RETURN

IF (IAMTP.EQ.3.0R.IAMTP,EQ.4) ETAR=P2/P2T
P2=ETAR®P2T

IF (IAMTP.NE.4) CALL THERMO {P2,H2,T2,52,XX550,0.0,1)
IF (IAMTP.EQo4) CALL THERMO (P2,H2,T2+52,XX55050.0,0)
IF (INIT.EQ.1) GD T2 5

IF (IDES.EQ.1) GO T3 3

IF {MIDE.EQ.3) GO TO 4

PCNF=3JESS {MODE ;T4 T4DS, PCNC s PCNCDS s WFBy WFBDSs T2, T2DS, PLNFDS)
PCNFGJ=PCNF

GO TO &

PCNF=PCNFDS

PCNFGJ=PCNF

T2D5=T2

ZF=ZFDS

RETURN

END

$IBFTC ATMOS DECK

[z¥eNalaNeNaNeNsEaNaNasNeloReNsisNsReNaNoNeNaNa N o]

54

SUBROJTINE ATMOS {(ZFT,TM,SIGMAsRHO, THETA,DELTA,CA,AMU,K)

THIS IS A SUBROUTINE TO COMPUTE CERTAIN ELEMENTS OF THE 1962

Ue
c

C

AL
TH

TH
1%
RO

VS WN e

Ss STANDARD ATMOSPHERE UP TO 90 KILOMETERS.
ALLING SEQUENCE.s.

ALL ATMDS (ZFT, TMs SIGMA, RHO, THETA, DELTA, CA., AMU, K)

IFT = GEOMETRIC ALTITUDE (FEET)

™ = MDLECULAR SCALE TEMPERATURE {(DEGREES RANKINE)
SIGMA = RATIO OF DENSITY TO THAT AT SEA LEVEL

R4DJ = DENSITY (LB-SEC##2-FT=#{-4) OR SLUGS-FT##3}
TAETA = RATIO OF TEMPERATURE TO THAY AT SEA LEVEL
DELTA = RATIO DF PRESSURE TO THAT AT SEA LEVEL

ca = SPEED OF SOUND (FT/SEC}

AMJ = VISCOSITY COEFFICIENT {LB-SEC/FTa22)

K NORMAL

1
2 ALTITUDE LESS THAN -5000 METERS OR GREATER THAN 90 KM
3 FLOATING POINT JOVERFLIOW

L DATA AND FUNDAMEMTAL CONSTANTS ARE IN THE METRIC SYSTEM AS
ESE QJANTITIES ARE DEFINED AS EXACT IN THIS SYSTEM.

E RADIUS OF THE EARTH (REFT59) IS THE VALUE ASSOCIATED WITH THE
59 ARDLC ATMOSPHERE SO THAT PROGRAMS CURRENTLY USING THE LIBRARY

UTINE WILL NOT REQUIRE ALTERATION T3 USE THIS ROUTINE.
DIMENSION HB{10),TMB{10),DELTAB{10),ALM{10)
DATA{H4B(I ), THB(I), DELTABL{L}, ALM{I),1I=1,10)/
~5.09 320,65, 1.75363E 00, ~64.59
0.0y 288,15 1.00000E 00, =659
11.0, 216,65, 2.23361E-01, 0.0,
209 09 216965! 5e4‘0328E“029 1.03
32.0, 228465, 8.56663E-03, 2489
47.09 2706 65¢ 1.09455E~03, 0.0+

VO NV P WN -



7 52e 09 2700659 5e82289E'0‘?Q "2@09

8 6153+ 252.65. L.79718E-04%, ~4,0,

9 79: 0+ 180,65, 1.0241 E-05, 0.0,

$ 8BaT43, 180,65, 1.6223 E-06- 0,0/
DATA REFT759/7/2.0855531E 07/; GZ /9.80665/,

1 Amz /28,9644 /s RSTAR /8.31432/,

2 FTTOKM/3.048E-04 /s S /7110.4 /»

3 AMUZ /1.2024E-05 /o CAZ 71116.457.

4 RHDZ /70.076474 /e GIZIENG /32.17417

C CONVERT GEOMETRIC ALTITUDE TO GEDPOYENTIAL ALTITUDE
HFT={REFT59/ (REFT59¢ZFT} )= ZFT

C CONVERT 4FT AND ZFT TO KILOMETERS
Z=FTTIKM=ZFT
H=FTTIOKH#HFT
K=1
THZ=T4B(2)
IF (HeLT2-5.0.0RcZ.GT:.90.0}) GO 10 7
DO 1 M=1,10
if (H=HBIM)) 2,3,1

1 CONTINUE
GO T0 7

2 M=M-~1

3 DELH=4~HB{M)
IF (ALM{M}.EQ.0.0) GO TO 4
TMK=TYB(M)+ALM{M)«DELH

C GRADIENT IS NON ZERO, PAGE 10, EQUATION I.2.10-(3)
DELTA=DELTAB(M)=#{(TYB{M)/THMK}##{GZ=AMZ/{RSTAR=ALM{HM}}})
GO 70 5

4 THMK=TYB{M)

C GRADIENT IS ZERO, PAGE 10, EQUATIDN 1.2.10-{4)
DELTA=DELTAB{MI=EXP{-GZ+AMNZ=#DELH/{RSTAR=THBIM) ] )

5 THETA=TMK/TMZ

SIGMA=DELTA/THETA

ALPHA=SQRTI{THETA#23) &« ({TMZ+S)/{TMK+S))
C CONVERSI3N TO ENGLISH UNITS

TM=1.82TMK

RHO=R-4DZ«SIGMA/GZENS

CA=CAZ=SQRT{THETA)}

AMU=AMUZ=ALPHA/GZENG

CALL 3JVERFL (J)

GO 7O {(6.8),J

6 =K+2
GO 70 8

7 K=2

8 RETURN
END

$IBFTC RAMS DECK
SUBROUTINE RAM (AM,ETAR}
IF {AM.GT.1.) GO TO 2
ETAR=1.

1 RETURN

2 IF {(A%.6T.5.) GO 7D 3
ETAR=1.-0.0752( (AM~1. }#e .35}
GO TO 1

3 ETAR=830./{{AM=224)+335,}
G0 10 1
END

QDWW WN
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$IBFTC RAMTAD DECK

SUBROJTINE RAM2 {AM,ETAR)
DIMENSION PRINLT(15),FMN{L15)
DIMENSION Y{3},X(3)

DATA FUN/Ospalsoe296300b255089leleolelelebslaboleBr2:202049267/
DATA PRINLT/299293290955:9615:9683.975.9701,.97959681,.958,.94,

1.91815 858282014475/
M=0

DO 1 J=1.15

IF {AM.GE-FMN(J)) M=y-1
IF (M.EQ.0) M=1

IF {M.GE.14} M=13

DO 2 1=1+3

PM=M-1+1

X(I)=FMN{MM)
Y{I)=PRINLT(MM)

CALL PARABD {X+YsAMsETAR)
RETURY

END

$IBFTC COFAN DECK
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SUBRDJTINE COFAN

COMMON / ALL/

1WORD L IDES +JDES +KDES MODE SINIT LIDUMP ,IAMTP ,
21GASMK, IDBURN, IAFTBN,IDCD SIMCD IDSHOC, IMSHOC,NOZFLT,
3ITRYS <LOOPER,NOMAP ,NUMMAP,MAPEDG,TDLALL,ERR{S)}

COMMDY /DESIGN/

1PCNFGJ.,PCNCGULT4GU ,DUMDYI ,DUMD2 ,DELFG ,DELFN ,DELSFC,
2ZFDS sPCNFDS;PRFDS ,ETAFDS,WAFDS ,PRFCF ,ETAFCF,WAFCF .
3ZCDS s PCNCDS.PACDS +ETACDS.WALDS <PRCCF oETACCF,WALCF .
4T4DS SWFBDS DTCODS,ETABDS,WA3CDS,DPLIDS,DTCOCF,ETABCF.
STFHPDS  CNHPDS s ETHPDS s TFHPCF s CNHPCF,ETHPLF,DHHPCF,T2DS
STFLPDS ;CNLPDS,ETLPDS s TFLPCFCNLPCF,ETLPCF,DHLPCF,;T21DS
TT24DS +WFDDS ,DTDUDS.ETADDS,WA23DS,DPDUDS,DTDULCF,ETADLF,
8T7DS +WFADS ,DTAFDS,ETAADS,HWGHCDS,DPAFDS,DTAFCF.ETAACF,
9A55 ¢+ A25 s A6 + A7 s AB s A9 sA28 sA29 »
$PS55 SAM55 SCVDNDZ,CVMNOZ;A8SAV ,A9SAV ;A285AV,;,A29SAY
COMMON / FRONT/

171 2P1 s H1 ¢ S1 2 T2 2P2 o H2 252
2721 1 P21 sH21 +S21 + 13 sP3 2 H3 +53

374 ¢ P4 s H% 2 54 s 75 s PS5 sHS +55
4755 s P55 s H55 + 555 s BLF +BLC »3LDU BLDB
5CNF s PRF sETAF LWAFC ,WAF o HA3 s WG4 s FARSG
6CNC ¢ PRC +ETAC  LWACC ,WAC +ETAB ,DPCOM ,DUMF
TCNHP  SETATHP DHTCHP ,DHTC ,BLHP WG5S +FARS HLS
BCNLP oETATLP,DHTCLP,DHTF oBLLP +dG55 (FAR55 JHPEXT
9AM +ALTP ETAR L1IF « PCNF 2C s PCNC WFB
$TFFHP TFFLP ,PCBLF ,PCBLC ,PCBLDU,PCBLOB,PCBLHP,PCBLLP
COMMDN/SIDE/ZYX{48)/ BACK/IYZIXIT2)
COMMODN/DUMMYS/DUMMY{ 100)

COMMON /7 FAN/CNX{15),PRA{L5,1S)WALXIL5,15),ETAXI15,15),
INCN,NPT{15)

DIMENSION WLH(2)

DATA AADRD,WLH/6H COFAN,6H {(L0) ;6H (HI) /

WORD=AHORD

THETA=SQRT(T2/518.668)

IF {IDES.EQ.1) THETAD=THETA
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CNF=PCNF2THETAD/ (100, =#THETA)

IF (IJES.EQ.1) WAFDS=WAFC®P2/THETA

IF (ZFelT.0.) ZF=0.

IF (ZF.GTels) ZF=1l.

CNFS=C\NF

CALL SEARCH (ZF,CNFsPRF; WAFC,ETAF,CNX{1) s NCNoPRX(1,1) ¢WACX{1 1) 4ET
LAX(1ls1),NPT{1},15,15, IGO0}

IF ({INF-CNFS)<GT.0.00052CNF) MAPEDS=1

IF (130.EQs1.0R-IG0-EQe.2) WRITE (8,11} CNFS,WLH(IGD)
WAF=WAFL#P2/THETA

IF {(IDES.NE.1l) GO TO 1

PRECF=(PRFDS-1.}/{PRF~1,)

ETAFCF=ETAFDS/ETAF

HAFCF=HWAFDS/HWAF

WRITE {6,12) PRFCF,ETAFCF;WAFLF,T2DS
PRF=PRAFCF={PRF-1.)+1.

ETAF=ETAFCF=ETAF

WAF=WAFCFsWAF

WAFC=dAFCFsWAFC

PCNF=100.«THETA*CNF/THETAD

DUMD1=PCNF

CALL THCOMP (PRFETAF,T2,H2552,P2,T21,H215521,P21)
IF {PZBLF.GT.0.} BLF=PCBLF#WAF

IF (JDES.EQ.1) GO T3 8

JDES=1

IF (INIT.EQ.1) GO TJ 7

IF (IDES.EQ.1) GO T2 5

IF (MJDE.NE.2} GO T3 2
T4=GUESS{3,Y1,Y2,PCNF,PCNFDS,HFByWFBDS,Y7:Y8,T4DS)}
PCNC=3JESSl4sY1s Y2 PCNFPCNFDScWFB, AFBDS,Y7,YB,PCNCDS)
GO 70 6

IF (M3DE.EQ.L) GO 70 4

IF (M3DE.EQ.0) GO YD 3
T4=GUESS{T7+¥1:Y2,PCNFsPCNFDS-Y¥5,Y6,T2,7T2D05,T4DS)
PCNC=GUESSI5: T4, T4DSsY3eY49Y5,Y6:T21,T21DS,PCNCDS)
GO TO 6
T4=GUESS{6,Y1,Y2,PCNCsPCNCDS,Y5,Y6,721,721DS5,T4DS}
GO TO 5

PCNC=PINCDS

T4=T4JS

WFB=WFBDS

T21DS=721

1€=1CDS

PCNCGU=PCNC

T4GU=T4

INIT=]

IFf (MJDE.NE.3) GO T3 9

IF {ABS{CNF-CNFS)}.LE.0.,001#CNFS} GO YO 10

WRITE {B8+,13) CNFS,CNF

CALL ERROR

PCNF=100,#THETA=CNF/ THETAD

CALL Z3COMP

RETURN

FORMAT {19HO® = = CNF OFF MAP F1l0.492XA63:11H% » 258355%)

FORMAT (11HOFAN DESIGN.13X8H PRFCF=,E15.8,8H ETAFCF=,E15.8,84 WA
LFCF=yE15.8,8H T2DS=,E15.8)

FORMAT {10HOCNF WAS= ,E15.8,11H AND NOW= ¢E15.8:24H CHECK PINF i
INPUTS6535%$)

END
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SUBROJTINE COCOMP

COMMDY / ALL/

1WORD L IDES SJDES KDES LMODE HINIT ,IDUMP IAMTP ,
2IGASHMX o IDBURN, IAFTBNs IDCD o IMCD oIDSHOC, IMSHOC.NOZFLT,
3ITRYS ;LO0PER,NOMAP ,NUMMAP,MAPEDG, TOLALL,ERR{6)

COMMDN /DESIGN/

LPCNFGJ; PCNCGU,T4GU - , DUMDL ,DUMD2 ,DELFG DELFN ¢DELSFC.
21FDS ,PCNFDS,PRFDS ETAFDS,WAFDS PRFCF ;ETAFCF.WAFCF
3ZCDS +PCNCDS,PRCDS ETACDS:WACDS +PRCCF LETACCF,WALCF .
4T4DS S WFBDS DTCODS,ETABDS,WA3CDS,DPCODS,DTCOCF.ETABCF,
S5TFHPDS ; CNHPDS,ETHPDS ¢ TFHPCF,CNHPCF . ETHPCF, DHHPCF.T2DS
6TFLPDS s CNLPDSETLPDS ; TFLPCF, CNLPCFoETLPLFy DHLPCF,T21DS
T724DS WFDDS sDTDUDS.ETADDS.WA23DS.DPDUDS,DTDUCF-ETADCF,
8T7DS ,WFADS DVAFDS,ETAADS,WG6LDS,DPAFDS,DTAFCF;ETAACF,
9A55 s A25 2 Ab e AT s A8 sA9 2A28 2A29 v
$PS55 LAMSS SCVDNOZsCVMNOZ,A8SAV ,A9SAV ,A28SAV,AZ3SAY
COMMDY / FRONT/

1Tl e P1 e H1 351 1 T2 W P2 o H2 252
2721 g P21 s H21 »521 e T3 +P3 9 H3 ¢+S3
374 2 P4 o H& 254 s 15 sP5 s H5 3 S5
4755 P55 o+ H55 + 555 s BLF #BLC sBLDU ,BLOB
S5CNF ¢+ PRF +ETAF HWAFC WAF s WA3 1 HG4 s FAR%
6CNC e+ PRC +ETAC SWACC WAC +ETAB DPCOM ;DUMF
TCNHP  GETATHP,DHTCHP ;DHTC BLHP WG5S s FARS HCS
8CNLP LETATLP,DHTCLP,OHTF ,LB8LLP 34655 »FARS55 HHPEXT
9AM ¢ ALTP JETAR ZIF s PCNF ¢ ZC s PCNC o WFB
$TFFHP ,TFFLP +PCBLF oPCBLC ,PCBLDU<PCBLIB,PCBLHP.PCBLLP
COMMDN/SIDE/ZYX{48)/BACK/YZIX{T72)
COMMOVM/DUMMYS/DUMMY {100)

LOGICAL ERRER,FAN

EQUIVALENCE {FAN.DUMMY{11)),{ISPOOL,DURMY{6}}

COMMOM /7 COMP/CNX{15),PRX{15,15),WACX{15,15),ETAX{15,15),
INCN,NPT{15}

DIMENS ION WLH{2)

DATA AAORD.WLH/6HCOCOMP.6H (LD) s6H (HI)} /

WORD=AWORD

THETA=SQRT{T21/518.,668)

IF (IDES.EQ.1) THETAD=THETA

CNC=P_NC2THETAD/ {100, #THETA)}

IF (VMOT.FAN} HACC=(WAF-BLF}=THETA/P21

IF {(IDES.EQel} WACDS=HWACCeP21/THETA

IF {Z0.LT.0.) ZC=0,

IF {Z3,GT.1.) ZC=1.

CNCS=INC

IF (ISPOOL-EQ.l)} GO 7O 1

% W G & ¢ W T W @

CALL SEARCH (ZCyCMCe¢PRCsWACC4ETACoCUXTL) o NENPRX{Lo1) o WACKILo1l)oET

FAX(1,1) o NPT{1})+15.15,1G0)

GO 70 2

PRC=1.

ETAC=1.

CNC=1,

PRCCF=1.

CONTINUE

IF (MIDE.EQ.1) GO T3 3

IF {{ZNC-CNCS)sGTo0.00054CNC} MAPEDG=1

IF (133:EQ.1.0R. IG0.EQ.2) WRETE (8,7} CNCS,WLH{IGO}
WAC=WACC=2P2L/THETA

IF (IDES.NE.1} GO T3 4

IF (ISPOOL.EQ.2) PRCCF={PRCDS-1:}/{PRC~1,)}
ETACCF=ETACDS/ETAC

IF (ISPOOL.EQ.1} ETACLF=1.0

D WO N =
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WACCF=dACDS/WAC

WRITE (658) PRCCF,ETACCF,WACCF,T21DS
PRC=PRCCF#(PRC~1.)%1,

ETAC=ETACCF=ETAC

WAC=HACCF=WAC

WACC=dACCF#WACC

IF {.MDT.FAN) ERR{5)=(WAF-WAC~BLF}/WAL
CALL THCOMP (PRC.ETAC,T214H21sS21,P21,73,H3553,P3)
IF (PCBLC.GT.0,) BLC=PCBLC*WAC
WA3=WAC-BLC

BLDU=PCBLDU#*BLC

BLOB=PCBLOB=BLC

BLHP=PLBLHP&BLC

BLLP=PCBLLP=BLC

IF (MIDE.NE.1) GO TD 5

IF (A3S(CNC-CNCS}.LE.0.001=CNCS) GO TO 6
WRITE (8:9) CNCS,CNC

CALL ERROR

PCNC=100,*THETA=CNC/THETAD

CALL Z3COMB

RETURY

FORMAT (19HO# % # (NC OFF MAP,F10.%4,2XA6:11H2 = #3553%5)

FORMAT (18HOCOMPRESSOR DESIGNy6X8H PRCCF=3E15.8¢8H ETACCF=3EL1l5.8,

184 WACCF=,E15.8;8H T21DS=,E15.8}

FORMAT {10HOCNC WAS= ,E15.8;11H AND NOW= ,E15.8:24H CHECK PCNC I

INPUT3$8838)
END

$IBFTC COCOMB DECK

SUBRDJTINE COCDMB
COMMON / ALL/
1WORD LIDES LJDES oKDES +MODE LINIT LIDUMP IAMIP ,
21GASMX , IDBURN, IAFTBN, IDCD IMCD 5 IDSHOC,IMSHOCsNOZFLT,

3ITRYS LOOPER,NOMAP o NUMMAP MAPEDG, TOLALLSERR{S)
COMMDN /DESIGN/
1PCNFGI.PCNCGU.T4GU ,DUMDL ,DUMD2 ,DELFG DELFN DELSFC,
2IFDS +PCNFDS,PRFDS ETAFDS:WAFDS ;PRFCF ;ETAFCF,WAFCF
32CDS +PCNCDSsPRCDS ETACDS.WACDS +PRCCF SETACCFoWACCF o
4T4DS +HFBDS ,DTCODS,ETABDS; WA3CDS,DPCODS,DYTCOCFSETABLF,
STFHPDS s CNHPDS, ETHPDS s TFHPCF s CNHPCF s ETHPCF o DHHPLF,T2DS
6TFLPDS s CNLPDS,ETLPDS  TFLPCFsCNLPCFETLPCF,DHLPCF,T21DS
7724DS ,WFDDS oDTDUDSETADDS, WA23DS,DPDUDS,DTDUCF,ETADLF,
BT7DS SWFADS ;DTAFDS,ETAADS,WG6LDS,DPAFDS,DTAFCFL,ETAACF,
9A55 2+ A25 s A6 ¢ A7 s AB s AQ :A28 sA29 e
$PS55 AMS5 LCVDNDOZ+CVMNDZ,AB8SAV A9SAV ;A28SAV,A29SAV
COMMDN / FRONT/
1T1 s P1 s H1 sS1 e 12 2P2 e H2 252
2721 s P21 s H2L 521 273 2P3 e H3 283
374 ¢ P& ¢H4 2 S4 915 + PS5 sHS 2S5
4755 + P55 + H5S5 + 555 2 BLF «BLC ¢BLDU ,BLDB
SCNF ¢ PRF sETAF +WAFC ,WAF + WA3 + WG4 sFARG
6CNC ¢ PRC +ETAC 2 WACC »WAC +ETAB DPCOM ;DUMF
TJCNHP ETATHP,DHTCHP ¢ DHTC »BLHP LHGS :FARS $CS
BCNLP ETATLP,DHTCLP,DHTF BLLP 54655 FAR55 APEXT
9AM s ALTP  LETAR H1IF ¢« PCNF o ZC 2+ PCNC . WFB
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$TFFHP ,TFFLP ,PCBLF .PCBLC ,PCBLDU.PCBLOB,PCBLHP,PCBLLP
COMMON/SIDE/ZYX (483 /BACK/YIX(T72}
COMMDN/DUMMYS/DIMMY{100)

LOGICAL ERRERFAN

EQUIVALENCE (FAN,DIMMY{11))},{ISPODL;DIMMY(6))}
COMMON / COMB/PSI{15),DELT(15,15)-ETA{15,15) +NPS NPT{15}
DIMENSION Q(9},DUMBI{15,15)

DATA AADRD/6HCOCOMB/

WORD=AKWORD

Q{2}=D.

Q(31)=J.

P3PS1=14.696%P3

WA3C=dA32SQRT(T3)/P3PSI

IF (IDES.EQs.1) WA3CDS=WA3L
DPCOM=DPLODS#{WA3C/WA3CDS}

IF (DPCOM.GT.1ls) DPLOM=1,

P4=P3&(1.~-DPCOM)}

IF {T4.6T.4000.) T4=4000.

IF (T4.6E+1000.) GO TO 2

T4=1000.

IF (MIDE-EQ.1) MAPEDG=1

DTCO=7T&-T3

IF {(IJES-.NE.1) GO 7O 3

DTCODS=DTCO

DTCOCF=DTCODS/DTCO

DTCO=DTCOCF&DTCO

P3PSIN=P3PSI

CALL SEARCH {~1.5P3PSIN,DTCOSETAB,DUMMY,PST{1) ;NPS,DELT{1.1},ETA{]L
1,1):DIMBO(L,1) s NPT{L3s15515,1GO)

IF {130.EQ.7) CALL ERROR

IF {IDESo.NE.l1} GD TJ 4

ETABCF=ETABDS/ETAB

ETAB=ETABCF=ETAB
HY={{{{{{~e4594317E-194T4)-,2034116E~-15)2T44.2783643E-11)»T4+.2051
1501E~)7}2874~,2453116E~03)2T4~,9433296E-01)8T4+,1845537E+05
CALL THERMO {P4,HAsT4+sXX1:XX2:04,05050}
FAR4={HA-H3)/{HY=ETAB}

IF {(FAR4«LT.0.) FAR%4=0,

WFBX=FAR4=WA3

IF {M3DE-NE.2} GO TO 7

ERRW={ 4FB~HWFBX)/WFB

DIR=SART{HWFB/WFBX)

CALL AFQUIR (Q{l)3T4sERRH90.320050.0001,DIR,T4TIG0}
GO TO (5+8+61,16G0

T4=T47

GO T0 1

CALL ERROR

WFB=WFBX

CALL THERMO {P&4sH4,T4+56:XX251FAR%4,0)
HWG&G=WFB+WA3

IF {IDES.EQ.1}) WRITE (6,10} WA3CLDS,ETABCF,DTCOCF
IF {(ISPOOL.EQ.L1} GO 7O 9

CALL Z3JHPTB

RETURN

FARS5=F AR%

T5=T4

HWE5=HG4

$5=S4%

HS5=H&

P5=pP4

ETATH® =1,

CNHP=1.



DHHPCF=1,
ETHPCF=1,
TFHPCF =1,
THHCAL =0,
DHTCHP =0,
DHTC=3.
CALL LJLPTB
RETURY

FORMAT {(17HOCOMBUSTER DESIGN; TX8H WA3(DS=,E15.8,814 ETABLF=,E15.8.8

1H DTCJCF=,E15.8}

END

$IBFTC COHPTB DECK

iTi Pl s Hl +S1 272 P2 s H2 »52
2721 s P21 s H21 9521 13 »P3 sH3 953

374 s P4 o HG v S% +¥5 +P5 o M5 +55
4755 ¢ P55 s H55 + $55 s BLF s BLE »BLDU ,BLOB
5CNF « PRF +ETAF  WAFC L WAF o WA3 + WG4 :FARG
&CNC s PRC sETAC HWACC S WAC 2ETAB  DPCOM (DUMF
TCNHP  LETATHP.DHTCHP,DHTC BLHP . HGS «FARS +CS
BCMLP  ZETVATLPyDHTCLP,DHTF oBLLP ;4655 »FARS5 ,HPEXT
9 AW sALTP  ETAR L ZIF + PUNF L EC sPONC o WFB
$TEFHP TFFLP PCBLF ,PCBLL ,PCBLDU,PCBLOBPCUBLHP,PCBLLP

SUBRDOJTINE COHPTS
ComMmMON / ALL/

1WORD S IDES (JIDES ,LKDES MODE LINIT IDUMP IAMTP
2IGASHMY , IDBURM, TAFTBN, IDCD ,IMCD IDSHOC,IMSHOC,NOZFLY,
3ITRYS LODPER NOMAP , NUMMAP, MAPEDG TOLALLL,ERR{G6}

COMMOY /DESIGM/

1PCNFGJ,PCNCGU,T4GU ,DUMDL ,DUMD2 ;DELFG ¢DELFN ,DELSFC.
2ZFDS o PCNFDS,PRFOS ETAFDS,WAFDS PRFCF JETAFCF,WAFCF
3ZCDS o PCNCDS,PRCDS ETACDS,WALDS +PRCIF SETACCFsWACLF
474DS L WFBDS ,DYCODS.ETABDS, WA3CDS.DPLODSDYCOCFETABLF,
STFHPDS g CNHPDS , ETHPDS o TFHPCF o CNHPUF o ETHPLF ; DHHPCF , T2DS 5
GTFLPDS , CNLPDS,ETLPDS ; TFLPCF,CMLPCF,ETLPCF,OHLPCF,T21IDS &
T724DS +HWFDDS »,DYDUDS.ETADDS, WA23DS,DPDUDS,DTDULF,ETADLF,
8T7DS HWFADS DYAFDS.ETAADS: WGO6LDS,DPAFDS,DTAFCLF.ETAALF,
FA55 7 A25 21 A6 2 A7 o AB 2A9 +A28 yA29 ?
$PS55 s AM55 SLVDNOZ,CYMNDZ ABSAY ,ASSAY ,A285AV.,A29SAV

COMMON /7 FRONT/

W W W o W B B @ W

COMMDN/STDE/QXQ{481/BACK/QWQ{ 72}

COMMON /DUMMYS/DUMMY{100)
EQUIVALENCE(TFFACT DUMMY{12) ), {CNACTDUMMY (13} ) s {DHCACT . DUMMY {14} )}
COMMON/TERBHEI/DHHISY  TFHISV,CNHISY,ETHISV,DHHPDS

COMMON /HTURB/TFFX{L15)sCNX{15:15),D4TCX{L5, 15} ETAYX{15,15})5

INTFFS, MPTTFF(15)

DATA AWORD WLOsWHI/OHCOHPTB 6H {LD) o6H {RHI) /

WORD=AKHORD

IF (IDES=EGQG.D0) GO 73 1

CNHPCF=CNHPDSaSQRT{T4)/PCNC

CNHP=CNHPLF«PONC/SQRT{ T4}

CNHPS=CNHP

TFFHPS=TFFHP

CALL SEARCH {~Lleo TFFHP ,CNHP, DHTCHPETATHP, TFFX{1) o NTFFSoCNX{141) D

IHTCX L s LY ETATXUL o 1) g NPTTFF{ 13415515, 1601

IF {(I150:.EQ-1:0R.1IGBEQc11.0RIG0-EQa21) WRITE (8+8) TFFHPS,WLD
IF {153:.€0,2.0R0IG0.EQ-12.0R-IG0.EDN.22) WRITE (8,8) TFFHPS,WHI

DR A O D BN e
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IF {(I5J+EQc10.0RsI63+EQ110R-IG0-EQ12) WRITE (8,9} CNYPS,WLD
IF (150.EQ:20.0R:IG0-EQ:21-0Rs{6N-EJ22} WRITE

IF (I50.NE.7} GO TO 2
CALL EZRROR

RETURN

MAPGO=0

IF (ABS{TFFHPS-TFFHP).LE.0.00L+TFFHPS) GI 7O 3

MAPGD=1

IF (ABS{CNHPS~CNHP)}.GT.0.001=CNHPS} MAPG0=3

GO 1O &

IF (ABS{CNHPS-CNHP)}GT«0.001#CNHPS} MAPGD=2
IF (MAPGO.GT.0} CALL MAPBAC (1,MAPGO;TFFHPS; TFFHPCNHPS,CNHPPONC,

174, MODE;NOMAP ; NUMMAP )

IF (NJMAP.GT.0) RETURN
TFHCAL=WG4=SQRT(T4)/{14.696#P4&}
BTUEXT=0,706705#HPEXT
DHTCC={BTUEXT+WAC®(H3-H21))/{HG4#T4)
IF {IDES.EQ.0} GO T2 5
TFHPCF=TFHPDS/TFHCAL
DHHPCF=DHTCC/DHTCHP
ETHPCF=ETHPDS/ETATHP

WRITE {(6,10) CNHPCF, TFHPCF,ETHPCF,DHHPCF
TFHCAL=TFHPCF&TFHCAL

DHTCHP =DHHPCF#DHTCHP
ETATHP=ETHPCF+ETATHP

DHTC=D4TCC=2T4

TRFACT=TFHCAL/TFHPCF
CNACT=CNHP/CNHPCF

DHCACT =DHYCHP/DHHPCF
ERR{1}={TFHCAL-TFFHP}/TFHCAL

ERR(2) =({DHTCC~DHTCHP 3} /DHTCC

{8591 CNHPS,WHI

CALL THTURB {DHTC,ETATHP ;FAR%4sH4;54,P43T5,H5,85,P5)

IF {BLHP.LE.O.} GD 70 6

FARS=AFB/ {WA3+BLHP}

WG5=H54+BLHP

H5={BLHP#H3+WG4=H5)/HG5

CALL THERMO (PS5sHS5,T5+55+XX2,1sFAR5,1)
GO TO 7

FAR5=FAR%

WG5=W54

CALL COLPTB

RETURN

FORMAT {19HO##=22eTFFHP OFF MAP+Fl0:%32KAby11Hu22223886%5%5)
FORMAT (19HO=s#s2s CNHP OFF MAP.F1l0.4+2XA6:11Heacs2558558)

FORMAT (20HOH.P. TURBINE DESIGN,SXTHCNHPCF=,E15.8,8H TFHPLF=,E15.8

178H ET"‘pCF:g El§e8,8H DHHPCF=QE1508)
END

$IBFTC COLPTB DECK
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SUBRDJTINE COLPTB
COMMON / ALL/
1WORD L IDES ,LJDES KDES oMDDE ,INIT

s IDUMP - 1AMTP

2IGASMX, IDBURN, IAFTBN;IDCD - iMCD s IDSHIC,IMSHOCsNODZFLT,
3ITRYS sLOOPER,;NOMAP ,NUMMAP,MAPEDGs TOLALLERR{6}

COMMON /DESIGN/

1PCNFGJy PCNCGU,T4GU ,DUMDL +DUMD2 2DELFG <DELFN oDELSFC,

-~ O W N e



2ZFDS PCNFDS;PRFDS +ETAFDS;WAFDS sPRFCF ETAFCF HAFCF »
32CDS PCNCDS.PRCDS ETACDS,WALDS +PRCCF ,ETACCF,WACCF
4T4DS o HWFBDS ;DTCODS,ETABDS,HA3CDS,.DPCODS.DTCOCF,ETABCF,
S5TFHPDS yCNHPDSETHPDS s TFHPCF, CNHPCF L ETHPLF DHHPCF,T2DS &
6TFLPDS o CNLPDS,ETLPDS; TFLPLF CNLPCFLETLPCF,DHLPCF,,T21DS
TT24DS 4WFDDS DTDUDS.ETADDS,WA23DS,03PDUDSsDTDUCF,ETADCF,
8T7TDS +WFADS ,DTAFDS,ETAADS,;WGHCDS:DPAFDS:DTAFCF4ETAACF,;
9A55 2 A25 2 Ab s A7 s A8 2AQ »A28 sA29 9
$PS55 ,AM55 LCYDNDOZ,CVMNIZ,A8SAY A9SAV ,A28SAV,AZ9SAV
COMMON / FRONT/
171 +P1 ¢ H1 »S1 272 s P2 2H2 $92
2721 s P21 o H21 2521 273 2P3 eH3 253
374 s P& s H% + S4 275 sPS 2 HS +55
£T55 «+ P55 2+ H55 s $55 9 BLF sBLC +BLDU HBLOB
5CNF ¢ PRF 2ETAF o WAFC HWAF e WA3 s WG4 s FARG
6CNC s PRC +ETAC oWACC »WAC sETAB +DPCOM o DUMF
TCMHP ZETATHP,DHTCHP ¢DHTC HBLHP $HGS s FARS (S
BCNLP LETATLP;DHTCLP,DHTF BLLP HG55 SFARS5 JHPEXT
9AM ¢ ALTP  SETAR G ZF s PCNF  ,2C sPCNC  , WFB
$TFFHP oTFFLP »PCBLF ,PCBLL ,PCBLDU.PCBLOB,PCBLHP,PCBLLP
COMMDM/SIDE/Z/QXQ(48)/BACK/QHQIT2)
COMMON/DUMMYS/DUMMY{ 100}

@ W W W W @ ¢ F o

EQUIVALENCE{TFFACT,DUMMY (15) )5 (CNACT,DUMMY {16} )+ {DHCACT.DUMMY ({17}

LOGICAL ERRER,FAN
EQUIVALENCE (FAN.DUMMY({11)),{ISPOOL,DUNMMY{6}}
COMMON/TERBLO/DHLOSV , TFLOSV,CNLOSY,ETLOSV; DHLPDS
COMMON /LTURB/TFFX{15),CNX{15,15),DHTCX{15:,15,ETATX{15:15),
INTFFSs NPTTFF(15)
DATA AAORD.WLOsWHI/6HCOLPTB,6H (LO) »6H {(HI} /
WORD=AWORD

IF (IDES.EQ.0) 60 70 1
CNLPCF=CNLPDS=#SQRT{T5)/PCNF
CNLP=_NLPCF=PCNF/SQRT(TS)
CNLPS=CNLP

TFFLPS=TFFLP

CALL SEARCH {~1losTFFLP;CNLP;DHTCLP ETATLP  TFFX{ 1) s NTFFS,CNX{1:1),D

IHTCXT1o 13 »ETATX{1,1) o NPTTFF{1)+¢15,15,1G0)

IF {150.EQ.1.0R.16G0-EQ.21.0R-IGU.EQ-21) HWRITE (8:109 TFFLPS,HWLD
IF (I50:EQ02+0RcIGDaEN-12:0R-1IG0.EQ22) WRITE {(8,10) TFFLPS,WAI
IF {(I15J.EQ.10.0R.IGO.EQollo0R-IG0-EQa12) WRITE (8411) CNLPS.HWLD
IF (1533.EQ.20.0R.IGI.EQ.21.0R-160-EQ.22) WRITE (8511) CNLPS,WHI
IF (13J«NE.T7) GO TO 2

CALL ERROR

RETURV

MAPGO=0

IF IABS{TFFLPS-TFFLP).LE.0.001=TFFLPS} GO 7O 3

MAPGO=1

IF (A3S{CNLPS-CNLP}.GT.0.001=2CNLPS) MAPGD=3

GO TD &

IF {ABS{CNLPS-CNLP)-GT-0.0012CNLPS} MAPGO=2

IF (MAPGO.GT.0}) CALL MAPBAC (2,MAPGO,TFFLPS; TFFLP,CNLPS,CNLP,PCNF,

174, MODE, NOMAP , NUMMAP }

IF {(NJMAP,GT.0) RETJRN
TFLCAL=HG5#SQRT{T51/(14.696=P5}
DHTCF=WAF#(H21-H2}/{4G5=T5}

IF {(ISPOOL.EQ.2) GO TO 5
BTUEXT=0.706705+HPEXT
DHTCF={BTUEXT+HAF#{H21-H2) I/ (HG5=T5]
CONTINUE

IF (IDES.EQ.0) GO 7O &
" TFLPCF=TFLPDS/TFLCAL
DHLPCF=DHTYCF/DHTCLP



ETLPLF=ETLPDS/ETATLP 70

HRITE (6512) CNLPCF, TFLPCFL,ETLPCF,DHLPCF 71

6 TFLCAL=TFLPCF=TFLCAL 72
DHTCLP=DHLPCF=DHTCLP 73
ETATLP=ETLPCF=ETATLP 74
DHTF=JHTCF=T5 75
TFFACT=TFLCAL/TFLPCF 75
CNACT=CNLP/CNLPCF 77
DHCACT=DHTCLP/DHLPCF 78

ii=3 79

12=4 80

[F {ISPOOL.NE-1) GO TO 7 81

ii=1 82

12=2 83

T ERRIIL)={TFLCAL~TFFLP)/TFLCAL 84
ERR(I2)={DHTCF-DHTCLP)/DHTCF 85

CALL THTURB (DHTF,ETATLP:FARS5;H5555:P5:T55,H55,555,P55} 86

IF {BLLP.LE.O.}) GD 7O 8 87
FARS55=dFB/ (WA3+BLHP+BLLP) 88
HG55=dG5+BLLP 89
H55={BLLP#H34+WG52H55) /WG55 30

CALL THERMO (P55,H55,T755:555:XX2+s19FAR55,1) 91

GO TO 3 92

-] FAR55=FARS 933
HGE5=455 964

9 CALL FRTOSD 95
RETURN 96

c 97
C 98
10 FORMAT (19HOw=w%2eTFFLP OFF MAP.Fl0.4.2XAbellHaz22u5$6$58%) 99
11 FORMAT {19HOzw#zs CNLP OFF MAPeF10,442XA6; 1 1Hu2x2e85586%) 100
12 FORMAT {20HOL.P. TURBINE DESIGN:SX7HCNLPCF=3E15.8,8H TFLPCF=4El5.8 101
1¢8H ETLPCF=3E15.8,8H DHLPCF=4E15.8) 102

END 103

$IBFTC CODUCT DECK

SUBRDJTINE CODUCT 1
COomMMDY 7/ ALL/ 2
1WORD S IDES JDES oKDES oMDDE INIT LIDUMP IAMTP 3
2IGASMX, IDBURN, IAFTBM, IDCD L IMCD <IDSHOC,IMSHDOCsNDZIFLT. 4
3ITRYS LODOPER,NOMAP ,NUMMAP,MAPEDG, TOLALL;ERR{O) 5
COMMON /DESIGN/ 6
1PCNFGJ,PCNCGU,T4GU ,DUMD1 ,DUMB2 ,DELFG ,DELFN ,DELSFC, 7
2ZFDS oPCNFDS,PRFDS ETAFDS.WAFDS PRFLF ETAFCF-WAFCF o 8
3ZCDS PUNCDS;PRCDS LETACDS, WACDS +PRCCF JETACCF,WACCF 9
4T4DS oHWFBDS ,DTCODS,ETABDS;WA3CDS:DPCODS:DTCOCF,ETABCF, 10
STFHPDS s CNHPDS ; ETHPDS 3 TFHPCF,CNHPCF 4 ETHPLF s DHHPCF,72DS 11
6TFLPDS o CNLPDSETLPDS s TFLPCF s CNLPCF,ETLPLF,DHLPCF,T21DS 12
T7724DS WFDDS sDTDUDS.ETADDS, WA23DS,.DPDUDS,DTDUCF,ETADCF, 13
8T7DS WFADS ;DTAFDS,ETAADS,WGO6LDS,DPAFDS,DTAFCF,ETAACF, 16
9A55 g A25 + Ab ¢ AT s A8 ;A9 yA28 ¢ A29 ? 15
$PS55 ,AMS55 CVDNDOZ.CVMNIZ,A8SAY ,A9SAY ,A28SAVY.A29SAY 15

COMMOM/FRONT/XX180) 17
COMMDN /7 SIDE/ 18
irPi s WAF s WAC ¢ BLF 2 BLDU SH3 s DUMS1 DUMS2 o i9
2721 o« P21 oH21 2521 s 723 §P23 2 H23 #1523 ' 20
3T24 : P24 s H24 ¢S24 2 725 2 P25 2 H25 0325 ® 21

64



Casn

4728 P28 9H28 2528 2729 P29 s H29 9529 v
5WAD s WFD 1 HG24 S FAR24 2ETAD oDPDUC «BYPASS,DUMS3
67528 ,PS28 ,v28 s AM28 7529 PS29 V29 s AM29
COMMON/BACK/ZZ{T72)

COMMON/DUMMYS/DUMMY {100}
EQUIVALENCE({A24:DUMMY (4) ), {AM23,DUMMY (5}

EQUIVALENCE [AM25,27148})

DIMENSION Q(9)

DATA AWORD1, AWORDZ2/6HCODUCT, 6HDNDZZL/

WORD=A/0RD1

Q{231=l.

