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ABSTRACT

ENGINEL is a computer program which was develodped tolgénerate the design
and -off-design performance of a single rotor turbojet engine with or without
afterburning using a cycle match procedure. It is capable ‘of producing
engine performance over a wide range of altitudes and Mach numbers. The
flexibility, of operating with a variable geometry turbine, for improved
off~-design fuel consumption or with a fixed geometry turbine as in conven-
tional turbojets, has been incorporated. In addition, the option of

generating engine performance with JP4, 1iquid hydrogen or methane as a fuel
is provided. '



FOREWARD

This document presents in users format, with a brief description of
computational procedures and examples, a Single Rotor Turbojet Engine Cycle
Match Performance Program designated ENGINEL, developed by Mr, Arvid L. Keith,
dr., of the NASA Langley Research Center.

The Vought Corporation Hampton Technical Center provides technical
support to the SCAR Program Officer of the Aeronautical Systems Division under
Contract No. NAS1-13500. The work was performed under the LaRC Project
Manager, Mr. Cornelius Driver, Head of the Vehicle Integration Branch, Aero-
nautical Systems Division. This report was prepared by Mr. W. A. Lovell,
under the direction of Mr. C. M. Pearce, the Vought Hampton Advanced Aircraft
Technology Projects Supervisor. The report was edited by Mr. Emanuel Boxer,
of the Vehicle Integration Branch, LaRC, and Mr. B. F. Downie of Vought
Hampton. '
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SUMMARY

The computer program ENGINEL was developed to provide engine performance
for a single spool turbojet engine with or without afterburning, using a
cyclte match procedure. ENGINEL will generate, as specified by the user,
engine design point performance at sea level static standard day conditions
and will both develop and retain the parameters required to generate off
design performance. It is then capable of producing engine performance over
a wide range of altitudes and Mach numbers as requested by the user.

In the cycle match computational procedure ENGINEL utilizes a non-
dimensional compressor map, constant efficiencies for the combustor, turbine,
afterburner and a constant thrust coefficient for the convergent-divergent
nozzle. A turbine map is not used, instead the cycle match is _.accomplished
by flow matching using a constant turbine flow function, determined in the
design point calculation.

ENGINEL has the option, exercised by user request, of generating
performance with a variable geometry turbine, for improved off-design fuel
consumption, or a fixed geometry turbine as in conventional turbojet engines.
In addition, the option of generating engine performance with JdP4, 1iguid
hydrogen or methane as a fuel is provided.

IncTuded as Appendix A to this document is a complete FORTRAN IV
Tisting of ENGINEL. SampTle probiems, with input explanation, showing the
various printed output options along with the normal engine control options
are provided in Appendix B.

INTRODUCTION

The computer program described in this document provides engine
performance for a single spool turbojet engine with and without afterburning.
This program, ENGINEL, was developed by Mr. Arvid L. Keith, Jr., of the NASA
Langley Research Center (LaRC), to generate the engine performance presented
in the Reference 1 document. It was originally programmed by Mrs. Francis
T. Meissner, also of NASA (LaRC), for the LaRC-CDC 6400-6600 computer
complex using the ICOPS system.

Since its inception, this program. has proved to be an exceptionally
useful tool. It has been used extensively in the study of Advanced Super-
sonic Transport type aircraft. During the course of its use, it has been
modified by Mr. W. A. Lovell of the Vought Corporation Hampton Technical
Center to be operational on the present LaRC-CDC Cyber computer complex
using the NOS system. It has also been modified several times by Mr. Lovell
to provide the additional engine performance required for engine/aircraft
acousitc studies. A complete 1isting of the program is provided in
Appendix A.



The program is capable of four modes of operation based on user
selection as follows: .

° Fixed geometry turbine with or without afterburning.
° Variable geometry turbine with or without afterburning.
With any of these modes of operation the user may select fullpower operation

only or full and part power operation. This is explained in more detail
elsewhere in this document and is shown by example in Appendix B.

SYMBOLS

A area (ft2)

CPR, operating comprassor pressure ratio
(PT,/PT;)

CPRD design compressor pressure ratio
(PT,/PTy ) v

°K degrees Kelvin

M. . Mach number A

N rotational speed, percent of design
value

Neorr corrected rotational speed, N/vo ,
percent

PT stagnation or total pressure (1bf/ft2)

°R degrees Rankine

TT4N ?Sgggn maximum turbine inlet temperature

Weorr corrected air flow, W/6/6 (1bm/sec)

AdB change in noise Tevel, decibels

5 ratio of local pressure to standard
sea-Tevel pressure

7 gfficiency

8 ] ratio of local temperature to standard
sea-level temperature

Subscripts:

d design

max max imum



sTs :  .sea Tevel static conditions

surge compressor surge

0 free stream station

1 compressor inlet

2 compressor outlet

7 exhaust nozzle throat

COMPUTATIONAL PROCEDURE

The engine performance computational procedure described below has been
extracted from Reference 1, rewritten, and expanded so as to provide a basic
explanation of the methods used in the ENGINEL program.

This computer program utilizes a cycle match procedure to generate the
performance of a single rotor turbojet engine. The program computes the
design point cycle performance by conducting progressive, step-by-step
thermodynamic calculations from the undisturbed free-stream, to the air
intake, through each of the engine components and finally through the
exhaust nozzle. In the cycle match iteration, a turbine map is not used.
instead it is assumed that the work output is available at a constant
efficiency (input). The corrected flow parameter, determined from the
design point calculation at the turbine inlet, is, therefore, retained and
used to define, by flow matching, all possible operating points of a
given desian cycle. The nondissociated thermodynamic properties of gases
from Reference 2 are used in the cycie calculation.

The nondimensionalized compressor map characteristics, ‘shown in Figure 1
are typical of a single rotor supersonic turbojet engine compressor. These
are input to the program in its present form, however, may ne replaced
by another compressor should it be desired. Nondimensionalization is
accomplished as defined in the input parameter identification 1ist.

The nondimensionalized compressor map is constructed so that the surge
line pressure ratio (TABPT2 versus TABNST - Figure 1a) is defined from the
design pressure ratio, PT2TID (input) and the design surge margin, Y (input).
The X value (input) sets the Tower 1imit of pressure ratio for all rotational
speed 1ines (TABNST) relative to the surge pressure ratio of each speed
tine. With the PT2T1D, Y and X parameters, a design point compressor
pressure ratio function (Z) is formed. This Z function is then used to
establish the compressor design point shown by the target symbol (on
Figures 1b and 1c).

For the usual case, Y = 1.1, the design surge pressure ratio margin is
ten percent greater than the operating pressure ratio and X = 0.1, the Tower
pressure ratio Timit of the map is one tenth of the local surge pressure
ratio. The purpose of the X parameter is to allow the intervals of the Tocal
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valqes of pressure vratio (TABZ, 0 to 1.0) to be squeezed together, for
maximum accuracy in matching or spread apart, to insure that the matching
values (as determined by the compressor map) of pressure ratio and corrected
flow can be obtained. '

Off-design compressor operating points are established by iteration
along constant corrected speed lines until the corrected flow at the turbine
inlet is matched with the value determined in the design point calculation.
0ff-design corrected speed is defined by Mach number, altitude and the engine
power level.

Definition of off-design operating points by constant corrected turbine
inlet flow was selected as a reasonable simplification to the computational
procedure. The alternate method would be to include a map of the turbine
work and flow characteristics. Variables which compromise the choice of
constant corrected turbine inlet flow as a matching parameter are:

1. Turbine inlet Mach number less than unity.
2. Unknown effective turbine inlet flow area.

3. Variations in the ratio of specific heats and the specific gas
constant, due to changes in turbine-inlet temperature and gas
constituency, from the design value.