0{31)=3,

Ad=TT8.26

CAPSF=2116.2170

G0GO0=J.0

6=32.174049

WAX=WAF~-WAC-BLF

WAD=WAX+BLDU

pP23=p21

DRY L35S

H23=(BLDU=H3+WAX%H21 ) /WAD

CALL THERMD (P234H23+sT23,523sXX2:150.041)
WA23L=WAD#SQRT(T23)/P23

IF {(IDES.EQ.1) HWA23DS=WA23C

BYPASS={HAF-WAC) /WAL

DPDUC=DPDUDS=#{WA23C/WA23DS)

IF (DPDUC.GT.1.) DPDUC=1.0

P24=pP23#{1.~-DPDUC}

CALL PROCOM {(0.57234XX1s XK23XX35XX4sPHIZ230,XX6)

IF {15A5MX.6T.0} IDBURN=0

AM24=AM23

TS24=723%0,875

DO 2 I=1.15

CALL PROCOM {0.97S5249C5249AK245(P24,REX245PHISZ24,HS24)
V24=AM24%CS24

HSCAL=H23-V24%22/ (2. 2G#AJ)

DELHS=HSCAL~HS24

IF [ABSIDELHS)-LE.D.001=2HSCAL) GO TO 3
TS524=T524+DELHS/CP24

GO TD 10

C1=P26&SQRT(G/{T23%AJ) )=CAPSF

IF (IJES.NE.1) GD TO 4

IF (6350.,6T7:0.) GO TO 4
ASTOA={{AK264+1,)/2:)#2({AK2441. )}/ (2.2 {AK24~1c)})2AM242 (1l +{{{AK24~

11072, 32ANM24242) Y un{ (AK24+1. )71 2.2 {AK24~1,)1) )

EQUCR=SQRT{G#AKZ24/REX24/A3) /{SQRT{518.691/2116.2)2{2.0/1AK24+1.011%
12({{AK26+103/2./1AK24~1:1)

WA23CC=WA23C/SQRT{518.69}

A24=1, /ASTOA#WA23CC/EQWCR

GOGO=L.0

HQA=WAD/A24
WOAT=C1#SQRT{AK24/REX24) #ANM24/7 {1+ (AK24~1, 1 2AM264%22/2,)2u{{AK24%],
11/7{2.2(AK24~1. 31}

DIR=HIA/HWOQAT

EW=(HJIA-WQAT)/HQA

CALL AFQUIR {Q{13,AM24:EW;00930.90.001,DIR,AM24T,1G0}

GO VYO (5,65102,1IG0

AM24=AM24T

IF {A¥M24.6GT.1.0) AM24=0C.5

GO T0 1

PS24=P24/EXP{{PHIZ23~-PHIS24}/REX24}

IF (IDBURN.GT.0) GO 7O 7
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NON-DJCT BURNING

T24=723

WFD=0,

FAR24=0

GO TO 16

IF {IDBURN.EQ.2) T284=723+2000.
IF (T26.6T7.4000.) T24=4000,

IF (T26.LT7.723) T24=723

DUCT 3 JRNING
RHO42=7APSF#PS24/(AJeREX26#7S24)
PS42=PS24

V42=V24

Q{23=J,.

Q{3)=J.

IF DESIREDs ENTER CALCULATIONS FOR ETAD HERE

HY={ ({1 ({{-24594317E~192T24})-.2034116E~15)5T24+.2783643E-11}#T24+.2
1051501E=-07)#724-.2453116E~-03)2724~-.9433296E~-01)#T264+.184553TE405

CALL THERMO (P264:HA, T24, XX19XX2:0:0.050)
FAR26=(HA~H23)/({HY=ETAD)

IF {(FAR24.LT.0.) FAR24=0.

WFDX=FAR24#WAD

IF {IDBURN.NE.2) GD TO 11

ERRH=( HFD~HWFDX} /WFD

DIR=SJIRT{WFD/RFDX)

CALL AFQUIR (Q{1)s724,ERRW+0:520090.0001,DIR,T24T,1GD}

GO TO {9.12,10).1G0O

T24=T24T

GO TO 8

CALL ERROR

WFD=WFDX

CONTINJE

MOMENT JM LOSS

WG24=dFD+WAD

CALL PROCOM {FAR24+T24sXX12XX2:XX3,REX264,PHI24,H24}
RHOZ264=CAPSF«P24/ {AJ=REX24%2T24)

V24=WG24/ (RHD24%A24)

Q(2)=),

Q{3)=J.

PS24=7542~-0,01

RHO24=d6G24/{V242A24)

HS24=H24~-V24882/{2.2G#AJ )

CALL THERMO {1.0,HS243;T7S24PHIS24:XX2:1,FAR24,1}
IF {7524.GE.301.) GJ 70 14

CALL THERMO {1.0:HS24,400.sPHIS24sXX251sFAR24,1)
V24=SQRT{2.268AJ % (H24~-HS24))

GO TO i3

PS24=R4024=AJ#REX24#TS24/CAPSF
PS24A=PS424+{RHD424V42442~-RH0O242Y24522}/(G=#CAPSF)
DIR=SQRT{ABS{PS24/PS524A))

EP={P324~PS24A)/PS24

CALL AFQUIR {Q{1)9V24,EP30c950s50+001sDIR4V24T,1IGD}
V24=V24T

IF (V26,1LT-25.) V24=25.

GO 70 {(13,15,10),1GD
P24=PS24#EXP{{PHI24-PHIS261/REX24}

CALL PROCOM (FAR245TS24,CS24oXX2sXX35XX& 3 XX5XX6)
AM24=426%CS24

CALL THERMO (P244H264¢T724%4+S24+¢XXI519FAR24,0)
WG24=d FD+WAD

T25=T2%

P25=P2%&

H25=H2¢&



18

$25=52¢%

AM25=4M24

IF {I5ASMX.GT.0) GO TO 20

HWORD=A440RD2

A28S5AY=A28

A29SAV=A29

NOZD=3

IDNOZ=D

IF {NJIFLT.EQs2.DR.NDZFLT.EQ.3) NDZO=1

IF (IDESeEQo1.0R,IDBURN.GT-0.0R.NOZD.EQ.L) IDNDZ=1
IF (IDBURN-EQol.OR.NDZIFLTsEQ-2-.0R-NIZFLT-EQ-3} IDCLD=1
IF {ID3URN.EQ-0-.AND-NOZFLT-EQ.0} IDLD=0

IF (I2CD.EQ.1) GO TI 17

CALL CONVRG 1725,H25,P25,525:FAR245WG24,P1l,IDNDZ,A28,P25R,T28,H28

1P28,523,7S28,PS28,V28,AM28, ICON}
GO TD (18,18+s18;10), 1CON

CALL ZONDIV {T25,H25:P25+:525:FAR24.WG2%,PL,IDNDZ,A28,A29,P25R,T28;
1H28,P2B9yS28,T29,H29,P29,529,T7TS28,TS29,PS284PS29,V285,VY29,AM28,AMN29,

2ICON}

IDSHOC=ICON

GO 70 (19:19519,10), ICON
T29=1728

H29=H28

P29=pP28

S29=528

T529=7528

PS29=p528

v29=v28

AM29=2428

A29=A28

IDSHOC=ICON+3

ERR(5} =(P25R~P25) /P25R
IF (IDNOZEQ.1l) WRITE (6,21) A28,AM2B,A29,AM29
CALL FASTBK

RETURY

FORMAT {(19HODUCT NOZZLE DESIGN,5X8H A28=,E15.8,8H AM28=,E15.8

1+,8H A29=¢E15.8,8H AM29=,E15.8)
END :

$IBFTC COM1X DECK

SUBRODJTINE COMIX

COMMON / ALL/

LWORD ,IDES SJDES sKDES LMODE LINIT ,LIDUMP ,1AMTP ,
2IGASMX, IDBURN, TAFTBN, IDCD 4 IMCD oIDSH3C.IMSHOC.NOZFLT,
3ITRYS ,LDOPER,;NOMAP ,NUMMAP,MAPEDG,TOLALLsERR(S)

COMMON /DESIGN/

1PCNFGJ s PCNCGUsT4GU 5 DUMDL ,DUMD2 ,DELFG »DELFN ,DELSFC,
2IFDS ,PCNFDS,PRFDS +ETAFDS,WAFDS ,PRFIF ETAFCF,WAFLF &
3ZCDS ,PCNCDS,PRCDS ETACDS,WACDS PRCCF ETACCF,WACCF
474DS WFBDS ,DVCODS,ETABDS,WA3CDS,DPCODS,DTCOCF,ETABLCF,
STFHPDS  CNHPDS ¢ ETHPDS o TFHPCF y CNHPCF 3 ETHPLF o DHHPCF ,T2DS
6TFLPDS ¢ CNLPDS ETLPDS s TFLPCFCNLPLF L, ETLPLFoDHLPCF,T21DS &
772405 ,WFDDS ,DTDUDS,ETADDS,WA23DS,DPDUDS,DTDUCFETADLF,
8T7DS +WFADS ,DTAFDS,ETAADS,WG6LDS,IPAFDSDTAFCF,ETAACF,
9A55 v A25 s Ab 9 AT v A8 ¢ A9 2A28 2 A29 v

146
147
148
149
150
151
152
153
154
155
155%
157
158
159
160
151
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180

182
183
184
185

ot
OO N WN

ot b pot ot o
DWW N e

D
=3



C sax
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$PS55 (AH55 LCYDNOZCVMNIZ ABSAY ,A9SAV ,A285AV.A295AY
COMMDN/FRONT/QZQ{ 80} /SIDE/QWQL{ %8)

COMMDN / BACK/

1755 s P55 ¢ H55 3355 »T25 P25 yHZ25 525

?
24HFB +HGS55 FARBS LWFD +WG26 FAR24 4Pl +DUNME
376 e P6 2 HO 2 56 + 77 :P7 o K7 287 e
478 : P8 s HB +58 259 s P9 2 HO +59 ?
S5HG6 s HFA 2 WGT s FART LETAA LDPAFT ,V55 s V25 ®
6PS6 sV6 2 AMS s 787 s PST 2 VT 2 AM7 sBM25
T7S8 s PS8 + V8 2 AM8 +7S9 2 PS9Q PRTA s AMO ®
8VA s FRD 2 VJD o FGMD LV¥YJIHM o FGMHM  (FGPD LFGPHM

9FGH s FGP s WFT ¢ WGT s FART FG ¢ FN ¢ SFC
EQUIVALENCELZFL,QZQ(568) 3, IPCNF,QI0(692})
COMMON/DUMMYS/DUMMY ({100}
CDMMDV/LOOPPRIKKGD@PRFNEWQpRCNEH

DATA AWORD/G6H COMIX/

DIMENSION 0Q{9}

WORD=AAORD

AJ=TT8B.26

CAPSF=2116.2170

G=32.174049

CALL 2ROCOM {FARS55, 7559XX1¢XX29XX3vXX4ePHi55vXX5)
CALL PROCOM (FAR24:;T7T25:XX1sXK2:XX33XX%,PHI25,XX5})
iF {IDES.EQ.0} GO TO 12

CALCULATE AS5 AND A25 WITH PS25=PS55

IF (PS55.EQ.0.) GO 70O 3
T5855=T755={PS55/P553%¢0,286

DO 1 I=1.15

CALL PRDCOM (FARS55,TS55,(CS555,AK55,CP55,REX55.,PHIS55,HS551]
PHIS=PHI55-REX55%ALIG(P55/PSS5)
DELPHI=PHIS~-PHISSS

IF {ABS{DELPHI)oLE.D0.00012PHIS}) GO 7O 6
TS55=TS55#EXP{ 4. 02DELPHI}

CALL ERROR

RETURN

T855=0.8752T755

DO 4 I=1,15

CALL PROCOM (FAR55975559CSSSgﬁK559EP55gREX559PHIS5J9H555)
V55=A4¥552(555

HSCAL=455-V¥55%#2/{ 2, 2G=AJ)

DELHS=HSCAL-HS55

IF (ABS{DELHS}.LE.C-.0005=#HSCAL} 6D TD 5
TS55=T555+DELHS/CP55

GD 70 2

PS55=P5S/EXP{(PHIS55-PHISS5) /REXS5)

IF (P335.GTP25,AND, IDESEQ- 1. AND.IGASHX.6T.0} 5D 7D &7
iF (H35.GT-HS55) GO 70 7

WRITE (B8:48) P55,PS55,755,T355,H55,H855

CALL ERROR

¥55=8RT{2.2G2AJ# {H55~HS551)}

RHO=CAPSF=PS55/{ AJ#REXS5%T7555)

A55=H355/ (RHO=2Y55)

AM55=¢55/CS55

IF {ISASKMN.GT.0) GO 7O 8

WRITE {6.49}) A55,AM55

IF {I3ASMX.EQ.~-1}) GD TO 35

IF {I5ASMX.EQ.D) GO 7O 43

PS25=PS55

TS25=T25#{PS25/P251=+0.286

DO 9 i=1415

CALL POCOM (FARZ24,7TS25,(08525,AK25,LP25,REX25:PHIS25:,HS25}
PHIS=24{25~-REX25#AL0OG{P25/P525]}



23

24

25

26
27

28

29

30
31

32

33
34

35

36

CQl{2¥=3.

€Q{3)=Js

AM25=3¢25

T825=0,8752725

DO 2& I=1i415

CALL PROCOM {(FAR24,7525,C825,AK25,0P25,REX25.,PHIS25,HS25)
VZ25=A4252(S25

HSCAL=H25-V25842/{2.,2G#AJ)
DELHS=4SCAL~HS25

IF {A3S{DELHS)-LE-0.0005=HSCAL} GO 7O 25
7825=7S825+DELHS/LP25

GO 70 2
WOAT=212SORT{AK2S/REX25) 28125/ 41, +{AK25 -1, )8M25802/2, ) #2({AK25¢1],
1}/7{( 2.2 {AK25-1,10)}

AMX=AM2S

iG0GD=1

GO 70 16
PE25=P25/EXPLIPHIZ5-PHISZ25/REX25}
WE6=W324+HG5S

ERR{S5} ={PS25~P5553/PS25

WF6=HFD+UHFB

FAROB=4FO/ {HGH~UFO6}
H6={W3262H25+HE55%H35 1 /HGH

CALL TAFERMD {loogH6,THOPHIBAMXLsFARG.1}
Cl=PS552A552{1 ., +AKS52AMS 58522 J4PS25»A25s {1, +AK25%AM25%42)
T56=0,833=T6

DO 32 I=1,15

CALL PRDCOM (FARG6,TS6+sCS60AK6-,CPOREXHPHISOEHSE)
C2=HGs=SART{AJ=REX62TEF{ AK62G) )
C3=C27/{CAPSF=2C1}
Ca={AK5~1,:3/2:.~{C32AKE})==2
C5=lo°2@3ﬂK6‘ﬁC3‘**2

Co6=05r2244,406s(3an2

IF (C5) 28429,30

CALL ERROR

RETURY

AM62G=-C5/{2.2(4}

GO TD 31

AM62G={SQRT(LH}-CB)/{2.5C%}

IF {(A¥526G.LE-0.3 GO 70 28
AMG6G=SART(AM62G)

V6=AM554(0S6

HSCAL=46~V6es2/{2,258AJ}

DELHS=HSCAL-HSS

IF {(ABS{DELHS} .LE-0.0005%HSCAL) GO TO 33
TS6=TS5+DELHS/CPS

GO 70 28

IF {IGASMX.GT.0) GO TO 34

A6G=A25+A55
CT=SART{1+{AKL~1,)2AME2G/2: Y

PS6=C2/ {CAPSF2A6GeAM6GECT)
P6=PSS#EXPIIPHI6~-PHIS6)}/REXG}

CALL THERMO (PO, HOsTH:56, XX 51 :,FARSE, 0}
SOAVE={WGE2442S25+WG552S55 1/ WGE

IF {85.GE-S6AVYE) GO TO 35

S6=SHRVE

PE=EXP (AMX& {PHI6~S56}/1.986375)

IF {I34SMX.EQ.1) GO TO 45

IfF (IGASMX.EQ.-1} G3 TO 36

IF {I5ASMX.EQ.2) GO YO 37

T6=755

P&=P55

H6=H55

L&l
142
143
144
145
146
147
148
169
150
151
152
153
154
155
156
i57
158
i5¢9
160
161
162
163
i64
i65
165
167
158
169
170
171
172
173
174

1756
177
178
179
iso
181
182
183
184
i85
18%
187
188
189
190
191
i92
193
19%
195
196
197
198
199
200
201
202
203
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38
39

41

42

43

44

45

46

47

70

$6=555

WG6=H355

PS6=P555

FAR6=FARS55

AR6=AK55

IF¥ {IJES.EQ.0) GD 7O 40

CALCULATES A6 AS A FUNCTION OF INPUT AMé6
TS6=T5/11.0+{{{AK6~L.0)/2.0)=AMb#52))
DO 38 J3J=1,15

AK6P=AX6

CALL PROCOM (FAR6,TS6:CS6sAK6,CP6sREX6,PHISO,HSH)
V6=AM58CS6

DELAKS5=AK6P-AKS

IF (ABS({DELAK6).LE.D.00052AK6) GO TO 39
TS6=T57/{1.0+({{{AK6~1a0)/2.0)%AMb222))
GO TO 28

PS6=P5/11 L. 0+{{{AK6~1.0)/2:.0)2AM6=82) )= {AKS/ {AK6-1.0)))
AM6ABI=AM6
RHO=CAPSF=PS6/{AJ=REX62TS6)

Ab=WGS5/ {RHD=V6)

HRITE (6554} A6

GO TO &6

CALCULATES M6=F{A6DESIGN}
TS6P=T6/(1,0+{{{AK6~1.,0)/2,0)=AM6ABD=%2))
DO 41 I=1,15

CALL P20C0M {(FARG6,TS6P:CS6;AK6sCPHREXEsPHISH,HSE)
PS6P=PS6R{TS6P/TS6) = AK6/ (AKS6=~1.0))
RHOG6=CAPSF#PS6P/ (AJRREX6#TSHP)
V6=SQRT{2.#G#AJd= (H6-HSH))

IF ({45-HS6).LT.0.0) GO 7O 44
A6P=1G6/{RHD62VE )

DELA6=A6P-A6

V6=HGS5/ {RHO6%A6)

AMb6=V5/CS6

AMb62=AM68=2

IF {(ABS{DELA6)<LE.DD.002%A6) GO TO 42
TS6P=T5/{1.0+{((AK6-1,0}/2.0)%AM62}}
60 TO 28

TS6=TS6P

PS6=P5S5P

GO TO 46

T6=T55

P&=P55

H6=H53

56=555

HG6=H555

PS6=pP555

V6=V55

AM6=AY55

IF (I5ASMX.EQ.0) A6=AS5

GO TOD 46

WRITE (6+:55) H6,HS6

GO TO 28

AM62=AM62G

AM6=AYSE

A6=A25+A55

CALL CDJAFBN

RETURN

KKGO=1

OPRDS=PRFDS&#PRLDS
PRFNEW=PRFDS#PS55/P25=21,02
PRCNEW=0PRDS/PRFNEW

206
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207
208
209
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211
212
213
214
215
216
217
218
219
220
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223
224
225
226
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230
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244
245
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54
55

$IBFTC COAFBWN

Ceas

CALL ENGBAL

RETURM

FORMAT
FORMAT
FORMAY
FORMAT
15.8,84
FORMAT

{22HOSQRT OF H55-HS55 NEG 56E15.656H$%$5%5%)

(20HOTURBINE AREA DESIGN:6X6H A55=,E15,858K AM55=,E15,8)

{22HOSQRY OF H25-~HS25 NEG +6E15.656H355$3%)

{25HOTURBINE/DUCT AREA DESIGM¢TH A55=,E15.8,8H AM55=,E1
A25=4E15.848H AM25=,E15.8)

(12HOCOMIX PINF=,FTobyp4H AM=,FBs6,5H P55=3FF.5,6H P555=,F9%,

1545H 225=3F9:59,6H PS525=,F9.5,6H5555%5%)

FORMAT

{10HOCOMIX ZF=,F8.54H AM=3FBo6,5H P55=3F9,5,6H PS55=,F%.5%

15H P23=9F%.546H PS25=+F9.5,6H$55%5%)

FORMAT
FORMAT
END

{3X, 27THAFTERBURNER DESIGN AREA A6 F8.3})
{3X:; 1BHNEG.HS®6 FACTOR H6 F9.493Xs4HHSS6 F9a.4)

DECK

SUBROJTINE CDAFBN
COMMON / ALL/

1WORD
2IGASMK,

IDES JDES LKDES MODE LINIT LIDUMP ,IAMTP ,
IDBURN: TAFTBN, IDCD L IMCD »IDSHOC,IMSHOC,NOIFLT,

31TRYS oLOOPER,NOMAP ,NUMMAP,MAPEDG, TOLALL,ERR{6])

COMMON /DESIGN/

1PCNFGJ.PCNCGU,T4GU ,DUMD1 ,DUMDZ2 DELFG (DELFN oDELSFCs
2ZFDS LPCNFDS,PRFDS ,ETAFDS,WAFDS ;PRFCF ETAFCF;WAFCF »
3ZCDS +PLCNCDS,PCOS ETACDS.WACDS PRCCF ,ETACCF.WACCF
4T4DS ,WFBDS ,DVTCODS,ETABDS,WA3CDS,DPCDODS,DTCOCF.ETABCF,
STFHPDS o CNHPDS s ETHPDS  TFHPCF , CNHPCF ETHPCF, DHHPCF s T2DS
S6TFLPDS s CNLPDSETLPDS s TFLPCF,CNLPCF,ETLPLF,DHLPCF;T21DS o
7724DS WFDDS ,DTDUDS.ETADDS, WA23DS,DPDUDS,DTDUCF,ETADCF,
BY7DS WFADS ,DTAFDS,ETAADS.WG6LDS.IPAFDS.DTAFGF,ETAALF,
9A55 s+ A25 2AB g AT 2 A8 s A9 2428 ELYA 9
$PS55 AM55 LCVDMNOZ,CVMNDZ,ABSAV ;A9SAV ,A28SAVsA29SAV
COMMOM/FRONT/QXQ{80} /SIDE/QYD{48)

COMMON 7/ BACK/

1755 2 P55 s H55 ¢ 555 s T25 sP25 2 H25 525

14
2WFB s WG55 FARS5 LWFD s WG24 LFAR24 LP1 +DUMB
376 2 P6 s H6 v 56 2 17 +P7 P H7 2 S7 9
478 P8 Tl ¢ 58 + 79 +P9 2 H9 »S9 v
SHG6 s WFA P HGT s FART LETAA DPAFT ,V55 2¥25 ?
6PSH s V6 s AM6 ¢ 187 +PST < VT s AMT sAM25
77S8 PS8 V8 v AMB s TS9O sPS9 2 V9 2 AMG M
8VA s FRD s VJD s FGMD VUM +FGMM SFGPD LFGPM
9FGM s FGP s WFT s WGT s FART HFG 2 FN s SFC

COMMON/DUMMY S/DUMMY{ 100}

EQUIVALENCE (P6DSAVDUMMY{7)), {IAMODSY DUMMY(8) i, (ETAASV,DUMMY (91},
1{FARTSV,DUMMY{10)}

DIMENSION Q(9)

DATA AAORD/6HCDAFBN/

WORD=4HORD

Ql2i=J.
Q{3)=0.

AS=T778.26

CAPSF=2116.2170

6=32.174049

P6DS AND AM6DS ARE SET FOR GENERALIZATION DOF AFTERBURNER

26%
267
268
269
270
271
272
273
276
275
276
277
278
279
280
281
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Cawz EFFICIENCY MAP GENERALIZATION
IF (IDES.EQ.1l}) P6DS=P6%#14.656
IF (IDES.EQ.1) AM6DS=AM6
WF6=WFB
IF {I3ASMXoGTo0) WFH=WF6+HWFD
HAG=W56~WF6
C ==% DRY LJSS
WG6L=A36&SQRT(TE)/PH
IF (IDES.EQ.1) WG6CDS=WGOT
DPAFT=JPAFDS={WGEC/WGSEDS)
iF (DPAFT.GT.lo) DPAFT=1.
PT=P6#{1.-DPAFT)
A7=A6
FARG=AF6/ WAL
CALL PROCOM {FARG6,THyXX1,XX29XX3,XX4yPHIGXX6)
WQA=W35/A7
Cl=P7eSQRT(G/{TE%AJ) ) #CAPSF
AMT=AMS
TS7=0.8752T6
1 DO 2 I=1515
CALL PROCOM (FARG6sTSTCSToAKToCPTsREXTPHIST oHST)
V7=AM7=CST
HSCAL=496-VT7#%22/{2.2G#AJ)
DELHS=HSCAL-HSY
IF (A3S{DELHS).LE.0.0005#HSCAL) GO TO 3

2 TST=TST+DELHS/CPT
GO T0 14 ’
3 WQAT=CZL1#SQRT(AKT/REX T ) #AMT/{ Lot (AKT~1.12AMT282/2, ) 22 ({AKT+1.) /(2. %

1{AKT~1.)1))

DIR=WIA/HQAT

EW={W2A-WOQAT)/HQA _
CALL AFQUIR {Q{1)oAYT9sEWeDc940e5.001+DIR,AMTTL1IGO)
GO TO (455014),16G0

% AMT=AMTT
IF (AM7.GE.1.0) AM7=0.9
G0 10 1
5 PST=PT/EXPI{PHI6-PHIST)/REXT)

IF (IAFTBN.GT.0) GO TO 7
C #=% NON~-AFTERBURNING
6 T7=7T6
WFA=0.0
FAR7=FAR6
WGT=H35
IF (IDES-EQ.1.AND.T7DS<NE.O.} GO TO 7
GO TO 20
C === AFTERBJRNING
1 IF (IAFTBN.EQ.2) T7=T764+2000.
IF (1)ES.EQ.1} T7=T7DS
IF (T7.LE.TE) GO TO 6
RHO65=CAPSF#PST/{AJ#REXT#TST)
PS65=PS7T
V65=Vv17
Q(2})=3,
0(31=2J.
8 IF (T7.GT7.4000.,) T7=4000.
HY=(1{{{{~-c4594317E~192T7)~-.2034116E~15)#T74.27836643E-11}#T7+.2051
1501E-07}1#T764-.2453116E~03)#T74-.9433296E-01)#T4+,1845537E+05
CALL THERMO (PToHA-TT:XX13XX2s13FARH,0)
Czxe TO ALTER DESIGN ABETAA MAP FRODM GEVMERAL TO SPECIFIC MAP
If (IDES.MNE.1) GO TO 9
FAR7TDS=(HA-H6}/7 (HV+ETAADS)
CALL ETAAB (0o90e30050.,ETAADS,ETAASY,P6DS,P6DSAV,AMODS, AMODSY,IDE
1S, FAR7DS,FARTSV)

72



10

12

17

18

19

20

NOOO

T7=T6

GO TO 20

P6GS=25214,696
FARTGS={HA=H6)/ (HVSETAADS)
DO 10 II=1,15

CALL ZTAAB (FAR7GS<AM6.P6GS+ETAA,ETAADS,ETAASY,P6DS,PHDSAVAMSDS A

1M6DSV. IDESsFARTDS , FARTSY)
FART=(4A-H6)/{HY#ETAA)
DELFAT=ABS{FART-FARTGS)

IF (DZLFAT.LE.D,01#FAR7}) GO TO 11

FAR7GS =FAR7

CONTINUE

IF {FAR7.GT-0.) GO TO 12

CALL ZRROR

WFAX=FARTaWGO6

iF (IAFTBN.EQ.1) GD TO 15

ERRW={ dFA-WFAX)/WFA

DIR=SARTIWFA/WFAX)

CALL AFQUIR {Q{l)sT7:ERRWy 04 330.9.0005,DIR,T7T,I160)
GO TO {135,16.,14),1G0

T7=T7T

GO 70 8

CALL ERROR

WFA=WFAX

FAR7={ AF6+WFA)/WAb

WGT=H36+WFA

MOMENTUM LOSS

CALL PROCOM {(FARToTTeXX1oXX2sXX3eREXTPHIT,HT}
RHOT=CAPSF2PT/LAJ=REXT&TT)

VT7=WG7/{RHO7=A7)

Q(2)=2,

Q{31=J,

PST=PSH65-0,01

RHOT=AGT/ (VT#AT}

HST=HT7~VT7%22/{2.%GrAJ)

CALL THERMD {1leOsHSToTST+PHISTXX2:1sFART:1}
IF {7S7.GE.301.) GO TO 18

CALL THERMO (1l.03HS7:400.3PHIST:XX2:1sFART,0)
V7=SQRT{2.aG#AJ# (HT7T-HST)}

GO TD 17

PST=RHOT=AJ=REXT=TST/CAPSF
PSTA=25654+(RHD658YVA5 22 2-RHOT2YT252)/{GeCAPSF)
DIR=SJART{ABS{PS7/PSTA))

EP={PS7~-PSTA)/PST

CALL AFQUIR {(Q{1)eV7:EP+0as5053+001:DIR,VTT,IGO}
V7=V7T

IF {V7.LT.100.) V7=100.