0f the three effects, only item (3) was considered to be significant.
Fxamination of the effects of the specific heat ratio and the specific gas
constant when varied from their design values indicated a maximum variation
in the corrected compressor inlet flow of Tess than two percent of the design
value, when the turbine inlet temperature is varied from high values at
design to very low values at off-design. The variation in compressor corrected
inlet flow with Mach number and associated altitude resulting from the
selected flow match procedure is shown on Figure 2 for a wide range of
conditions.

Control for the fixed geometry turbine mode of operation is accomplished
by giving values to two and solving for the third of the following parameters:

1. Compressor physical rotational speed.

2. Turbine inlet temperature.

3. Exhaust nozzle throat area.

Maximum power at all off-design conditions is determined by setting the
compressor rotational speed at 100 percent of design, turbine inlet
temperature at the design value and computing the required nozzle throat
area. Partial power is defined by a schedule of the ratio of nozzle throat

area (Figure 3) as a function of compressor rotational speed. This manner
of engine control requires the computer program to jterate to satisfy flow
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matching, at both the turb1ne 1n1et and nozzle throat by vary1ng turbine
inlet temperature. .

Control for the variable geometry turbine mode of operation is initially
the same as for the fixed geometry turbine in that the maximum power point
is computed in the same manner. On completion of this solution, the compu-
tational procedure differs in that the compressor map operating point is
retained in the computer memory. Part power operating points are produced
by reducing the turbine inlet temperature to provide Tower than maximum
power, while ma1nta1n1ng the compressor map operating point constant. The
turbine inlet area is then reduced to match the design corrected turbine
inlet flow and the exhaust nozzle throat area required, to pass the internal
flow, is calculated. The program recognizes a maximum variation in turbine
area by the value assigned to the variable geometry turbine control parameter
(A4A4DN). To solve for this 1imit, iteration of turbine inlet temperature
and area is conducted until the limiting A4AADN input value is obtained.

The inlet total pressure recovery schedule as a fuaction of Mach number,
presently input to the program is shown on Figure 4. This schedule is
considered typical of fully variable internal-external compression inlets,
however, it may be replaced with any other suitable schedule if so desired.

The exhaust nozzle, incorporated in the program, is a fully variable
convergent-divergent nozzle, that operates in the fully expanded mode for all
operating conditions. The nozzle schedule for controlling part-power engine
operation (Figure 3) is typical of turbojet engines designed for supersonic
speeds.

Current FAA regqulations require jet engjnes and aircraft to meet specific
noise requirements. Advanced turbojet engines, while operating at maximum
power do not meet these regulations without the aid of jet noise suppression,
The performance characteristics of an advanced jet suppressor have been
extracted from Reference 3 and incorporated in the program. These charac-
teristics are shown graphically on, Figure 5, with jet suppressor effective-
ness (dB) as a function of exhaust jet velocity (ft/sec).

A complete listing of the ENGINEL computer program is provided in
Appendix A. Provided in Appendix B are several sample problems with the
required input data and exampies of the three printed output formats.

DISCUSSION

The ENGINEL computer program provides the performance of single rotor
turbojet engines, as defined by the user selection of sea Tevel static design
component performance. It requires a storage capacity cf approximately
60,000 octal words and computation times as follows:



Time to compile = 5.26 seconds
Run time for a design point = .13 seconds

Run time per data point = .03 seconds ;
With this program engine performance can be generated for wide ranges of Mach
number, altitude and engine power setting with and without afterburning.

Incorporated.in the program are the nondissociated thermodynamic proper-
ties of gases from Reference 2, which will provide the combustion character-
istics with air of Methane (CH,), Hydrogen {H;), and simulate those of JP fuel
(CH,}. Computation of engine performance with any of these three fuels can
be accomplished by input of the appropriate control parameter (IFUEL). The
thermodynamic properties of air are also taken from Reference 2, _therefore,
the temperature tables for air are also applicable to the fuels used, requir-
ing the input of only one temperature table. °

ATl of the input to the program is by the namelist method and all of the
parameters shown in the following 1ist must be input for every design or off
design point computed. The namelist method of input, however, provides the
flexibility of only changing those parameters which are required to gererate
the desired engine performance. These parameters are normally Mach number,
altitude, and the program controls which determine the number of afterburning
and/or dry part power operating points. This is explained in the examples
shown in Appendix B.

As shown in Appendix B the user may select any combination of internal
component design values, such as overall compressor pressure ratio, compressor
efficiency, turbine inlet temperature, turbine polytropic efficiency, airflow
rate, etc. The program will then dimensionalize the nondimensional compressor
map, determine the turbine flow function to be used as a matching parameter
when computing off-design performance. It will also establish a nondimensional
exhaust nozzle throat area to be used as a reference when computing all of the
afterburning and part power data points regquested.

Output from the program may be obtained in several forms as listed below
and explained later under the output options control coding.

1. Long form printed output contains state point data at each engine
location defined in Figure 6 as well as the overall engine performance.

2. Long form printed output and card deck for use in LaRC airplane
mission analysis computer program.

3. Short form printed output - contains overall engine performance and
key data for acoustic analysis only.

4, Short form printed output and card deck for use in LaRC airplane
_missions analysis computer program.
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5. Printed output at a specified thrust level, providing performance
data specifically for use in acoustic analysis. Data for acoustic
analysis is also written on tape 8 which may be saved for use at a
later time. .

The input required to operate the program, the variable name, control
options, and iteration intervals used, along with explanation where necessary,
are contained in the following list. The numbers inciuded in the parameter
in the following 1ist refer to engine station locations as shown in Figure 6.

Input Parameter Identification

I. Single Value Inputs

A. Design Installation and Flight Variable

ALT
cv
DTEMP

EMACH
ENN

ETAZD
ETA4
ETA5
ETAG
HPEXT
PT2T1D

Geometric altitude (ft) - must equal O for the design case.
Exhaust nozzle internal gross thrust coefficient (decimal value)

Desired increment from standard day temperature (°C) - used in
subroutine AT65SP (atmosphere).

1. If DTEMP is input with standard atmospheric pressures (PBTAB),
the calculated performance will be for a simple hot day:

i.e., pressure variation with altitude is the same as stand-
-ard day (pressure altitude) while the ambient temperature
is for a standard day +DTEMP atmosphere.

2. 1If DTEMP is input with the correct PBTAB for that specific
atmosphere - the calculated performance will be for the
correct hydrostatic equilibrium day.

Flight Mach number - must equal 0 for the design case.

~

Compressor design rotational speed ratio - equals 1.0 for
compressor-map used in the program.

Compressor design adiabatic efficiency (decimal value).
Combustion efficiency (decimal value). _

Turbine polytropic efficiency (decimal va1ue):
Afterburner combustion efficiency (decimal value).

Power extraction from the turbine (horsepower, HP).

Compressor design total pressure ratio.

7



PT4T2D - Combust%r_design F@ta] pressuré ratio, (décima1 value).

PT65AD . ~ -Design afterburner total pressure ratio {constant, decimal
value) - If PT65AD < 1.0, the data produced will be for an engine
equipped with an afterburner. If PT65AD = 1.0, there is no
afterburner pressure 1oss, therefore, a non-afterburning case
will provide data the same as if the engine did not have an

afterburner.

PT8PT6 ~ Exhaust nozzle to afterburner total pressure ratio, (decimal
value),

TT4N - Design maximum turbine inlet temperature, (°R).

TT6MAX -~ Maximum afterburner temperature, (°R).

Design sea level static air flow rate, (1bm/sec) - must be the

W1D -
same as the parameter WIDE.
WB - Bleed flow rate from compressor discharge, {1bm/sec) - air bleed
quantity is fixed for all operating conditions.
wéow1 - Turbine cooling flow factor (decimal value), such that the cooling
flow ratio WC/WT = WCOWT (TT4-2160°R).
NOTE: Turbine cooling flow is returned to the cycle downstream
of the turbine. The associated pressure loss is fixed
in the program.
WIDE - Design sea level static air flow rate, (1bm/sec) - must be the
same as the parameter WID.
X - Factor for lower limit of the compressor pressure ratio - Equals
0.1 for the compressor use in the program.
XMNSLU - F1light Mach number at which the compressor rotational speed is
held constant at 100%.
Y - Compressor surge margin at design - Equals PT2T1S/PT2T1D, Equals

1.1 for the compressor used in the program.

B. Standard Constants

AJ - Mechanical equivalent of heat (778.156 ft-1bf/Btu).
G - Acceleration due to gravity (32.174 ft/sec?).
GAMO - Ratio of specific heats for air (1.4} - assumed constant for all

operating conditions.



_ PSLS - Atmospheric pressure at sea level static, standard day conditions
(2116.2381 1bf/ft2).

:RO - Gas constant for air (53.33 ft;ibflibm—°R).

TSLS - Atmospheric temperature at sea level static, standard day
conditions (518.67°R).

C. Iteration Intervals and Miscellaneous

AVAL ~ Interval used in the partial power routine to define the desired
accuracy of matching the nozzle throat area ratio with the
scheduied nozzle throat ratio {decimal value, .005 = interval used).

ICASE ~ Case number - program has no provision for automatic indexing.
NLIM - Maximum number of interations in the Iteration Sﬁbroutine (ITT).
T5VAL - Iterative constant for turbine outlet total temperature (decimal

value, .00T = constant used).

T7VAL - Iterative constant for nozzle throat static _temperature {decimal
value, .01 = constant used).

T8VAL - Iterative constant for nozzle exit static temperature (decimal
value, .001 = constant used).

VAL - Interval used to determine nozzle throat total to static pressure
ratio (choke) when the nozzle exhaust Mach number is supersonic
(decimal value, .025 = interval used).

Tabular Inputs

NOTE: The numbers in parenthesis following the variable name are the
number of values that must be contained in the variable array.

A. Atmospheric Pressure

PBTAB (8) - Atmospheric pressure for a standard hydrostatic equilibrium
day from the U.S. Standard Atmosphere 1962 - with DTEMP = 0°C
and the PBTAB table input to the program, atmospheric pressures
and temperatures as a function of altitude will be generated
for a standard hydrostatic equilibrium day. Should DTEMP # 0
be input, then to produce data for a non-standard hydrostatic
equilibrium day a new PBTAB table derived from the U.S. Standard
Atmosphere 1962 and corresponding to the input DTEMP will have
to replace the current PBTAB tabie. Should the PBTAB table not
be replaced the atmospheric data generated will be for & simple
non-standard day, where the temperatures will be non-standard
and the pressures will be for a standard day.



111,

B. Air Inlet Total Pressure Recovery - Figure 4

TABM (19) - Mach number.
TABPT1 (19) - Inlet pressure recovery.

C. Compressor Map - Figure 1

TABETA (99)

Adiabatic efficiency ratioed to the surge value
of adiabatic efficiency at each compressor rotational
speed (N).

TABNST (9) Corrected Compressor rotational speed (N/v6T1) ratioed

to design corrected speed.

TABPT2 (9)

Surge line pressure ratio - surge prassure ratio at each
speed (N) is ratioed to the surge pressure ratio at
design speed {(100% N).

TABW1 (99) Corrected air flow ratio - corrected air flow
(Wav8T1/6T1) is ratioed to the surge corrected air
flow at each rotational speed (N).

|

TABZ (11) - Interval of pressure ratio along a corrected speed line.

D. Air Thermodynamic Tables - Reference 2

TABH (78) - Enthaply of dry air (H, Btu/ibm)}.
TABPHI (78) - Constant pressure entropy of air (¢, Btu/1bm °R).
TABTEM (78) - Temperature (°R, from 0 to 5000)}.

E. Part Power Speed/Nozzie Throat Area Control - Figure 3

TABA7 (12) - Nozzle throat area ratio.
TABN (12) - Engine rotational speed ratio.

F. Exhaust Nozzle Sound Suppressor - Figure b

TABDLDB (17) - Sound ltevel suppression (dB)
TABYa (17) - Exhaust nozzle jet velocity (ft/sec)

Program Operating Controls

A. Design and Operating Code - IDES

IDES = 0 Used to calculate the design valves of the turbine flow function
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(W4¢8T4/6T4) and the nozzle area ratio (Ay/Ayg) which are
then used in the matching process for that particular engine
design at off-design operating conditions. IDES must be
input as 0 before normal operating cases are computed.

IDES = 1 Following an engine design case (IDES = 0}, IDES = T must be
input to Tix the design matching parameters which are used
in subsequent normal operation. Then IDES = 1 must be main-
tained for all normal operation with variable inputs of Mach
number, power setting, altitude, etc., for an engine design
determined previously with IDES = 0.

B. Power Setting Codes - IPC, ZTHRUST and IDDBS

IDDBS

1]

0 Provides engine performance without suppression.

IDDBS = 1 Estimates the available jet suppression (dB) based on the
computed exhaust jet velocity and the tables TABDLDB and
TABVJ. It also reduces the computed gross thrust by 0.5%
for each dB of estimated availabie suppression. However,
when the exhaust jet velocity is equal to or less than 1000
ft/sec 'no jet suppression is available and no thrust Toss is
assessed.

IPC

1]
—_

Provides power points from maximum afterburning to maximum
dry power.

IPC

"
™

Provides a maximum dry power point onty.

IPC

i
[FM]

Provides power points from maximum afterburning to
maximum dry power and on through minimum dry partial power.

IPC

1]
N

Provides power points from maximum dry power through minimum
dry partial power.

ZTHRUST This control is used when data is requ1red at a specific
thrust value.

ZTHRUST=0 This tontrol is inoperative and the engine operating mode is
determined by the IDDBS and IPC controls.

ZTHRUST>0 When this control is specified the IPC control must be set
to 1, 3, or 4, since the ZTHRUST control causes tables of
data from maximum through minimum partial power to be gen-
erated. From these tables at the specified ZTHRUST are
interpoiated the specific engine parameters required for engine
acoustic analysis. Use of this control overrides the normal
output control and provides a printed output as shown in
Example 6 of Appendix B. It also causes the program to write
the parameters required for acoustics analysis on tape 8
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which can be saved. The parameters written on tape 8 and the
format in which they are written are given below:

Parameters: CAPA8, WG, V8, FN, EMACH, T8
(For parameter definitions, see output parameter
identification)

Format: (F10.4, F10.3, F10.2, F10.1, F10.4, F10.2)

Fuel Code - IFYEL

The fuel code will cause the program to select the thermodynamic
properties of the desired fuel with which to compute the thermo-
dynamic properties of combustion and subsequently, engine performance.

IFUEL = 1 Selects JP4 (CH,) fuel.
IFUEL = 2 Selects methane (CHy) fuel.
IFUEL = 3 Selects hydrogen (LH;) fuel.

Variable Geometry Turbine - A4A4DN

The variable geometry turbine can only be employed for partial power
engine performance calculations, therefore, use of this control can
only be accomplished when IPC = 3 or 4 which causes entry into the
part power routine.

AAAADN = 1.0 will produce part power performance for standard
fixed area turbine engines.
R4A4DN < 1.0 defines the lower Timit of turbine area variation from
the design area. The routine will divide the difference
between 1.0 and the input value of A4A4DN into 0.05 incre-
ments, from which the program will adjust the turbine inlet
temperature to provide a flow match while maintaining a
constant compressor pressure ratio and compressor corrected
intet flow. When the incrementeéd value comes within 0.025
of the input value of A4A4DN, the routine will iterate to
define performance conditions at A4A4DN.

A

A7A7DN 2 1.0 with A4A4DN < 1.0, will provide partial power data at
values lower than that permitted by the A4A4DN control
alone. With A4A4DN > 1.0 will provide partial power data
by standard routine for a fixed geometry turbine.