GO TO (17,19514),1GD
PT=PST=EXP{{PHIT7~PHIST)/REXT)

CALL POCOM {FARTTST,CSTeXX2XX3 5 XXby XX5;XX6)
AM7=VT/CS7

CALL THERMO (P7sH7:TT¢STsXX2:,1FART,0}

IF (IJDES.EQ.1) WRITE (6421) WGHLDS

CALL ZOMNOZ

RETURN

FORMAT {19HOAFTERBURNER DESIGN,5X8H WG6LDS=,E15.8)
END

103
10%
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$IBFTC FRTOSD DECK

SUBROJTINE FRTOSD
COMMOM/ALL/XX{ 2B} /DESIGN/YY{80)
COMMON / FRONT/

iT1 sP1 s M1 $S1 272
2721 eP21 e H21 +521 + T3
374 o P& s Hé 954 515

4755 P55 2 H55 + 555 9 BLF
5CNF ¢+ PRF sETAF SWAFC ,WAF
6CNC o PRC s ETAC 2 WACC SWALC

TCNHP  ¢ETATHP,DHTCHPyDHTC o BLHP
8CNLP LETATLP,DHTCLP,DHTF 4 BLLP
9AM s ALTP  LETAR 4 ZF ¢ PCNF
$TFFHP ,TFFLP oPCBLF PCBLC ,PCBLDU,PLBLOB,PCBLHP,PCBLLP

COMMONM /7 SIDE/

1XP1 s KHAF oXWAC XBLF XBLDU

2XT21 ¢XP21 4XH2Y +XS21 723
37124 P24 sH24 2524 s 125
4728 2 P28 9sH28 +528 2 729

SHAD +WFD 2WG2% FAR24 L,ETAD
67S28 ,PS28 ,VY28 s AM28 . TS29

COMMON/BACK/ZZ(T2)
COMMON/DUMMYS/DUMMY {100}
LOGICAL ERRERsFAN

2P2
sP3
¢P5
¢ BLC
s WA3
s ETAB
s WG5S
s WG55
2 LC

2 KH3
+P23
P25
s P29

+DPDUC
oPS29

sH2

e H3

s H5
+BLDU
s WG4

s DPCOM
s FARS
+ FARS55
s PCNC

s DUMS1

+S2
253
¢S5
+3L0B
«FARG
s DUMF
+CS

2 APEXT
2 WFB

s DUMS2

#H23 $523
g H25 2525
s H29 2529
»BYPASS,DUMS3
s ¥29 2AM29

EQUIVALENCE (FAN.DUMMY{1111},{1SPDOL.DUMMY(61))

XP1l=P}

XWAF=d AF
XWAC=4AL
XBLF=BLF
XBLDU=BLDU
XH3=H3

XT21=721
XP21=P21
XH21=H21
XS21=521

I¥ {(FAN) CALL CODUCY
IF (FAN) RETURN
CALL FASTBK
RETURN

END

$IBFTC FASTBC DECK

74

SUBRDJTINE FASTBK
COMMDN/ALL/XX(28)/DESIGN/YY (80}
COMMON / FRONT/

iT1 2 P1 g H1 »S1 v T2
2721 +P21 s H21 9521 373
374 : P& s Hé4 954 s 75

4755 +P55 s H55 ¢ 855 + BLF
S5CNF v PRF +ETAF  LHAFC HWAF
6CNC » PRC sETAC WACC SWAC

TOCNHP  2ETATHP,DHTCHP¢DHTC ¢BLHP
8CNLP LETATLP DHTCLPsDHTF 4BLLP
9 AM s ALTP ¢ ETAR o LF « PCNF
$TFFHP ,TFFLP PCBLF ,PCBLC PCBLDU,PCBLOB,PCBLHP,PCBLLP

COMMDN 7 SIDE/

1XpP1 s XWAF . XWAC HXBLF ,XBLDU

2AT21  oXP21 oXH21 #XS21 723

3P2 2H2 252
eP3 243 253

¢ P5 sHS +S5
+BLC +sBLDU BLOS
+HWA3 s WG4 *+FARG
+ETAB »DPCOM ,DUMF
» WG5S ¢FARS5 CS
+#GS5 SFARS5 HPEXT
W LC +PCNC o WFB

s XH3 ¢ DUMS1 DUMS2
+P23 sH23 $523
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3T24 1 P24 s H24 + 524 9725 s P25 2 H25 +525 v
4728 2 P28 eH28 +528 ¢ T29 «P29 +H29 2529
5WAD 2 WFD yW624 ,FAR24 ,ETAD ,DPDUC ,BYPASS,DUMS3
67528 ,+PS28 ,v28 e AM28 ,7S29 +PS5S29 ,V29 sAM29
COMMON / BACK/

IXT55 oXP55 (XH55 $XS555 oXT25 oXP25 oXH25 ,X$25

?
2XHFB s XWG55 3 XFARBS ; XWFD ¢ XWG24 ¢ XFAR24,XXP1l LDUMB ,
376 +P6 ¢ H6 956 + 77 +P7 o HT »S7 ?
478 9 P8 » HB »S8 2 19 s P9 s H9 » 59 ?
5HGH s WFA + WGT s FART LETAA LDPAFT V55 v ¥25 ®
6PS6 V6 » AMb s TS7 » PST oV T s AMT s AM25
7788 +PS8 + V8 ¢+ AM8 » TS89 «PS9 2 V9 vy AM9 v
8VA ¢+ FRD :VJD s FGMD S VJHM ¢FGMM  ,FGPO LFGPM

9FGM ¢+ FGP T WFT s HGT s FART  oFG oFN +SFC
COMMON/DUMMYS/DUMMY{ 1001)
LOGICAL ERRER,FAN
EQUIVALENCE (FAN,DUMMY{11}), {ISPODL,DUMMYI6))
XT55=T55

XP55=pP55

XH55=455

X555=555

IF (FAN) GO TO 1

725=721

P25=pP21

H25=H21

$25=521

WG24=dAF-BLF

XT25=7125

Xp25=pP25

XH25=425

X$25=525

XWFB=HFB

XWG55=4G55

XFAR55=FARS55

XWFD=dFD

XWG24=HG24

XFAR24=FAR24

XXP1=P1

CALL COMIX

RETURN

END

$IBFTC COMN3Z DECK

SUBROJTINE COMNDZ

coMMmoN / ALL/

1WORD ,IDES JDES LKDES oMODE HINIT ,IDUMP ,IAMTP ,
21GASMX, IDBURN, IAFTBN, IDCD ,IMCD IDSHOC; IMSHOC NDZFLT,
3ITRYS oLOOPER,NOMAP o NUMMAP,MAPEDG, TOLALL,ERR(6)

COMMON /DESIGN/

1PCNFGJ, PCNCGU:T46GU ,DUMDY ,DUMD2 ,DELFG DELFN ,DELSFC,
2ZFDS PCNFDSyPRFDS ETAFDS;WAFDS oPRFCF SETAFCF,WAFCF ,
3ZCDS o PCNCDS,PRCDS sETACDS; WACDS 2PRLCF oETACCF,WACCF ,
4T4DS o WFBDS oDVCODS.ETABDS,WA3CDS.OPCLIDS.DYCOCF,ETABCF,
S5TFHPDS y CNHPDS ; ETHPDS s TFHPCF , CNMPCF s ETHPCF , DHHPCF , T2DS ¢
6TFLPDS s CNLPDS,ETLPDS  TFLPCF,CNLPCF,ETLPCF3DHLPCF,T21DS
T724DS 4WFDDS ,DTDUDS, ETADDS, WA23DS,,DPDUDS,DTDULF,ETADCF,
8T7DS WFADS +DTAFDS.ETAADS, WG6LDSsIPAFDS,DTAFCF,ETAACF,
9A55 v A25 A6 s AT vAB 2A9 0428 2429 s

PPNV WD
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$PS55 AMB5 CYDNDZ,CYMNDIZ,ABSAY ,A9SAY ,A2BSAV,A2954Y
COMMON/FRONT/QXQ(B0) /SIDE/QYQ{48)

EQUIVALENCE{ AM,QXQI551))

COMMON / BACK/

1755 s P55 2 H55 3555 2725 2 P25 2H25 2525

%
2UFB sWG55 FARS5 LWFD s WG24 FAR24 ,P1 +DUMB
376 2P6 s H6 Y 9 F7 pPT o HT 2 ST 7
478 s P8 2 H8 S8 219 : P9 ¢ HO +59 s
5WG6 s WFA s HWGT + FAR7 LETAA DPAFT ,¥55 s Y25 ¥
6PSH 1 V6 9 AMS s T87 » PS7 ' V7 « AMT sAMZ25
7TS8 +PS8 2 V8 s AM8 3759 :PS9 s V9 s AM9 ?
8VA s FRD s VJD 2 FGMD L VJH ;FGMM  (FGPD LFGPM .,

IFGM s FGP e WFT s HGT 2 FART o FG s FN s SFC
COMMON/DUMMYS/DUMMY {100}

LOGICAL ERRER:FAN

EQUIVALEMCE (FANM,DUMMY{113),{ISPOOL,DUMMY(6}}

DATA A4DRD/6HMNDZZL/

WORD=4 d0ORD

ABSAV=AS8

ASSAV=A9

NOZM=3

IMNDZ=)

IF (NJIFLTEQolsORMOZFLToEQe3) NMOZM=1

IF (IDES.EQolcORIAFTBNeGT-0.0RNDOZMEQs1} IMNOZ=1
IF (IAFTBN.EQ.O0.AND.NUZFLT.EQ.0} IMZD=0

IF (IAFTBNeEQs1.DRoVOZFLT,EQel-ORN2ZIFLT.ER.3) IMID=1
iF (IMID.EQ.1} GD T3 1

CALL ZINVRG (TT7yH7sPTeSToFARTWGTsPLe IMNDZABsPTR, TB8oHBPB:S8,TS58,
1PS8,V3.AM8, ICON)

GO 70 {(3:3:3,2),1C0V

CALL ZONDIV (T7.HT7sPT9STsFARTsHGTPL, IMNOZ;AB A9 ,PTR,TBHB:PB,S8,T
19:;H9:P 3590 TSB:sTS9:PS8:PS9,¥8, YO, AMBoAMO, IZON}
IMSHOC=1CON

GO TO (4540402} JCON

CALL ERROR

19=T8

H9=HB

PO=p8

59=58

TS9=758

PS9=PS3

V9=V§

AM9=A4E

AS=AB

IMSHOZ=ICON+3

ERR{5)={PTR-PT}/PTR

IF {ISPODL.EQ.L1) ERR{3}=ERR{6}

IF (IMMOZ.EQeL) WRITE {6.51 AB-AMB,AT,AMO

RETURM

FORMAT {14HONOZZLE DESIGN, 10X8H AB=,E15.8,8H AMB=3E15.,8,8H
1 A3=3E15.8,8H AMY=,E15.8)

END



$IBFTC ERROR DECK

SUBRDUTINE ERROR

COMMDN / ALL/

1WORD L IDES JDES SKDES MODE SINIT IDUMP IAMTP
2IGASHME o IDBURNSIAFTBN,IDCD 5 IMCD SIDSHIC,IMSHOCNOZFLT,
3ITRYS (LODPERNOMAP NUMMAP,MAPEDG. TOLALL,ERR{6)

COMMDN /DESIGN/

1PCNFGJ,PCNCGU,T4GU o DUMDL ,DUMD2 ,DELFG <+DELFN »DELSFC.
2EFDS PUNFDSsPRFDS ETAFDS,WAFDS sPRFCF sETAFCFsWAFCF
3ZCDS +PCNCDS,PRCDS ETACDS.WALDS +PRCCF ETACCF.WACCF
4T4DS L WFBDS DTCODS,ETABDS;WA3LDS,DPCODSsDTCOCF,ETABCF,
S5TFHPDS s CNHPUSs ETHPDS s TFHPCFo CNHPCF L ETHPCF,DHHPCFT2DS
6TFLPDSsCNLPDSETLPDSy TFLPCF;CNLPCF,ETLPCFDHLPCF,T21DS
TT24DS +WFDDS ,DTDUDS,ETADDS, WA23DS,DPDUDS: DTDUCF,ETADCF,
8TTDS SWFADS ;DTAFDS,ETAADS,WGHLDSsDPAFDS,;DTAFCFL,ETAACF,
9A55 s A25 + Ab 2 AT + A8 s 43 sAZB +A29 ?
$PS55 L AM55 SCVDNDZ,CVMNDZy A8SAY A9SAV A288AV,A29SAV
COMMDN / FRONT/

171 +P1 s H1 #S1 s T2 P2 2 H2 ¢S2
2721 P21 s H21 +521 ¢ 13 eP3 +H3 vS3
374 s P& s H% + 54 275 »P5 2 HS 2S5

4755 ¢+ P55 s H55 #3355 ¢ BLF 2 BLC +BLDU ,8LO08
5CNF s PRF sETAF WAFC ,WAF s HA3 s WG4 sFAR4G
6CNC + PRC 2ETAC SWALC WAL +ETAB 3PCOM ,DUMF
TCNHP SETATHP,DHTCHP ,DHTC ,,BLHP ,HG5 sFARS  »CS
8CNLP LETATLP,DHTCLP,DHTF BLLP ,HWG55 HFAR55 ,HPEXT
9AM s ALTP  LETAR ZF s PCNF  ,ZC ¢« PCNC . WFB
$TFFHP TFFLP oPCBLF ¢PCBLC ,PCBLDU,PCBLOB,PLBLHP,PCBLLP
COMMON / SIDE/

1XpPL s XHAF  3XWAC 2 XBLF oXBLDU ,XH3 ¢ DUMSL sDUMS2

% W B W W W @ F @

?
2XT21 2XP21 sXH2L1 ¢XS21 o723 2P23 9 H23 2523 ®
3724 P24 2 H24 524 s 125 2 P25 1 H25 525 *
4728 P28 +H28 528 2729 2P29 1 H29 529 ’
5WAD s WFD +WG24 oFAR24 ETAD ,DPDUC ,BYPASS,DUMS3
67528 ,PS28 ,vas 2 AM28 7529 ,LPS29 ,V¥29 2 AM29

COMMON / BACK/
1XT55 oXP355 4XH55 X555 X725 oXP25 2XH25 +XS25
2XWFB s XHG55 2 XFARS55¢XHFD o XWG24 XFAR24,XXPL sDUMB
376 v PO sHb s 56 2 17 oP7 « H7 257 ®
478 2 P8 s H8 + 358 279 +P9 s H9 +S9 ?
S5HGSH s HFA 2 HGT oFART oETARA IPAFT ,V¥55 s V25 s
6PS6 e V6 s AMS s TS7 s PST 2 V7 2 AMT 2AM25 4
7758 + PS8 » V8 » AM8 e 7SS9 + P59 s V9 +AM9 "
8VA s FRD s VJID s FGMD  VJIN s FGMM  FGPD »FGPM

IFGHM «FGP s WFT 2 HGT » FART HFG s FN ¢ SFC
COMMDN/DUMMYS/DUMMY(100)

LOGICAL ERRER

COMMON/ERER/ERRER

DIMENSIOMN TRASH1{80},TRASH2i80),TRASH3{48),TRASH4(T2}

EQUIVALENCE (TRASHL,PCNFGU), {TRASHZ2,T1},{TRASH3;XP1),{TRASH4,XT55)

DATA A/ORD/6HCOMMON/
ERRER=,TRUE,

WRITE (6,2) WORD

HORD=AHORD

WRITE {6+3) WORD¢ZFe«PCNF,ZC+PCNCsT4,MODE
WRITE (644)

WRITE {645) (TRASHI{1),I=1,80)
WRITE (6,6}

WRITE {6.5) {TRASH2{1},1=1,80}
HRITE {674}

WRITE (6.5} (TRASH3(I),1=1,48)
WRITE {654}

O D@ OV N e



[,

~N~ounmPpPWNNOO

WRITE (6:5) {TRASH4{1):I=1,72)
WRITE (6+4)

WRITE {6+7) LOOPER

IF {(IJJMP.EQ.O0} GO TO 1

WRITE {6+6)

CALL SYG (2}

CALL ENGBAL

RETURY

FORMAT {2BHOAN ERRDOR HAS BEEN FDUND IN A6}
FORMAT (1HO5; A6:9X:5E15.6514)

FORMAT (2HO )

FORMAY {1HO,8E15.6)

FORMAT {1H1l)

FORMAT (2SHOFAILED 70 CONVERGE AFTER,I4.6H LOOPS)
END

B3IBFTC SYGS DECK

OwWo

SUBROUTINE SYG {ICON}
DIMENSION WORD{132)
DATA JNEDOL/6HS /
GO 70 (1:2),ICON
END FILE B
REWIND 8
RETURN
TERMIMATE THE FILE
WRITE (8,10)
END FILE 8
REWIND 8
READ RECORD
READ (B,11) {WORD{I)sI=1,132) .
CHECZK FOR 12 LEADING DOLLAR SIGNS
DO 4 [=1,12
IF (WJIRD{I)-ONEDDL) 5:4,5
CONTINJE
RETUR\N
CHEZK FOR 6 TRAILING DOLLAR SIGNS
DO 8 I=1,132
I=1
IF (WIRD(I)—-ONEDOL) 8+658
K=1+5
DO 7 J=1,K
IF (WIRD{J)-OMEDOL) 8578
CONTINUE
GO TO 9
CONTINJE
WRITE (6:12)
RETURM
PRINT LINE
I=1-1
WRITE (6,11} {WORD{WM) M=1,1)
GO T3 3

FORMAT (12H$55585%5555%)
FORMAT (132A1)

FORMAT (1HO,12HERRDR IN SYG)
END
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SUBROJTINE PERF

COMMDN 7 ALL/
1WORD IDES JDES +KDES sMODE HIMIT LIDUMP 1AMTP ,
2IGASMX . IDBURN, IAFTBN., IDCD ,IMCD ,IDSHOZ,IMSHOC :NOZFLT.
3ITRYS LOOPER,NOMAP NUMMAP, MAPEDG, TOLALL,ERR(6)

COMMON /DESIGN/

LPCNFGJPCNCGU,T4GU ,DUMD1 ,DUMD2 ,DELFG sDELFN sDELSFCs
2ZFDS +PCNFDS.PRFDS ,ETAFDS,HWAFDS PRFCF oETAFCF.WAFCF o
3ZCDS PCNCDS,PRCDS ,ETACDS,WACDS PRCLCF SETACCF,WACLCF
474DS WFBDS DTCODS,ETABDS,WA3CLDS,;DPLODSsDTCOLF,ETABCF,
S5TFHPDS s CNHPDS ETHPDS s TFHPLF g CNHPCFsETHPCF o DHHPLFT2DS 5
6TFLPDS ¢ CNLPDS,ETLPDS s TFLPCFSCNLPCFSETLPLFoDHLPLF,T21DS »
TT24DS ,HWFDDS ,,DTDUDS,ETADDS,WA23DS,DPDUDS,DTDUCF.ETADCF,
8T7DS HWFADS ,DTAFDS,ETAADS;WG6CDS;DPAFDS,DTAFCF,ETAACF,
9A55 «A25 s Ab 9 AT 2 A8 3 AS sA28 s A29 9
$PS55 LAM55 CVDNOZ,CVMNDZ,A885AV A9SAV ,A2BSAV,A29SAV
COMMDN / FRONT/

171 2 P1 g H1 51 372 s P2 gH2 PRYA
2721 +P21 s H21 2521 213 sP3 s H3 253

374 o P& :H% 2 5% sT5 2P5 s H5 S5
4755 #P55 s H55 ¢ S55 s BLF o BLC +BLDU +BLOB
S5CNF s PRF sETAF <WAFC S WAF e HA3 s WG4 :FARG
6CNC s PRC +sETAC sWACC WAC ¢sETAB ,DPCOM <DUMF
TCNHP o ETATHP3DHTCHP yDHTC  sBLHP ;AGS o FARS ,CS
8CNLP LETATLPDHYCLP,DHTF $BLLP 4HWG55 (FAR55 HPEXT
AM s ALTP  LETAR LHZIF s PCNF  ,1C sPCNC  ,WFB
$TFFHP ,TFFLP PCBLF ,PCBLC PCBLDU,PCBLOB.PCBLHP.PCBLLP
COMMDN / SIDE/

1XP1 s XKHAF o XWAC oXBLF XBLDU »XH3 s DUMS1 DUMS2
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2XT21 $XP21 $XH21 ¢XS21 5723 $P23 sH23 2523 7
3724 s P24 s HZ24 2524 2 725 s P25 ¢ H25 #5525 *
4728 2 P28 2 H28 2328 2729 :P29 #H29 2 $29 o
SWAD + WFD s HG24 FAR24 ,ETAD LDPDUC ,BYPASS,DUMS3 ,
6TS28 .PS28 ,v28 2 AM28 5T7S29 ,PS29 V29 s AM29
COMMON / BACK/
1XT55 4XP55 (XH55 $XS55 5XT25 4XP25 XH25 $XS25
2XHFB 2 XWGS55 s AFARB5 . XHFD XWG24 (XFAR24:XXPL ,,DUMB
376 s+ P6 o HO6 256 2 77 2 P7 o H7 e S7 ?
478 +PB ¢ HB +58 279 2 P9 «H9 259 ®
5UHG6 s WFA s WGT s FART JETAA DPAFT V55 eV25 ®
6PS6 2 V6 » AM6 231587 s PST o VT sAMT s AM25
77S8 s PS8 V8 ¢ AMB 2759 +PS9 s V9 ¢ AMO 7
8VA ¢ FRD 2 VJD o FGMD < VJM 2 FGHMM LFGPD SFGPM

9FGM s FGP s WFT s WGT s FART FG o FN +SFC
COMMON/DUMMYS/DUMMY{ 100)
LOGICAL ERRER,;FAN
EQUIVALENCE {FAN.DUMMY{11)),{ISPODL,DUMMY{6}}
DATA AHORD/6H PERF/
WORD=AWORD
6=32.174049
CAPSF=2116,2170
WFT=WFB+WFD+UWFA
WAT=WAF-BLO0OB
WET=WAT+WFT
FART=dFT/HAT
VA=AM= LS
FRD=VA=WAF/G
70 REMOVE CD NOZ COEFF, CHANGE CALL FRASHI,CUMNOZ EQ.
ALSO SUB CODUCT REMDOVE IF {IDBURN.EQ.1} IDCD=1
ALSO SUB COMNDZ REMOVE IF (TAFTBN.EQ.1}) IMCD=1
ARAT[]=A9/A8
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PTRATJI=P8/P1

PRATII=PSO/PL

CALL PROCOM {FAR7,7595CS9,AK9;CPI,REXI,PHISO,HS?)
CALL FRRASHD {(PTRATO.ARATID.CUMNOZ}
CVMNDL=CUMNDZ

YJM=CYMNDOZ=2VY9

FGMM=V JM=HGT/G
FGPM=CAPSF=({PS9~P1l)#AQ

IF (IGASMXeGT20.0R.MNOT.FAN} GO TO 1
PRATIJ=PS29/P1

ARATIJ=A29/A28

PTRATI=P28/P1

CALL PROCOM {FAR24+T5294CS95AK29,CP9,REXI, PHISI+HSO)
CALL FRASHO {PTRATO, ARATIO,CUDNIZ)
CVDNOZ=CUDNOZ

VJID=CVYDNOZ=V29

FGMD=Y JD#WG24/6
FGPD=CAPSF=(PS29-P1)#A29
FGM=FGMM+FGMD

FGP=F3°M+FGPD

FG=FGY+FGP

FN=FG-FRD

SFC=3500.%WFT/FN

FG=DELFG=FG

FN=DELFN=FN

SFC=DELSFC=SFC

CALL JJTPUT

CALL ERROR

RETURY

END

$IBFTC QUTPIT DECK
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SUBROJTINE OUTPUT
COMMON / ALL/
1WORD L IDES ,JDES KDES SMODE LINIT LIDUMP ,IAMTP ,
21GASMX, IDBURN, TAFTBN, IDCD ,IMCD oIDSHOC,IMSHOC,NOZFLT,

31TRYS ,LODPER,NOMAP ,NUMMAP,MAPEDG, TOLALLsARR{S6)

COMMDON /DESIGN/

1PCNFGJoPCNCGU,T4GU ,DUMDL ;DUMD2 sDELFG ;DELFN ,DELSFC,
2LFDS PCNFDS,PRFDS ,ETAFDS,WAFDS sPRFCF ETAFCF.WAFCF .
32CDS sPCNCDS,PRCDS ETACDS,WACDS »PRCCF ETALCF,WACLF
474DS oWFBDS ,DYCODS,ETABDS.WA3LDS.DPCODS.DTCOCF.ETABLF,
5TFHPDS s CNHPDS; ETHPDS  TFHPCFy CNHPCF ¢ ETHPCF ¢ DHHPLF,T2DS
6TFLPDS, CNLPDS,ETLPDS ; TFLPCF;CNLPCF,ETLPCF,DHLPCF,T21DS
T7724DS wWFDDS ,DTDUDS,ETADDSs WA23DS,DPDUDS,;DTDULF,ETADLF,
8Y7DS oWFADS DVAFDS,ETAADS.WG6LDS.DPAFDS,DTAFCF,ETAALF,
9A55 9 A25 3 A6 2 AT 2 AB A9 +428 2A29 ?
$PS55 ,AM55 ,CVYDNOZ,CYMNOZ.ABSAV sA9SAV A28SAV,A29SAV
COMMDN 7 FRONT/

171 oP1 s H1 0 S1 272 2P2 o H2 +52
2721 eP21 e H21 +521 273 3P3 sH3 353

374 !+ P4 ¢ Hé 254 275 +P5 *+ H5 285
4755 # P55 s H55 #5355 s BLF #BLC +BLDU ,BLOB
S5CNF +PRF 2ETAF +WAFC sWAF s+ WA3 s WG4 s FARG
6CNC ? PRC sETAC S WACC S NWAC sETAB DPCOM ,DUMF
TCNHP  SETATHP,DHTCHP, DHTC sBLHP WG5S »FARS  LCS
BCNLP ETATLPDHTCLPDHTF +BLLP +#WG55 »FARS5 ,HPEXTY
9AM sALTP  LETAR ,ZF s PCNF  ,ZC +PCNC  (WFB
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STFFHP ,TFFLP

1xe1 s XWAF
2XT21 »XP21

3724 s P24
4728 sP28
5WAD s WFD

67528 ,PS28

2 PCBLF ,PCBLC ,PCBLDU,PCBLOB,PCBLHP,PCBLLP
COMMON / SIDE/

s XWAC sXBLF  XBLDU
s KH21 XS21 ,723
sH24 1524 2725
2H28 2528 2729

1 W624 FARZ24 LETAD
s V28 2 AM28 7829

COMMON / BACK/

" 1XT55 o XP55
2XWFB  ; XWG55

376 2 P&
478 P8
5WG6 e HFA
6PS6 < V6
77s8 s PS8
8VaA s FRD
9FGM s FGP

2 XHB5 X855 XT25

s XFARS55, XHFD  XWG24
s H6 1 S6 o 17
s H8 » S8 9 T9

s W67 + FART LETAA
» AME » 157 s PST
sV8 + AM8 3189
1 VJD s FGMD o VJM
s WFT P HGT y FART

COMMON /7 DUMMYS / DUMMY(100)
EQUIVALENCE {T4PBL,DUMMY{2)):{T41,DUMMY(3}}
DIMENSTON W{5,43,ANS1{BO),ANS2{8B0),ANS3{48),ANS&{T72)

EQUIVALENCE (ANS1,PCNFGU), [ANSZ2,T1), {ANS3:XP1),{ANS4,XT55)

9 XH3 ¢« DUMSL ,DUMS2

sP23 »123
s P25 sH25
2 P29 2 H29

®
$523 2
1525 N
2
?

eS29

+DPDUC +BYPASS,DUMS3

2 PS29 V29
2 XP25 $XH25
+ XFAR24 4 XXP1
2 PT #HT
sP9 +H9
2 DPAFT V55
o¥T s AMT
sPS9 2 V9

s FGMM  SFGPD

2 FG s FN

DATA AAORD1,AWORD2/6HOUTPUT, 6HCOMMDN/
DATA (W({leI)sI=1,4)/6HSUBSON,6HIC C-Ds6H NDZZLs6HE /

DATA {A(2:1),1=144)/6HSHOCK

DATA (Ad(3:1):1I=154)/6HSHOCK ,6HOUTSID,6HE C-D
DATA {d{4+1)+1=104)/6HSUBSON,6HIC

DATA (W(5,1)sI=1,4)/6HSONIC

WORD=AWORD1

IF {IDBURN.GT.0) GO TO 2
IF (IAFTBN.GT.0) GO TO 1
WRITE {6+7) WORDsAM; ALTP T4, ETAR

GO 70 3

CONy6HVERG.

WRITE (6+8) WORDsAMy ALTP T4, T7.ETAR

GO 70 3

WRITE (65,9} WORDyAMesALTP T4 T24,ETAR
CALL ZONOUT (2)
WRITE {6510} (W{IMSHOC;1I)5I=1534);FGsFN:SFC
IF (I5ASMX.GT.0) GO 7O 4

WRITE {6511}
WRITE (64512)

{WUIDSHOC 1) I=154)
LOOPER

IF {(IDES.NE.1) GO 7O 5

WORD=AA0RD2
WRITE {6913}
WRITE (6,14}
WRITE (6915)
WRITE (6.14)
WRITE {6515}
WRITE {651%)
WRITE (6,15}
WRITE (6514}
WRITE (6,15}
WRITE (6,16)

1 AM29

¢ XS25
2 DUMB
+S7T
2S9

s V25
sAM25
s AM9
2 FGPM
9 SFC
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s GHINSIDEs6H C~D No6HOZZILE /

s GHNDZZLE/
s 6HNOZZLE/

s 6HCONVER s 6HGENT Ny 6HOZZLE /

WORDgZF ¢ PCNF4ZIsPCNI4ZlsPCNC s T4, M0ODE

{ANS1{I)},I=1,80)
{ANS2{1},I=1,80}
{ANS3(1},1=1,48)

(ANS4{l),I=1,72}

IF {(IDES.EQ.1} GD TO &

CONTINJE
AB=ABSAY
A9=A9SAV
A28=A28SAV
A29=A23SAV

IF (IDUMPGNE,

WRITE (6+16)
CALL SYG {2}

2) GO 7O &



CALL ENGBAL

RETURN

FORMAT (1HBy A6+ 14XTH AM=3F7.3:,6XTH ALTP=3FT7.0,6%XTH
1,25X74 ETAR=,FT.4)

FORMAT {1HB-A6,14XTH AM=35FTe356XTH ALTP=sF7.0,6X7H

1,5X7H TT7=3FB.2y5X7TH ETAR=,F7a4)
FORMAT {(1HB, A6+ 14XTH M=,FT.3,6XTH ALTP=,F7.0,6X7TH
1,5X7H T24=3F8,295X7TH ETAR=3FT.4}

T4=5FBo2
T4=4FB8a.2

T4=3F892

FORMAT {6HOMAIN ¢4A599X3HFG=4F9.2o1BX3HFN=eF 922+ LBX4HSFI=sFB.5}

FORMAT {6H DUCT ,4A5}

FORMAT (16HOCONVERGED AFTERsI%,6H LOOPS,/,1H1)
FORMAT {(1lH A6:9X;7E15.6,14)

FORMAT (1H }

FORMAT (1H ,8E15.6}

FORMAT {1H1)

END

$IBFTC CONDJY DECK
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SUBROJTINE CONDUT {ICON)

COMMON 7 ALL/

IWORD L IDES LJDES KDES ,MODE HINIT LIDUMP ,1AMTP
2IGASMY ; IDBURM,; IAFTBN, IDCD ,,IMCD IDSHOC,IMSHOC,NOZFLT,
3ITRYS +LODPER,NDMAP +NUMMAP,MAPEDG, TOLALLERR{6)

COMMODN /DESIGN/

1PCNFGJ,PCNCGU.T4GU DUMDL ,DUMD2 ,JELFG ,DELFN ,DELSFC,
2LFDS PCNFDS,PRFDS ETAFDS,WAFDS ,PRFLF ;ETAFCF,WAFCF
3ZCDS +PCNCDS.PRCDS sETACDS,WALDS oPRLCIF ETACCF,WACLF
4T4DS HHFBDS ,DTCODS,ETABDS,WA3LDS:DPLODS.DTCOCF,ETABCF,
S5TFHPDS » CMHPDS s ETHPDS s TFHPCF; CNHPCF,ETHPCF s DHHPLF,T2DS &
6TFLPDS s CNLPDSETLPDS TFLPCF CNLPCFsETLPCFsDHLPLCFT21DS o
TT24DS WFDDS ,DTDUDS,ETADDS,WA23DS:DPDUDSDTDUCFSETADCF,
8TTDS WFADS DTAFDS,ETAADS, WG6LDS.DPAFDSsDTAFCFL,ETAALF,
9A55 s A25 e Ab s A7 s A8 ¢ A9 s A28 2A29 ®
$PS55 AMS55 CVDNOZ.CYMNDOZsABSAY ,A9SAYV ,A28SAV,A29S5AV
COMMON / FRONT/

171 2 P1 s M1 »S1 272 :P2 o HZ +S2
2721 s P21 sH21 92821 273 sP3 s H3 »S3

374 s P& ¢ H4 254 2715 s P5 s H5 » S5
4755 ¢ P55 2 H55 » 555 g BLF sBLC +sBLDU ,BLOB
SCNF ¢+ PRF +ETAF WAFC LWAF s WA3 + WG4 s FARG
6CNC s PRC +ETAC SWACC WAL sETAB DPCOM DUMF
TCNHPM ETATHP,DHTCHM(DHTC +BLHP SHGS « FARS LCS
BCNLPM LETATLPsDHTCLMDHTF $BLLP +4G55 oFAR55 (HPEXT
9AM +ALTP SETAR HZF s PCNF  LC ¢ PCNL S WFB
$TFFHPM, TFFLPM,PLBLF ,PCBLC ,PCBLDU,PCBLOB,PCBLHP,PCBLLP
COMMDN /7 SIDE/

1XP1 1 XWAF S XWAC ¢XBLF ¢ XBLDU 3XH3 » DUMSL ,DUMS2
2XT21 +XP21 + XH21 +XS21 .T23 sP23 9H23 +S523 9
3724 ' P24 e H24 + 524 ¢ 125 2 P25 s H25 9525 ®

®
]

S P B W P W & W B

4728 s P28 +H28 528 2729 2 P29 2 H29 2529

SWAD s WFD 2 WG24 FAR24 ,ETAD LDPDUC ,BYPASS,DUMS3
67528 ,PS28 ,v28 +AM28B #7829 PS29 ,Vv29 +AM29
COMMON /7 BACK/

IXT55 oXP55 4XH55 X855 oXT25 4XP25 SXH25 +XS25
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2XWFB ¢ XWG55 3 XFARS5,XWFD 5 XWG24 o XFAR24,XXPLl ,DUMB

7758 2 PS8 +V8 ¢ AMB 9y 1S9 s PS9 V9 s AM9

8VA » FRD 2 VJD ¢ FGMD o VJHM s FGMM  oFGPD FGPM
9FGM ¢ FGP s WFT s WOT 2+ FART 4 FG oFN 2 SFC

COMMON/DUMMYS/DUMMY{100)

k4
376 ' PO 2 Hb6 256 » 177 sP7 o HT +S7 "
478 s P8 s H8 238 219 sP9 2 HO »S9 ?
5HG6 s WFA s WGT + FART oETAA +DPAFT ,V55 2 Y25 9
6PS6 s V6 3 AM6 2 TS7 s PS7 2 VT 9 AMT sAM25
?
?