A7A7DN < The partial power data will be determined by the A4A4DN
control only.



E. Afterburner

IPS

- Number of afterburner points from maximum afterburning through

minimum afterburning.

IPS = 1 with IPC = 1 or 3 produces maximum dry power only.

IPS = 2 with IPC
program to dump.

Ir

1 or 3 produces no data and causes the

IPS = 3 with IPC = 1 produces maximum afterburning power,
minimum afterburning and maximum dry power. With IPC = 3, in
addition to the above, the program will produce data from
maximum dry power through minimum partial power.

IPS > 3 with IPC = 1 or 3 will produce data similar to.the
data when IPS =3 except that there will be additional data
points between the maximum and minimum afterburning data points.

F. Nozzie Codes

NFINAL

NSTART

NUMBER

P8oP8

Numbey of partial power cases desired - must be equal to or less
than the number of values cqntained in TABA7 or TABN.

Counter to determine the interval in the TABA7/TABN tables for
the part power calcuiation:

NSTART

1 Read the first table value for the first calculation.

NSTART

?2 Read the second tabie value for the first calcu-
Tat-ion. '

Sequence of TABA7/TABN Tookup.
NUMBER

1 Use each value.

i

NUMBER = 2 Use every other value.

Exhaust nozzle exit static pressure ratio - equal to 1.0
provides performance for a fully expanded convergent-divergent
nozzle.

NOTE: At the present time this is the only eption available.

G. Qutput Code - IPUNCH

IPUNCH
IPUNCH

0 Long form printed output only (Exampies 1-4, Appendix B)

1 Long form printed output plus punched cards in the missions
analysis Tormat.

13



Card output parameters and mission format are:-

- Parameters: EMACH, ALT, POWER, FG, FD, WF, VS, CAPAS, WG
" (For parameter def1n1t1ons, see output parameter
identification.)

-

_ Mission Format: (F5.2, F10.1, F5.0, 4F10.7, F10.3, F10.1)

It

IPUNCH = 2 Short form printed oﬁtput only (Example 5, Appendix B)

IPUNCH

il

3 Short form printed output plus punched cards in the missions
analysis format.

(See also the explanation of the ZTHRUST for other modes of
output.)

The output parameters along w1th their definitions are presented in the
following Tist:

Output Parameter Identification

A4/A4D - Turbine flow area ratio - actual to design.

A7/A7D - Nozzle throat area ratio - actual to design.

A8 - Acoustic velocity of the exhaust gas at the nozzle exit.
(ft/sec)

A8/A7 - Nozzle area ratio - exit to throat.

ALT - Geometric altitude (ft) (input).

CAPAS _ Nozzle exit area (ft ). '

CASE = ICASE - Case number - program has no provision for indexing
(input).

cy - Nozzle internal gross thrust coefficient (input).

DFGS - Gross thrust Toss due to exhaust jet noise suppression

) (1bF).

DH2-1 - The actual enthalpy change across the compressor minus 1.
(Btu/]bm) (design case only).

DLDB - Available exhaust jet noise suppression (dB).

DTEMP - Temperature variation from standard day temperature (°c)
(input).

ETA2 - Compressor adiabatic efficiency (decimal value).

14



ETAS - Turbine polytropic efficiency (decimal value-input)
(design case only).

ETAC - Cycle efficiency {decimal value).

ETAQ - Overall propulsion efficiency {(decimal value)

ETAP - Propulsive efficiency {decimal value)

F4 - Primary combustor fuel air ratio

F6 - Afterburner fuel air ratio (if nonafterburning then

' F6 = F5A = fuel air ratio at afterburner iniet).

FD - Ram drag (1bf).

FG . - Gross thrust (1bf).

FG1 - %¥g§§ thrust corrected for exhaust jet suppression loss

FN - Net engine thrust (1bf).

FN1 T - Net engine thrust corrected for exhaust jet suppression
loss (1bf).

'FN/W1 o Specific net thrust (1bf/1bm/sec).

FN/WID - Specific net thrust based on sea Tevel static design
airflow {1bf/1bm/sec).

HPEXT . - Power extracted (horsepower) (input).

HTT - Enthalpy of the air entering the compressor (Btu/Tbm)
(design case only).

HT21 - Ideal enthalpy of the air at the compressor discharge.
(Btu/1bm) (design case only).

IDDBS - Exhaust jet suppressor control parameter. {input)

M8 - Nozzle exit Mach number.

MACH = EMACH - Flight Mach number. (input)

N : - Compressor rotational speed (%RPM).
N/SRT - Corrected compressor rotational speed - N/vory (%RPM)
ONSRT - Corrected compressor rotational speed - N/vV6T1 (%RPM)

15



P3 = PS

i

[}

PC
POWER = TT4

IPC

PTTPTO
PT1/PTO
PTTPT7
PT2T1D
PT2/PT1
PT4/PT2
PT5/PT4 |
PTST5A

PT6/PT5A
PT6T5A
PT7P7
PT8PT6
PT8/P8
SFC

SFCT

T8

TTO
TT1
TT2

(design case only).

Afterburner power point index - varies from 1 through IPS.
For a nonafterburning case, it is equal to I = indeterminant.

Engine power setting code. {input)

Turbine inlet temperature {°R).

Inlet pressure recovery {(design case only).

Inlet pressure recovery.

Engine pressure ratio.

Design compressor pressure ratio (input) (design case only).
Compressor pressure ratio.

Combustor pressure ratio.

Turbine expansion ratio.

Pressure ratio - total pressure before-turbine cooling air
is returned to the cycle to total pressure after the
turbine cooling air is returned to the cycle -~ PT5/PT5HA.
Afterburner total pressure ratio.

Afterburner total pressure ratio - PT6/PT5A.

Total to static pressure ratio at exhaust nozzle throat.
Exhaust nozzle exit to afterburner total pressure ratio.
Total to static pressure ratio at the nozzle exit.
Specific fuel consumption (1bm/hr/1bf).

Specific fuel consumption corrected for exhaust jet
suppression Toss (1bm/hr/1bf)}.

Nozzle exit total temperature (°R).
Free stream total temperature (°R).
Total temperature at the compressor inlet (°R}.

Compressor discharge total temperature (°R).

16



T4
5
TT5A

TT6
V0

V8

W1
W1DCOR

WIK
WB
WBOW1

WC
WCOW1

WF

WG
Z
ZTHRUST

Combustor exit (turbine inlet) total temperature (°R). -

Turbine discharge total temperature (°R).

Total temperature at the afterburner inlet (°R).
(Temperature after the turbine cooling air has been
returned to the cycle.)

Afterburner exit total temperature (°R).

Flight velocity (ft/sec).

Nozzle exit velocity (ft/sec).

Actual compressor inlet air flow (1bm/sec}.

Corrected compressor air flow ratioed to the surge
value at a given speed ratio (design case only).

Corrected compressor inlet airflow {(W/eT1/6T7 - 1bm/sec).
Service air bleed (1bm/sec) (input).

Ratio of service air bleed to actual compressor air flow
(WB/W1).

Turbine cooling air flow (1bm/sec).

Turbine cooling bleed factor [Turbine cooling airbleed
ratio = WC/W1 = WCOWT (TT4-2160°R)] (input).

Total engine fuel flow = engine fuel flow plus afterburner
fuel flow (1bm/hr).

Engine exhaust gas flow (1bm/sec).
Compressor pressure ratio function.

Engine power control (input).

17
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(b) Pressure Ratio as a Function of Corrected Flow
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Station O
Station
0 Free stream
| Compressor inlet
2 Compressor outlet
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4 *Combustor outlet {Turbine nozzie inlet)
5 Turbine outlet
S5A Turbine cooling air returned to cycle (Afterburner inlet)
6 Afterburner outiet
7 Exhatist-nozzle throat
8 Exhaust-nozzle exit

Figure 8 - Engine Station ldentification
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PROGRAM ENGINEL ( INPUT«QUTPUT + TAPES=sINPUT « TAPEG6=0UTPUT +PUNCH s TAPES)
CoOMMON /1EP/ JE

IE=0

CALL MAIN

END

SUBROUTINE MAIN

MAIN PROGRAM

DIMENSION ALTSAV(15)s EMSAVIISIes NOSAV(1S5)e, FNSAVIISYs W2SAVI1IS)
1S5FCSAVI1S)

DIMENSION TABTEM(78)+ TABH{78) TABPHI(7B)s TABPSH(78)s TABM(19).
1TABPT1 (19)s TABNST(D)s TABPT2(09)s TABZ(11)e TABW1(99)s TABETA(99)
2+ ANS(S5)e SFCC(25)s TABPSP(78)

DIMENSION TABPHS(78) TABH4(78)

DIMENSION TABN(12)s TABAT(12)s RAT(Z2)s T4(3)

DIMENSION PBTAB(8)s HDT{20)e DTTAB{(20)

DIMENSION ZFN({50)s YFN(50+10)e ZEE(10)

DIMENSION TABVJ (173 TABDLDB((LT)

DIMENSION HJ(3)e HSJ(3)e TFJ(3)s FSJI(3)e AMPJI(3)

DIMENSION TAEBH4J(T78+3)y TABPHSJ(784+3)s TABPSHJ(78+331s TABPSPJ(7843
1)

DIMENSION ZZ(936)

EQUIVALENCE (TABH4J(1}+Z2Z(1))e {(TABPHSJ(11+2Z{235))

EQUIVALENCE {(TABPSHJ(1)+Z2Z2(469))s (TABPSPJI(1)+ZZ(7031})

COMMON /ZPARAM/ ZFNaYFNINZCNT+ZTHRUST
INPUT

COMMON /BK1/ ALT+EMACHPTZTIDsTT4NWCOWLI v WBoATATDN PTESAD « A4A4DNP
180PBsWIDIHIETAZDIENNG XY s TFaRPTBRPTEsCVeTTOMAXsPTOTSAETAS IDES e VAL
2CAMDsROIAIITSLSsPSLS G+ TABTEM«TABH, TABPHI « TABPSH » TABPSP . TABM , TABNS
3T« TABPT2+TABZ+TABWI « TABETALTABPTL «1DDBS+TABVJ» TABDLDB s IFUEL

COMPUTED VALUES X

COMMON /BK2/ WBOW! +AQAS+ABCORWABOATATATDIANS +APO«A4A4AD AT ABWAORA
1BOWL1 vABEMT7eTOeTE e T7oT7 L o T8I o TTOsTT2eTT1 o TT214aTTETTLoTTSsTTSASTTVTT
2laTTEATTTITTETTA4PO+PBORPO«PTT7aHF o HEBM ¢ HB s HB T +HEB IMeHMTMoHT7 o HT7M]I +HAB W M
3ABSHOHTOHT2HT21 s HTAM e HT4 s HTSM e HTS e HTSOS ¢ HTSAM e HTSH e HT IMo HT7MI o
AHTEMAHTBMsHTSAQOSYPHIOsPHITO3PHIT2T s PHITI o PHITAMIPHITAPHITSAPHTSA

PPk

DWTOOCOI OOl oW TDU@E:

O & Wi

SO0

SI ZH¥d TYNIDRIO

AUTYAO H00d 40



ey

EMePHIBMIPHITEMyPHIBAPHIZ I +PHITOEMIPHI TMIPHITE+PHIT7M+PHOF 6+ PHOHG « PT

GEOPOPTIRPTOWPTETISPT2P T +PTA4PT2+PTSPT4sPTSTSAPTBPBsPTIPT 7«RPT7P T oP
TTEPTS«PTOETSDsPTSAMIPTSSAD«PSIHA PSP I4+PSTHS «PSP1ISAPSIHEAPSRIB WPS
BIHBWRPSIHT PSP IS sPSIPHI s PSIHG+PSIHBI s PSP I 74 ENIETAZ+ETSAETETS s ETAZS
OeETED'EMTIEMBIWICCR iWIDCOR s WACOR«W4HDCORWWTCORW7DCORWWATOTA4 s WATEST
GaWLl aWIKeDHAMLI 9 STTC«DELTOWDELTOD » GAMAB+GAMAT VO V72 VB GAMTPL « GAMTML
SrONSRT e SFCySFCCyOF 41 0F GsFOF B F4aFSA+FABIFS+FNOWL o FNIFSAWFOF4sFQSA.
SWOIRTSsRTAVRTOIRTSAICP7eCPB:CAPAB«CAPA7yOWB+WCEB s ICOMB Y IPP 15+ ICOUN
STe IKONT s JCONT ¢ JICoKTEST e THETL +THETO«DWL eDW2+sDDHP s Z1 0 Z22¢Z3+Z+ETACET
SAQWFNOWLID HTOIPHIHO s TSAs T4« RAT+ WCOWICLPBTABHDT«OTTAB IPS+DTEMP SET
SAP AL TSAV +EMSAVINOSAVIFNSAVIWRESAVSFCSAVINO s INOZZAaTT2TIDsHTSAWPHTI
Sy TTAT T 2+PHITS PSP ISPHITEMeHT L oRPT2TIL o PSSy TABA7Z» TBVAL «T7VAL +NLIMINU
SMBER«NSTART e NF INAL s AVAL ¢ XMNSLUs TABNGETA4+ETAS» TABPHS + TABH4 «HPEX T o |
SCASE+ IPC+PTATZ2D+HS+ TSVAL W WC

COMMON /IEP/ 1E

COMMON /NEW/ FD+FGeWFsDLDB«DFGS4FGl oFN135SFCI

COMMON /RRR/ AMP2B8.FSZ8MPyAMP

COMMON /PRP/ IPUNCH -

COMMON ZWWW/ WIDE

NAMELL IST ZENPUT/ ALT+EMACHsPTZ2TID s TTA4NWCOW] +WBWATATDNIPTAESADA4AY
1DNsPBORSsWIDey ETAZ2D«ENNgXY e PTBRTHsCVsTTIBEMAXETAG s IDES VAL ¢ GAM
POIRCIAJ s TELS+PSLS+GoTASTEM« TASH s TABPHI » TABMs TABNST T
BABPT 2« TABZ s TABW] « TABETASTALBPT1 ¢ETA4ETAS . HPEXT+ ICASE
GIPCYyPT4TZ2D TEVAL « TBVALWT7VAL +NLIMINUMBERYNSTART o NF INAL o AVAL + XMN
SSLU«TABNsTABAT+DTEMP +PBTAB+ IPS«WIDE « IPUNCHs ZTHRUST « IDDBS «TA
6BV TABDL DB IFUEL

DATA HJU/200000:239196+62000s/

DATA HSJU/ 1600602319 410400/

DATA TFJ/5360953605360/

DATA FS5J/:067630005801 4002916/

DATA AMPJ/2B907:¢27 07410240648/

DATA (ZZ(1)eI=1 4781 /0:200000:18050000:255,0200006267044000.279.9400
104292+52000¢3056190004317:930004330076000,343:67000¢356.68000036%94,
276000+¢382:94000+:3964210004409e57000:4230040004436:600004450:28000
3464406000147 706940004491 92000+5066080004520:28000¢534,,58000+549,:05
4000+5632655000¢5780150004592e685000+607:70000+622¢58000:637¢56000:65
52664000667 :79000:683,02000+698 43300047136 73000¢72%90200004+744 07300
6047603400047 76001000¢791,7600U807e67000,823:43000:839,35000:855,
T340004871 ¢38000,88748000:1903+60000:919:82000+936:06000+952¢36000
8968:700004+98%0800041001 510004101 7498000y 1034,4900041051.040004+10
G6Te630001084425000,41100,9200041117:62000,113435000:115111000011
$6T709100001184674000,1201,5900041218:4700001235:390000125203300C 12
£69:30000:12860290004 13030310009 1320:3500061337042000:1354451000013
E71662000:154368200041717.92000/
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DATA (ZZ2(1)+v1=799156)70-000004229:51000+30733000¢320,30000+333035
1000,346:47000,359:660000:372+92000¢386:25000+399:66000:413:16000442
26¢730004440.3800014540 130004+467¢F70001481 331 000+1495:¢94000¢51001000