EQUIVALENCE (TFFHP,DUMMY{12) ) {INHP;DUMMY{13}), {DHTCHP,DUMMY (14} }
EQUIVALENCE (TFFLP,DUMMY{15) )¢ (CNLP;DUMMY{16}){DHTCLP,DUMMY(17})

DIMENSION PARAM(380).WORDY{380),I0UT{103},A0UT{6),WOUT{6)

EQUIVALENCE {PARAM,PCNFGU)

DATA (AORDY{I};I=1,98)/

16HPCNF 353U 6HPCNCGU,6HT46GU  ,6HDUMDY , 6HDUMDZ2 +6HDELFG 6HDELFN o
26HDELSFCo 6HZFDS s6HPCNFDS,6HPRFDS ,6HETAFDS6HWAFDS o6HPRFCF
36HETAFIF: 6HWAFCF ,6HZCDS 6HPCNCDS,6HPRCDS ,6HETACDS,6HWALDS .
46HPRLIF ¢ 6HETACCF,6HWACCF ,6HT4DS 4 6HWFBDS s6HDTCODS6HETABDS,
56HWA3CDS s 6HDPCODS s 6HDTCOCF s 6HETABCF o 6HTFHPDS s 6HCNHPDS  6HETHPDS,
66HTFHPCF, 6HCNHPCF 3 6HETHPCF y 6HDHHPCF s 6HT2DS 2 6HTFLPDS,,6HCNLPDS,
TOHETLRP DS, 6HTFLPCF o 6HCNLPCF o 6HETLPCF, 6HDHLPCF»,6HT21DS 46HT24DS
B6HWFDIS. s 6HDTDUDS s 6HETADDS , 6HWA23DS, 6HDPDUDS s 6HDTDUCF 3 6HETADCF,
96HTT7DS 3 6HWFADS ,6HDTAFDS, 6HETAADS; 6HWGHLDS s 6HDPAFDS s 6HDTAFCF,

$6HETAACF, 6HAS5 2+ 6HA25 s 6HAS » 6HAY y6HAB s 6HAS s
$6HAZ8 s 6HA29 9 6HPS55 ;6HAM55 , 6HCVDNOZ ; 6HCVMNDZ s 6HABSAY 4
$6HAQSAY 4 6HA2BSAV,6HA295AV,6HTL e 6HP1 2 6HAL »6HS) ?
$6HT2 s 6HP2 3y 6HH2 9 6HS2 2 6HT21 s 6HP21 e 6HH21L v
$6HS21 2+ 6HT3 9 6HP3 9 6HH3 2 6HS3 9s6HTS s 6HP4 /
DATA (WORDY(I},1=99,189)})/

16HH4 + 6HS & s 6HT5 s 6HP5 » 6HH5 9 6HS5 2 6HT55

26HP55 » 6HH55 $6HS55 2 6HBLF s 6HBLC 26HBLDU ,6HBLOB
36HCNF s 6HPRF 26HETAF  ,6HWAFC 5 6HWAF s HHWA3 s GHWG4
46HF ARG 5 6HCNC 9 6HPRC :6HETAC H6HHWACC o 6HWAC +SHETAB
56HDPCIYM , 6HDUMF o 6HCNHPM (6HETATHP, 6HDHTIHM, 6HDHTC 4 64BLHP
66HWGS 2 6HFARS  o6HCS s BHCNLPM ,6HETATLP6HDHTCLM, 6HDHTF
T6HBLLP 3 6HWG55 ;6HFARS55 6HHPEXT 5 6HAM s6HALTP  S6HETAR
86HZIF » 6HPCNF  ,6HIC ¢y 6HPCNC  , 6HHWFB 2 6HTFFHPM, 6HTFFLPM,
96HPCBLF o 6HPCBLL 64PCBLDU,6HPCBLOB, 6HPCBLHP6HPCBLLP s 6HXPL ?
$6HXWAF 5 6HXWAC 6HXBLF ,6HXBLDU +6HXH3 »6HDUMSL +6HDUMSZ »
$6HXT21 2 6HXP21 ,6HXH21 6HXS21 6HTZ23 2 6HP23 9 6HH23 ¥
$6HS23 s 6HT 26 s 6HP 24 s 6HH24 s 6HS24 +6HT25 s 6HP25 v
$6HH25 2+ 6HS25 s 6HT28 2 6HP28 9 BHH28 s6HS28 s6HT29 /
DATA {ADRDY{I)s1=190,280)/

16HP29 v 6HH29 s 6HS 29 s 6HWAD s 6HWFD s6HHG24 S6HFARZ24
26HETAD +6HDPDUC ,6HBYPASS,6HDUMS3 +6HTS28 +6HPS28 ,6HV28

W B B W B B S

»
36HAM23 . 6HTS29 ,6HPS29 ,6HV29 y6HAM29 6HXT55 ,,6HXP55
46HXH55 o 6HXS55 L,6HXT25 L6HXP25 6HXH25 6HXS25 ,6-AXWFB
S56HXWG55 ¢ 6HXFARS55, 6HXUFD ,6HXHG24 6HXFAR2%4,6HXXPL ,6HDUMB
66HT6 2 6HPS s 6HHS +6HS6 s GHTT 2 6HPT s 6HHT ®
T6HS7 » 6HTS s6HP8 9 6HHS s 6HS8B 9 6HTY 9 6HP9 ’
86HHI 2+ 6HS9 2 6HHGE s 6HWFA 2 6HWGT »6HFART 6HETAA
96HDPAFT 5 6HV55 s 6HV 25 1 6HPSH p 6HV6 s 6HAMG 9 6HTST s
$6HPST 2 6HVT + 6HAMT s BHAM25 S 6HTSB +6HPSB 2« 6H4V8 )
$6HAMS » 6HTS9 2 6HP SO s 6HVY ¢ 6HAMO s 6HVA s 6HFRD »
$6HVJD ¢ 6HFGMD  s6HVJM ¢y BHFGMM 4 6HFGPD 6HFGPM o 6HFGM »
$6HFGP s 6HAFT 9 OHUGT s GHFART R 6HFG 2 6HFN s BHSFC /

DATA {(AORDY(1),1=281,297}/

11140, 2 6HTFFHP s 6HCNHP  ; 6HDHTCHP6HTFFLP +6HCNLP 4 6HDHTCLP/
DATA THEEND, BLANK,LIMIT/ 6HTHEEND,6H 9297/

GO YO {1,6),ICON

83



C ##s INPUT SECTION

1

L2 3.4

DD 4 \N=1,103

NUM=N

READ (5,11} AIN,;CHANGE

IF (AIN.EQ.THEEND})} 50 TO 5
DO 2 J=1,LIMIT

JJ=J

IF (AIN.EQ.WORDY{JS)} GO TD 3
CONTINJE

WRITE (6:12) AIN

GO T0 &

IOUT{NUMY =3

IF (CHANGE.NE.BLANK} WORDY{JJ)=CHANGE
CONTINUE

WRITE (6,13)

NUM=NJIM~1

RETURN

QUTPUT SECTION

IF {NJM.,EQ.1) GO TO 10
N=NUM

J=6

DO 9 I=1,NUM,6

IF {N.GT.6) GO TO 7

J=N

N=N-6

DD 8 <=1,J

L=I+K~-1

M=10UT (L)

WOUT{K)=WORODY (M)

AQUT (K }=PARAM({M)

WRITE (6,14) {(WOUTIK);K=1sJ)
WRITE (6515) (ADUT{K):K=1,J)
IF {N.LE.Q} GO TO 10
CONTINUE

RETURN

FORMAT (A6+6X: A6}

FORMAT {10HOTHE WORD ,A6,26H NOT FOUND IN LOMMON ARRAY}
FORMAT {22HOERROR IN CONOUT INPUT)

FORMAT (1H ,25XA6:5({9XA6))

FORMAT {1H ,20X6E15.6}

END

$IBFTC THCOMP DECK

84

SUBROJTINE THCOMP (PR,ETA;ToHsSsPsTO,HO,S0,P0)
PO=P#PR

TP=T#PR#%0,28572

DO 1 1=1,25

CALL THERMO {POsHP;TPsSPeX10:X2,0)
DELS=5P-S

IF (A3S{DELS).LE-0.0000525} GD 70 2
TP=TP/EXP(4,.sDELS)

CALL ERROR

HO=H+{ {HP-H)} /ETA)}

CALL THERMD (PDsHO.T0:S50:%X1,0,%251}
RETURN

END

OO W



3IBFTC PROCOM DECK

SO wWN

SUBROJTINE PROCDM {FARXN,TEX.CSEX:AKEX.CPEXsREX.PHI,HEX}

IF (FARXsLE-0,067623) GO 10 1

FARX=).067623

IF {T=X.GE.300.) GO 70 2

TEX=320.

IF (TEX.LE-4000.) GO 7O 3

TEX=4000.

IF {FARX.GE.0.0) GO TO 4

FARX=0.0

AIR PATH
CPA={{{{{({1.0115540E-254TEX~1.4526770E~-21)a2TEX+7.6215767E~18)#TEX~
11.5128259E-14)2TEX~6.TLTB83THE-12)2TEX+6.5519486E~08)2TEX-5.15356879
2E~05)# TEX+2.5020051E~01
HEA={{{({{{1.2544425E~26%TEX-2,0752522E~22)#TEX#+1.2702630E-18B)#TEX
1-3.0255518E~15)#TEX~1.6794594E-12#TEX+2.1839826E-08)=2TEX~2.576844
20E-05} #*TEX+2.5020051E-01)#TEX-1.7558886E+00C
SEA=+2.5020051E-01#ALOGITEX) +{ ({({(1.4450T767E~26%TEX-2.4211288F~22
1)#TEX#1.5243153E~1812TEX-3.7820648E~15)%TEX-2.2392790E-12)=TEX#+3.2
2759743E~08)#TEX~5.1576879E-05)#TEX+4,5432300E~02

IF (FARX.LE.,0.0}) GO TO 5

FUEL/AIR PATH
CPF=({{{{(7.267TBTL0E~252TEX~1.3335668E-20)=#TEX+1.,0212913E~-16)=TEK~
14.,2051106E-13)#TEX+9.9686793E-10)#TEX-1.377T1901E-06)%TEX+1.2258630
2E~03}1#TEX+7.3816638E-02
HEF={{{{{{(9.084838BBE-26%TEX~19050949E~-21}«TEX+1.7021525E~17)=TEX
1-8.41D02208E-14)2TEX+2:492169BE~10)1#TEX-4,5906332E-07)2TEX+5.129315
20E~-04) *TEX+7.,381663BE-02)2TEX+3,0581530E+401
SEF=+7.3816638E~02#AL0GITEX}+{({{({{1.0382670E-25#TEX~2.2226118E-21
112TEX¢2.0425826E-17)#TEX-1.0512776E~-13)2TEX+3.3228928E~10)4TEX-6,8
2859505E~0T)#TEX+1.2258630E-03)1#TEX+6.,483398E-01
CPEX=({LPA+FARX#CPF)/ (1.+FARX)

HEX={AEA+FARX#HEF)/{ 1, +FARX)

PHI={SEA+FARX#SEF}/{1.,+FARX]}

AMW=28,97~-.946186=FARX

REX=1.986375/AMKW

AKEX=UPEX/{CPEX-REX}

CSEX=SJRT{AKEX#REX#TEX#25031.37}

RETURN

END

$IBFTC SERCH DECK

AOOOOONOOM

L X L]
RX 2
k-2 24

BHR

SUBROJTINE SEARCH (PsA3BslsDaAXeNAsBXsCXsDXyNO;NAM,NOM,NCODE)
DIMENSION AX{NAM) oBX{NAM,NOM) CXI{NAMsNOMIsDX{NAM,NOM} ,NDI{NAM} cQ(3}
NEEDS SUBROUTINE AFQUIR

AX AND BX MUST BE STORED LO TO HI

P=INPJT PROPDRTION BETWEEN 0.0 AND 1.0

IF NOT INPUT, P MUST EQUAL ~1.

NCODE=00 oK

NCODE=01 A LD

NCODE=02 A HI

NCODE=D7 ERRDR

NCODE=10 B LO

NCODE=20 B HI

NCODE=D

C=0.

D=0,

P
O WE=CWPH WM
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C #zs

C #us

il

12
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FIND A
DO 1 I=1,NA

IH=1

IF {A.LT.AX(I}) GO TO 2

CONTINJE

IF (A.5T.AX{IH)) NCODE=2

A=AX(IH)

GO TO 3

IF (I4.6T.1) GO TO 3

NCODE=1

TH=2

A=AX(1)

IL=[H-1

LIMH=ND( IH)

LIML=ND(IL)

FIND B

PRM={A-AX(IL))/(AX{IH)=AX{IL))

PP=pP

IF (P.3E.0.) GO TO 6
BL=BX{ILs1)+PRM#*(BX{IH,1)-BX{ILs1))
BH=BX(ILoLIML)+PRM*{BX{IH; LIMH)-BX(IL,LIML))
IF (B.GE.BL) GO TO & '

 NCODE=NCODE+10

B8=8L

GO 10 5

IF (B.LE.BH) GO 10 5

NCODE=NCODE+20

B=BH

PP=0.5

Qt2)=J.

Qi3)=D,

BH=PPs {BX(IH,LIMH}-BX(IH,1)}+BX{IH,1}
BL=PP# {BX(IL,LIML)=-BX(IL,1))#BX{IL,1)}
DO 7 J=2,LIMH

JH=4

IF {B4.LT.BX{IHsJ}) GO TO 8

CONTINUE

JL=JH-1

DO 9 K=2,LIML

KH=K

IF (BL.LT-BX(ILsK}) GO TD 10

CONTINUE

KL=KH=1

PR=ABX{IHs JL)=BH)}/(BX{IH, JH)-BX{IHsJL)}
CH=CX{ THo JL)~PR=(CX{ IHp JH}-CX{IH, JL}}
DH=DX{ IHs JL) ~PR=(DX{IHyJH)=-DX(IH,4L))
PR={BX{ILsKL}I=-BL)/(BX(IL,KH)=-BX{IL,KL)}
CL=CX{ILKL)~PR&#{CX{IL-KH)-CX{IL,KL})
DL=DX{ ILsKL)-PR&{(DX{ILKH)-DX{IL,KL))
BT=BL+PRM= (BH-BL)

CT=CL+#PRM=*{CH~-CL)

DT=DL#PRM={DH-DL)

IF {P.GE.0.) GD TO 13

DIR=SQRT(8/BT)

ERR={3~BT)/B

CALL AFQUIR {Q(1)4PP3ERR30+425.50.001,DIR,PT,ICON)

GO 70 {11,13,12),ICON
PP=PT

iIF (P2,LT.0.) PP=0,
IF (P?.6Tal.) PP=]l,
GO 10O 5

NCODE=7



13 B=BY
C=CT
D=DT
RETURN
END

$IBFTC MAPBAK DECK
SUBRDJTINE MAPBAC {(MAPy;MAPGO,TFFS,TFF,CMSsCNsPCNs T MODE 160 NUM)
DATA d-sMLsWT WS/6H HePo 36H LoPe ¢b6H TFF 6HSPEED /
IF (NJY:G6T.0) GO 7O 1
NUMH=J
NUML=D
1 IGO=MAPGO+3= (MAP-1}
GO TO (253959:627:93,160
C =#=#+ HIGH PRESSURE TURBINE

2 TFF=TFF+0.1#{TFF~-TFFS)
WRITE (B:10) WHoWT.TFFSsTFF
RETURN

3 CN=CN#D.05={ CN-CNS}

IF {MODE.NE.1) PCN=PCN#={CN/CNS)
IF (MIDE.EQ.1) T=T=a(CNS/CN)®=2
WRITE {8510} WHeWS,CNS,CHN
IF (NJUMH.GT.2) GD T3 4
NUM=1
NUMH=NJMH+1
RETURN

4 DELCN=CN-CNS
IF (DELCN.GE.O.} RETURN
TEF=TFF=a{1.+DELCN/CN}
WRITE (8;11) WHeWT,TFFS.TFF
RETURM

5 TFF=TFF+0. 12 {TFF-TFFS)
WRITE (8+10) WHoHWT.TFFS,TFF
GO 70 3

C =#2 LOW PRESSURE TURBINE

6 TFF=TFF40., 12 {TFF-TFFS)
WRITE 1(8+10) WL, WTTFFS,TFF
RETURN

7 CN=CN#0.,05={CM-CNS}
IF (MIDE.NE.3) PCN=PCN={CN/CNS}
IF {MJIDE.EQ.3) T=T={CNS/CN}
HRITE {(B8,10) WL WS,CNS,CN
IF {(NUML.GT.2) GO TO 8
NUM=1
NUML=NUML+1
RETURY

8 DELCN=CN-CNS
IF {DELCN.GE-0.) RETURN
TFF=TFF={1.+DELCN/CN)
HRITE (8511} WL.,WY,TFFS,TFF

RETURN
9 TFE=TFF+0.1# {TFF-TFFS)
WRITE {B,10) WL,HWTsTFFS,TFF
GO 7O 7
c
c
10 FORMAY {1HO,A6,12HTURBINE MAP A6,4HHAS=,EL13.6,10H AND MOW=,E13.6
1,6H$85883%)

78
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11 FORMAY (1HO,Ab6sA6,22HWAS ALSO CHANGED FROM 3E13.6,5H TO sE13.6+6H
16$$55%)
END

$IBFTC CONVXG DECK
SUBROJTINE CONVRG {TI,HI:PI,SI.FAR,WG,PA,IDES,AD;PR;TO,H0;P0,S0,7S

10,PS0, VO, AMO, ICON)
C ICON=1 SUBSONIC, COMPARE PI WITA PR
c ICON=2 SONIC, COMPARE PI WITH PR
c ICON=% ERROR

AJ=778.26

CAPSF=2116.217

6=32.174049

CALL PROCOM (FAR,TIoXX1sXX29XX33XX4sPHII»XX6)
C #==% SONIC CALCULATIONS

J=0

T55=0.833=T1
1 J=Jd+1

CALL PROCOM {FAR;TSSyCSS,AKSsCPyREXS;PHISS,HSS)

HSCAL=HI-CSS##2/{2.%6#AJ)

DELHS=HSCAL-HSS

IF (ABS(DELHS)-0.0005#HSCAL) 4¢4,2

2 TSS=TSS+DELHS/CP
IF {(J4-15) 1,.1,3
3 ICON=%
RETURN
4 IF (IJES) 1241245
C ##x ISENTRIPIC EXPANSION CALCULATIONS
5 J=0
TSI=TI=#{PA/P1})==0,286
6 J=J+l

CALL THERMD {PA,HSI TSI;SSI;XX1,1,FAR,0)
IF (ABS(SSI-SI)-0.0001%S51) 8+8,7

7 TSI=TSI/EXP(4,#{SSI-SI})
IF (J-30) 6,643
8 VIS=SJRT{2.2#G#AJ={HI-HST})

IF (VIS-CSS) 9,11,11
C === SUBSONIC DESIGN, CALCULATE AD
9 VO=VIS
TSO=TSI
PSO=PA
CALL PROCOM (FAR,TS0,CSOsXX2,XX3;REX,PHISO,HSO)
RHO=CAPSF#PS0/ (AJ*REX*#TS0)
AO=WG/ (RHO*VO)
AMO=V3/CSO
PR=PI
ICON=1
10 TO=TI
HO=HI
PO=PI
S0=S1
RETURN
C === SONIC DESIGN, CALCULATE AD
11 V0=CSS
TSD=TSS
PSO=PI#{TSO/TI)##{AKS/{AKS~1.))
RHO=CAPSF#PSO0/ (AJ#REXS=TS0)
AO=4G/ (RHO=VO)

88
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AMD=1,0
PR=P{
ICON=2
GO T0 10

C =## NON-DESIGN, CALCULATE CRITICAL CONDITIONS

12

c
13

C
14

15

16
17

L2 2 1

" HE

vQa=CsS

TSD=TSS

PSO=PA
RHO=CAPSF=PS0O/{AJ=REXS=TS0O)}
ADCRIT=HG/ {RHD#VOD)

AMD=1.,D
PR=PSI#{TI/TSO)=#{AKS/{AKS~1.}}
IF (AJ-ADCRIT) 13,13,14
NON-DZSIGN, CRITICAL AND SUPERCRITICAL CONDITIONS
PSO=P35J+A0CRIT/AD

PR=PR#AOCRIT/AQ

ICON=2

GO T0 10

NON-DESIGN, SUBSONIC CALCULATIONS
PS0O=PA

J=0

750=0.833=TS0

J=J+1

CALL 3ROCOM {FAR.TSJ),CSO+sAKO+CP,REX,PHISO.,HSO}
RHO=CAPSF%#PSO/ (AJ=REX*TSD)

VO=WG/ (RHO=AD)
HSCAL=HI-VO#%2/({2.#5#AJ)
DELHS=HSCAL-HSO

IF (ABS{DELHS)-0.,0005%HSCAL) 17517;16
TSO=T3DJ+DELHS/CP

IF (J-15) 15415,3

AMO=V3/CSO

PR=PSI#{TI/TSO) ##(AKO/{AKD-1.)}
ICON=1

GO 70 10

END

$IBFTC CONDIV DECK

OO0

#ER

SUBRDJTINE CONDIV (TI,HI PIsSIsFARWG,PAIDESsATsADsPIRsTTsHT,PT5S
1TsTOs43sP0+SOTSTsTSO:PST+PSO, VT VO, AMT ,AMO, ICON)

ICON=L SUBSONIC, COMPARE PIR WITH PI

ICON=2 SONIC, SHOCK INSIDE NOZZLE, COMPARE PIR WITH PI
ICON=3 SONIC, SHOCK OQUTSIDE NDZZILE, COMPARE PIR WITH PI
ICON=% ERRDR

DIMENS ION 0(9)

0(2)=2J.

Q(3)=J,

AJ=773,26

CAPSF=2116,2170

6=32.176049

CALL PROCOM {FAR,TIsXX1yXX2¢XX3sXX&sPHITXX6}

SONIC CALCULATIONS

J=0

T5S=0.833#T]

J=J+1

CALL 2ROCOM (FAR;TSSCSS,AK,CPyREXS,PHISS,HSS)
HSCAL=HI~-CSS=#22/{2.2G#AJ)

et
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C saw

10

C s#esz

11

12
13

14

15

90

DELHS=HSCAL~HSS

IF (ABS{DELHS)-0.0005%HSCAL) &Gs%¢2
TSS=TSS+DELHS/CP

IF (J=-15) 1.,1+3

ICON=6

RETURN

IF {IDES) 11,11,.5

SONIC DESIGN, CALCULATE AT

VT=(CSS

TST=7SS
PST=PI&{TST/TI)ee{AK/(AK-1,1))
RHO=CAPSF#PST/{AJ=REXS%TST)

AT=WG/ {RHO=VT)

AMT=1.0

IDEAL EXPANSION DESIGN, CALCULATE AD
PSO=PA

J=0

TSO=TI#{PSO/PI)=%,286

J=J+1

CALL PROCOM (FAR,;TSD4CSO,AK;CPsREX,PHISO,HSD)}
PHICAL=PHII-REX=ALOG{PI/PSD)
DELPHI=PHICAL-PHISD

IF (A3SIDELPHI}-0.0001%PHICAL} Bs8.7
TSO=TS502EXP{%.2DELPHI)

IF {J-15) 6;6,3

VO=50T{2.4G#A #{HI-HSO} )

AMO=V3/CSD

AD=(AT/AMO)#{ 2.2 ( 1o+ (AK=1, )2 AMOR22/2. )/ {AK+1.})#e{{AK+1a)/{2.8(AK~

11.))1}

PIR=PI

ICON=3

T0=TI

HO=HI

PO=PY

S0=S1

T7=71

HT=HI

PT=P1

ST=S1I

RETURY

ASSUME SONIC THROAT AND ISENTROPIC EXPANSION 70O AO
VT7=CSS

AMT=1.0

TST=TSS

RHO=W5/{AT=VT)

PST=R4D#AJ=REXS=TST/CAPSF
PIR=PST#{TI/TST)a=s{AK/{AK~1s}}

IF (PST-PA) 12,2727

¥50=0,35#T1

MAM=0

CALL PROCOM (FAR:TSD¢CSO:;AKsCP<REX:PHISD:HSO?}
AMO=SART(2,#{{(TI/TSO)-1.)/{AK-1a}}
AOCAL={AT/AMO)# (2,21 1o+ (AK~1.}2AMD®22//2, ) /{AK+ o)) oe{ (AK+L, )/ (2.2

1AK=1e)1})

EA={A)-~AOCAL)/AD

DIR=5IXT(AD/ADCAL)

CALL AFQUIR {(Q(1),TSO+EA30.,100,,0.0001,DIR,TSOT,JCON)
GO TO (14,18,3),JC0N

TSO=¥350T

IF {7S3-TI) 15413,16

TSC=2,2TI/{AK#1.)

IF {(7S2.GT.TSC) GO TO 17



16

7

18
C #s=

19

C #as

20

21

22
23

2%

25
26

C »es
27

28

29

30

TS0=0,98#T1

GO TO 13

IF {Q(2).LT.30.0,0R. AMO.LT.0.95.0R. MAM.EQ.1) GO TO 13
TSO=2.#TI/(2.+0,98%( AK=1,))

MAM= 1

GO TO 13

PSO=PIR*(TSO/TI) == (AK/{AK=14))

IF (PSD-PA) 20,19,27

CRITICAL FLOW, ISENTROPIC EXPANSION TO PA
VO=AMJ=CSO

1CON=1

G0 T0 9

SUBSONIC FLOW

PSO=PA

Q(21=2.

Q(31=2.

J=0

TS0=0.833=TI

J=J+1

CALL PROCOM (FAR,TSD+CSO,AKsCPyREXsPHISD.HSD)
RHO=CAPSF#PS0/ {AJ*REX*TSO)

VO=WG/ (RHO#*AD)

HSCAL=HI-VO=#2/(2.%G*AJ)

DELHS=H4SCAL-HSO

IF (ABS(DELHS)-0,0005%HSCAL) 23,23,22
TSD=TSJI+DELHS/CP

IF (J-15) 21,21,3

AMD=V3/CSO

PIR=PSI#(TI/TSO)##(AK/{AK-1,))

TST=TS0

CALL 2R0COM (FAR,TST,CST,AK,CP3REX;PHIST,HST)
PST=PI*(TST/TI)#=(AK/(AK=1.))
RHO=PST#CAPSF/(AJ#REX*TST)

VT=WG/ (RHO®AT)

HSCAL=HI-VT##2/(2.%6%AJ)

EH=(HS CAL=HST)/HSCAL

DIR=1, + (HSCAL—-HST)/(CP*TST}

CALL AFQUIR {Q{1)sTST+EH.04s200+0,0005,DIRsTSTT,IJCON)
GO TO (25,2643),JCON

TST=TSTT

GO TO 24

AMT=VT/CST

ICON=1

GO TO 9

SUPERZRITICAL FLOW, ISENTROPIC EXPANSION TD PA
PSO=PA

J=0

TSO=TI#(PSO/PIR)#%,286

J=J+l

CALL PRDCOM (FAR,TSO,CSD,AKsCPyREXsPHISI,HSO)
PHICAL=PHII-REX#ALOG(PIR/PSD)

DELPHI =PHICAL-PHISD

IF (ABS(DELPHI}-0.0001#PHICAL) 30,30,29
TSO=TSJ*EXP (4.,0#DELPHI)

IF (J-15) 28,28,3

VO=SQRT(2.26%AJ* (HI-HSO) )

AMO=V3/CSO

ADID=(AT/AMO) # (2.2 (1o +{AK-1o ) #AMD#22/2, ) /(AK+1 ) )en{{AK+L.)/(2.%1A
1K-1.)1)

ICON=3
N=0
IF (AJ-ADID) 3149,32
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91
92
93
9%
95
96
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1056
107
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109
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118
1139
120
121
122
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C =zaz
31
32

33

34
35

C #3%

36

C mas

37

C aawn

38

C =es

39

40

41

42

SUPERZRITICAL FLOW, ISENTROPIC EXPANSIDN TOD AO
N=1

T50=0.833«T]

J=0

J=J+1

CALL PROCOM (FAR,TS3;CSO:AK,CPsREX,PHISO,HSO}
AMO=SAT{2.2((TI/TS0)~1.)/(AK~10o})

ADCAL=(AT/AMO) #{ 2. 21 1o+ {AK~-1,)#AMD®22/2. )/ {AK+ 1o )} o ({AK+1a)/{ 2.2
1AK=-1s)1)

DELA=AD-AOCAL

IF (ABS{DELA)~0.0001#A0) 35,35,34
TSO=TS)#SQRT{AGCAL/AD)

IF (J-50) 33,33,3

IF (N) 37,37,36

UNDEREXPANDED, SHOCK OUTSIDE NOZZLE
PSO=PIR#{TSO/TI)es(AK/(AK-1.))
VO=AMJ2CSO

G0 TO 9

OVEREKPANDED, FIND SHOCK POSITION
PSX=PIR=(TSO/TI)#=#{AK/{AK~-1,})
PSY=PSK#{2.#AK=AMD*#2/ (AK#+1s )~ (AK=1, )/ ({AK+1.) )
IF (PA-PSY) 38,39,39

OVEREXPANDED, SHOCK OUTSIDE NOZZLE
PSO=PSK

V0=AMI*CSO

GO TO 9

OVEREXPANDED, SHOCK INSIDE NOZZLE
PSO=PA

4=0

TS0=0,8334T1

J=d+1

CALL PROCOM (FAR,TSDsCSO,AKsCPyREXsPHISO,HSO)
RHO=CAPSF#PS0/(AJ#REX#TSO)

VO=WG/ {RHO*AD)
HSCAL=41-VO2#2/(2,#G%Ad)
DELHS=HSCAL~HSO

IF (ABS(DELHS)=0.0005%HSCAL) 42,4241
TSO=TSJ+DELHS/CP

IF (J-15) 40,40,3

AMO=V3/CSO

T0=T1

HO=HI

PO=PSI#(TO/TSO) =% (AK/{AK=1.})
SO=PHI I-REX*ALOG (PO)

1CON=2

G0 TO 10

END

$IBFTC THTEB DECK

92

SUBROJTINE THTURB {DH.ETA,FAR,H:SsPoTD:H3:S0-P0)
HO=H=-J4

HOP=H-DH/ETA

PT=P/2.

DO 1 I=1:25

CALL THERMO {PT,HOP,TT:SToAMWT,1,FAR, 1}
DELS=S7-35

IF (ABS{DELS)-LE.0.00005%S) GO 10 2

144
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PT=P=2ZXP(DELS#AMHT/1.986375+ALOGIPY/P)}
CALL ERROR

PO=PT

CALL THERMO (POsHDO,T7O,S0:X1s3:FAR,1}
RETURY

END

$IBFTC THERM) DECK

HOO

SUBROJTINE THERMO (PXoHXoTXySX;AMX,LsFAR,K)
FX=0.

IF {L.EQ.1l) FX=FAR

IF (K.EQol) GO TO 1

CALL PR0OCOM (FX3TX:CSsAKsCPoRsPHISHX]
GO TO 3

TX=4q8HX

DO 2 I=1,15

CALL PROCOM (FXsTXsCSsAK;CPyRePHIGH)
DELH=+4X~H

IF (ABS{DELH}+LE-0.00001%HX) GO 7O 3
TX=TX+4.#DELH

WRITE (8,4}

SX=PHI -R#ALOGI{PX)

AMX=1.,986375/R

RETURY

FORMAT (31HONO CONYERGENCE IN THERMI$5%568%5)
END

$IBFTC AFQUER DECK

OO0 0

SUBRDJTINE AFQUIR (XoAIND, DEPENDsANSsAJsTOLsDIRsANEWILON}
DIMENSIDN X{9)
X{1}=NAME OF ARRAY 7D USE
AIND=INDEPEMNDANT VARIABLE
DEPEND= DEPENDANT VARIABLE
ANS=ANSWER UPON WHICH T3 CONVERGE
AJ=MAX NUMBER OF TRYS
TOL=PERCEMY TOLERANCE FOR CONVERGENCE
DIR=DIRECTION AND PERCENTAGE FOR FIRST GUESS
ANEW=CALCJLATED VALUE OF NEXT TRY AT INDEPENDANT VARIABLE
ICON=CONTR3L =1 GO THRU LOOP AGAIN
=2 YDU HAVE REACHED THE ANSWER
=3 COUNTER HAS HIT LIMITS
X{2})=COUNTER STORAGE
X{3}=CHODSES METHOD OF COMNVERGENCE
X{43=THIRD DEPEND VAR
X{53=THIRD IND VAR
X{6}=SECOND DEPEND VAR
X{T)=SECDOND IND VAR
X{8)=FIRST DEPEND VAR
X{9)=FIRST IND VAR
X{3) MUST BE ZERO UPON FIRST ENTRY 70 R3IUTINE
¥=0.
IF (ANS) 14251

VONOV LS WD

M) O e OSSN e



VHWw N

L X2

LV O®

10
i1
12

C zas

13

14
15

C #as
16

23
24

25
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DEP=DEPEND~ANS
TOLANS=TOL=2ANS

GO 7O 3

DEP=DEPEND

TOLANS=TOL

1Ff {ABSE{DEP)=TOLANS} 5,5.%
IF (X{2)-Ad) 8,8,7
ANEW=AIND

Xt21=2.

ICON=2

RETURN

AMEW=Y

Xi2)=6{2) %1,

ICON=1

RETURN

ANEW=Y

X{2)=2.

ICON=3

RETURN

IF (X031} 909,12

FIRST GUESS USING DIR
X{3i=1.

X{B)=DEP

X(9)=a1IND

IF (AIND) 10,11.10
Y=DIR*AIND

GO TO 5

Y=DiR

GO T0 6

IF (X{3)~1.% 13513,16
LINEAR GUESS

X{3)=2.

X{6)=DEP

X{T7)=AIND

IF (X{8}-X1{6)3 14,9,14
IF {X{9)}=X{T7}) 15,9:15
A={X(2)=-X{T})/{X(B)=X{(6))
¥Y=%X{9)}~A=X{8)

IF {A3S{10.#X{9)}-ABS(Y}} 9,9,6
QUADRATIC GUESS
X1{4)=DEP

X{5)=AIND

IF (X{T7)}-X{5})) 18,17,18
IF {Xi6)=-X{(4)) 13;9,13
IF (X{6)=-X{4)) 19;713,19
IF (X{93-X{5)) 23+:20,23
IF (X{B1-X{4}) 21,22521
X{931=xX{7)

X{8)=X{6)

GG 70 13

X{931=X{7}

X{81=X1{6)

X{31=1.

IF {X{3)) 10,11,10

IF (X{B}=-X{4)) 24+21:24
F={X{(5)-X{4))/{X{T}=X(5))
A= {X{3)=X{4)~Fe{X{9)~XE{5)} /U X{QI=X{TIIu{X{D-XI5}])
B=F-As {X{5)+X{(7}})
C=X(4}#X(5}2{A#X{T)~F)
IF (A} 27+25,27

IF (B} 26:7:26



26
27
29
30
31

32

34
35

36

37

38
39
40
41

42

44
45

46
&7

==-C/B

GO TO &7

IF (B} 32:28:32

IF {C} 30:29-.30

Y=0.

GO T9 &7

G=-C/A

IF (G} 797,31

Y=SQRT{G}

YY==-SART{G}

GO TO 37

iF {(C) 34:33.34%

Y=-B/4

YY=00

GO T0 37

=4, #R5C/Bexu2

IF §1.~D} 13,435,368

Y==8/{2.24)

GO 70 &7

E=SQRT{1.-D}
¥Y={-B/{2.2A}}#{1.¢E}
YY¥={=-8B/{2.%A))&{1l.~E)

J=4

DEPMIV=ABSIXI{4})

DO 39 [=6,8:2

IF {(DEPMIN-ABS{X{I})) 39,39,38
J=1

DEPMIN=ABS{X{1}}

CONMTINUE

K=J+1

IF ((XI{K)=Vies{X{K}-YY}) 42,42,40
IF (ABS{X{K}=-Y)-ABSIX(K}-YY}) 4754741
Y=YY

GO TO &7

iF (J=6) 43,44,:44%

Jid=J+2

KK=K+2

GO 70O %5

Jd=Jg-2

KK=K~2

SLOPE={ X{KK}=-X{K}}/{X(JJI)=-X{J)}}
IF {SLOPE=X(J)=#{X{K}-Y}) 46,46:47
Y=YY

X{9y=X{T7}

X{8)=X{6}

X{T)=K{5])

X{6)=X{4}

GO 70 &

END

$IBFTC PARABD DECK

SUBROJTINE PARABO (X,YsXDsYANS)

DIMENSION X(3),Y(3)

A={{XTL)=X{23 )& (Y=Y (3N -(X{LI-X{3 el Y{LI=-YI2) DD/ L(X(1)=X(2)) =
IXTL)}-X{3) J=(X{3)-X{2}})

B={({X{1lie#2-X(2)2a2) {Y(1}-YI3))-{X{1)ex2-X{3)e22)a(Y{1)-Y(2}})/({
XL} =23 XU ~X{3 )y X{2)-X(3}})

136
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D=V (L) 2X(2)#22-Y{2)eX{l)eu2-BaX{2eX{1)={X{2}-X{1D}D/iX{2}ua2-X(1 7
liwa2) B
YANS={ A=XD+Bj=2XD¢D 9
RETURN 10
END 11
$IBFTC BLKFAM DECK

C THIS IS A GENERALIZED FAN MAP FOR UNREALISTIC SUPERSOMIC ENGINE 1
BLOCK 3JATA 2
COMMON /7 FAN/CN(L15),PR{15,15):WACT{L5:15),ETAL15,15},NyNP{L5} 3
DATA MsNP/10:6:3%7,5210,8,5#0/ &
DATA SN/0:350045005¢00:650:7506820095100101912:520.7 5
DATA {PR{ 1ledisWAC{ 1,J),ETA( 1,4),3=1, 6)/ [
I 1-00000, 243,600, 0.75592;y 1.01200; 229.800, 0.76120, T
2 1.028B00, 199,800, 0,76648, 1.03840y 166,800, 0.75592, 8
2 1.04480, 133,200, 0.72512: 1.04800, 86,400, 0.6%152/ 9
DATA (PR{ 253} sWACT 2,01 ,ETA{ 2,Jd):d=1, 7))/ 10
1 1.00000, 286.800; 0.75592; 1.02000s 270,000, 077616, 11
2 1.0%000, 253,200, 0579200, 1.05840, 233,400, 0.79728, 12
3 1.07520. 209.400, 0.80256, 1.09200, 183.600: O0.7761lb, 13
4 1.10000, 156,600, 0.74008/ 14
DATA {PRU 3,80 :WACT 3,J),ETAL 3,J353=1, 73/ 15
1 1.0%300, 333,600, 0.75064; 1.025%60, 322.800s 0.77616, 15
2 1.,05120, 310,200, 0.80256: 1.,08000. 291.600, 0.82808, 17
3 1.11600, 259,800, 0.843%92, 1.13200, 240,000, 0.82808, 18
4 1.1%800, 213,600, 0.77616/ 19
DATA {PR{ 43;J)+HACT 4oJ)sETAL 4533,3=1y T}/ 20
1 1.02000, 383.400, 0.74536y 1.03680, 376.200s 0.77615, 21
2 1.08800, 3%8.200, 0.82808, 1.12400, 340.200; 0.85448, 22
3 1.15200, 313,200, 0.88000, 1.18960, 276.600, 0.82808, 23
4 1,135205 266,400, 0.80784/ 24
DATA (PR{ 5¢J)sHACT S5:J1,ETA{ 5¢3)4=1,10)/ 25
1 1.00000, 439.800, 0.72512, 1.06400, 436,800, 0.77616, 26
2 1.11840, 428,400, 0.82808, 1.14800, 420.600s 0.854%8, 27
3 1.13400, 406.800, 0.88000y 1.20960, 393.600, 0.90112, 28
4 1.21760, 388.200, 0,90376s 1.22400, 383,400, 0.90112, 29
5 1.2%%00, 368,400, 0.88000, 1.26720, 342,600, 0.82808/ 30
DATA (PR 6,J)sWACL 6¢J)+ETAL 65J)ed=15101/ 31
1 1.00000, 499.800; 0.68816y 1.10000y 499.800s 0.77616, 32
2 1.15000, 693,200, 0.82808, 1.20000, 485.400, 0.85448, 33
3 1.22800: 476,400, 0.88000, 1.25520, 466,800, 0.90112, 34
4 1.27200, 456.600, 0.91080s 1,2B85640, 448.200s 0.90112, 35
5 1.32240, 433,200, 0.88000, 1.33200, 406,800, 0.82720/ 35
DATA {(PR{ Tod)oWAC{ TS} sETAL Tod)ed=1,10}/ 37
1 1.00000, 566.400s 0.64152y 1.07600, 566,400, 0.72512, 38
2 1.1%200. 566,400, 0,77616; 1.21920, 559,800, 0.82808, 39
3 1.25000, 553.200, 0,85888, 1.28960, 544.800, 0.88000, 40
4 1.33120, 528,600, 0.,90112, 1.36160; 509:.400, 0.88000, 41
5 1.33120, 483.600, 0,82808, 1.%0000, 474,000, 0.81752/ 42
DATA {PRU ByJ)oWAC{ 8,3);ETA{ B5J)eJd=1,10)/ 43
1 1.03000, 633,600, O0.60016, 1.04400, 633,600, 0.64152, 44
2 1.13520, 633.600, 0.72512s 1.22080, 633.000; O0.77616, 45
3 1.23440, 625.800, 0,82808, 1.34000, 616.800, 0.85888, 45
4 1.43300, 600,000, 0,88000, 1.42800, 586,800, 0.85888, 47
5 1.44800, 576.600, 0.82808, 1.48000, 553,200, 0.78672/ 48
DATA (PR{ 9;J),WACT 95J)+ETA{ 93J)pJd=1-,10}/ 49
1 1.02000, 700,200, 0.56926: 1.10400, 700,200, 064152, 50
2 1.22300; 700,200, 0,72512; 1.32400, 700,200, O0.776156, 51

96



3 1.43000, 700,200, 0.80256s
4 1.52000, 693,600, 0.80256,
5 1.55800, 666.600. 0.74536,

1.44800,
1.53360,
1@58400?