3045244 34000+1538.70000+553.15000¢567¢8B10004582+4B0004597:270006120
4250004527 4240005424 330004657 4530004672.90000+¢688+290004+ 70378000+

571939000 47354060004 7506820004766 467000,782600004¢798461000+814470
G0004830.86000484710000+8B63442000+879¢79000+8964240004912+74000+92
79232000+4245296000+962e¢6500041979¢40000+996,.210004+1013:07000+10290.99
8000 41046¢960C041N63e97000+11081040004109815000+1115:31000+¢113251
0004114255000 4,1167a05000+1184437000+1201730004121913000¢1236057
$000,125440500041271e5600041283¢10000+1306+.68000¢13242800041341 .93
F000 41359590004 1377¢29000+1395.0100041412e77000414305500041448035
S00041466418000,41645770004182733000/

DATA {ZZ{(]1)+¢1=157+234)/000000+381+494000¢470+14000+48484000+499:5
1800051443 70004529419000+544406000+558.97000+573¢93000+58B8¢9500046
204 402000461241 7000,+53444000045649:71000+665,11000:468B0.610004+696+240
300,711 950004 7274770004743 e6900047594920004776090004¢792036000+808
4295000:8254450004+842,.,08000+858¢82000+:87581000+892+77000+909.85000
549274120004 944,420004961 830001 979e3300049906495000+1014+66000+1032
£e4600041 10503500041 068¢330004108644200041104+S8000+1122.83000+1141
Teld4N00+11594560004117840500041196.6200041215426000:1233.970001+1252
Be7500041271e6000041290e520004130%5000041328¢5600001347.67000+1366
Qe8400041386¢0600041405e634000414244690004144408000+1463,52000+1483
5a0100041502:58500041522:1500041541+790004156147000¢1581.190004+1600
F4950004162047700041640662000416605000041680642000¢17004390001720
F 4390004 17404420004176064F000419624860004216787000/

DATA (ZZ(1)141=23543121/0+400C0041 2951041 e494424+1 4527644155711 1e5
1B363+¢ 146077821 40299541 6505041 26696511 +687654+1e67T04554172053414735
2710147501741 7632841 e 7772311478991 491e80216+14813981148254041+83646
3418472241 eB575841e8B6770¢1e¢87754411¢8B711414896454+1¢90559¢19144841
4492316+1893166414939F641+4T4809+1s95604¢1 963834169714 7¢1697896¢149
586310199351 1240005942007 5442+40143642:02107+2e02766+2403414+424040
652420467842 4052964220590342.06501+24070904207670+2:082414208804
742009359 12e0990712104464241007842¢1150342412021424125314201303642

Bel353342¢140244241450012.14988+241546142¢1592F4241639142+16B474241 -

OT720842e 1774312418184 ,241861942¢1905012e2310702:26774/

DATA (ZZ2{1)+1=3134390)/70.000004143407441¢54894414583644+4146143941.56
1420441 ¢6671F901 66902641 T1162¢1073150417502001 7677101678427 410799
299418149641 8292641484296+ 1 8560841 48B6905,1 ¢880974189279+1 490423
331 eF15254149250641e736534109457041 F566011 e96625+1e¢IF7570¢1098489,1
400903874 2e00260542eC112442:01965¢2¢02788+Z2003595:2e0438542+051610240
BEOZ22,4,2,0666B42.074N1 42008121 42+0882942¢0952442¢10207+424108804¢26115
6410212191 432012832:20134624214083¢201469442015296:24158F00216475
Ts2el 705232017621 432618181 4218734 42+1928042e1981942620350¢2:2087592
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79
80
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B2
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84
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89
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99
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Bel21322:s2021903:2:224808¢2e2290 7920233992 238B6 02024367 02e24842:202
G0311 42028776926 26234+2c2066880202713 792031367 02:351927

DATA {(ZZ(0]1341=2391+468)/0.00000:16048289:41c71863:1078792:1079266401068
123830108521 041 8779601090184 91:92401 91094483021 0984299010698265¢20000
20412001660+ 20032404:20.04753492:06204:2007801:2008948:20102499201151¢4
3:2:12731:20:13918:2,15075426016194¢2,17285¢2,1834842.19390:2s20403¢2
40213930120 2236002023308¢242423792e251469202603842:026912+2e277 719262
BBH13:2+29483942-3025242031050:2e318B3692:3260702033366+¢2¢34113:2.348
8549312 ,3506012:.36286:2:3698T+2e3767F02038361:920639033+2039695:2040349
7220409930244 1629204225642 428750204348642.44089,20446840204527242
Bed4508520:244642532:8699023204755102048104+2048651+20491910¢2049725+¢205
G025342e5077512051291 02051801 42e52306+2057072:2:61392/

DATA (ZZ{(1})+1746Q:5458)/0:00000:934,30000.982¢30000:990.30000:99941
1000041008,700C041019.30000:1030:60000+1042,8C000191055.80000+1070:3
2000041084.70000:1099.800000111539000001132:,100004+1148:8000001165.9
3006001183090000!1202u000009122004000001239030000912599609009127903
40000412994,4000041320,20000:13241-700004+1363,00000,:1384.60000014073
S000041429,50000+1452,30000:1475,.5000001499,00000:1522,70000:1546.8
G000+ 1571 3000021596 000000:162101000041646,40000:167201000001698.0
7000041 724420000¢1750:80000:177740000+:1804,50000+1831:80000:185%94
S800CN0N4 1886900001212 ,10000:1943:40000:19871,80000:2000,50000+42029.4
Q0000 2058,5000N 4208770000211 7020000:2146,80000:2176.700300:220647
$0000,2236,800004+2267,20000+2297:60000+2328,2000042358,90000:2389.8
E0000+2420:80000+:2451 ,90000:2483010000+2514.50000:2545.90000:25774
$000042609.0000042640.70000+267250000+2704040000:2736.40000:¢305%9e5
FO0NN3387.20000/

DATA (ZZL1)+1=547:624)/0.0000061972050000:2088.90000:2108.30000+21
128.4000042149:300004217110000:2193:56000002216:.90000:2241 0000022
266060000122920lOOOOv2318«3000002345050000023723900009240008000002%
329,10000:2458,60000,2488,00000:2518,00000:2548.,40000:2581,10000:26
412.60000,2644 50000 ,,2678.70000¢2711o70000,2745.20000:2772:30000 .28
514 ,90000,2850,00000+2885,800000:2922,00000:2958.60000:2995:70000¢30
633,3000043071.400N0:310990000:3148,20000:3188.,3000003228.200004¢732
T68,60000,3309.30000.339N0,50000:3392.00000:3434.00000:3476¢400700 035
819,20000,3562.500004:3605,,8000053642,70000:3693+,30000:3738:50000:37
983:3000043828:6000043874,10000:3320,0000003266010000:401265000D 040
2592300044106 1000044153:,30000:4200e80000:42480:40000:4290:30000043
44 ,50000,04392.80000+14441.30000:4490.10000:4539:00000:4580.10000:46
537 ,3000044686670000:4736.3000044T786,106000:4835.30000:4885.00000:53
H92 ., 7000045908 70000/