DATA (PR{10,J}:WAC{L0:J),ETA{L0,J2:4=1,

1 1.00000. 750,000, 0.5174%,
2 1.31200, 750,000, 0.,72512,
3 1.43000, 750,000, 0.756120¢

4 1.53000; 749,400, 0.72512,
END

$IBFTC BLKCYMP DECK

c

THIS IS GENERALIZED COMP. MAP FOR UNREALISTIC SUPERSONICZ ENGINE

BLOCK DJATA

COMMON / COMP/CN{15),PR{15515),WACT{15515),ETA{15515),NoNP(15)}

1.16320,
1.40000,
154000,
1.66000,

DATA NoNP/10,226,228+42810,2%8,520/

DATA TN/0562506T7%907875089951091003401.06791012491.23651:292,520.7

DATA (PR{ 1:3)sWAC! 15J)ETA{ 1yJ)sJ=1,

1 1,03000, 51.000s 0059082,
2 2.42800, 49.500, 0.66242,
3 3.83500, 46,700, 0,67338,

DATA (PRT 2533} WAC( 2,J),ETA( 250)5d=1,

1 1.02000, 59,300, 0.59082,
2 3.03300, 58.800; 0.69402,
3 4.683500, 56,700, 0.74562,

DATA (PRI 3:J}:HACL 3,J3)+ETA{ 3,J4),d=1,

1 1.00000, 70.000, 0.58566,
2 2.63200, 70.000y 0.68370,
3 4.52100, 68,800, 0.7774%»
4 6031300, 66,400y, 0.77744,

DATA {PR( 435J) WACT 4+Jd).ETAL 45J)ed=1,

1 1.00000, 84.800, 0.,58050,
2 3.42300, 84.800, 0,72498,
3 5.63700, 84.000, 0,80840,
4 7.53300, 81,700, 0.80840,

698,400,
683,400,
6560400,
8}/
750,000,
750,000,
750,000,
736,800,

DATA (PR{ 5¢J}sWACL 55J0)ETAL 5,J),4=1,10)/

1.00000, 101.700s 0.57190,
3,93200, 101.700, 0.72498,
6.43800, 101,200, 0.80840,
8.03000s 100.000, 0.86000,
9.38500, 98.100, 0.80840,

VI WO N

DATA (PR{ H3J)sHACT 69J):BETA{ 65Jd)23=1,10)/

1.030000, 108,100, 0.57018,
4,23700; 108,100, 0.72498,
6.93600, 107.600, 0.80840,
8.54500, 106.700s 0.86000:
3,92500, 104.500. 0.80840,

W W N

DATA {PR{ T73J)sWAC( ToJ)ETA{ T4J)»d=1,10)/

1.03000, 114.500; 0.55986,
4,75900, 114.500, 0.72498,
745400, 114,500, 0.80840,4
9.21800, 113.600, 0.84968,
10.51300, 112.600, 0.80840,

U W R e

DATA {PR{ 8,J)sWAC{ 8,J),ETAL B8,J),4=1,10}/

1.03000, 122.900, 0.53922,
3,84300, 122,900, 0,64242,
6,85500, 122.900, 0.77744,
8.95500, 122.600, 0.82388,
10.91200, 121.700, 0,80840,

VIS W N e

6)/
1.84000, 500,200,
286900, 48,800,
40549000 44.5001

6)/
1.96600, 59¢300,
3.93300, 57.300,
5652900, 55,000,

8)/
1.84000, 70.000,
3.40800, 69:500;
5544500, 67900,
6.52300, 65. 700,

8)/
2.00800, 84,800,
4060500, 84,800,
6.61400, 83,300,
795800, 80,500,
2051900, 101700,
5.,27700, 101,700
7.20200, 101,000,
8.56700, 99.500,
9596005 97. 400,
2.85500, 108.100,
5.61300, 108,100,
7.62200, 107.100,
9.13400, 106,000,

10.21900, 104,000,
3.26100, 114.500,
6.11700, 114,500,
8.30800y 114,300,
9.63800, 113,300,

10.99600, 112.400,
1.68600, 122.900,
$5.46600, 122.900,
8.37100, 122.900,
9.88300, 122.100,

11.81500y 120,700,

0.80784%;
0.77616,
0.72512/

096@1523
0.75592,
0,75006%,
064152/

0.62178
065274,
0.64242/

0.64242»
09724987
0.724%8/

064242
0.72498,
0.79292,
0.76970/

0.66242,
0.7774%s
0.82904,
0.79292/

0.64262,
CT774%,
0.83936¢
0.839356,
0.80582/

0.64242,
0.T7T4%,
0.83936
0.83936,
0.80410/

0.66242,
0.77744%+
0-83936,
083936,
0.79808/

0.57018,
0.72498,
080840,
0.83936+
0.7774%/
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DATA {PR{ 9;J3)WACT 9:JI.ETAL 9:d)od=1, 8)/
1 1.00000s 139.800s 0.47644; 4.35300s 139,800,
2 7.52200, 139.800, 0.72498, 10.21900, 139.800,
3 11.052006, 139.800, 0.782605 11.89900s 139.500,
4 13.15900, 139.300, 0.72498, 13.65600, 139,000,
DATA {(PR{10,J),HAC(10,3},ETA{10,3}sd=1,; 8}/
1 1.00000, 146.200s 0.46612y 3.76500, 146,200,
2 6.43100; 146,200, 0.64242; 9.17600, 146.200,
3 10.,21300s 146.200, 0.75078, 11.47900, 146,200,
4 12.711005, 146.200; 0.72498; 14.41200, 146.200,
END

$IBFTC CMBDAT DECK

BLOCK DATA

0.60114%,
0. 7T774%
077764,
0.69918/

0.57018.
00 724989
0-.75078,
0.66242/

COMMON / COMB/PSI{15),DELT{15:15),ETA{L5:15)+N,NP{15}

DATA NgNP / 15,15#15 /

DATA PSI1/4.911659.8232,140735719:645+24.558,29.470:34.381,

139,293,44.207,73:6747100.5200.530055400.7500./

DATA DELT/15#200.4+15%2300.515#400,515#2500.515#600. 1547005152802, ,
115#900.5,15%1000,51521100,515%1200,,15%¥1300515%1400.51521500.

21521600,/
DATA EFA/
106009, 7269 07T7508069282654843¢0855,0865,T#.870,

206758568255 585870875, «888:08985.9065:9129.914,;6%.915,

3e8685589350911569255 0935509420947 951,7%,953,

46925003369 09469:95550963709699:97%303772.978,62,979,
50260459663 09729097790982:29855.990,0992,.993,6%.995,

60988909919 n9927 .994’ 999510997, 59989 8*0999,
7821 .0),7%#.999,120%1,00/
END

$IBFTC HPTDAT DECK

98

BLOCK DATA

COMMON / HTURB/TFF{L5)};CN{15515)4DHI15,15) ;ETA(15:15)sNNP{15}

DATA NoNP/10-:9%15,1245%0/

DATA TFF / 39,670, 42990, 4724604 4B.6105
1 49,500, 50,000, 50425, 50.920¢ 51575
DATA {CN{ 1,J)eDHU 15J),ETAL 1od)sJd=1.15}/

0.1872, 0.0032, 06219, 0.3372, 0.0057,
0.5156, 0.0084%, 0.7868, 0.7128s 0.0108,
0.9382, 0.0133, 0.8090, 1.1442, 0.0152,
1.3138, 0.0164, 0.7779, 1.5382, 0.0174,
1.726%, 0.0179, 0.7078, 1.9324, 0.0176,
2.1500, 00,0167, 0.6068, 2.4058, 0.01445
2.5892, 0.01204 0.4773, 2.78625 0.0082,
23460, 0.0034, 0.3034/
DATA {(CN{ 2,J)oDH( 2,J3-ETAL 24J)5d=1,15)/

0.1872, 0.0038, 0.6068, C.3942, 0.0080,
0.581%, 0,0113, 0.8090, 0.7128, 0.0136,
0:3%42+ 0.0156. 0.8363, 0,9804, 0.0176,
1.1268, 0.0192, 0.8368, 1.2754, 0.0212,
1.%4%50, 0.0228, 0.8254., 1.7068, 0.0248,

@~ WP W
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9. 175,
520,/

00,7078,
0.8090,
0.7963,
0.,7622,
07635,
0,5309,
046045,

0.707B,
08292,
08393,
0.8302,
0.8090,
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6 1.9596, 0.0260, 0.7696, 2:27065
7 25370, 0.0241. 0.6068, 3.0960,
8 3.3774, 0.0128, 0.,619774
DATA {CN{ 35J)eDHU 3:J):ETA( 39Jd),Jd=1:15)/
1 01872+ 0.0046, 00,5764, 04362,
2 0.5568. 0.0144, 0.8090, 08726,
3 1.3696, 0.0216, 0.8543, 1.2382»
4 1.%4538, 0.0268, 0:.8494, 1.6882,
5 13596, 0.0316¢ 0.8262, 202138,
6 2.3520, 0.0344, 0.7579, 2.8050,
7 3.2392, 0.0340, 0.6652, 33,2648y
8 3:3774, 0.0312, 0.5865/
DATA (CN{ 6,J3),DHI %4J)oETAL 4,d),051,15)/
1 0.1872, 0.0052, 0.5643, 0.2550,
2 04784, 0.0120, 0.7078, 0.6942,
3 0.2148, 0.020% 0.8494, lo1442
4 1.3882, 0.0280, 0.8596, 1.5618,
5 1.3010, 0.0336, 0.8535;, 13794,
6 2.2794, 0.0388, 0.8363, 2:5138,
7 28334, 00441, 0.8090, 3,1622,
8 3:.3774, 0.0494%, 0.7584/
DATA (CNU S5¢J)sDHU 5,01 ETAL 553).4=1,15)/
1 0.1872, 0.0056, 0.5562, 0.3000,
2 0.5254, 0.014%4%, 0.7078, 0.7500,
3 0:3754, 0.0236, 0.8494, 1.2754,
% 1.%824, 0.0321, 0.8696, 1.7638,
5 202650, 0.0400, 0.8615, 23362,
6 2+5450, 0.0496, 0.8520, 2.8706,
7 353764’ 0905961 0:8494' 3&1520’
8 3.1518, 0.0661, 0.8570/
DATA {SN{ 65J)eDH{ 6,J),ETAl 654)5Jd=1:15)/
1 01872, 00068, 0.5309, 03568,
2 0.5196, 0.0192, 0.7078¢ 0.86284
3 13932, 0.0300, 0.8494, 1.2852,
& 1.5010, 0.0384, 0.8819, 1.6882,
5 1.2138, 0.0472, 0.8940, 2:124b,
6 2.2706¢ 0.0564% 08975, 242260
7 20‘*;507 09064‘0g 0:89681 2.53727
8 2-3558, 0.0698, 0.8896/
DATA (CN{ T3 3)oDHU ToJ)oETA( T5d)ed=1:15)/
1 0:1872, 0.0080, 00,5062, 0-4314y
2 0.5844, 0.0236, 0.7078, 0.9568,
3 1.,2010, 0.0372, 0.849%94, 1.3834,
% 1.5108y 00448, 0.8797, 1.6186,
5 1.7450, 0.0510, 0.8954, 1.8618,
6 1.3558, 00576, 0.9010, 2.0000,
T 22450, 0.062% 0.8980, 2:0824,
8 2.1010y 0.0700, 0.8793/
DATA {IN{ B8o8)sDH! BoJ),ETAl BeJd)sJd=1515)/
1 .0.1872 00,0088, 0.5051, 0.4834,
2 07314, 0.0272. 0.7078s 0.881%.
3 1,3226, 0.0356, 07ﬂ0909 1.1442,
4 1.,280%4, 0.0432, 0.8494, 1.3696,
5 1.4538, 0-.0488, 0.8697, 1.5950,
6 15746+ 0-,0560. 0.8848, 1.7450,
7 13010, 0.0640, 0.8788, 1.8156,
8 1.,8196, 00,0693, 0.8590/
DATA {CN{ 9,J)3DHL 9, J)ETAl 95J)ed=1,15)/
1 0013720 000093i 0;4909@ 0033729
2 0953443 000232@ 0&60689 00675{"1
3 0.8068, 0.,0330, 0.7078, 09196,
4 1.01285 0.0400¢ 07776 1.1254,
5 1.2196+ 0.0480, 0.8191, 1.3138,

0.0261y
Oa 01889

0.0100.
0.0184,
0.0240,
0.0292,
0.0331,
0,03456,
0.0324,

0,0068,4
0.0164
0,024%,
0-0304,
0.0356%
0.0412,
0.0472,

0.0088,
0.0192,
0.0288,
0.0360,
0.0444,
00540,
0.0540,

0.0120,
0,0252,
0.,0340,
0.0421,
0.052%,
0.0612,
0,0668,

0.016%,
0,0308,
0.0416.
000476P
0.0544,
0.0600;,
0.0660,

00,0196,
0.0316+
0.0392,
0.0460,
0.0528,
09 0596'
00,0664,

0,0159,
0.028%
0.0368,
0.04425
0,0524,

0.7078,
0-5055.

0.T078s
0@ 849{99
0.8515,
08409,
0.8090.
0.7078:
0.60685

0.6068,
0.8090,
0.8596,
0.85755
0:864%9%,
00 8262V
07797,

0.5068,
0.80905
08697,
0.86625
0.8555%
0.84396,
D.B532,

0.6068,
0.8090,
0.8697,
0.8899;
Oa 89699
0.8976,

0.8937,

0.6068,
0.B8090,
0.8697.
0.8899,
0.9000,
0.%000,
08925,

0.60685
076655
Oo 8292?
0.8596,
0.8808,
0.8848
Oe 8697‘

Do 53801
0.5573,
0.7463,
0.8090,
08302,
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6 1.35696, 0.,0556. 0.8347,¢ 1.4068,
7 1.%2450, 0.0612, 0.8322 1.4638,
8 1456764 00668, 0.8090/

DATA (CN{10,3)sDH{10,J),ETA{10:J),8=2,12)/
i 0.1872, 0.0132s 0.4257 0.281%,
2 0.3804, 0.0228, 0.5056, 0.4686,
3 0.3528, 0.0314, 0.5683, 0.6382.
4 0.53925 00380, 0.6068 0.7362%
5 0.769%96¢ 0.0440, 0.6240, 0.8068,
6 0.8254 0-0504 0.62655 0.8304,

END

$IBFTC LPTDAT DECK

BLOCK DATA

0.0580,
0,0640:

0.0180,
0.0268,
0,0352,
0.0412,
0.0476,
D,0530,

0@ 8363?
0.8241,

0@‘#7‘9‘7?
0.5359,
0.5%41,
D.6178,
0953109
0.5118/

COMMOY / LTURB/TFF(15),CN{15,15),DH{15:15)¢ETA(L5,15)sN,NP{15)

DATA NsNP/11,9%15,12,9,4%0/
DATA TFF / 88,470, 102.795, 116,835,
1 145.725¢ 150.000, 15343459 156.405,
DATA (IN( LlsJ)oDH{ 1oJ)oETA{ 1:d1sd=1s15)/
1 0.3582, 0.0018, 0.7120, 0.5336,
2 0.7365, 0.0035, 00,7472+ 0.9754%,
3 1.2146, 0.0051, 0,7140, 1.4173,
4 1.5201, 0.0059, 0.6850, 1.7673,
5 2:0267, 0.0062, 0.6452¢ 22827,
6 2:%565% 0.0057, 0.6000. 2.6137,
7 203166! 00004"‘9 0@53107 2994’569
8 3,3138, 0.00015 0.3850/
DATA (CN{ 2,3)sDHI 25J),ETAL 2,J)5Jd=1,15)/
1 0,3582% 00,0026, 0.8000» 0,5518,
2 Qu?glqp 090054' 0»8200? 1006729
3 2882' 000080’ 098300$ 10‘}4469
4 1,5937, 0.0096, 0.8100, 1.8954,
5 2,0519, 00104, 0.7850¢ 202273,
6 2:3767¢ 0.0108, 0.7450» 2:6229,
7 2.8720, 00,0101, 0.56800¢ 3.0555,
8 3,3138, 0.0077, 0.5900/
DATA {IN( 3.J)sDHU 3,33 ,ETAL 3,J),3=1,15}/
1 0.3682+ 0.0031, 0.8000- 0.5911:
2 0.8555, 0.0071, 0.86009 1.07644
3 1.2519, 0.0099, 0.8670, 14354,
4 1.5201, 0.0122, 0.8720, 1,8409,
5 2:32675 0.0143, 0.8700, 2.2455,
6 2:%4302. 0.0157, 0.8600¢ 2.5956;
7 2.7791, 0.0166. 0.8300, 3.0555,
8 3,3138y 0.016%4, 00,7600/
DATA UCN{ 4,J)eDHl &, 3) ETAL 45J)ed=1s15})/
1 0.,3582, 0.0033, 0.7995, 0-4237,
2 0.5810, 0.0061, 0.84005 0.8837.
3 1.1047, 0.0096, 0.8680, 1.2882,
4 1.5390, 0.0126, 00,8800 1.74825
5 203429, 0.0159, 0.8835, 2.20%1,
6 237475 00174, 00,8800 2.6047,
T 2.,3720, 0.0191, 0.8600% 3,1291,
8 3031389 0001979 OeBZOO/
DATA (ZN{ 5,3)sDH{ 55J),ETA{ 5,J)9d=1s15)/
1 0.3582. 0.0036. 0.7750 0.5065,
2 0.7365, 0.0071, 0.8480, 0.975¢4,
3 1.2882, 0-0119, 0.8750; 1.564%7,

100

12903309
159,780

0.0026¢
0@00"49
0.0056,
0.0061
0.0061.
000053%
0.0035,

0.0039,
0.0069»
0.00875
0.0101,
0901071
Og 01069
0.00945

0.0051.
0.0087,
0,011l
0301349
0.0152%
0,0162+¢
0.0167+

00,0038,
0.,0078»
0.0110¢
0.0141,
0.0166,
0.0183¢
0.,0195,

00,0069,
00,0092,
0.01l61

141,045,
1632 17094*00 /

0.7300,
D-7300,
0.7000,
0.6730,
0.6200,
0.5750
0.5000,

0.8100.
0.8300,
0.8290,
0-8000,
0.7600,
0.7000,
0.5450,

0.8300,
0.8630,
0.8700,
0.8720,
0.8670,
0.8500,
0.8000,

0.8000,
0.8600,
0.8730,
0.8830,
0.8830,
0.8740,
0.8350.

0.8000,
0.8600,
0.8900,

O O O I PN
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1.730L%, 0.0155, 0.8912¢ 1.9690,
2.3983, 0.0181, 0.8955, 2.26374
2:%332, 0.0202, 0.8961, 2:6691,
2:94564 002269 0.8790, 3.1846,
3.3138, 0.0239, 0.8600/

DATA {CN{ 6+J)-DH{ 5:J)ETAl 654}93=1:15)/
0.3582, 0-.0038, 0.7600, 0.616%,
0:.8372 0.0087, 0.8450, 1.1047,
1.2882, 00130, 0.8730, 1.5283,
1.7682¢ 0.0171, 083950, 1.3509,
2.2133, 0.0209, 0.2005, 2:4302,
2055109 0002‘}47 009004’ 208619y
3:,1384, 00,0286, 0.8900, 30,2584,
3.3138, 0.0319, 0.8735/

DATA (INU ToJ)sDH{ 7ToJ)sETAL 75J)9d=1315)/
0:3582 0.0044, 0.7310 0.7728.
12129, 0.0115, G.8300, 1.2659,
1.4729, 0.0162, 0.8750, 1.6785,
1.8%09, 00197, 0.8930, 2.0267
201301+ 0.0235, 0.8999, 2230005
203329, 0.0265, 0.8980, 2-,5038,
2.5583, 0.029%96, 0.8900, 206137,
2.5319, 0.0329, 0.8710/

DATA {IN{ B8:J)+DHl 8+3)oETAl B8.J4)sJ=1,15)/
0,3682, 0.0048, 0.7100, 0.6072y
07219, 0.0102, 0.7680, 0.9756,
1.2337, 0.0153, 0.8380, 1.45485
1.5383, 0.0201, 0.8712 1.8409,
13509, 0.0242, 0.8800, 2.0801,
21537, 0.0274%, 0.8760, 222091,
2.25379 050299@ 0086609 2030099
2.3051, 00321, 0.8480/

DATA {INU 9:J).0HT 3sJ)-ETAL 95d)sd=1415)/
0&3682‘9 00005‘}1. 0067807 0»55189
0.55297 0000969 0071250 0082829
1.3129, 0.014), 0.76%90, 1.1691,
1e25370 Oe01697 0«»80603 1938099
1.5283, 0.0209, 0.8395, 16201
1.7482, 0.02%%, 0.8470, 1.8409,
1,335%, 0.0279, 0-8330, 1.3147,
1.3237, 0.0303, 0.8080/

DATA §CM{10,8),DH{10,4),ETA{10,3)sd=1,12}/
0.,3582, 0-0061» 0.6380, 0.4782,
0:5%47, 0.0104%, 0.6700, 0.7546,
0:3555, 0.0139, 0.7000, 09754,
10067, 0.0181, 0.7180, 1.2015,
1.2701, 0.0217, 0.7170, 1.3073,
13365, 0.02%4%, 0.7000, 13407,

DATA (CN{11,J)oDHILL.JIsETA{LL,400d=1y 9}/
0.3582¢ 0.0069, 06000, 04418,
0.3518, 0.0106, 0.6120, 0.6447
0.7365¢ 0.0141, 0.6210, 0.8282,
0988371 0&01729 0062509 009391,
0.2715, 0.0201, 0.6009/

END

0.0172,
0.0192,
00021‘?!
0.0235,

0.0064,
0.0113,
0,0152,
0.0187,
Oe 02261
00,0259,
0.0303,

0.0089,
0«:01‘?19
0.01815
0-0216,
0.0250,
0.0284,
0.0314,

0.00789
0.0124,
00177,
0.02265
0,0261,
0.0285,
0.0314,

0.0080,
0.0119,
0.0150;,
0.0188,
0.0223,
0.0263,
0.0289,

0.0078,
0.0122,
0.0157,
0.0201,
00230,
0-0251,

0.0086,
0901239
0.0159,
00,0186,

00 89‘3’0‘?
3.8970,
0,8900,
08671,

08000,
0.8600,
0.8900-,
0.2000,
0.9010,
0-90093,
0.8800.

0.8000,
0.8600,
0.8900,
0.8975,
0.9000,
0989371
0.8799,

0.7450,
0.8000,
09 86000
2.8780,
08775,
0. 87229
0.8600,

0,7000,
0.7350,
0.8000,
0.82255
0,8450,
09 84‘?59
0.8235.

06550,
0.5850,
0.7110,
0.7180,
0.7140,
0.6890/

0.6000,
8.6170,
06258,
Oa 62301}
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10

11

12

102

SUBROJTINE ETAAB (FAR,EM6,P6.ETA,ETAADS.ETAASY;P6DSP6DSAV,AMBDS A
1M6DSV, IDES; FARTDS FARTSV ) ’

DIMENSION FART(2S5)1,ETABRT(25),EM6T{T7),DELMO(T),P6T(14),DELPE({14)

DIMENSION X{3):Y(3)

DATA FART/.03905.05855,07325 s0878500976:41171,:1268+41463,5.1619,
1.18369619515021955:2439,0.29279034157:41%4690463%45.53665.5341,.7317,
2:8293,.926851.00051:0634,1.7/

DATA ETABRT/+94005,.9887:1.019371.030651.02279+95725:93775.32075
1693544 096265.977351,0193,1:0532:,1.077941:07815107751.074751.0668,
21.0573351.051051.0374,1.0192,1:005.96264-9151/

DATA EMBT/1s00:1071512190:10309¢1:428¢1e54T7:1.666/7

DATA DELM6/069+013520415.07352120901475-187/

DATA 267/ 52205022675 2250563005.3333,.37672641679.500:.5833,.6667
1:75963333;,.9167,1.0/

DATA )ELP6/‘9142g“01259‘9100‘0075"‘:0629‘905"90419‘0027q“a0199
1‘0013?‘0008"'90049"00021100/

IF {IJES.NE.1) GO T3 5

DO 1 X=1,25

ETABRT{K}I=ETABRT{KI#ETAADS/ETAASY

DO 2 K=1,325

FART{K)=FART{K}#FARTDS/FARTSYV

DO 3 K=1,7

EMOT{K)=EMOT{KI*AMODS/AMGDSY

DO 4 v=1,14

POT(M)=P6ETIM)=#P6DS/PEDSAV

ETAASY=ETAADS

P6DSAV=P6DS

FARTSY=FARTDS

AM6DSV =AM6DS

RETURN

CONTINJE

N=0

IF (FAR.GT.0,067} G TO 8

PO 6 J=1,25

IF (FAR.GELFART{J)} N=J-1

IF (N.EQ.0) N=1

IF {N.GE.24) N=23

DO 7 I=1,3

NN=N-1+1

X{I)=FART (NN}

Y{1)=ETABRT{NN)

CALL >ARABD (XsYsFARLETAL)

G0 70 9

ETAl=~2,.2FAR+,1948

M=0

DO 10 J=1,7

IF (Ev¥5.GE.EMO6T{J}) M=J-1

IF (M.EQs0}) M=1

IF (MoGEa6) M=5

DO 11 I=1,3

MM=pM~1¢1

X{I)=EM6T(MM)

Y{I}=DELME({MM)

CALL PARABD (X.YsEM6,COR1}

DO 12 J=1,.14

IF IP5,GE.P6TLI)) L=J-1
IF {L.EQ.0) L=1

IF {(L.GE.13) L=12

D0 13 1=1,3

Ll=L-1l¢]

X{I)y=P6TILL)

D@ OV W e
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Y{1)=DELPOILL)

CALL PARABDO {(X,Y,P6:COR2}
ETA=ETAl=2{l.~-COR1}=2{1.+#COR2)
RETURN

END

$IBFTC FRATLD DECK

SUBROJTINE FRASHO (PRATIQ,ARATIO,CF)

DIMENSION PR{30),AR{101,CFR{30,10).XX(3},YY{3),2Z(2)

DATA pR’loOs 1025?135? 1e75723092:2592:0572075#390730259305939 75?4007
144255405940 7555095¢526096655Ta98099031105130315001T091%cs2lae23e/

DATA A%/ 1.051.0551.092,1.22851031851542351851.991.9752.15/

DATA (CFR{I,1)sI=1,180)/
1:971506975569785e980¢ s981509805978%47097655.9742,.9715,

209688, 996589 a9632’ 9960909573 09538, 09506'5:9‘@459 09389 0932?692709918$
309105:8975088554:87592.8673.8595.85155,8%4,

4096355 3660:9706+9743:0978998054:9825498054.978645097625.974+.9718,
5296935 e9675096459:9625295995329549.94950944909395,.9308,.,9238,
6291175+901;,.892;,;:88445,8762¢08695.862
Te95645036057:9638730967929705:97319s97545:97759-979552981:,.980,.378,
8:97619:97420 297232037020 :96892963755959%0295545095175:945,.9387,
9.92764:9177;.90825.8998;, .891,0,883,.8752,
$09475:949;.95170095%9:957929601509632009668969712.97374.9765.9777>
$09783377250976509752509745.9705696553096375:9603;7.955,.9505.9403,
5093173 092323 09159 090790899679892v
$.949503502,0.9508:94735:94385.941949393.9405:9503.95635.3605,.96%,
$e967gn 968?.9692! 3970‘7 09703!e96989.9696e9968470966’09609994"#49
$09438¢.93479+9265529193,.9128,.90675.901,

$0948+2,9485, 9487909484594 79:9435929369.92759.9185959155:.9155,
$09295:9415.945552950509535:95583.95917.96085.9609,096015,-957,
$09531,.:94485.93625.92795,.9188,.9210,.901+.8921/

DATA (ZFR{I,1),1=181,300)/
1.8085:815,.82455.8333:841850852,.8615+8715.88115.892:.9037.9142;
2:92%4529355094289:9505406958549682-97485:97845.9808,.982,.9816,
3097789 99749096959 096469995989095439994879
4579632804 5.,81219:825282915.83B5.8465¢.8564,8654,,8763,,88562¢
5:89754.90855.922:29305:939509463:93575509655,097196975,.9783,
6297925 697729745 097050966550962352958,.9538,
TeT9260798L3:8045.812528201:0B28558357308B465¢8545,.8645.87%;
8:.88377:8945.905209146:59247909339595929613+.966:.9702:97559.97685
9:97829 «97705697425:9703.9667.9615.956,
$eTTl4soTB09oTBTLlso79%908015280873-8165;68247,0833,.8%10-850,.8583,
$0868Q53789c8879089621 99079c925530944909537e959299966909705r397259
$:971800972596852:966%5.9645.96106/

Y{XL1oX2:XeVY1ls¥2)={V1~-Y2)2{X~-X1}/{X1-X2}4Y1

N=0

DO 1 Jj=1+30

IF (PRATID.GE.PR{JI} N=J-1

IF (N.EQ.0) N=1

IF {N.GE-29) N=28

M=0

DO 2 <=1,10

IF {ARATIOLGE-AR{K}} M=K

IF (M:EQo10.0R-M.EQ.D} GO T3 5

DO 4 L=1,2

Li=M+L -1

DO 3 1I=1.3

63

65
65
67
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$IBFTC INPUT
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104

NN=N+[-1
XX{I)=PR{NN)

YYUI)=JFRINN,LL)
CALL PARABO {XX,YY,PRATIO;ANS)

£7¢

L)=ANS

CF=Y{AR{M) AR{M+L) s ARATIOZZ{1}),221(2)}))

RET

URN

WRITE (6,7} ARATID,AR{10)

DO
NN=

6 I=1,3
Nel-1

XX{I)=PR{NN}
YY{I}=CFR{NN,10)
CALL PARABD {XXsYY.PRATIOsCF)

RET

URN

FORMAT (BHOARATID=FT7a3+4Xe26HOUT OF RANGE,USE DATA FOR ,F7.3}

END

DECK

SUBROJTINE INPUT{LIJUNITLOUNIT,IDsD,IT)

DIM

BIT
NUMBER
0-2
3-4
5«6
7-8
9
9-10
10
10-11
12
12-13
13-14
15-16
17-18
19-20

ERR
ROU
10
20
30
40
50
60

ENSION

D(1l)s IT(1}

CONSTRUCTION OF THE TABLE

STANDARD RETURN

RETUR

JETPC

JER
0‘99+$
86 )A-Z
s 9
OTH

0"99 ]
0-9 A-
A-7

F-

te

T

D

JTH

§
N

~ e e e ) Y @ I

OR CODE
TINE
IXaTl
ITaBLI
IN¥BR1
INAKEL
TARITI
INAMEN

RETURN
N 1 2
$ A~
RI OTH NLSF
TINL DYH PS
JOTH ,2A-2= -{%/
OTH
A-2) 0~9+°
$A-28)=/
-0TH +9{ $A-1=%
A DTH
0-9 OTH
OTH 0-9
DE- OTH
F OTH
£ OTH
OTH
OTH
OTH
OTH
A-Z OTH
? DTH
OTH
OTH
DESIGNATIONS
TYPE
100 ILLEGAL CHARACTER

200 NAME YOO LONG
300 TABLE FULL OR BAD
400 SCALING ERR3JR
500 NAME NOT IN TABLE
600 $DATA() INCOMPLETE

* DEFINES ARGUMENTS AS ARRAYS
ITAB

RETURN RETURN RETURN
3 4 5
0-9{) = OTH

F
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70 INPYT 700 FORMULA ILL FORMED
800 FUNCTION UNDEFINED

MCNVRY = TYPE OF LEFY HAND VARIABLE
KCNVRY = TYPE OF CURRENT VARIABLE
ITYPE MEANING
1 REAL
2 INTEGER
3 DOUBLE PRECISION
4 TYPELESS OR NO COMVERSION
5 SUBROUTINE
6 FUNCTION
FORMAT OF TABLE
1ST HWIRD 012 3456 7-31

TYPE NUMBER OF WORDS ADDRESS
NEXT 1 TO 15 WORDS THE NAME, 4 JHARACTERS TD THE WORD
DIMENSION IFT( 313}, IPTABL 21), ITAB{ 65}
DIMENSION ANAMEI15) . IMAGE(80} ,IMAGEL1(81).IPARAM{9]}

. sKSTACK{27) ¢ NAME{15) HRVALUE(2) »STACKI(2T)

COMMOVN

«/ICOMNI/ VALUE + ICOMP + IFNTYP + IMAGEL ¢+ IRADIX »ISUB
N 2 KCH s XCNVRT » KCOUNY 2 KDIF + KFLD1 s KFLD2
N s LCOMP e LCNVRT s+ LEVEL sLFRT » LOOK

o s MCNVRT P MDIF +MODALL s MSTOR

N + NAME s NERROR s NONEW + NOTARG

° 2 SMCHR s TEST s ERMARK

«/ICNSTI/ BLANK + BLANKS +DOLLAR 2 EDS

° + ICOMMA + TDOLAR 2 IFT s IPTAB » ITAB

- + KAM10 +KBPC +KBPHW 2 KCPCD s KERTYP

o s KZERD # NOPRNT s TAB1 :

«/IPARAM/ ABORT « LIUNIT +KOUNIT +LIMALF +LOCK #L DX

o s NOLEST # NSTDIR + TRACE
« /ISTAKLI/ STACK +ISTDIM +KSTALK ¢ LEVLIM

INTEGER BLANK + BLANKS +EODS +» IDOLAR +»TAB1 s TRACE
» sCONTYP ~ ,STORED
DOUBLE PRECISION STACK. VALUE
LOGICAL ABURT
! STOP FDOR ERROR
LOGICAL DOLLAR
* TRUE IF A $T,$P, OR $C IS BEING PROCESSED
LOGICAL ERMARK
* oTRUE. IF ANY ERROR HAS OCCURED
LOGICAL LIMALF
®* TERMINATE ALF CONSTANYS AT 15 HWORDS.
LOGICAL LoOCK
® DO NDT STDRE ANY INPUT DATA
LOGICAL NOLIST
° DI NOT LIST INPUT CARDS
LOGICAL NONEW
* DO NOT READ A NEW CARD, SET IN INPJT
LOGICAL MODALL
* ~TRUE. RETURN ALL CHARACTERS
«FALSE. DELETE BLANKS AND SKIP FOR E
LOGICAL SHORT
* DO NOT STDRE ALPHABETIC AND RADIX IO
DIRECTLY INTO D ARRAY
LOGICAL SMCHR
* SAME CHARACTYER IS 7O BE USED OVER BY
LOGICAL TEST
¢ STORE COMMA AY END OF CARD IF NEEDED

END P I I Ty Y Y IS I LY TN TY ¥ Yy
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a0

o ()

9470

99

106

EQUIVALENCE (STACK,ISTACK}s {VALUE,KVALUE,RVALUE), (NAME: ANAME)

EQUIVALENCE (ICOMMNI,ISUB), {IMAGE, IMAGELl),{IPARAM,ABORT}
LOGIZAL ENDZ2

5 oTRUE., IF A SEND CARD HAS ALREADY BEEN FOUND

KIUNET=LIUNIT
KOUNIT=LOUNIT
CALL DEBUGX
LIMALF = .TRUE.
DOLLAR = LFALSE.
NOLIST = LFALSE.
END2 = L,FALSE.
MODALL = oFALSE.
ERMARS = LFALSE.
LOCK = .FALSE,

KERTYP = O
IFNTYP = -1
LOCXx=1
L=LEVLIM+3
DO 16 I=1,L
KSTACK{I)=0
LEVEL=0D
LFRT=D
NOTARG = ISTDIM
LCNVRT = 3

* DOUBLE PRECISION, STANDARD
MCNVYRT = 1
KDIF = 1
MDIF = 1

NONEW = oFALSE.
SMCHR = . TRUE.
CALL ICHAR2{$9470,24}

" ERROR IF § IS MOT 1ST CHARACTER READ

LDOLAR = KCOUNT

¥ CARD CDLUMN DF LAST DOLLAR SIGN

NONEA=.TRUE.
¢ $DATA MUST BE ON A SINGLE CARD
D E OTH ’
CALL ICHARI(33,%$9470,19)
{ A-Z OTH
CALL ICHARI{%4,%$9470,26)
CALL 1ISUBI
CALL ICHAR2(%59470,31}
* ERRDR IF NO 1}

NONEA=.FALSE.

iT(1)=1ISUB

CALL DEBUG 2 ({5HSETNO,IT{1))

CALL JEBUG 2{6HKERSIN,KERSIN]}

IF {(ID.NE. IT{1}} G3 TO 99

*RETURN BECAUSE WRONG DATA SET
IF {(I7{2).LT. 0)GO TO 9370
¢ TABLE FULL OR BAD

GO 710 19

IF {END2} GO TO 99

END2 = <TRUE,

NONEW = FALSE.
CALL ICHAR2($%1,9}

* PASS LETTERS AMD v}

GO 70 5

KERTYP = 470

GO 70 999
CONTINUE
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789
787

19

o o000

i51
is52
9570

153

CALL DEBUG 2{6HSTATMT,99)"
KCH = IDOLAR
KCOUNT = LDOLAR
SNEXT CALL BEGINS PRDOCESSING AT THES CARD COLUMN
IF(ERMARK) IT{(1) = ~-IABSI{IT{1})
* WARN PROGRAMER OF POSSIBLE ERRO
IF{ERMARK.AND.ABORT) €O TO789
RETURN
WRITE{6.,787)
FORMAT {44H ERRDR HAS OCCURED AND ABORT IS -.TRUE., STOP)
sTopP
BEGIN TO INPUT THE DATA
STATEMENTS 19 AND 20 ARE THE SWITCHHDUSE
CONTROL COMES HERE FOR NEW DIRECTION.
LFRT = O INDICATES THAYT THE PREVIOUS TASK WAS COMPLETED.
CONTINUE
CALL DEBUG2{6HSTATMT19)
TEST=.FALSE.
G0 73 21
DOLLAR = oFALSE.
CONTINUE
CALL DEBUG 2(6HSTATMT,20}
TEST=.TRUE,
ENTRY ICHAR4 LOADS LCOMP WITH TAB ND 10 AND RETURNS ON TAB N3 7
OTH g YA-I= ~{%/
CALL ICHAR4({$31, $32, 7,10%
WE TEST LCOMP ON EACH OF THE 3 POSSIBLE RETURNS. THIS IS A 12 wAy
0‘90 + $ ’
GO T3 (203,510, 64,430},LCOMP
9 ? A~1 =
GO 7] (460,202:530:450),LCOMP
- { * /
GO T73(520;420,440+441),LCOMP
IF{LFRT.NE.O} Gl TO 9770
LDOLAR = KCOUNT
¢ CARD COLUMN OF LAST DOLLAR SIGN
DOLLAR = ,TRUE.
CALL DEBUG 2 {6HSTATMT,64)
TEST=.FALSE.
CALL ICHAR4($9170,%$9170,3,5)
DE T P C
G0 TJI(99,100,150,630},LCOMP
CALL ITABLI{IT)
IF {(KERTYP) 999,120,999

$PARAMETER
{ A-Z OTH
CALL ICHARI($150539170,26)
CALL ICHAR2{$152,0}
" GET FIRST CHAR OF NAME ..DON®T BRAN

CALL INAMEN
CALL [LOOKI($153,1IPTAB)
KERTYP = 570
GO 710399
CALL ICHAR2($9170,29]}

* ERROR IF NO =
CALL ICHAR2{$9170,10)

¢ GET CHARACTER,SEPERATE PART OF
CALL INMBRI
KCNVRT=TFLD{0,3,IPTAB(LOOK]} }
CALL ICNVTI(3,KCNVRT]}

162
163
164
165
166
167
168
169
170
171
172
173
1764
175
175
177
178
179
180
181
182
183
186
185
186
187
188
189
190
191
192
193
19¢
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
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201

202

203

OO0

210

OO0 (@]

220

221

2215
222

223

224

225

NOOO

108

® COMVERT FROM DP TO TYPE OF VARIABLE
IPT=IFLD{T7325, IPTABLLODK})
IPARAM{IPT) = KVALUE
} v OTH
CALL ICHARI{(8151,%9170,28}
IF{TRACE.GT-0) CALL DEBUGKX
* IF TRACE TURNED ON PUT ON HEAD

GO 70O 120

¢ GD YO SWITCH HOUSE TEST FOR IMSERTIO

CONSTANTS = LOGICAL 4NUMERIC,ALPHAMERIC,RADIX.

ASSIGN 220 TO CONTYP
# ADIX
IFNTYP = -1
GO TO 210
ASSIGN' 230 TD CONTYP

GO 70 210
ASSIGN 250 TO CONTYP
¢ NUMERIC.LOGICAL

ALL COMSTANTS 210

LOP = 0

SHORT =,TRUE.

MSTOR = O
CALL DEBUG2{6HST CON,210)}

IF{LEVEL.EQ.0) LEVEL=3

IF(KSTACK{ LEVEL}-EQ.1} GO TO 9770 :

® TWO CONSTANTS IN ROMW E-G-

GO 7O CONTYPs{2200230:250)

RADIX CONSTANTS 220
{ A~z OJTH
CALL ICHAR2($9170,30)
CALL 1suUBI

NAME (2) = O
CALL ICHAR2($2215,29)
® ERROR IF NO COMMA AFTER BASE NUMBER
GO 70 9170
CALL ICHAR2($9170,12}
* ERRDR IF NJ MUMBER
IRADIKX = ISUB
SMCHR = .TRUE,
CALL 15uBil
MSTOR = MSTOR +#1
NAME(4STOR} = ISUB
IF (MSTOR.GE.15) GO TO 225
) ? OTH
CALL I[CHARI{$223,%9170,28)
IRADIX = 10
GO 1O 240
ASSIGN 224 TO NEXT
GO T0 241

HOLLERITH CONSTANTS 230
MODALL = oTRUE.

TEST = -FALSE.

NAME(2) = BLANKS

224
225
2256
227
228
223
230
231
232
233
234
235
236
237
238
239
2640
241
242
263
264%
245
2646
267
248
249
250
251
252
253
254
255
256

258
259
260
261
262
263

265
266
267
268
269
270

272
273
2764
275
275
277
278
273
280
281
282
283
284
285



231

234

[zNgXe}

240

2405

2406
241

242

[aNaNel

243

245
246

OO0

250

255

[aEeNe!

260

265

400

[aEaXe! SO

401

CALL INAWKEN
IF{.N3T.MODALLIGO TJ 240
SEND OF CONSTANT
IF(LIMALF]) GO TO 265
LING CONSTANT GODES TO 234
ASSIGN 231 TO NEXT
GO TO 241

STORE ALF + RADIX 240
ASSIGN 260 TO NEXT

IF (MSTOR-2) 242:2405,241
IFf (LFRT.EQ.1) GO Y0 242
CALL TCHAR2{$2406,29)
SMCHR = «TRUE.

GO TD 242

SMCHR = .TRUE.

SHORT = .FALSE.

IF (LFRT.NE.O) GO 7O 265
CALL JZBUG2{6HST 241,0)
KVALUE = NAME(1l)

RVALUE(2) = ANAME(2)

IF {(NJTARG.GT.LEVEL) LCNVRT = 4
CALL DEBUG2{6HST 242,0}
CALL DJDEBUG2{6HSHORT ,; SHORT)
CALL DEBUG2(6HLFRT 4 LFRT)
IF {SH40RT) GO TO 255

DO 245 I= 1,MSTOR

IF {(LJCK}) GO TO 245
D{LOCX}Y = ANAME(I)

tOCxX = LOCX + 1
GO TO VEXT, (224,231,260}
SEE NEXT AND MEANING

250 ® ALF OR ) AND RADIX

224 MORE THAN 15 ELEMENTS IN RADIX FIELD

231 MORE THAN 15 ELEMENTS IN ALF FIELD
NUMERIC + LOGICAL 250

TEST = .TRUE.

CALL INMBRY

CALL TARITI

LFRT = 1

IF (KERTYP) 999,204,999

RESET STACK BECAUSE IT WAS NOT USED
LEVEL = O
TEST = »TRUE.
CALL ICHARZ2($19,29)
¢ SKIP COMMA
KERTY? = 171
GO T3 999
KERTYP = 270
GO 7) 999

TEST EMPTY PARENTHESES
IF { (XSTACK{ LEVEL-1)#KSTACK{ LEVEL=-2}) }.NE.O) GO TO 997
CALL DEBUG 2{6HSTA {1,400}
CALL STACKP
e PRINT STACK
LEVEL=LEVEL-3

285
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
326
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
346
345
346
367

109



c EMPTY FUNCYION ARGUMENT IS NOT CURRENT LEF
IF {(KSTACK{ LEVELI.LT-6) GO TO 404
405 VALUE=0.
GO 710 403
404 RVALUE(1} = D (LOCX)
RVALUE(2) = D{LOCX+l}
CALL ICNVTI{MCNVRTs3)
403 CALL TARITI

GO 70 20
creraoeaeaaeadad
420 IF (LEVEL.EQ.O} LEVEL=3
c CALL JEBUG 2{6HSTAT (5,420}
422 LOP=0
LFRT = 1

LEVEL=LEVEL+3
CALL STACKP
¢ PRINT STACK
[F (KSTACK{ LEVEL-3}-1} 20, 997, 20
R RS REDERRRRE D]
430 IF {LEVEL.LT.6) GO TO 997
CALL DEBUG 2(6HSTAT ),;430!}
CALL STACKP

OO0 (o] [N e

¢ PRINT STACK
LFRT = 1
431 IF {KSTACK( LEVEL}-1) 400, 432, 997
432 DO 433 [=1,3
VALUE=STACK{ LEVEL)
KSTAZK({ LEVEL}I=0
LEVEL=LEVEL-1
433 CALL IARITI
IF {KERTYP) 999, 20, 999
Cuassnsnasnszronssass {KOP=2)
440 KOP=2
c CALL DEBUG 2({6HSTAT #,440)
GO TO %45
C/7/71777777¢777777{KDP=3)
441 KOP = 3

CALL JEBUG 2{6HSTAT /5441)

445 IF (L3P.NE.O) GO TO 997
CALL DEBUG 2(6HSTATMT,445)
CALL STACKP

o000 (e N gl

PRINT STACK

Lop =1

LFRT = 1

IF (LEVEL.EQ.0) LEVEL=3

IF (KSTACK{ LEVEL).NE.l) GO TO 997
444 VALUE=STACK( LEVEL}

KSTACK{ LEVEL)=0

LEVEL=LEVEL-1

CALL IARITI

IF (KERTYP.NE.O) GO TO 999
446 KSTACK{ LEVEL}I=KOP

LEVEL=LEVEL+1

c CALL STACKP
c

GO T0 19
(======z===z=s===
450 IfF (LZVEL.NE.O) GO YO 997
c CALL DEBUG 2{6HSTAT =,450)
451 LOP=0

L0OCX = LOOK

T SIDE

PRINT STACK

348
349
359
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
375
377
378
379
3890
381
382
383

385
386
387
388
389
350
391
392
393
394
395
3956
397
398
399
400
401
402
403
406
405
406
407
408
409



c
c

MCNVRT = KCNVRT
MDIF = KDIF
LCNVRT = 3
* DOUBLE PRECISION, STANDARD
LEVEL=3
LFRT=)
KSTACL({ 3)=0
CALL DJEBUG2(6HLOCX ,LOCX)
CALL DEBUGZ2{6HMCNVRY o MCNVRT)
GO 10 19

Cosvovososnasony

460

OO0

461
%62
463

470
471

475
476

474

480

c

CONTIVNUE
CALL DEBUG 2{6HSTAT ;,460)
CALL STACKP
8 PRINT STACK
IF {(LEVEL - 3) 461:463, 600
IF (LEVEL.NE.O} GO TO 997
LEVEL=3
IF{L=RT.EQ.,0)G0O 7O 480
* INCREMENT LOCX WITHOUT STORING
LFRT WILL BE ZERD AFTER $ EXPRESSIOM DR FOR COMSECUTIVE COMMAS
IF {KSTACK{ 3}).ME.1) 60 TD 997
DD 475 I = 1,2
VALUE=STACK{ LEVEL)
KSTAZK{ LEVEL}=0
LEVEL=LEVEL-1
CALL IARIT]
IF (KERTYP.NE.O} GO 7O 999
KSTACL{ 1)=0
CALL ICNVTI {LCNVRT; MCNVRT)
IF{LOCK} GO TO 480
D{LOCX}) = RVALUE(1)
IF {MINVRT .EQ. 3) DILOCX+#1) = RVALUE{(2)
LOP=0
CALL STACKP
& PRINT STACK
LFRT=)
LOCX = LOCX + MDIF
LEVEL=0
LCNVRT = 3
®* DDUBLE PRECISIOM: STANDARD
GO 70 19

C+¢++¢+++++++++++++(KDP=4)

510

524
525

526

KOP=4
CALL JEBUG 2(6HSTAT +,510)
6o TO 521

KOP=5

CALL DEBUG 2{6HSTAT =~,520)
IF {LIP.NE.O)} GO TO 997
LoP=1

LFRT = 1

IF (LEVEL.EQ.O} LEVEL=3

IFf (KSTACK({ LEVEL})-1) 525, 526, 997
STACK{ LEVEL)=0. DO

CALL DEBUG 2{6HSTATMT,525)
DO 528 I=1,2

CALL DEBUG 2{6HSTATMT,.526)
VALUE=STACK{ LEVEL)
KSTATK{ LEVEL)=0
LEVEL=LEVEL-1

410
411
412
413
414
415
416
417
418
419
420
421
422
%23
424
425
426
427
428
429
430
431
432
433
436
435
436
437
438
439
440
441
442
443
444
445
448
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
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528 CALL TARITI 471

IF {KERTYP.NE.O} GO TO 999 472
527 KSTACC{ (LEVEL)}=KOP 473
LEVEL=LEVEL#2 474

GO TO 19 475
CABCDEFGHIJSLMNOPQRS TUVHXY ZABCDEFGHI JKLMNOPORSTUVHXYZABCDEFGH] JKLMNDPQRS 475
530 LOP=0 477
c CALL DEBUG 2{6HSTAT A,530) 478
IF ( (LEVEL.MNE.DJ}.AVD.{KSTACK( LEVEL}<EQ.1l) )} GO TO 997 579

535 TEST = .TRUE. 480
CALL INAMEI($999,D,IT} 481

IF {(IFNTYP) 531,621,640 482

531 LFRT = 1 483
IF(LEVEL.NE,0}G0 T0 540 484

532 STACK{ 3)=VALUE 485
c CALL DEBUG 2{6HSTATMT,532} 4856
KSTACK{ 3)=1 487

c CALL STACKP 488
C s PRINT STACK 489
GO TO 20 49D

540 CONTINUE 491
c CALL JEBUG 2({6HSTATMT,540) 492
CALL IARITI 493
IFI{XERTYP) 999,20,999 49%

c 495
c PRICESS SUBRODUTINES AND FUNCTIONS 496
c 497
c COMMA SEPARATING FUNCTION ARGUMENTS %98
600 IF (KSTACK{ LEVEL-3}.LT.6) GO TD 997 499
c CALL DEBUG 2{6HSTAT F,600) 500
601 IF {KSTACK{ LEVEL)~1) 602, 603, 997 501
602 STACK{ LEVEL)=0. 502
603 DO 613 I=1,2 503
VALUE = STACK{ LEVEL} 504
KSTACX{ LEVEL}=0 505
LEVEL=LEVEL-1 505

610 CALL IARITI 507
IF {(KERTYP.NE.O) GO TO 999 508

611 KSTACC{ LEVEL}=KSTACK{ LEVEL-1)+1 509
LEVEL=LEVEL+3 510

c CALL STACKP 511
c , s PRINT STACK 512
' 60 TO 19 513

c $CALL 51%
630 DO 631 1 = 1.4 515
C SKIP ®ALL® IN $CALL 516
c 3TH  DPERATORS 517
CALL ICHAR2(59170,12) 518

631 CONTINJE 519
DOLLAR = ,FALSE. 520

TEST = .TRUE. 521

CALL IVAMEI ($999,D,1IT) 522

IF (IFNTYP .NE. 1) GO TO 640 523
KYALUE = =KVALUE . 526

c * [NDICATE THAT NO RESULT IS TD BE STORED FDR SJB 525
c FUNCTION NAME 526
621  CONTINJUE 527
c * FUNCTIONS 528
c CALL DEBUG2({6HST FNC,621) 529
c CALL JEBUG2{6HIFNTYP, IFNTYP) 530
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QOO0

622

640

700

702

704

106

708

710

9170
9370

997
9770

2399

CALL DEBUGZ2(6HKVALUE KVALUE)
IFNTYP = -1
IF {LEVEL.EQ.O} LEVEL = 3
IF{NOTARG . GT. LEVEL} NOTARG = LEVEL
LFRT = 1
STACK{LEVEL)=KVALUE
KSTACK( LEVEL}=6
LEVEL = LEVEL + 3
CALL STACKP
8 PRINT STACK

{ OTH
CALL ICHAR2(%622,30)
GO 70 19

¢ IF THERE ARE ARGUMENTS

SMCHR = oTRUE,
IF (KYALUE .LT. O) LEVEL = LEVEL -3

GO TO 405

IF (IFNTYP - 2) -~ 9T770,201,700

LOCX THE SUBROUTINE THAT STORES LOCX THE SUBSCRIPT OF D ARR
IF (IFNTYP .NE. 3) 6O TO 9770

IFNTYP = -1

IF(LEVEL.NE.DO) GO T3 9770

LFRT = 0

CALL ICHAR2($9170,30)
¢ ERROR IF NO ( AFTER LOCX
ASSIGN 704 TO NEXT
A-7Z OTH
CALL ICHAR2($9170,9)
CALL INAMEI($999,D,1IT)
IF {IFNTYP .GT. -1} GO TO 9770
GO TO NEXT,(704,708)
LOOKX = LOOK
OTH ?
CALL ICHAR2{$706,29}
* ERROR IF NO COMMA
GO 70 3170
ASSIGN 708 TO NEXT
GO TD 702
KVALUZ = LOCX - LOOKX + 1
CALL ICNVTI(24KCNVRT)
¢ CONVERT FROM INT TO TYPE OF 2ND ARG
IF{LOIK) GO 7O 710
D(LOOK} = RVALUEI(1l}
CALL ICHAR2{$9170,31)
* ERRDR IF NO }
TEST = .TRUE.
OoTH #
CALL ICHAR2(3$19,29)
* SKIP THE CDMMA THAT MUST FOLLOW
KERTYP=170
GO TO 999%
KERTYP=3T70
GO 7O 999
CONTINUE
KERTYP = 770
GO TO 399
CALL IERORI
LFRT = O
Lop = 0
NAME (1)=0
GO 7O 19
? NOW GO 7O SWITCH HOUSE .. 500D
END

531
532
533
534
535
535
537
538
539
540
541
562
543
564
545
546
547
548
543
550
551
552
553
554
555
5556
557
558
559
560
561
562
563
564
565
565
567
568
569
570
571

573
57%
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
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$IBFTC BLOCK DECK

c

114

BLOCK DATA
ICOMvY BLOCK DATA PROGRAM
DIMENSION IFT( 31)s IPTAB( 21), ITAB{ 65)
DIMENSION AMAME{15)  IMAGE(BO3 . IMAGE1{81}.IPARAM(9}

o s KSTACK(27) o NAME(L5] SRVALUE(2) ,STACK({2T7}

COMMDY

«/ICOMNI/ VALUE o ICOMP + IFNTYP e IMAGE] » IRADIX »ISUB
@ 2 KCH s KCNVRT + KCOUNT +KDIF sKFLD1 s KFLD2
. + LCOMP s LCNVRT sLEVEL + LFRT #+LOOK
. s MCNVRT sMDIF sMODALL s MSTOR
° s NAME 2 NERROR s NONEW s NOTARG
® ¢+ SMCHR s TEST v ERMARK
« /ICNSTI/ BLANK + BL ANKS +DOLLAR s EOS
° » ICOMMA » IDOLAR 2 IFT s IPTAB s ITAB
e + KAML1O +XBPC + KBPYW o« KLPLD s KERTYP
® s KZERO s NOPRNT ¢ TABL
«/IPARAM/ ABORT s KIUNIT s KDUNIT s LIMALF 2 LOCK s LOCX

s NOLIST +NSTDIR + TRACE

a/ISTA(I/ STACK +ISTDIM s KSTACK oLEVLIM

INTEGER BLANK s BLANKS sEOS » IDOLAR 2 TAB1 s TRACE

DOUBLE PRECISION STACK, VALUE

LOGICAL ABORT,DOLLAR s ERMARKoLIMALFoLOCKsNILIST,NONEW,MODALL
o NSTDIR ; SMCHR, TEST

DATA NERROR,;TRACE/0,0/

DATA ITAB/ 65# 20572347824/

DATA [TAB{ 49)/-11890146992/

o9 ITA3{ 44)/ 11923639376/, ITABL 61}/ 29355228304/
+9 ITAB( 291/ 29053238816/, ITAB{ 12}/ -3484760752/
o9 ITABU 28)/-11821997744/, ITAB( 171/-11903778480/
«2 ITAB{ 33)/-12155961008/, ITAB{ 45}1/-12192136880/
ws ITAB{ 50)/-12208914096/, ITAB{ 13)/-12041137840/
a9y ITAB{ 60)/-11957255792/y ITAB( 11)/-11890146992/
ey ITAB{ 1)/ 29063724720/, ITAB{ 23/ 29063724720/
«s ITABL 3)/ 29063724720/, ITABL &)/ 29063724720/
9 ITA3( 5}/ 29063724720/, ITABL 6)/ 29063724720/
o9 ITAB( 7))/ 29063724720/, ITAB{ 8)/ 29063724720/
«3 ITAB{ 93/ 29063724720/, 1TAB{ 10}/ 29063724720/
-y ITAB{ 18}/ 20572347824/, ITAB{ 20}/ 18961735088/
o0 ITAB( 21)/ 17350532528/, ITAB( 223/ 17350565296/
=y ITABL 23)/ 23256571312/y ITAB{ 26}/ 20035476912/
«9 ITAB( 36)/ 22182950560/, ITAB{ 38}/ 22182960560/
o9 ITA3( 40)/ 18424854176/ ITAB{ 42}/ 19498606000/

ITA3{ 51)/ 22719831472/, ITAB( 52)/ 17887731120/

DATA BLANKsBLANKS;EDS; ICOMMA ; IDDLAR, KAM10,KBPL ; KBPWsKCHKCPCD,
KZERJISNOPRNT,TABL, IMAGEL{2) . IMAGELI{3)/

° 48,-17997358192, 10, 59, 43,

® T 6y 36 43y 8Js

° 0y 11555507248, 64, 11555507248, 11555507248/
DATA ABORT,IMAGEL{1),IMAGEL1{81l),IRADIX,ISTDINM,

o KCOUNT KDIFyKSTACKsLEVLIMsNSTDIR,STACLK/

o oFALSE«plHE21lH 51092750519272052%4.TRUE.,27%0.D0/

DATA IFT/
0. 31,~17716740112,
23481748528,-17716740144, —-3864988720,
~-3177157401765-20009601392,~-17716740192,
~8210767088,~177167402245; -8428915760,
-17715740256, 18568907824, -17716740272,
-995%4237936, -9126805552; ~3863968816,
Q/

® BH & & & @ B

21051935792,-17716740128,

19113857200,

~17716740240,

21907455024
~9126805696,

=17716740160,-19756682288,
=17716740208,

-843311006¢6,
-9126805536,
-3863883248,

WO VLS BN e



$IBFTC TAREYI

C

c

OO0

2

20
30
40
50

60

DATA IPTAB/
Os
~3650164950,
-535871040, -
-2793802547, 1
0/

@ & & © 9

END

DECK

21,
~-536870992,
6221022825,
7716740192,

-536870928,
=3863882800,
17716740128,
~3863968816;

18565733616,

~536871024,
~2580698739,
17716740240,-210934961765

-536870976
~6015524019,
1771674014%,

ARITHYMETIC OPERATIDNS FOR INPUT R, As 5o 2

SUBROJTINE IARITI

CALLED FROM INPUT

DIMENSION IFT( 31}, IPTAB{ 21}, ITAB{ 65)

DIMENSION ANAME{15) ,IMAGE(80) ,IMAGELl(Bl}),IPARAM(9)
™ o KSTACK(27) s NAMETU15) LRVALUE{2) »STACK(27}

COMMON
«/ICOMNI/ VALUE s ICOMP s IFNTYP » IMAGE1 + IRADIX +15U8B
N + KCH + XCNVRT + KCOUNT s KDIF sKFLD1 s KFLD2
N » LCOMP s LCNVRT sLEVEL »LFRT s LOOK
® « MCNVRT +MDIF +MODALL #MSTOR
o s NAME ¢ NERROR + NONEW s NDTARG
° + SMCHR + TEST s ERMARK
«/ICNSTI/ BLANK s BLANKS ¢+ DOLLAR s EOS
N » ICIMMA + IDOLAR « IFT +IPTAB »ITAB
. s KAM10O +KBPC ¢+ KBPH + KCPCD +KERTYP
B + KZERO 9 NOPRNT 2 TAB1
«/IPARAM/ ABORT ¢ KIUNIT o KOUNIT ¢ LIMALF » LOCK 2 LOCX
. s NOLIST +NSTDIR + TRACE
«/ISTAKI/ STACK +ISTDIM +KSTACK sLEVLIM

INTEGER BLANK # BLANKS +E0S ¢ IDOLAR + TABL s TRACE
DOUBLE PRECISION STACK, VALUE

LOGICAL ABORT,DOLLARERMARKsLIMALF,LOCK,NOLISTNONEW,MODALL»

o NSTDI SMCHR,TE

EQUIVALENCE {STACK,ISTACKI},

CALL DEBUGC({6HI
CALL STACKP

IF {KERTYP,NE-O

BRANC+4 ON KSTAC
K=MAXD (1:KSTACK
IF{K.53E.8} GO T
- 0
3 GO 7D (120,90,
VALUE=STACK({
GO TO 90
VALUE=STACK(
GO 70 90
VALUE=STACK{
GO 70 90
VALUE=STACK{
GO TO 90
LEVELL= LEVEL-K
DO 6% I=LEVEL1l,

ST

ARITE}

) GO 7O

100
IF { {LEVEL.LE O} OR{LEVEL.GT.LEVLIN)

{VALUE; KVALUEsRVALUE} s {NAME s ANAME )
EQUIVALENCE (ICDMNI,ISUB), {IMAGE,IMAGEL},{IPARAM;ABORT)

PRINT STACK

K{ LEVEL)= =5 Do 1,

{ LEVEL}+2)

0 60
1 2 3
120,

LEVEL)/VALUE
LEVEL) #+VALUE

LEVEL)-VALUE

+9
LEVEL

20, 30,
LEVEL} #VALUE

4 5
40,

50):XK

} GO
3e o

T0 120
6s 7+ 8 AND UP

=KSTACK(LEVEL)

D OV WD)



61

62

90

100

OO0

110

120

KSTACC © 1)=0
LEVEL = LEVEL1~]
CALL DEBUG 2{S5HLEVEL.LEVEL)}
CALL JEBUG 2{5HVALUE,VALUE)

IF (LDCK} GO TQ 682
CALL IXQTI{VALUE.STACK{ LEVEL)}
CONTINUE
CALL DEBUG 2{5HVALUE; VALUE}

IF (LEVEL .LE. NOTARG} NOTARG = ISTDIM
IF (STACK{LEVEL).LT.0.00) GO TO 110
GO TO 90

STACK{ LEVEL)=VALUE
KSTACK{ LEVEL)=1
CONTINUE
CALL STACKP

e PRINT STACK

CALL DEBUGR
RETURY

LFRT=0

® SPELIAL TREATMENT FOR SUBRDUTINES

CALL DEBUG2{6HSTATYT,110)
KSTACKILEVEL)=0

LEVEL=0D

OTH *

CALL ICHAR2({$100,29)
KERTYP = 150
GO TO 100
KERTYP=750
GO Y0 100
END

$IBFTC ICHARSG DECK

116

SUBRJIJTINE ICHARG{@e=,LISTL,LIST2)
DIMENSEDON IFT( 31}, IPTAB{ 21}, ITAB{ 65)
DIMENSIDN ANAME{15) ,IMAGE{80) ,IMAGE1{81};IPARAM(9])

® s KSTACK{27) s NAME{15) RVALUE(2) ,STACK{27)
COMMON
« /ICOMNI/ VALUE +» ICOMP ¢ IFNTYP ¢ IMAGEL s IRADIX +15UB
° 2 KCH s KCNVRT 2 KCOUNT 2 KDIF ¢ KFLD1 +KFLD2
® 2 LCOMP +LCNVRY +LEVEL s LFRT #LOOK
. ¢ MCNVYRT sMDIF «MODALL ¢+ MSTDR
° s NAME s NERROR 2 NONEW s NDTARG
° 9 SMCHR s TEST ¢ ERMARK
«/ICNSTI/ BLANK ¢ BLANKS s DOLLAR 2 E3S
® ¢ ICOMMA + IDOLAR «IFT 2+ IPTAB s+ 1TAB
. s KAM10 s KBPC s KBPW s+ KCPCD s KERTYP
» +KZERO # NOPRNT + TABL
«/IPARAN/ ABORT +KIUNIT # KOUNIT s LIMALF 2 LOCK »LOCX
® ¢+ NODLIST +NSTDIR + TRACE
« /ISTACI/ STACK ¢ ISTDIM +KSTACK s LEVLIM
INTEGER BLANK s BLANKS sE0S » IDOLAR s TABY 2 TRACE
» s COMPR

DouBLz PRECISION STACKs VALUE, IDEBUA, DEBGNA{2}

DATA DEBGNA/6HICHAR oS5HITCHR/

LOGICAL ABORT,;DOLLAR,; ERMARK,LIMALF,LOCK,NOLIST;NONEW,MODALL,
«NSTDEIRySMCHR,TEST

s
O WOV WN
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10
i2

20

30
35

36
37

38
381
382

383
40

100

EQUIVALENCE {STACK,ISTACK}s (VALUE;KVALUE,RVALUE?D}; { NAME ,ANANME}
EQUIVALENCE {ICOMNI, ISUB}s { IMAGE+ IMAGEL}-{IPARAM,ABORY}
LOGICAL GOTCD
* TRUE IF NEW CARD HWAS READ
LOGICAL SHMCHR
* RE-PRICESS THE SAME CHARACTER AS LAS
KFLD2=LIST2
iBITS=2
ASSI3N 36 TO COMPR
IDEBUN = 4
GO 70 10
ENTRY ICHARI{#,#,LIST1)
IBITS = 2
IDEBUN = 3
GO 7] 4
ENTRY ICHARZ2{#,LIST1)
IBI75=1
IDEBUN = 2
KFLDZ = -1
ASSISN 37 TO COMPR
IF{MODALL)GD TO 40
ASSISN 20 TD IGETR
KFLDLI=LIST1
IDEBUA = DEBGMA{1}
ASSI5N 110 TO NEXT
GOTCDO=,.FALSE.
IF{S4¥CHR) GO 7O 35
¢ SKIP GETTIMG NEW CHARACTER
GO 73 200
* GET CHARACTER RETURN 7O 20
IF{KIH.EQ.BLANK}GD TO 200
* BYPASS BLANKS
IF {KCH.NE-EOS) GO 7O 30
® EOS= END OF STATEMENT CHARACLTER
ASSISN 200 TO INEWR
 PROVIDE TOD GET FIRST CHARACTER FROM NEXT C
G0 T3 300
IF{TEST-.AND.GOYCD}GO TO 100
ITEMP = ITABIKCH+#1}
ICOMP=EFLDILISTI,IBITS, ITEMP)
GO 7O COMPR, (36,37}
LCOMP=TFLDILIST2,2, ITEMPI#]
CONTINUE
IF{TRALE .LT7.4) GO 7O 38
CALL DEBUG2{ IDEBUA, IDEBUN}
SMCHR = .FALSE.
IF{ICIHP~-1} 381,382,383

RETURN

RETURNY

RETURNZ

ASSISN 35 TO IGETR

GO T3 12

- - - - ITCHR - - - - - - -
SPECIAL ROUTINE TO INSERT CDMMA AT END OF CARD IF
THE NEXT CARD BEGINS WITH & OR A LEFT MEMBER
TO THIS ROUTINE, A LEFT MEMBER BEGINS WITH A-Z
FOLLOWED BY ANY OF 0-9{}A-Z FOLLOWED BY =
IDEBUA = DEBGNA{2)

ITEMP = ITAB{KCH+#1}
ICOMP=IFLD{0,3, ITEYP}
GO TO NEXT,{110:120}



C ® 110 FOR 1ST CHR ON NEW CARD, 120 FDR FDLL
110 NONEAd=o.TRUE.
ASSIGN 120 TO NEXT
c $ A~Z 0-9{() = OTH
GO TJI(130,200,140,140,140),ICOMP

C $ A-Z 0-9{) = OTH
120 60 T2{140,200,200,130,140), ICOMP
130 KCOUNT=0
KCH=1 COMMA
NONEA=.FALSE.
GOTCD = .FALSE.
GO T3 35
C ? COMMA IS CHARACTER RETURNED
140 KCOUNT=0
NONEd=,FALSE.
GOTCD = +FALSE.
GO T3 200
* FIRST NIN-BLANK CHARACTER ON CARD IS RETURNED

- - - - -

ROUTINE TO GET NEXT CHARACTER

[aEaReNeN el
]

200 IF(KZJUNT.LT.KCPCD)GO TO 210
ASSI3N 210 TO INEWR
GO TJ 300

210  KCOUNT=KCOUNT+1
c * CARD COLUMN OF NEW CHARACTER

KCH=IFLD{0,KBPC, IMAGE (KCOUNT))

GO TO IGETR,(20,35)

* 35 IS USED ONLY FOR MODALL .TRU
ROUTINE TO PRINT OLD CARD AND READ NEXT
IF NONEW IS TRUE, STORE TABLl IN KCH AND RETURN
300 IF(NINEW)GO TO 310
KCH=1MAGE (KCOUNT+1)
c * GET CARRIAGE CONTROL (IMAGE(81) IS A BLANK)
IF{{<CH.EQ.NOPRNT),OR.NOLIST) GO TO 305
WRITE(KOUNIT,398)KCH, IMAGE
398  FORMAT({1A1,5X,80AL)
305 READ(KIUNIT,;399)IMAGE
399  FORMAT(B0A1)

GOTC)=.TRUE.