DATA (ZZ2(]1)«1=625+2702),/0400000:9183.30000:,7788010000¢7886.60000+99
185:.40000410C84,70000,10184.60000:102840:900004+10385:706000:5104860800
200,10590,30000,106892:70N00:10795:.90000,10901.20000+11006.000000111
311:500004,11218,100004,11327:40000,1143%.90000411545.700004+116556.3090

mmuwmmmmmmmmmmmmmmmmmmmmmmmtﬂmmmwmwmmmmmmmmmm

123
124
125
126
127
128
129
130
131

132
133
134
135
136
137
138
139
140
141

142
143
144
145
146
147

148 -

149
150
151
152
153
154
155
1558
i57
158
159
160
is1
1e2
163
164
165
165
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400,1177500000,11888.30000,12003:10000:1211%:30000:123242:.90000¢123
F61 000005 12482,50000,125808.30000+12731080000,12856:90000,12935.800
600,13114,10000:13244,00000+133750.40000+:13508030000-+13642.800000137
778.80000,413916,20000,14055,00000614195,50000:14337.20000,184480.600
800,14624,70000,14771 .20000:14918:.50000415067240000:15117.500000153
G68.800004155821 ,40000,15675,30000+15830:40000:15986.600005161440200
E00+16302080000,16462,:,500004+16623:10000:16785,000004+16947:80000+171
$11.50000,17276430000,4317441 90000421 7608.,30000:1 77757000045 17943:900
$00418113.00000418282,60000118453-,20000:1862450000:18795.40000.189
$69.00000419142.20000,19316.20000919420,80000:1986565.80000¢19841.600
0042162650000 23452,30000/

DATA (ZZ(1):1=703:7803/0:.00000:~019680+1-0064209~004210+s=0021000=00
1006740019304 00320066058504007800900973000116500013535000153701713
P05 2188309020520 3022150062373010252900026850¢0¢2842000299000031370¢00
3328300034250 0356400 0370202 0383804903972000810400.,4232000435%000448
4504046100064 73404 04856010497 700050970465 21400¢05331000544600:5560009
52567304 057850458950 4006004000611100062180¢0832404 6428002653200 .66
6340.06735000683509069340qo703’0v0712909072250007320000741409075070
7490759900 0 7690 00077870v0786900079570‘n80450e051310908?1700083020008
838505 0 B4E6804+ 035507, 0263204 687120+094730e101530/

OATA (ZZ2(1):127814+8%58)/0, 0000000605801092090q097?609‘0020300100645
IOqlolOSgOolo‘45“0010’824u91021830919253700102866091u31820010349900
2137950401 04080051 043859001 :4623091,.,4887001e51410610539104s1 056430016
2883041611203 1 06346001665 720066T79N001 6700705107221 001674300s1 ¢ 76
4370431078380+ 108B03804168233001e¢84290410862104108812001.90000+1:9185
H041e9369041 9850061 069729001 099060120081 042:025400:2604260:2:05950 ¢
H52e07620:2609028002c1002042:1254092014150¢261574042017310:2018870:20
7204104221930+ 22344002:24940:2 2641024278800 2:293304923076002032
8180:2033580¢203498002036350:2e3772042639070:264040092:41720+:204303
D0e¢204433002:45510:2046890:2048150:2:.6008042070950/

DATA (ZZ(1)+1=859¢9261/0.0000005018860:7e76960:¢8:03310:¢8:26620080:4
1756048606590 48684M106F600140:26151506F629510:9042740:Fe55210e¢Fe6B72
260090786009908940099999840910009840010019540010028860q100379506100
34707041 06563504 106539700106 72330010:80340,10:80110010:9577001 3_0033
4304111070001 1617970:101628910:11031940411038880411645700:11652430+
G11089070s11:65630011.72000:1107847001184780011091020+11:971800126
6032504 1209290431 2:15250412:211400+12:268904,12632740012:38460:126440
790:12649680412:55210,1206068B0112:0611041207147061206767904012:820200
Bl2:87260+12:92420412.97530:130:025804130075990213012550:1301748006130
P22320013627140913631940013036640013413103130645950:13s50540-,136550
%90113059590013y54050013068?70014010500014048970/

CONT INUE

KTEST=0O

IP=-—1
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3

O=000

IF (IE«EQsD0«0) GO TO 5

IF (ZTHRUST.EQeD40) GO TO 5

NLC=NZCNT=1
IF (IDDBS.EQa0Q) GO TO 3

CALL MTLUP (ZTHRUST+ZEE+2+NLC+50+10¢ IP+ZFNsYFN}

GO TO 4

CALL MTLUP (ZTHRUSTsZEE2+2sNLCeS0+104IP«ZFNaYFN)

DLD8=0, 0

WRITE (6+19) ZTHRUST.(ZEE(1)e1=1410)
WRITE (8+20) ZEE(3)sZEE(1 1+ ZEE(2)+ZEE(S)+EMACH«ZEE(10)

READ (5+ENPUT)

IF (EOF(5)) 1845
H=HJ ( IFUEL)

HS=HSJ{ IFUEL)
TF=TFJ(IFUEL)
F$=FSJ(1FUEL)
AMP=AMPJ ( IFUEL)

DO 7 1=1+78

TABHG (1 )=TABH4J (] + IFUEL)
TABPHS (1 )= TABPHSJ (1 + IFUEL)
TABPSH(1)=TABPSHJ (1 IFUEL)
TABPSP(1)=TABPSPJ (I +IFUEL)
IF (IE) 84849

WRITE (6+ENPUT)

IE=1E+1

NO=0

NZCNT=1

AMP2B8=AMP®28 497

FS28MP= ({1 «+FS)1¥2B.97-AMP}/FS
WRITE (6+23) [ICASE+ IPC+PSsALTIEMACH W HPEX Ty IDDBS+WCOW1 s WB+ CV+ ZTHRUS

1T

1PP=0

EN=ENN

PBOPO=PEOPS
TT4=TT4N

CALL FRES

HNEW=ALT

ICODE=1

IF (IDES-1) 104+11,11

DESIGN CASE

PT2PTI=PTZTID

U000 EOOCERRCUODI U OO ORI

211
212
213
214
215
216
217
218
219
220
221
222

223

224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
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=000

12

13
14
15

16

WIDE IS INPUT FOR WID
WiD=wIDE
DELTOD=STTO/DELTO¥1+/PT1PTO
EN=ENN

AdA4D=1 .

CALL COND

cALL TURB

CALL COOL

HT6M=HTSAM
PHITHEM=PHTSAM

F6=FSA

TY6=TTS5A

OF6=1e¢+F6
PTeTSA=PT&SAD

CALL NOZZ

CALL ENG

WRITE (6+21) PTE2TID+WIDCOR Z+ONSRTHETAZ «PTIPTO+TTO«TT2+4TTA4+DHZMIWE

1TAS
WRITE (6+22) HT1.HTZ21
GO TO 16

REGULAR CASE

CALL MATCH

CALL TURB

CALL COOCL

IF (IPC—2) 13+12,17
HTEM=HTSAM
PHITEM=PHTSAM
Fo=FSA

TTE6=TTSA

OF&6=1e+F&
PT&ETSA=RPTESAD

CALL NOZZ

CALL ENG

GO TO 16

NO AFTERBURNER
AFTERBURNER

CALL AFTER

IF (IPP-=1) 2415415
CALL PARP

GO 70 2

POWER=TTS

CALL OUTPUN (POWER)

COUITEUIDTDROCOI0 DTN UTTTDUDDTB®OD
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264
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271
272
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17