KCOUNT=0

¢« GO TO INEWR,(200,210)

310  KCH=TABl

GO TO 30

c * TABL IS RETURNED, INDICATES END OF C
END

OO0 0

$IBFTC ICNVTI DECK
SUBROJTINE ICNVTI(IFROM,ITO}
DIMENSION IFT( 31), IPTAB{ 21}, ITAB( 65)
DIMENSION ANAME(15}) ,IMAGE{80) ,IMAGE1(8B1),IPARAM(9)

. +KSTACK{27) sNAME(15) RVALUE(Z) +STACK(2T7)
c
COMMON
«/1COMNI/ VALUE s LCOMP 2 IFNTYP » IMAGE] » IRADIX s I5UB
. + KCH 2 KCNVRT s KCOUNT 2+ KDIF s KFLD1 sKFLD2

118

118
119

135
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-0 W

30
40

50

i00
101

» LCOMP 2 LCNVRT sLEVEL s LFRT s LOOK

° » MCNVRT +MDIF +MODALL «MSTIR

o ¢ NAME » VERROR # NONEW # MOTARG

- s SMCHR s TEST s ERMARK

» /JICNST I/ BLANK s BLANKS »DOLLAR + EDS

. » ICOMMA « [IDOLAR s IFT 2 IPTAB « I TAB

® s KAM10O +KBPC s KBPUW s KCPCD s KERTYP

. +« KZERD o VOPRNT + TAB1

«/IPARAM/ ABORT o KIUNIT sKOUNIT s LIMALF ¢ LOCK 2 LOCX
° + NOLIST ¢+ MSTDIR s TRACE

«/ISTACI/ STACK 2 ISTDIM +KSTACK s LEVLEIM

INTEGZR BLANK #BLANKS +EOS » IDOLAR s TAB1 s TRACE
DOUBLE PRECISION STACK., VALUE :

LOGICAL ABORT,;DOLLAR;ERMARK, LIMALF,LOCKsNILISTNONEW.MODALL,
«NSTDIXs SMCHR , TEST

EQUIVALENCE (STACK,ISTACK), (VALUE,KVALUE,RVALUE) s { NAME,ANAME)
EQUIVALENCE (ICOMNIo ISUB)o {IMAGE,IMAGELl), (IPARAM,ABORT}
DIMENSION NTYPE(4)

DOUBLE PRECISION NTYPE

DATA NTYPE / 6HREAL 6HINT s 6HDP » SHNOCONV/
IF({IFROM.LE-O) DR {ITO.LE.O}) GO TJ 100

IF (IFRDM - 4} 1,99,100

IF (ITD =~ 4) 2,99,100

IToM2 = IT0 - 2

IF (IF0OM=-2) 3.4,5

IF (ITOM2) 99,10,20

IF (ITOM2) 30,99,40

IF (IT0M2) 50,60,99

KVYALUE = RVALUE(1)}

GO T0 39

VALUE = RVALUE(1)
GO TO 99
RVALUE(1} = KVYALUE
GO T0 99

VALUE = KVALUE

GO TO 99
RVALUE(1) = VALUE
GO 70 99

KVYALUE = VALUE
CONTINJE

CALL DEBUG3 (6HICNVYTI,0.D0,3}

CALL DEBUG3(NTYPE(IFROM)NTYPE(LITO) ,3)

RETURY

WRITE{KOUNIT,101) IFROM,ITO

FORMAT (35H ARGUMENTS OF ICNVTI BAD. IFROM = ,I13:8Hs IT0 = -,I13.
» 41H(1 TD 4 ALLOWABLE)., CHECK IPTAB IN COMNJ)

GO TO 99

END

$IBFTC IERDRI DECK

SUBROJTINE IERORI

DIMENSION IFT( 31), IPTAB{ 21}, ITAB( 65}

DIMENSION ANAME{(15) ;IMAGE(80) ,IMAGEL(81},IPARAM(9)
® sKSTACK(27) . NAME{15) SRVALUE{2) STACK{27)

VN e

119



11

90

120

COMMOVN

« /ICOMNI/ VALUE s ICOMP 2 IFNTYP s IMAGE1 s IRADI X 2 1SUB
. s KCH ¢+ {CNVRT + KCOUNT +KDIF ¢+ KFLD1 s KFLDZ2
o s LCOMP s LCNVRT s LEVEL sLFRT »LOOK

N 2 MCNVRT 2MDIF s MODALL sMSTOR

B s NAME s NERROR sNONEW » NOTARG

. + SMCHR +TEST +ERMARK

«/ICNSTI/ BLANK yBLANKS » DOLLAR +EDS

N » ICOMMA s IDOLAR +IFT 2 IPTAB s [TAB

. 2 KAM1O +KBPC 1 KBPH s KCPCD s KERTYP

® s KZERD ¢ NOPRNT ¢ TABL

«/IPARAM/ ABORT sKIUNIT +KOUNIT s LIMALF sLOCK # LOCX
. yNOLIST s NSTDIR s TRACE

«/ISTAKI/ STACK s ISTDIN #KSTACK sLEVLIM

INTEGER BLANK +BLANKS +EODS » IDOLAR s TAB1 » TRACE
DOUBLE PRECISION STACK, VALUE

LOGICAL ABORTsDOLLAR,ERMARK LIMALF,LOCK.NOLIST,NONEW,MODALL,

o NSTDIRs SMCHR,L,TEST

EQUIVALENCE (STACK,ISTACK)s {VALUE KVALUEsRVALUE), (NAME, ANAME)
EQUIVALENCE (ICOMNI,ISUB), (IMAGE,IMAGEL),{IPARAM;ABORT)
INTEGER H{4,7)

EQUIVALENCE (H{1lel)sH1)o(H{1:2)9H2)s{H{153)sH3),(H{154),5H%)

eo {H{Ls5) s HS) o (H(1:6) s HE) o {HI 1,7} HT)

DATA KA/1H=/

DATA <B/1H /

DATA KC/1H,/

DATA KD/1H®/

INTEGZR MSGYYP(242), HL(4)s H2(4)s H3(4), H&{4)s H5(&),HE{4) ;HT( %)

DATA MSGTYPl1e1)/24H#DIAGNOSTIC2#=ERROR == /
DATA 41(1) /24HINAPPROPRIATE CHARATTER

DATA 42{1) /24HNAME TOD LONG

DATA 43(1) /24HTABLE FULL OR DESTROYED

DBATA 44(1) /24H3D INCOMPLETE DR MISSING

DATA 45(1) /24HNAME NOT IN TABLE

DATA H5(1) 724HFUNCTN OR SUB NOT ABOARD

DATA 47(1) /24HFORMULA ILL~-FORMED

CALL DEBUGC{6HIERORI)

NONEW = FALSE.

S

NERRDR = NERROR + 1
* COUNT DIAGONISTICS
ERMARC = .TRUE.
* WARN PROGRAMER OF POSSIBLE ERRO
1oP = 0
s COUNT DPERATDRS +-,=(=
MODE = 1
IFINOTARG.LT.LEVEL) MODE = 2
KC1=K3

IF(KC3UNT.EQ.0) KC1=KC
L = KZOUNT + 1
MODALL = .FALSE,
TEST = L,TRUE,
M =IABS{KERTYP)
J = M/100
K= 2
IF{DDLLAR) MODE = 2
IFIKERTYP.GT.0) LOTK = TRUE,.
IF(KERTYP.LT.0) K=1
WRITE(CDUNIT;90) (MSGTYP({I,K)sI=192)sMy{H{I3)5I=1,4),KCL,
s IMAGE, (KB I=1sL)s KA, (KB, I=L+81)s NERRDRLDCK
FORMAT (1H ,2A6:2H {;13,2H) +4A6+,2X,B1A1/45X.83A1,
s /14X, L1IHERROR COUNT14,13H LOCK = osLlylHe}
IF{NERROR.GT.64)STOP



30

31
39
40

91

99

OO0

80

OO0

IFI{KERTYP.LT.0} GO TO 99
SMCHR = .TRUE.
CALL ICHAR4($31,%$6597,10)
0-9. + $ )
GO TO (30+65+39,80)5 LCOMP
v ' A= =
GO TO {60:65330,60)5 LCOMP
SMCHR = -TRUEs
L = KCOUNT + 1
KC1l = K8
IF(KCIUNT-EQ.0IKC1=KC
WRITE(KOUNIT;91)KC1y IMAGE, (KBs I=1sL)sKDs {KBsI=L-81)
FORMAT{14X,43HSKIP AHEAD AND GUESS AT NEXT GOOD STATEMENT,
o /16Xs32HBEGIN PROCESSING AT SYMBOL +81A1/645X,83A1
o /14X4%8HLOOK FOR DIAGONISTICS BUT DDON®®!T STORE ANYTHING.//)
IFNTYP = =}
DO 1 I=1,ISTDIM
KSTACZK(I) = O
LEVEL = O
NDTAS = ISTDIM
CONTINUE
KERTYP = 0
CALL DEBUGR
RETURN
IF{MDJE.EQ.1) GO TO 40
ALL OPERATORS
10p = IDP + 1
IF{IOP.LE.16} GO T0O 30
IF YOU FIND 16 OPERATORS BEFORE } GIVE UP

MIENINIEINNNNDNNILGY)
MODE = 1
DOLLAR = LFALSE,
G0 1) 30

MODE "ACTION

1 SKIP TO NEXT $ OR = OR o {UNCONDITIONAL)
2 SKIP TO NEXT $ (UNCONDITIONAL) DR TO = OR , AFTER )

$IBFTC ILOOLI DECK

SUBRJUTINE ITLOOKI(#,IT}
CALLED FROM
ITABLI
INAMEIX
DIMENSION IT(1)
DIMENSION IFT{( 31), IPTAB( 21}, ITAB{ 65}
DIMENSION ANAME{15) ,IMAGE(BO) ,IMAGEL(B81),IPARAM(9]

- +KSTACK(27) ¢ NAME({15) «RVALUE(2) ,STACK{2T)

COMMON
«/ICOMNI/ VALUE » ICOMP 2 IFNTYP s IMAGEL s IRADIX 2 I1SUB
. s KCH s KCNVRT + KCOUNT s KDIF +KFLDL +KFLD2
. s LCOMP ¢ LCNVRT ¢LEVEL 2 LFRT vy LOOK
. ¢+ MCNVRT +MDIF s MODALL 2 MSTOR
° » NAME » VERROR s NONEW »N3TARG

LN W
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2 SMCHR o TEST s ERMARK
/ICNSTI/ BLANK s BLANKS ¢DOLLAR s EOS

¢« ICOMMA 2 IDOLAR + IFT ¢ IPTAB s I TAB
2 KAM10O :{BPC + KBPH s KCPCD s KERTYP
s KZERO » VOPRNT s TAB1
/IPARAM/ ABORT s KIUNIT sKOUNIT ¢ LIMALF ¢ LOCK sLOCX

+NOLIST 2 NSTDIR + TRACE
JISTALI/ STACK 2 ISTDIM +KSTACK s LEVLIM

INTEGZR BLANK s BLANKS 3EOS + IDOLAR s TAB1 + TRAZE
DOUBLE PRECISION STACK. VALUE
LOGICAL ABORT,DOLLAR, ERMARK, LIMALFsLOCK,NOLIST NDNEW,MODALL
NSTDI  SMCHR,TEST
EQUIVALENCE (STACK,ISTACK}, {VALUE,KVALUEs;RVALUE), (NAME,ANAME)
EQUIVALENCE {ICOMNI.ISUB), {IMAGE,;IMAGELl).(IPARAM,ABORT}
LODK=3

* FIRST USABLE POSITION
IFCITILOOK) <EQ.0) GO TO 7

® RETURN MWITH NEXT AVAILABLE ENTR
J=IFLD(3:4,IT(LODK})

* MAX POSSIBLE J IS 15

IF {J .NE.MSTOR) GD TO 8

* 8 IF NAME IS WRONG LENGTH, TRY
D0 4 <=1.J

¢ CHECK NAME FOR MATCH
LOOKK = LOOK + K
IF (NAME(K).NE-IT(LOOKK}} GO 7D 8
CONTINUE
CALL DEBUG2(6H=LOO0KF,1L00K)

® ENTRY WAS FOUND
RETURY 1
CONTINUE
CALL DEBUG2{6H=LO0OKN,;LOOK)
¢ ND ENTRY WAS FOUND

RETURN
LOOK = LOOK+J+1

® TRY NEXT ENTRY
GO T0 1
END

$IBFTC INAMEI DECK

s X aNaNel

122

®

L) ¢ o @

SUBRIUTINE INAMEI(#,0,1IT}

CALLED FROM INPUT

CALL DEBUGC(6HINAMEI)

SUBRDJTINE TO DBTAIN LDCATION, MODE, AND CONTENTS DF A MAMED CELL

DIMENSION IFT{ 31}, IPTAB( 21), ITAB{ 65)
DIMENSION ANAME(15) ,IMAGE(B80) ,IMAGE1(81),IPARAM{9]}
¢ KSTACK(27) o NAME({15) ,RYALUE(2)} ,STACK(2T)

COMMDN

/ICOMNI/ VALUE + ICOMP + IFNTYP ¢ IMAGE1 s IRADIX ¢+ ISUB
s KCH s KCNVRT » KCOUNT o KDIF 1 KFLD1 s KFLD2
+ LCOMP + LCNVRT s LEVEL sLFRT +LOOK
¢ MCNVYRT s MDIF s MODALL #MSTOR
o NAME + VERROR s NONEW s NOTARG
s SMCHR s TEST vy ERMARK

VRNV WN P
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10

12

82

83

84

90
91

50

o /ICNST I/ BLANK »BLANKS +DOLLAR »EQS

. » ICOMMA s IDOLAR s IFT 2+ IPTAB s ITAB

N ¢ KAM1O 2 KBPC s KBPW +KCPLD s KERTYP

» +KZERD s NOPRNT ¢+ TAB1

«/IPARAM/ ABORT ¢ SIUNIT +KOUNIT ¢« LIMALF +LOCK 2 LOCX

N s NOLIST sNSTDIR +TRACE
«/ISTAKI/ STACK 2 ISTDIM sKSTACK s LEVLIM

INTEGER BLANK ¢ BLANKS +EDS s IDOLAR s TAB1 s TRACE
DOUBLE PRECISION STACK, VALUE
LOGICAL ABORTsDOLLAR, ERMARK,LIMALFLOCKyNDLISTs;NONEW, MODALL,
«NSTDIR,SMCHR,TEST
EQUIVALENCE ({STACKsISTACK}, (VALUE,KVALUE,RVALUE) s (NAME,ANAME)
EQUIVALENCE (ICOMNI,ISUB)s (IMAGE, IMAGELl).{IPARAM,ABORT}
DIMENSION IT(1)}
* TABLE OF NAMES PROVIDED BY USER
DIMENSION D(1}
' USERS VARIABLES ARE IN D ARRAY
isus = 1
®* UNDERSTOOD SUBSCRIPT
KDIF = 1
CALL INAMEN
CALL TLOOKI{$1,1T)
CALL ILOOKI{$6%4¢IFT}
KERTYP =540
* NAME NOT IN TABLE
GO TO 99
CONTINJE
CALL DEBUG2(6HSTATMT,1)
ITL = IT(LOOK)
KCNVRT=IFLD{0,3,ITL}
CALL DEBUG 2 {6HKCNVRTKCNVRT}
R I D T S F
GO T0{12:,12:10,12+62961) ,KCNVRT
KDIF = 2
{ OTH
CALL ICTHAR2($90,30)
* GO TO 90 FOR NO SUBSCRIPT
A-1 0-9 OTH
CALL ICHARI($82,%$9140,12)
CALL IMNAMEN
CALL T1LODKI($83,1T)
GO TD 3540
SMCHR = ,TRUE.
CALL ISuBI
GO TD B4
ITYPE=IFLD(0,3, IT{LOOK))
LOC=IFLD{7,25,IT{LODK))
RVALUZ (1) = D(LOC)
RVALUE{2) = D(LDC+1)
CALL ICNVTI (ITYPE,2)
ISUB = KVALUE
) OTH
CALL ICHAR2{3$9140,31)
! ERROR IF NI }
GO TD 91
SMCHR = ,TRUE,
LOC=IFLD{7,25,1TL)}
CALL DEBUG 2 (5HLOC 1.,L0C)

LOC = LOC + {ISUB-1})#KDIF
RVALUE(1) = D(LOC)
RVALUEL2} = DILOC+1}



C CALL DEBUG 3{S5HIT{Lj,ITL.2)
CALL ICNVTI (KCNVRT,3)
52 LOOK = LOC
98 CONTINUE
CALL JEBUG 3{5HVALUE<«VALUE.4&}
CALL DEBUG 2 (6HLOOK LLO0K])
CALL DEBUG 2 (5HLOC 2,L0C)
CALL DEBUG Z2{6HKCNVRT,KCNVRT)
CALL DEBUGR
RETURN
61 IFNTYP = O
c * FUNCTION
GO 70 63
62 IFNTYP = 1
c ® SUBRDUTINE
63 KVALJE=IFLD(7,25,1ITL}
GO 7O 98
64 IFNTYP = O
c * LIBRARY FUNCTION DR SUBROUTINE
KVALJE=TIFLD{7: 25, IFT(LOOK)}
C ®* PROGRAM NUMBER (USED BY IxXQTI)
MSTOR = O
KCNVRT=IFLD(0.3+ IFT{LOOK))

OO0

[g)

* 5 FOR SUBRDUTINES, 6 FDR FUNCTIONS
IF(KCMVRT .EQ.5) IFNTYP=KVALUE
* PROVIDE FOR EXECUTION OF INPUT SUBRO
CALL DEBUGZ{6HLIBF KVYALUE)
MEANING OF IFNTYP
VALUE NAME IS
-1{NORMAL) AN ORDINARY VARIABLE
0 FUNCTION (USER DR FORTRAN MATH)
1 USER SUBRJUTINE
2 RADEX (INPUT FUNCTION)
3 LOCX (INPUT SUBROUTINE)
$CALL LOCX{Y.I) CAUSES I TO BE SET SO THAT YU(IIREFERS TO THE CJUR
LEFT SIDE.
GO 70 98
9140 KERTYP =140
99 CONTINUE
CALL DEBUG2{6HRETURN 1}
CALL DEBUGR

OO0 O0n

[aNaNe!l

® REGESTER RETURN
RETURN 1
END

$IBFTC INAMEN DECK
SUBROJTINE INAMEN
CALLED FROM
INAMET
ITABLI
INPUT
CALL DEBUGC{6HINAMEN)

OO0

DIMENSION IFT( 31), IPTAB{ 21) ITAB{ 65}
DIMENSIDN ANAME{15}) ,IMAGE(80} IMAGE1({81},IPARAMI(O)
® +KSTACK{27} s NAME{15) SRYALUE{2) .STACK{27}
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i0

95

99

OO0

COMMDN

o /TCOMMI/ VALUE z 1COMP s IFNTYP » IMAGEL +IRADIX 2 1SUB
° ¢ KCH s KCNVRT s KCOUNT s KDIF s KFLD1 s KFLD2
o s LCOMP s LCNVRT sLEVEL s LFRT » LOOK
o s MCNVRT «MDIF +MODALL s MSTOR
® s NAME s MERROR »MONEYW s NOTARG
o » SMCHR 2 TEST s ERMARK
o /ICNSTI/ BLANK ¢ BLANKS #DOLLAR +EOS
° » ICOMMA s IDOLAR 2 IFT 9 IPTAB s ITAB
. + KAM10 +KBPC +KBPUW + KCPCD s KERTYP
® +KZERD + NDPRNT s TABL
- /IPARAM/ ABORT $ KIUNIT 2 KOUNIT + LIMALF +LOCK 2 LOCX
® s NOLIST ¢ MSTDIR s TRACE
o /ISTALI/ STACK s ISTDIM 2 KSTALK o LEVLIM
INTEGER BLANK +BL ANKS s EOS s IDOLAR 2+ TABL + TRALE

DOUBLE PRECISION STACK, VALUE, DNAME

LOGEICAL ABORT.DOLLAR,ERMARK, LIMALF.LOCK:NOLIST;NONEW, MODALL,
sNSTDIR; SHMCHR,TEST

EQUIVALENCE (STACK:ISTACK!+: {(VALUE AXVALUERVALUE}, {NAME,ANAME)
EQUIVALENCE (ICOMNIyISUB), {IMAGE, IMAGE1),{IPARAM,ABORT}
EQUIVALEMCE{ NAME , DNAME)
COLLEZTS NAME {(UP TO 15 WORDS) TERMINATED BY ANY SPECIAL CHAR

ASSIGN 6 TO NEXT

IF{MODALL)ASSIGN 2 TO NEXT

MSTOR = 0

J = <BPW »

NAME{2? = BLANKS

GO TO NEXT3{2+6,71}

i OTH

CALL ICHAR2($8 23}

TEST = »TRUE.

MODALL = oFALSE.

CALL ICHAR2{$99,23)

* PAIR OF APOSTROPHYS DOES MOT EN

TEST = LFALSE.
MODALL = -TRUE.
GO 70 8
ASSISN 7 TO NEXT
G0 70 8
A=-Z-0-9 OTH

CALL ICHAR2{%99%,12}
IF{J-LT.KBPW} GO TO 9
IF{MSTOR.EQ.15} GO 70O 10
MSTOR = MSTOR + 1
NAME{MSTOR} = BLANKS

J=20

NAME{ MSTOR)=IFLD4{(KCH» JsKBPC ., NAME{(MSTOR}}
J=J+XBPC

GO T3 1

IF{MOJALL} GO TO 99
KERTYP = =260
CALL IERORI

CALL ICHAR2{$99,12)

¢ SKIP REST OF NAME

GO Y3 95
CONTY INUE

SMCHR = .TRUE.

CALL DEBUG3{6HNAME +DNAME.3}
CALL JEBUGZ2{5HMSTOR:; MSTOR)
CALL DEBUGR

RETURN

END



$IBFTC INMBRI DECK

c

c
c
C

[ 2 T o B

1

126

SUBROJTINE TO TRANSLATE A NUMERIC FIELD

SUBROJTINE INMBRI

CALLED FROM INPUT

INMBRY IS CALLED WITH FIRST DIGIT IN KCH

CALL DEBUGC{6HINMBRI}

DIMENSION IFT{ 31}, IPTAB{ 21), ITAB{ 65)

DIMENSION ANAME{15) ,IMAGE(80) ,IMAGEL(81),IPARAM(9}

o sKSTACK(27) , NAME{15) SRVALUE{2] sSTACK(27]}

COMMODN

«/JICOMNI/ VYALUE s ICOMP 2 IFNTYP + TMAGEL + IRADIX 2 ISUB
. s KCH s KCNVYRT s KCOUNT +KDIF s KFLD1 +KFLD2
o ¢+ LCOMP s LOCNVRT sLEVEL o LFRT 2L.OOK
N ¢+ MCNVRT +MDIF s MODALL sMSTOR

. s MAME +NERROR s NDNEHW +NDTARG
. # SMCHR s TEST ¢ ERMARK
« /ICNSTI/ BLANK s BLANKS s DOLLAR +EOS

» » ICOMMA s IDOLAR o IFT s IPTAB s ITAB
e + KAM10 +KBPC 2 KBPW +KCPLCD + KERTYP
® s KZERD s NOPRNT s TAB1
«/IPARAM/ ABORT ¢KITUNIT s KOUNIT s LIMALF +LOCK 2+ LOCX
° ¢ NOLIST #NSTDIR s TRACE
s /ISTACI/ STACK ¢ISTDIM +KSTACK o LEVLIM

INTEGER BLANK ¢ BLANKS +EOS ¢« IDOLAR + TAB1 » TRACE

DOUBLE PRECISION STACK, VALUEs DNBR., H, FD(4])
LOGICAL ABORT,DOLLAR,ERMARK, LIMALF,LOCKoNOLISTNONEW,MODALL,
s NSTDIR s SMCHRsTEST ]
EQUIVALENCE {STACKsISTACK}s (VALUE.KVALUE,RYALUE} . {NAME,ANAME}
EQUIVALENCE {ICOMNIsEISUB),{IMAGE,IMAGEL}, (IPARAM-ABORT)
LOGICAL LVALUE ‘
EQUIVALENCE {KVALUE,LVALUE)
LOGICAL SWITCH
DIMENSION LD{4}
DATA LD{1}:LDI2)sLDIU3),LD{4)/By4s2s1/
DATA FD{1}),FD(2),FD{3),FD{4)/1.0D8,1.0D4,1.0D2,10.D0/
DNBR=0

¥ THE NUMBER COLLECTED S3 FAR

ICSC=0
*THE CHARACTERISTIC SCALE FACTOR
IPF = 1
* SIGN JF EXPONENT
IESE = 0

# THE EXPONENT
ASSIGN 1 TO NEXY
SHITCH = «FALSE.
SMCHR = TRUE,
CALL ICHAR2{$70,21) :
® GO TD 70 FOR LOGICAL COUNSTANTS
SMCHR = LTRUE.

e OTH 0-9
CALL ICHAR4($2: $3+ 13515}
GO 73 50

DNBR = DNBR#10.,DO+FLOAT{KCH-KZERD)
GO 7O NEXT,{1,15}
ICSC = ICSC - 1
GO 70 1

« DE OTH
GO TJ{20,30,50).LCOMP
SMCHR=.TRUE,

*ENTER HERE FOR INITIAL DECIMAL POINT

iF {SHITCH) &0 TO 9130

s
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37

30

61
62

63

64

70

71

72

73

65

99

OO0

9130

CALL DEBUG2{6HSTAT .,20}
ASSIGM 15 TO NEXT
SHITCH = .TRUE.

GO 10 1
IPF=-1
GO T3 36
CONTINUE
CALL DEBUG 2(6HSTAT E.30}
- OTH 0-9
CALL ICHAR4{$50,%35, 13,15)

& -

GO T2{36+37),LCOMP

SMCHR=. TRUE»

CALL fsuBg

f# TEST WILL BE TRUE
ICSC = ICSC+ISIGN{ISUB,IPF}
¥ RESOLVE SCALE FACTORS

CONTINUE
CALL DEBUG 2({6HSTAT ,50)
CALL DEBUG3 {5HDNBR1,DNBR 54}
H = 1.D0

IESC=I1ABS{ICSC}

DO 63 I=1:4

IF {IESC.LT. LDILI)) GO T2 63
IESC=IESC~-LD(I)

H=HeFD{I}

GO 71 61

CONTINUE

IF {I2SC.LT.0} GO YO 65
DNBR = DNBR#H
GO TO 98

T F OTH

CALL ICHARI($73,%13,17)
LYALJE=.TRUE,
IF(NITARG-GT.LEVELILCNVRT=4

* LOGICAL CONSTANTS NOT COMVERTED

RVALUE{2})=0,
A-Z OTH e
CALL ICHARI($9130.899,21}
*DISCARD REST OF WORD,
GD T3 72
LVALUE=,FALSE.
GO 70 71
DNBR = DNBR/H
VALUE DNBR
SMCHR = TRUE.
CONTINJE
CALL DJEBUG3{6HDNBR 2,DNBRs4}
CALL DJEBUG3{5HVALUE,VALUE,¢% }
CALL DEBUG2{6HICLSC ,ICSC}
CALL DEBUG2{6HIPF o IPF)
CALL DEBUG 2{6HIESC ,IESC)
CALL DEBUGR
RETURN
KERTYP = 130
GO TD 99
END

KUST FIND
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$IBFTC ITABLI

DECK

C SUBRDUTINE TO CONSTRUCT TABLE ENTRIES
SUBROJTINE ITABLI{IT)
C CALLED FROM INPUT
Cc CALL DEBUGC{6HITABLI)
Cc
DIMENSION IFT( 31), IPTAB{ 21}, ITAB{ 65)
DIMENSION ANAME(1i5) ,IMAGE(80) ; IMAGCEL(81)-IPARAM{(9)
® s KSTACK{27) ,NAME(15) SRVALUE(Z) sSTACKI(2T7}
C
COMMON
+ /ICOMNI/ VALUE 2 ICOMP » IFNTYP s IMAGEL « IRADIX 2ISUB
® ¢ KCH ¢ KCNVRT s KCOUNT e KDIF : KFLD1 s KFLD2
® » LCOMP ¢ LCNVRT s LEVEL s LFRT s LOOK
® s MCNVRT +MDIF oMODALL s MSTOR
® + NAME ¢+ MERRDR » NONEW s+ NDTARG
® 2 SMCHR s TEST s ERMARK
» FECNSTI/ BLANK +BLANKS »DOLLAR :EOQS
@ » ICOMMA s IDOLAR s IFT - 3 IPTAB + ITAB
® » KAM10 + KBPC s KBPW 2 KCPCD s KERTYP
® e KZEROD s VOPRNT s TAB1
« /IPARAM/ ABORT +KIUNIT L KOUNIT s LIMALF s LOCK 2LDCX
® +NOLIST ¢ NSTDIR s TRACE
s JISTACT/ STACK 2 ISTDIM 2 KSTACK +LEVLIM
C
INTEGER BLANK 2 BLANKS +EDS ¢ IDOLAR s TAB1 s TRACZE
DOUBLE PRECISIDN STACK, VALUE
LOGICAL ABORT,DODLLAR; ERMARKs LIMALFoLOCK,NDOLIST NONEWMODALL,
o NSTDIR;SMCHR,TEST
EQUIVALENCE (STACK,ISTACK}y; {VALUE,KVALUE,RVALUE} , INAME ; ANAME)
EQUIVALENCE {(ICOMNI,ISUB)> {IMAGE,IMAGEL),{IPARAM:ABORT}
DIMENSION IT (1}
Cc
KDIF = 1
fsusx = 1
ITYPE = 1
C ¢® ALWAYS INITIALIZE TO .REAL.
Cc { A-7Z OTH
1 CALL TCHARI ($1,89120,26)
c 8 SKIP ®*ABLE® IN TABLE
3 CONTIMUE
C CALL DEBUG2(6HSTATMT3)
CALL ICHARG(54,$9120+7.9)
C ® ) 0=-9+ OTH
GO 73 (30 5,98 510 ,9120),LCOMP
C o A-Z 0OTH OTH
4 GD T3 (3 5205 912059120)LCOMP
93120 KERTYP= 120
o 8 ILLEGAL CAHARACTER
GO TO 98
10 CONTINJE
C CALL DEBUGZ2(6HST 0-9 .10}
SMCHR = ,TRUE.,
CALL IsuBi
ISUBX = ISUB
CALL ICHAR2($9120,25}
C SERROR IF ND =
GO 70 3
30 CONTINUE
ol CALL DEBUG 2{6HSTATMT,;30)
31 KDIF = 1

128
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32

33
34

20

50

OO0

55

56

98

9320

SPLIT TYPES {INT,REAL,DP,NO CONVERSION,FUNCTION ;SUBROUTINE} 61
CALL ICHAR4($32,$33,3,5) 62
IF(LCIMP.GT.1) GO TO 9120 63
KDIF = 2 6%
GO TO 33 65
IF (LIOMP.EQ.3) GO TD 9120 66
ITYPE = LCOMP 67
60 TO 34 68
ITYPE = LCOMP+2 69
A-Z OTH . 70

CALL ICHARI($9120,%$3,21) 71
GO TO 34 72
CONTINUE 73
CALL DEBUG2({6HSTATMT,20) 74
CALL INAMEN 75
CONTINJE 75
CALL DEBUGZ(6HSTATMT,50) 77
ITBUFF=TFLD4{ITYPE, O3, ITBUFF) 78
ITBUFF=IFLD4(MSTORy 3,4, ITBUEF) 79
ITBUFF=IFLD4(ISUBX; 7525+ I TBUFF) 80
CALL DEBUG2 (5HITYPE,ITYPE) 81
CALL DEBUG2 {5HMSTOR,MSTOR) 82
CALL JEBUG2 {5HISUBX, ISUBX) 83
CALL DEBUG4 (6HITBUFF,ITBUFF,2) 8%
ISUBX = ISUBX + KDIF 85
CALL ILODKI($56,1IT) 86
IF((IT(2)oNE.O)aAND. { {LOOK+MSTOR +2).6T.IT{2)}) GO TO 9320 87
IT(LOI<)=1TBUFF 88
DO 55 K=1,MSTOR 89
LOOK=LOOK+1 90
IT(LIOK) =NAME (K) 91
CALL DEBUG2(6HSTATMT,55) 92
LOOK=LDOK +1 93
IT{LOIK)=0 94
GO TN 3 95
IT{LDIK)=ITBUFF 96
CALL JEBUG2({6HSTATMT,56) 97
GO TO 3 ‘ 98
CONTINJE 99
CALL DEBUGR 100
RETURN 101
KERTYP ==320 102
CALL IERORI 103
GO TO 3 104
END 105

$IBFTC ISsusl DECK

OO0

SUBROJTINE ISUBI
ISUBI FINDS SUBSCRIPTS AND INTEGER CONSTANTS
CALLED FROM
INAMEIL
INMBRI
INPUT
ITABLI
1SJB BEGINS PROCESSING WITH THE NEXT CHARACTER.
CALL DEBUGC{S5HISUBI}
COLLEZTS INTEGER OF BASE IRADIX TERMINATED BY A SPECIAL CHARACTER
DIMENSION IFT( 31}, IPTAB{ 21). ETAB{ 65)

DD O W

s s
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DIMENSION ANAME(1S5)

s IMAGE{80)

s IMAGEL{81), IPARAM(9)

® 2 KSTACK(27) s NAMEI15) SRVALUEL2} ,STACK(27}
c
COMMON
«/ICOMNI/ VALUE s ICOMP s IFNTYP ¢ IMAGE] 2 IRADIX +ISUB
@ » KCH s KCNYRT s KCOUNT ¢ KDIF o KFLD1 s KFLD2
N s LCOMP + LCNVRT sLEVEL s LFRT sLOOK
N 9 MCNVRT +MDIF +MODALL » MSTOR
N s NAME » MERROR sNDNEW ¢ NOTARG
o 2 SMCHR 2 TEST s ERMARK
«/ICNSTI/ BLANK +BLANKS s DOLLAR +EOS
o ¢ ICOMMA + IDOLAR o IFT s IPTAB + [TAB
° s KAM10O +KBPC 1 KBPH s KCPCD s KERTYP
® s KZERO + NOPRNT s TAB1
«/IPARAM/ ABORT o KIUNIT »KOUNIT » LIMALF sLOCK 2 LOCX
. o NOLIST +NSTDIR + TRACE
« /ISTALI/ STACK s ISTDIM #KSTACK 2LEVLIM
c
INTEGER BLANK ¢+ BLANKS 2 EOS s IDOLAR sy TAB1 « TRACE
DOUBLE PRECISION STACK, VALUE
LOGICAL ABORT.DOLLAR; ERMARKsLIMALF;LOCKsNOLIST NONEW,MODALL
«NSTDIR, SMCHR,TEST
EQUIVALENCE (STACK,ISTACK}, (VALUEsKVALUE,RVALUE}; {NAME., ANAME)
EQUIVALENCE {ICOMNI,ISUB)s {IMAGE, IMAGELl),{IPARAM,ABORT)
isuB = 0
c A-7 0-9 OTH
80 CALL ICHARI($10,$99,12)
IDIGIVT=KCH-KAM10
c * VALUE OF LETTER USED AS DIGIT
30 IF(IDIGIT .GE. IRADIX? GO TO 99
35 IsuB = 1ISuB = IRADIX + IDIGIT
c ? ACCUM TOTAL. IRADIX
GO TO 80
99 SMCHR = o TRUE.
C * ALLOW SAME CHARACTER TO BE READ
c CALL JDEBUG2{6H=ISUBI, ISUB}
c CALL DEBUGR
RETURN
10 IDIGIT=KCH~-KZERD
c * VALUE OF DIGIT
GO TO 30
END
$IBFTC IXQTI DECK
SUBROJTINE IXQTI {ARGL,ARGS)
C USER MAY PUT HIS OWN COMMON STATEMENTS IN THIS RDUTINE AND
c USE THEM TO SUPPLY ARGUMENTS T3 HIS CALLS IF HE DESIRES
COMMON
«/IPARAM/ ABORT SKIUVMIT ,KDUNIT, LIMALF ,LDCK, LDCX, NDLIST, NSTDIR
e 9 TRACE
DOUBLE PRECISION ARGS{27}., ARGL, ARG22
DIMENSION ARG21{2}
EQUIVALENCE {ARG2:ARG22})
C
M = DABS{ARGS(1)}
IF {(M.LT.1 .OR. M.G6T.16) GO TO 99

130
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1 ARGL = COS({ARGL!}
GO TO 100

2 ARGL = EXP{ARGL)
GO 10 100

3 ARGL = ALOG({ARGL)}
GO TO 100

4 ARGL = SIN{ARGL)}
GO 70 100

5 ARGL = SQRT{ARGL)
GO TO 100

6 ARGL =
GO TO 100

c PRINT FUNCTION
7 ARGZ22 = ARGS(2)

WRITE (KOUNIT,101) ARGZ; ARGL
101 FORMAT{1H 2A6,3H

GO TO 100

8 ARGL =

GO 1D 100

9 ARGL =

GO TO 100

10 ARGL =

ABS{ARGL)

GO TO 100

ATANZ2{ARGS(2} , ARGL}

sD26,17)

DISC(RIMINENT) FUNCTION

11 IF (ARGL) 102,103,104

102 ARGL =

ARGS(2)

GO TO 100

103 ARGL =

ARGS{3)

GO TO 100

104 ARGL =

ARGS (4)

GO TO 100

12 CALL LOCKX{ARGL}

GO0 TO 100

13 CONTINUE

GO TO 100

14 CONTINUE

. GO TO 100

15 CONTINUE

16 CONTINUE

100 CONTINUE

RETURN

CALL DEBUGR

99 KERTYP =-610
CALL TERORI
GO TO 100

END

$IBFTC LOCKX

DECK

SUBROJTINE LOCKX{J4)

CoMMON

«/IPARAM/ ABORT

s NOLIST

LOGICAL J,LOCK

LOCK =
RETURY
END

J

s KIUNIT
sNSTDIR

ABS{SNGL{ARGS{2) ) )##SNGL{ARGL)

s KDUNIT
¢+ TRACE

2 LIMALF

SNGL (ARGS{2)) #=# IFIX{SNGL{ARGL+DSIGN{.5D0,ARGL) )}

¢ LOCK

2LOCX

QU o=d A S VI
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$IBFTC DEBUGX DECK

OO0 0 (]

10

28

132

SUBROJTINE DEBUGX
PINITALIZATION
DIMENSION ISUBN{Z20}

TRACE = 0 ND PRINTING

TRACE =1 PRINT DEBUG 2+3 CALLS ONLY

TRACE = 2 PRINT DEBUG 2+3 CALLS ONLY

TRACE = 3 PRINT DEBUG 2+3 AND STACLK PRINT

TRACE = 4 PRINT DEBUG 2+3 AND STACK PRIMT AND CALLS FROM CHAR

DIMENSION IFT(27), IPTAB(21}, ITAB{65)
DIMEMSION ANAME{(15) o IMAGE(80) ,IMAGE1(81),IPARAM(9)

® sKSTACK(27) s NAME(15) LRVALUE{2} ,STACKI(27)

COMMON

- /ICOMNI/ VALUE + ICOMP ¢ IFNTYP s IMAGE] ¢« IRADIX +1SUB
s 2 KCH s KCNVRT s KCOUNT 2+ KDIF + KFLD1 ¢ KFLD2
N 2 LCOMP s LCNVRT s LEVEL s LFRT s LOOK

e » MCNVRT +MDIF + MODALL s MSTOR

. o NAME +NERROR ¢ MONEY s NDTARG

o » SMCHR s TEST ¢ ERMARK

«/ICNSTI/ BLANK 2 BLANKS ¢ DOLLAR s E0S

e +» ICOMMA + IDOLAR 2+ IFT ¢+ IPTAB s ITAB

o s KAM10 s KBPC 2 KBPW + KCPLD s KERTYP

N s KZERD s MOPRNT + TABL

«/IPARAM/ ABORT sKIUNIT s KOUNIT s LIMALF s LOCK 2+ LOCX

N s NOLIST +MSTDIR » TRACE
«/ISTAKI/ STACK s ISTDIM #KSTACK +LEVLIM

INTEGER BLANK #BLANKS +E0S ¢ IDOLAR s TABL s TRACE
DATA BADCAL/6HBADCAL/

DOUBLE PRECISION ALFARG, ISUBN, STACK, VYALUE, DBLANK; DARG
LOGICAL ABORTDOLLAR, ERMARK,LIMALFoLOCK,NOLIST NONEW,MODALL,
«NSTDIR,SMCHR, TEST

EQUIVALENCE {(STACK,ISTACK)s (VALUE,KVALUE;RVALUE), {NAME, ANAME}
EQUIVALENCE (ICOMNI, ISUB), {IMAGE, IMAGEL) , { IPARAM; ABORT)
»» (DBLANK: BLANK)

IsuBC = 0

DO 10 I = 1,10

ISUBN{I} = DBLANK

IF{TRACE,EQ.0} GO YO 99

WRITE (KDUNIT,410}

GO 10 99

ENTRY DEBUGC{ISUBNA}

DOUBLE PRECISION ISUBNA

* NEW SUBRDUTINE CALLED

IF (ISUBC.GT.10) GO TO 98

ALFAR3 = DBLANK

NUMARS = =1

IsysC = 1SuUBC+1

ISUBN{ISUBC) = ISUBNA

IF{TRACE .GE.4} GO TO 400

GG TO 99

ALFAR3 BADCAL

it

¥ CALLS MIGHT GET OUT OF RANSE
NUMARS = ISUBC
GO 70 400

ENTRY DEBUGR

D o G AT A N e



c ¢ CALL AT RETURN 59

IF {ISUBC.LT.1) GO TO 98 60
ALFAR5 = DBLANK 61
NUMARS = =1 62
ISUBN{ISUBC) = DBLANK 63
ISUBC = ISUBC - 1 64
IF{TRACE .GE.4} GO TO 400 65
GO TO 99 66
c 67
ENTRY DEBUG2(ALFAR,NUMAR) 68
DOUBLE PRECISION ALFAR 69
NUMARS = NUMAR 70
ALFAR3 = ALFAR 71
20 IF {TRACE .LT.1) GO TO 99 72
400 WRITE (KDUNIT,405) (ISUBN(I)sI1=15%),ALFARG,NUMARG, 73

+KCOUNT » SMCHR e KCH,KFLD1, ICOMP sKFLD2 , LCOMP 74
99  RETURY 75

c 75
ENTRY DEBUG3({ALFAR,DNUMAR, ITYPE) 77
DOUBLE PRECISION DNUMAR 78
ENTRY DEBUG4(ALFAR,DNUMAR, ITYPE) 79
DARG = DNUMAR 80
NUMAR3 =NUMAR 81
ALFARS = ALFAR 82
IF (TRACE .LT.l) GO TO 99 83
GO TO {30440,50,60), ITYPE 84

30 WRITE (KOUNIT,406) {ISUBN{I)eI=1,4),ALFARG,NUMARG, 85

«KCOUNT ¢ SMCHR s KCH3KFLD1, ICOMP yKFLD2, LCOMP 86

GO TO 99 87

40 WRITE {KOUNIT,407) {ISUBN(I)sI=1,4%)sALFARG,NUMARG, 88
«KCOUNT 3 SMCHR ; KCH o KFLD1, ICOMP ,KFLD2, L COMP 89

GO TO 99 90

50  WRITE (KDUNIT,408) {ISUBN{I),I=1,4),ALFARG;NUMARG, 91
«KCOUNT ¢ SMCHR ;KCHo KFLD1+ ICIMP ¢KFLD2,LCOMP 92

GO TO 99 93

60  WRITE {KOUNIT;409) {ISUBN{I);I=1,4);ALFARG,NUMARG, 94
«KCOUNT g SHCHR ; KCHy KFLD 1, 1COMP ¢ KFLD2 , LCOMP 35

GO TO 29 96

405  FORMAT(1H 429Xo5{A6s1X), 124, 97
olHIsE35L251H)pA6,2H {+13,12:1H)92H (,13,12,1H)) 98

406  FORMAT{IH 529X;5{A651X},E24.8, 99
wlH1o13oL251H) 9A642H (,13,12,1H)42H (13512,1H)) 100

407  FORMAT(1H 429X¢5{A6s1X)511Xs01241Xs 101
olH{2 135025 1H) 3A6,2H (513,12,1H),2H (13,12,1H)) 102

408  FORMAT{1H 529X,5{A6s1X)q16XsA8, 103
olHUs13,L251H) 9A692H (413,12, 1H)2H (1351251H)) 104

409  FORMAT{1H ;29Xo5(A6s1X),D24018, 105
slH{3 13,025 IH} 5A6,2H (13,125 1H)42H (513,1251H)) 106

410  FORMAT (29X,11HDEBUG TRACE,52Xs9HI-~KCOUNT,5X,8HI--LIST1/ 107
«68X594D ARG ORs15X;9HI I-SMCHR,5XsLOHI I~-1COMP / 108

029X s 13HSUBROUTINES ZALLEDs L1Xo THALF ARGs7Xy LLHNUMERIC ARGy 9X, 109

o3HT Tg1X;5HKCH=145X, 16HI I [--LIST2 / 110
092Xs341 1+5Xe1HIo5Xs 18HI I I [--LCIMP) 111

END 112

133



$IBFTC STACKP DECK

89
86
85

99

SUBROJTINE STACKP
DIMENSION IFT(27),

IPTAB(21)

ITAB(65)

DIMENSION ANAME(15) ,IMAGE(80) ,IMAGEL{81),IPARAM{9}
° sKSTACK{27) »NAME(L15) SRVALUE(2) ,S5TACK{27)

COMMOY
«/ICOMNI/ VALUE « ICOMP o [IFNTYP + IMAGE] »IRADIX s I1SUB
e + KCH + KCNVRT ¢+ KCOUNT s KDIF 1 KFLOL s KFLD2
e 2 LCOMP sLCNVRT ¢ LEVEL ¢+ LFRT s LOOK
® » MCNVRT sMDIF sMODALL #MSTOR
e s NAME s NERRQOR +« NONEHW s MOTARG
o ¢ SMCHR s TEST s ERMARK
o« /ICNSTI/ BLANK ¢ BLANKS +DOLLAR +EDS
. 2 TCOMMA s IDOLAR 2 IFT s IPTAB » ITAB
* » KAM10 :X8BPC + KBPW «KCPCD +KERTYP
» 9 KZERO s NOPRNT ¢ TAB1
- /IPARAM/ ABORT +KITUNIT +KOUNIT sLIMALF ¢ LOCK +LDCX
® 2 NOLIST +NSTDIR s TRACE
o /ISTACI/ STALK +ISTDIM s KSTACK sLEVLIM

INTEGER BLANK s BLANKS +EOS + IDOLAR 2 TAB1 s TRACE
DOUBLE PRECISION STACK, VALUE

LOGICAL ABDRT,DDLLAR, ERMARKeLIMALF,LDCK,NOLISTyNONEW,MODALL,

oNSTDIR, SMCHR, TEST

FQUIVALENCE (STACK,ISTACK),

IF{TRACE .LT. 3)

LEVELX = LEVEL + 3
WRITE(KOUNIT385)LEVEL s VALUE,KVALUE4RVALUE,LOCX
WRITE(KOUNIT89) (STACK({I}sI=1,LEVELX)
WRITE{COUNIT,86) {KSTACK(I}I=1,LEVELX)

FORMAT(11D12.4%)
FORMAT{11112)

GO TO 99

{VALUE s KVALUE,RVALUE) » {NAME s ANAME)
EQUIVALENCE {I1COMNI; ISUB)s {IMAGE, IMAGEL) s (IPARAM, ABORT)

FORMAT{7H LEVEL=I13,7H VALUE=D25.,17+8H KVALUE=13,3H +0:211Xs012)

s6H LOCX=16)
RETURN
END

$IBMAP IFLD DECK
TTL IFLD AND IFLD4 PROGRAM

IFLD

LGL1
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ENTRY IFLD
ENTRY IFLD4

FUNCTION {I,N,DATA)
START EXTRACTION WITH BIT I+1
EXTRACT N BITS FROM DATA AND RETURN IN REGESTER 1

SAVE

CAL= 394
STA LGL1
CAL= b4
STA LGL2
LDQ# 54
LGL &%
IAC

I

N

DATA

as=]

WP N W -
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$IBFTC STACLP DECK

SUBROJTINE STACKP
DIMENSION IFT(27)y; IPTAB{21), ITAB(65!
DIMENSION ANAME({15) , IMAGE(80) ,IMAGEL{81}.IPARANM(9}

° o KSTACK{27) s NAME{15) RVALUE(2) ,STACK(27]}
c
COMMDY
«/ICOMNI/ VALUE ¢+ ICOMP + IFNTYP + IMAGE1 s IRADIX s ISUB
o ¢ KCH s KCNVRT 9 KCOUNT s KDIF sKFLD1 » KFLD2
* + LCOMP s LCNVRT « LEVEL + LFRT 9 LODK
. » MCNVRT +MDIF sMODALL 2 MSTOR
® + NAME » NERROR + NONEW + MOTARG
. ¢ SMCHR s TEST s ERMARK
« /ICNSTI/ BLANK 2 BLANKS 2 DOLLAR s EOS
o » ICOMMA ¢ IDOLAR s IFT s IPTAB s [ITAB
e »KAM10 +KBPC +KBPW «KCPCD + KERTYP
» s KZERO s VOPRNT s TAB1
»/IPARAM/ ABORT +KIUNIT s KOUNIT s LIMALF 9 LOCK sL0CX
° s NOLIST +NSTDIR s TRACE
«/ISTACI/ STACK +ISTDIM s KSTACK +LEVLIM
c
INTEGER BLANK » BLANKS +EOS s IDOLAR 2 TAB1 s TRACE
DOUBLE PRECISION STACK, VALUE
LOGICAL ABORT,DOLLAR; ERMARK,LIMALF,LOCK,NOLIST,NONEWMODALL,
oNSTDIR o SMCHR,TEST
EQUIVALENCE (STACKyISTACK), (VALUE KVALUE,RVALUE) , {NAME,ANAME)
EQUIVALENCE (ICOMNI, ISUB), {IMAGE, IMAGEL), (IPARAM,; ABORT)
IF(TRACE LT, 3) GJ TO 99
LEVELX = LEVEL + 3
WRITE(KOUNIT85)LEVEL s VALUE,KVALUE,RVALUE,LOCX
WRITE{KOUNIT89) {STACK{I},I=1,LEVELX)
WRITE{COUNIT.86) (KSTACK(I}),I=1,LEVELX)
89 FORMAT(11D12.4)
86 FORMAT(11112)
85 FORMAT{7H LEVEL=I3,7H VALUE=D25.17+8H KVALUE=I3,3H +0,2{1X:012})»
«6H LOCX=16)
99 RETURY
END
$IBMAP IFLD DECK
TTL IFLD AND IFLD4 PROGRAM
ENTRY IFLD
ENTRY IFLD4
® FUNCTION (I,N,DATA}
# START EXTRACTION WITH BIT I+1
* EXTRACT N BITS FROM DATA AND RETURN IN REGESTER 1
IFLD SAVE
CAL= 3:4 I
STA LGL1
CAL= 4e4 N
STA LGL2
LDQ= 5:4 DATA
LGL 1L LGL #a #% =]
ZAC

O O U N

oD NNV DWW e
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LGL2

FLD4

Il
N1
N2

12

TEMP
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LGL
XCL
XCA
RETURN
SPACE

FUNCTION DR SUBROUTINE IFLD4I{NUDATA,IsNs;DATA}
PUT LOW ORDER N BITS OF NUDATA IN DATA
STARTING WITH THE ITH+1 BIT.
THZ MODIFIED DATA IS LEFT IN REG O FOR FUNCTION TYPE USAGE
IX=IFLD4{NUDATA),IsN,DATA)
IX COMTAINS THE CHANGED DATA

I.E.
DATA IS
SAVE
CAL#
STA
STA
CAL+=
STA
STA
ZAC
LDQO=
LGL
SLW
LGL
CAL=
LGR
caiL
LGR
XCA
RETURN
PZE
END

%%

IFLD
2

UMCHANGED

by
i1
12
5:4
N1l
N2

6s4

%

TEMP

®#

394

&%

TEMP

®#a

IFLD4

&&=\

#e=]

aw =N

a#=N

=]

I

DATA



APPENDIX B
HUFF INPUT ROUTINE

The first version of the Huff Input Routine was reported in reference 6. The Huff
Input Routine provides more versatility in reading input dafa into the computer than the
NAMELIST feature in FORTRAN. The Huff Input Routine has the ability to make simple
arithmetic manipulations (such as conversion of units) during loading and to load alpha-
numeric data. While not an indispensable feature, it has been found to be quite conven-
ient. The Huif Input Routine also allows for the automatic printout of data cards at execu-
tion time.

The following sections contain a general description of the Huff Input Routine and its
usage.

Usage

The programmer transfers control to the INPUT routine with a standard FORTRAN 1V
call

CALL INPUT (5, 6, 1, X, ITABLE)

Argument 1 is the system input tape number (5 on the Lewis system). Argument 2 is the
system output tape number (6 on the Lewis system). Argument 3 is the identifying num-
ber of a data group. This value is compared with an identification number occurring on
the input card ($DATA card). I the values agree, the data are processed until another
$DATA or end-of-data ($END) card is encountered. If the values do not agree, no data
are processed and control is returned to the calling program. Argument 4 is the Array X,
which serves as a reference point for the storing of input data. Since all data are stored
relative to X, the programmer must provide fixed relations between the location of X and
other locations to be loaded (e.g., through the use of common blocks and/or equivalence
statements). In this case, X is "*"WORD, ' the first name in the labeled common block
"ALL.'"" Common blocks ALL, DESIGN, FRONT, SIDE, BACK, and DUMMY are in all
routines and hence are loaded sequentially so that the location of all variables is known.
Argument 5 is the array ITABLE, which contains the names of the variables used on the
cards and their subscript location relative to X. Sufficient space must be provided in the
calling program for storing the table of names, This is done by a DIMENSION statement.
The dimension of ITABLE(3) must initially be zero.
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Types of Input Statements

$DATA statement. - The $DATA statement identifies a group of data with an identifi-
cation number. It must be the first statement on a card. For example, $DATA(1) or
$D(1) on the first card of a data group causes the value 1 to be compared with argument 3
in the calling sequence. If unequal, control is returned to the calling program. If equal,
data are loaded until the next $DATA or $END statement is reached.

$TABLE statement. - The $TABLE statement makes a list of names needed for load-
ing data. Consider for example that the real variable names VELOCITY, MASS, and
RADIUS are to be assigned to memory locations X(1), X(2), and X(3), respectively. The
card would be punched $TABLE (.REAL., 1= VELOCITY, 2 = MASS, 3 = RADIUS).
These variables will be treated as real in any subsequent loading of data. A limit of
15 computer words is placed on the length of a name. Since .REAL. is what designates
the mode of a name, a name may begin with any alphabetic letter. For example, the
statement $TABLE (. INTEGER., 20 = INDEX, SUBSCRIPT, I) will place these names in
the table and any values subsequently loaded will be stored in X(20), X(21), and X(22),
respectively, as integers. In a similar manner $TABLE (. DOUBLE PRECISION. ,
10 = RADIUS DOUBLE, . LOGICAL., 12 = SWITCHI) causes the name RADIUS DOUBLE
to be stored in the table as a double-precision variable equivalent to X(10) and X(11), and
the logical variables SWITCH 1 and SWITCH 2 will be equivalent to X(12) and X(13).

Note that $TABLE statements are loaded as Number = Name to avoid confusion with
loading statements.

Loading Statement

The loading statement loads data by taking the name of a variable previously appear-
ing in a $TABLE statement and setting it equal to a value which may be of several forms.

Numeric values. - Standard FORTRAN language is used; for example, VELOCITY =
3.4, MASS = 32 (no decimal point is needed and MASS will have the REAL value 32),
RADIUS = 4E21, and INDEX = 3. Data can be continued from one card to another; for
example, SUBSCRIPT may appear at the end of one card and = 47 on the next card.

Subscripts may be used. Since 3 = RADIUS, RADIUS(2) = 6, 10, 12,, 14 will put
real numbers in X(4), X(5), X(6), and X(8) and leave X(7) unchanged because of the double
comma, If new values are assigned to a variable before the next $D(1) card, the new
value will override the previous one. For example, RADIUS(2) = 8 will override the
RADIUS(2) = 6 card.

Internally addressed values. - An internally addressed value is one that refers to the
contents of memory by name. RADIUS(7) = RADIUS(3); RADIUS(INDEX) causes
RADIUS(7) to be replaced by the value of RADIUS(3) and RADIUS(8) to also be replaced
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by RADIUS(3) since INDEX = 3.

The statement RADIUS(7) = RADIUS(INDEX + 1), however, is ILLEGAL.

Arithmetic expressions. - Provisions have been made to allow arithmetic operations
to be performed on data at execution time. The operations + (addition), - (subtraction),
*(multiplication), and /(division) and the functions, included among which are SQRT,
EXP, SIN, COS, and PWR(x, y)(=x**y), may be used with name or numbers (or any ex-
pression that has a valué) to compute the value of an arithmetic expression. Parentheses
may be used to indicate the order of performing the operations, The computations are
analyzed from left to right and any intermediate results are stored in up to 24 locations
in the core (the stack) which is sufficient for fairly complex expressions. All numeric
operations are carried out in double-precision floating-point FORTRAN arithmetic. As
an example, RADIUS(2) = RADIUS(2)*SQRT(RADIUS(2)) or RADIUS(2) = PWR(RADIUS(2),
1.5) will set RADIUS(2) = 83/2

Alphanumeric expressions. - Alphanumeric data may be entered by placing the vari-
able name in the ""REAL! list and then setting the variable equal to the data by first en-
closing in parentheses the length of the word to be read in. As an example,

Q = (A39)THIS IS AN EXAMPLE OF ALPHANUMERIC DATA

The (A39) gives the length of the data including imbedded blanks. Of course, since on the
IBM 7094 there are six characters per word, Q must internally be dimensicned to at
least 7.

Printing Input Cards

Each input card processed will normally be written on the tape specified by the sec-
ond argument of the calling sequence. An end-of-statement symbol read on the card will
cause interpretation of the card to stop at that point and permit comments to be placed
on the remainder of the card to be printed with the output, In order to avoid printing the
card at all, the nonprint character is placed in the next column following the end-of-
statement character. The developers of the routine selected the sign # for both charac-
ters. This is punched as a colon on an IBM Model 29 Keypunch and corresponds to a 2-8
punch,

If the character following the end-of-statement symbol is other than a nonprint char-
acter, it is inserted as the printer control character in the first position of the output
format before the card is written on the output tape. If no end-of-statement character
occurs on the card, a blank printer control character is used. Comment cards having
the end-of-statement character as the first nonblank character will be printed and may
be placed anywhere except in a continued alphabetic field.
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In summary, the end-of-statement character has the effect of moving the end of the
card forward to the column ahead of the end-of-statement character. The column follow-
ing it is printer control.

If the control parameter NOLIST is true, printing is suppressed for all cards.
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APPENDIX C

SYMBOLS

General Symbols Internal to Program

Variables in program are formed by combining these symbols.

Station Numbers

See figures 1 to 4 for each type of engine.

Thermodynamic Properties

AM Mach number

FAR fuel-air ratio, f/a

H enthalpy, Btu/lbm

p total pressure, atm
PS static pressure, atm
S entropy, Btu/ °R/1bm
T total temperature, °R
TS static temperature, °R
\'% velocity, ft/sec

Component Symbols

AJAFT  afterburner

B burner

C inner compressor
COM combustor

D fan duct

F first or fan compressor
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NOz
OB

THP
TLP

BL
CN
DHT
DHTC
DP
DT
ETA
ETAR
HPEXT
PCBL
PCN
PR
TFF
WA
WF
WG

ALTP
142

core nozzle

nozzle

overboard

total

inner (high pressure) turbine

outer (low pressure) turbine

Engine Symbols

bleed, lbm/sec
ratio of corrected speed to design corrected speed

turbine delta enthalpy, Btu/lbm

turbine delta enthalpy (temperature corrected), (Hin

pressure drop, AP/P
temperature change, °r
efficiency

ram recovery, P2 / Py

‘horsepower extracted

fractional bleed

percent of design shaft speed

pressure ratio

turbine flow function, lbm\‘/af—{ / (psia)(sec)
airflow, lbm/sec

fuel flow, lbm/sec

gas flow, lbm/sec

ratio of pressure ratios

Miscellaneous Symbols

area, ft

altitude, ft

O
- H_ /T, , Btu/°R/lbm



AM
BYPASS

CF
CS

cv

DEL

DS

DUM

FG

FGM
FGP

FN

FRD

GU
ITRYS
LOOP
' LOOPER
SFC
TOLALL
VA

vJ

ALTP
AM
AM6
AM23

Mach number of aircraft

bypass ratio (fan duct air/air entering intermediate compressor)
when following component symbol, signifies ''corrected"’

correction factor, when used following component symbol

ambient speed of sound, ft/sec

nozzle velocity coefficient

delta degradation coefficient

design value

dummy value

gross thrust, 1bf

momentum thrust, 1bf

pressure thrust, 1bf

net thrust, Ilbf

ram drag, 1bf

initial or guessed values

number of loops through engine before quitting
variable counter

number of loops through engine counter
specific fuel consumption, lbm/lbf/hr
tolerance on convergence

velocity of aircraft, ft/sec

jet velocity, ft/sec

Input Symbols

altitude, ft
Mach number of aircraft
design afterburner entrance Mach number

design duct-burner entrance Mach number
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AMS5
A6
A8
A28
CNHPDS
CNLPDS
CVDNOZ
CVMNOZ
DELFG
DELFN
DELSFC
DPAFDS
DPCODS
DPDUDS
DTCODS
ETAA
ETAADS
ETABDS
ETACDS
ETAD
ETAFDS
ETAR
ETHPDS
ETLPDS
FAN
HPEXT
IAFTBN
IAMTP
IDBURN
IDCD

144

design low-pressure-turbine exit Mach number

area at afterburner entrance (calculated from AM®6), 2
main nozzle throat area (can be changed at off-design), ft2
fan duct nozzle throat area (see A8), t2

design corrected speed - inner turbine

design corrected speed - outer turbine

nozzle thrust coefficient (tabular lookup)

nozzle thrust coefficient (tabular lookup)

gross-thrust delta degradation multiplier

net-thrust delta degradation multiplier
specific-fuel-consumption delta degradation multiplier
afterburner design pressure drop, AP/P

combustor design pressure drop, AP/P

duct design pressure drop, AP/P

combustor design temperature increase (automatically set to T4 - T3),

afterburner efficiency (not required)

afterburner efficiency at design

combustor ‘efficiency at design

inner compressor adiabatic efficiency at design
duct-burner combustion efficiency

front (outer) compressor adiabatic efficiency at design
inlet pressure recovery (ram recovery)
high-pressure-(inner) turbine design adiabatic efficiency
low-pressure-(outer) turbine design adiabatic efficiency
logical control for fan and turbojet engines

horsepower extraction
index on afterburning desired

index on ram or inlet operation desired

index on duct burning desired

duct nozzle convergent-divergent when IDCD equals 1 (design or off-design)



IDES

IDUMP
IGASMX
IMCD
ISPOOL
ITRYS
MODE
NOZFLT
PCBIC
PCBLDU
PCBLF

PCBLHP
PCBLLP
PCBLOB

PCNC
PCNCDS
PCNF
PCNFDS
PRCDS
PRFDS
PS55
P2
TFHPDS
TFLPDS
TOLALL
T2

T24

index for design point; must be set equal to 1 to design engine; zeroed auto-
matically

index for dumping of error matrix

index for mixed-flow or non-mixed-flow turbofan

main nozzle convergent-divergent when IMCD equals 1 (design or off-design)
index for number of compressors for turbojet engines

index for maximum number of iterations

independent variable designator for engine operation

index for floating main or duct nozzle

ratio of compressor bleed to turbines to compressor airflow

ratio of compressor bleed leaked into fan duct to total compressor bleed flow

ratio of bleed from outer compressor to fan airflow dumped overboard
(i.e., leakage)

fraction of PCBLC used for high-pressure (inner) turbine (cooling)
fraction of PCBLC used for low-pressure (outer) turbine (cooling)

ratio of inner compressor bleed to compressor airflow (overboard for cus-
tomer use)

inner-compressor shaft speed as a percent of design shait speed
design inner-compressor shaft speed

outer-compressor shaft speed as percent of design

design outer-compressor shaft speed as percent of design shaft speed
design inner-compressor pressure ratio

design outer-compressor pressure ratio

static pressure at low-pressure-turbine exit

compressor-face total pressure (for nonstandard days only), atm
design inner-turbine flow function

design outer-turbine flow function

tolerance on error matrix

compressor-face total temperature (for nonstandard days only), T1 + T2
°rR

duct-burner exit temperature,
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T4
T4DS

7

T7DS
WACCDS
WAFCDS
WFA

WFB
WFBDS
ZCDS, ZFDS

ALTP
AM

BLC
BLF
BLHP
BYPASS
CNC
CNF
CNHP
CNHPCF
CNLP

combustor exit temperature, °rR

design combustor exit temperature, °R

afterburner exit temperature, °rR

design afterburner exit temperature, °Rr

design inner-compressor corrected airflow (turbofans only), lbm/sec
design outer-compressor corrected airflow, lbm/sec

fuel flow rate to afterburner (IAFTBN = 2 only), lbm/sec

fuel flow rate to main burner (MODE = 2 only), lbm/sec

design fuel flow rate to main burner (MODE = 2 only), lbm/sec

design ratio of inner compressor and fan compressor pressure ratios,
respectively; equals pressure ratio at design point on design speed line
minus value of pressure ratio of lowest point on speed line divided by
high (surge) value minus low value of pressure ratio on the design speed
line

Output Symbols1

area, ftz

altitude, ft

Mach number

bleed flow out of compressor, lbm/sec

bleed flow out of fan (dumped overboard), lbm/sec

bleed flow into high-pressure turbine, lbm/sec

ratio of airflow into fan duct to airflow into inner compressor
corrected shaft speed - inner compre;sor

corrected shaft speed - fan

corrected shaft speed - high-pressure turbine, PCNC /'/’IZ

corrected speed - high-pressure-turbine correction factor

corrected speed - low-pressure turbine, PCNF /VTin

1Some symbols, such as T4, are followed by station numbers, see appropriate fig-
ure for each engine to determine station numbers.
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CNLPCF
CVDNOZ
CVMNOZ
DHHPCF
DHLPCF
DHTC

DHTCHP

DHTCLP

DHTF
DPCOM
DPDUC
DTCOCF
ETAB
ETABCF
ETAC
ETACCF
ETAD
ETAF
ETAFCF
ETATHP
ETATLP
ETHPCF
ETLPCF
FAR
FG

'FGM
FGP
FN

corrected speed - low-pressure-turbine correction factor
velocity coefficient of fan nozzle

velocity coefficient of core nozzle

high-pressure-turbine delta enthalpy correction factor
low-pressure-turbine delta enthalpy correction factor
work done by high-pressure turbine, Btu/lbm

enthalpy change temperature corrected - high-pressure turbine,
Btu/°R/atm/lbm

enthalpy change temperature corrected - low-pressure turbine,
Btu/°R/atm/lbm

work done by low-pressure turbine, Btu/lbm

(aP/ P)combustor

(AP/P)gan duct

temperature-rise-across-combustor correction factor
combustor efficiency

combustor efficiency correction factor
inner-compressor adiabatic efficiency
inner-compressor efficiency correction factor
duct-burner efficiency

fan adiabatic efficiency

fan efficiency correction factor
high-pressure-turbine adiabatic efficiency
low-pressure-turbine adiabatic efficiency
high-pressure-turbine efficiency correction factor
low-pressure-turbine efficiency correction factor
fuel-air ratio, f/a

gross thrust, 1bf

momentum thrust, lbf

pressure thrust, lbf

net thrust, 1bf

147



FRD ram drag, lbf

HPEXT horsepower extracted, hp

P pressure, atm

PCBLC fraction of compressor exit air bled for cooling or lost to cycle
PCBLDU fraction of bled air out of compressor which leaks into fan duct
PCBLF fraction of fan exit airflow lost overboard

PCBLHP fraction of compressor bleed air put into high-pressure turbine

PCBLLP fraction of compressor bleed air put into low-pressure turbine

PCNC inner compressor shaft speed as fraction of design
PCNF fan compressor shaft speed as fraction of design
PRC pressure ratio of inner compressor

PRCCF pressure-ratio-of-inner-compressor correction factor
PRF pressure ratio of fan or outer compressor

PRFCF pressure-ratio-of-fan-or-outer-compressor correction factor

PS static pressure, atm
SFC specific fuel consumption, lbm/(lbm/hr)
T temperature, °rR

TFFHP high-pressure-turbine flow function, (lbm)(v 0R)(in, 2) / (sec)(1bf)
TFFLP low-pressure-turbine flow function, (lbm)(v OR)(in. 2) / (sec)(1bf)
TFHPCF high-pressure-turbine flow function correction factor

TFLPCF low-pressure-turbine flow function correction factor

T2DS design exit temperature of fan, °R

T21DS design exit temperature of inner compressor, °R
\' velocity, ft/sec

VA velocity of aircraft, ft/sec

VJD fan duct exhaust velocity, ft/sec

VIM core exhaust velocity, ft/sec

WA airflow, lbm/sec

WA3CDS corrected airflow in combustor at design, lbm/sec

WAC inner-compressor airflow, lbm/sec
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WACC
WACCF
WAD
WAF
WAFC
WAFCF
WFA
WFB
WFD
WFT
WG
WGT
ZC

ZF

inner-compressor corrected airflow, lbm/sec

inner-compressor corrected airflow correction factor

fan duct airflow, lbm/sec

fan airflow, lbm/sec

fan corrected airflow, lbm/sec

fan corrected airflow correction factor
fuel flow rate to afterburner, lbm/sec
fuel flow rate to combustor, lbm/sec
fuel flow rate to duct burner, lbm/sec
total fuel flow rate, lbm/sec

gas flow rate, lbm/sec

total gas flow rate, lbm/sec

ratio of inner compressor pressure ratios

ratio of fan pressure ratios
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TABLE 1. - VARIABLES AND ERRORS

Two-spool turbofan

Mixed-flow turbo-

Two-spool turbojet

One-spool turbojet

fan

Variable 1 {ZF Z¥F ZF ZF

Variable 2 |PCNF PCNF PCNF PCNF

Variable 3 {ZC zC zC TFFLP

Variable 4 [PCNC PCNC PCNC Jemermmmmemme e

Variable 5 |TFFHP TFFHP TFFHP = |ecmememmmmcene e

Variable 6 |[TFFLP TFFLP TFFLP  |~—=eermecmmmeem

Error 1 TFHCAL - TFFHP | TFHCAL - TFFHP | TFHCAL - TFFHP TFLCAL’— TFFLP
TFHCAL TFHCAL TFHCAL TFLCAL

Error 2 DHTCC - DHTCHP | DHTCC - DHTCHP | DHTCC - DHTCHP DHTCF - DHTCLP
DHTCC DHTCC DHTCC DHTCF

Error 3 TFLCAL - TFFLP | TFLCAL - TFFLP|TFLCAL - TFFLP | PTR - PY7
TFLCAL TFLCAL TFLCAL P7R

Error 4 DHTCF - DHTCLP | DHTCF - DHTCLP | DHTCF - DHTCLP|
DHTCF DHTCF DHTCF

Error 5 w M WAF -WAC-BLF|

P25R PS25 WAC
Error 6 PTR - P7 PTR - P17 PIR-PT i
PTR PTR PTR
Matrix size |6 X 6 6 X6 6 X6 3x3
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TABLE TI. - INPUTS REQUIRED FOR BASIC CYCLES

Variable Units Definition Two-spool | Mixed-flow | Two-spool | One~spool
turbofan | turbofan turbojet turbojet

PRFDS ({-=------- Fan pressure ratio Yes Yes Yes Yes

WAFCDS lb/sec | Fan corrected airflow

ETAFDS |----~-~—~ Fan efficiency

ZFDS  |----m-m-- Design Z of fan

PCNFDS |---=-r=m= Corrected speed of fan

PRCDS |---~-v--- Compressor pressure ratio | No

WACCDS 1b/sec Compressor corrected airflow No

ETACDS j----=-~-- Compressor efficiency Yes

ZCDS |- Design Z of compressor

PCNCDS |---~===~- Corrected speed of compressor

ETABDS |-~-~--=-- Combustor efficiency Yes

DPCODS |-~-----~- Combustor pressure drop, AP/P Yes

T4DS OR._ Turbine inlet temperature Yes

TFHPDS - —1‘3—@—— High-pressure-turbine flow function No
(sec)(psia)

CNHPDS |--=------ Corrected speed - high-pressure turbine No

ETHPDS |[---==--~- Efficiency -~ high-pressure turbine No

TFLPDS %R Low-pressure-turbine flow function Yes
(sec)(psia)

CNLPDS |---~----- Corrected speed - low-pressure turbine Yes

ETLPDS [---~-~-~- Efficiency - low-pressure turbine ¥ Yes

DPDUDS ([-----~---- AP/P of fan duct No No

DPAFDS |-----=-~- AP/P of afterburner \ v Yes Yes

FAN  |----—ene- Logical variable . TRUE. . TRUE. .FAISE. | . FALSE.

ISPOOL  |--------- Number of spoocls 2 2 2 1

152




High-pressure Low-pressure turbine
turbine—~ HPEXT /

\ T
\ !
24 \ 25 2 29

\ ! Atterbu rner—

/
N li

2| Fan 21 | Compressor {3

<
<
< <
< combustor 4 5 55 6 7 38 9
< <
< <

BLDU

BLHP BLLP

IZ Duct burner
N

)

N
Y

BLOB

Figure 1. - Schematic of non-mixed-flow duct-burning andlor afterburning turbofan.

High-pressure HPEXT Low-pressure turbine
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Figure 2, - Schematic of mixed-flow afterburning turbofan,
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Figure 4. - Schematic of one-spool turbojet.
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N 45
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Figure 3. - Schematic of two-spool turbojet.
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Pressure vatio, PR

~Constant cor-

- o, PRu:
, ,~High pressure ratio, P high rected speed, CN

~Design pressure ratio, PRyq.

“~Constant effi-
ciency, ETA

“-Low pressure ratio, PRy,

Corrected airflow, WAC
Figure 6. - Example of a specific fan-compressor map, Z= (PR, - PRIow)’(PRhigh = PRigy

&
-~ Constant input
7
e pressure, P3
m
=<
]
z
o
3
(e}
i

v

Temperature rise, DT =T4 - T3

Figure 7. - Example of combustor map.



Work function, DHTC

/

Constant turbine flow
function, TFF

Constant effi-
ciency, ETA

Corrected speed, CNT

Figure 8. - Example of specific turbine map.
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(=1
I

Ratio of afterburner combustion
efficiency to design afterburner
combustion efficiency

|
1.0
Ratio of fuel-air ratio to design fuel-air ratio

(a) Generalized afterburner combustion efficiency as func-
tion of fuel-air ratio.

—-

(..

degradation, percent
)
(-} —

Afterburner combustion efficiency

10 0
Ratio of afterburner inlet Mach number to design Ratio of afterburner inlet total pressure to design afterburner
afterburner inlet Mach number inlet fotal pressure

(b} Efficiency correction factor as function of after- (c) Efficiency correction factor as function of afterburner
burner inlet Mach number., inlet total pressure ratio.

Figure 9. - Example of a generalized afterburner combustion efficiency performance map.

A9IA8

Velocity coefficient

Nozzle pressure ratio

Figure 10. - Performance map for nozzle, giving velocity coefficient.
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