18

19

20
21

22

23

O00n

GO TO 14

1PP=1

IF (IRPC=3) 13+13¢12
5TOP

FORMAT (/30X «SSHOUTRPUT ENGINE PARAMETERS CORRESPONDING TO THRUST V
1ALLUE OF +1FB80ols5SHLBSs /1Xe10HGASFLOW = c1F7e1+¢8H LBS/SEC2X1ISHJET
PVELOCITY = 91FT7c2«7HFT/SECZX+11HJET AREA = ¢1F7e3+7HSQuFToe2X11HR
3AM DRAG = +1F841+SHLBSe /Z1XI3HNET THRUST = 31FBel +SHLBSe +2X19HTUR
4BINE IN TEMPe = +1FT702+2HR«2X18HNOISE REDUCTION = +1F703¢3HDBes2X1
SOHATMOSPHERE = STD + s1F3ele¢3H Co/ 1 X2BHSPECIFIC FUEL CONSUMPTION =
6 11F6e411 1HLBM/HR/ILBF s [X20HTURBINE EXIT TEMP = +1F6ele2H R)

FORMAT (1F10c4+1F1003231F106s2¢1F1001+1F10c44+1F1002)

FORMAT (1HOG6X11HDESIGN CASESXEHPT2TIDE1E+8+4X6HWIDCOREL1 686 8+9X1IHZE]
16 B¢ SXGHONSRTEI6.8/6X4HETAZE 160804 XOHPTIPTOE1 608+ 7X3HTTOE 1668 4 7X3H
2TT2E166 8+ TXBHTT4EL 6 B8/6XFHDHZ2-IE16:8+6X4HETASE 16¢8)

FORMAT (1HOBX3HHTISXEIEC:8e¢SXAHHT214XE16.8/)

FORMAT (1HOBXSHINPUTSX4HCASE4X] 4 +5X2HPCEX14+SX2HP36XE 16«8/ 7X3HALTE
116aB+6XAHMACHE1G.BesSXSHHRPEXTE16+48+5XSHIDDBS4 X4/ SXSHWCOWIE IS8+ 8X2
2HWBE 16 B8+8X2HCVEISe 84 3XTHZTHRUSTE1 6«2/

END

SUBROUT INE MATCH

DIMENSION ALTSAV(1S5)e EMSAVI1ID)e NOSAV(1S5)s FNSAV(LIS)s W2S5AVIIS)
15FCSAV(1S)

DIMENSION TABTEM{7B)e TABH(T78)s TABPHI(78)s TABPSH({78)s TABM(19)
1TABPTI(19)s TABNST(9)e TABPTZ(09): TABZ(11)s TABWI(99)s: TABETA(99)
2+ ANS(5)s SFCC(25)s TABPSP({78)

DIMENSION PBTAB(8). HDT(20)« DTTAB(Z20)

DIMENSION TABPHS(78)« TABH&4 (78)

DIMENSION TABN(12)s TABAT7(12)e RAT(2)» T4(3)

DIMENSION TABVJU(17)s TABDLDBI(L1T7)
INPUT

COMMON /B8K1/ ALT EMACH'PTZ2TIDeTT4NsWCOWI s WBsATATDON+PTESAD +AGALDNWP
180P8«WIDsHsZTAZDENN X oY o T o PTEPRTG e LY s TTAMAX I PTATSACTASs IDES s VAL ¢
2GAMO RO AJITELS+POLS o5+ TABTEM TABH s TABPHI s TABPSH« TABPSP s TABM» TABNS
BT TABRPTR2:TABZ+ TASW1 o TARETATADPT] 2 I1DDBS« TABVJ e TABDLOS

DT T OCDPUO DRI WD

OO0 000000000000000

299
300
301’
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316

-317

318
319~
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COMPUTED VALUES

COMMON /BK2/ WBOW1+A0AS:ABCORABOA7+ATATD s ANS»APC+AGAADA79ABAOA
180W1 s ABEM7+TO+ T8« T7oT7IoTBI s TTO«TT2eTT1aTT2IsTT2TT1oTTSsTTSASTT7TT
21 TTOTTTITTOETTA4PO+PEOPOPTT v HF cHEBMsHB s HB T o HEBIMsHTMoHT7 o HTMI s HAB o H
BABSyHO v HTOWHT2 s HT2 T s HTAM HT 4 o HTSMaHTS yHTSO0S s HTSAM o HTSH » HT 7Ma HT7M I o
GHTEMsHTBM yHTSAOS s PHIOPHITOPHIT2I4PHITI «PHITAMPHITS4 :PHI TSA »PHTSA
SMaPHIBMsPHITEBMPHIB 1 PHIZ2 L 1 PHITEMWPHI 7TMsPHIT6+ PHIT7M sPHOF & + PHOHG o+ PT
60P0+PTIPTOIRTRTISIPTZPT 1 +PT4PT2sPTSPT4+PTSTSAPTEPEsPTIPT7:PTIPT4P
TT6P TS+ PTETSD P TSAMIPTSSADIPS IHA W PSP I4+PSIHS+PSP1SAWPSIHSAWPSPI8PS
BIHBIPSIHT7+PSPI&PSIPHI «PSIHE +PSIHBI PSP 17 EN'ETAZVETSAETETSIETAZS
G+ET2D+EM71EMB s WICOR + W1 DCOR +» W4COR + WADCOR +W7COR s W7DCORWWATOTS s WATEST
SeW1aW1KsDH2MI s STTOWDELTO«DELTOD+ GAMAB+GAMAT s VO 4V 7 4 VB4 GAMTPL « GAM 7M1
5y ONSRT s SFC+SFCCIOF410F 61 FOFS1F44FSA 1 FABIF6+FNOW] +FNeFGAIFOF4+FOSA
SWBIRTS1RTAIRTS 1 RTSAYCP74CP B+ CAPAS+CAPA7 +OWB 1 WCB o+ ICOMB, IPP+ 159 ICOUN
ST+ IKONT s JCONT # ICoKTEST o THETL s THETO1DW1 +DW2 4 DDHP 421 9224234 Z+ETACWET
EAOFNOWID s HTE s PHIHE s TSA» T4 s RATyWCOWICoPBTABsHDT+DTTAB, IPS+DTEMP 4ET
SAP JALTSAV yEMSAV sNOSAV s FNSAV s W2SAV ¢ SFCSAVeNO s INOZZ TT2TID s HTSA +PHT )
SaTT4TT2+ PHITS PSP IS IPHITSMaHT1 s PT2TIL +PS+ TABAT7 « TBVAL « T7VAL o NL IM o NU
SMBERINSTART s NF INAL s AVAL s XMNSLU s TABN+ETAG+ETAS « TABPHS « TABHA « HPEX T+
SCASE s IPCePTAT2D 1 HS s TSVAL +WC ‘

ICOUNT=0

JCOUNT=1

THET1=THETO

ONSRT=EN/SGRT (THET1 )

Z=1e

CALL DISCOT (ONSRT+ONSRT+TABNST+TABPT2+TABPT29~11+09+0+PT2TIL)

PT2TIL=PT2TIL¥PT2T1S ' '

CALL DISCOT (ONSRT+Z+TABNST+»TABW1 +TABZ+11+499¢114WICOR)

CALL DISCOT (ONSRT+Z+TABNST+TABETA+TABZ+11499311,ETETS)

PT2PTI= (Z¥(1e=X)+X) % (PT2T1L-10)+14

ETA2=ETETS*ETA2S -

IF (PT2PT1.LT+0) GO TO 11

PHIT21=PHT1+RO/AJXALOG(PT2ZPT1)

CALL DISCOT (PHIT2I+PHIT2IsTABPHI + TABTEMs TABTEMs~114+78+0+TT21)

CALL DISCOT (TT214+TT2I+TABTEMsTABHsTABH=11+7840HT21)

DH2M1=(HT21~-HT1)/ETAZ

HT2=HT1+DH2M1

CALL DISCOT (HTE,HTZoTABHoTABTtM-TABTthwi1978;0 TT2)

TT2TTI=TT2/TT1

WiK=W1COR/W1DCOR* W D¥DELTOD

W1=WlK*¥DELTO/STTO*PTIPTO

WaOW1=ws /Wl

OWS=1e-WBOWI

00000000000OOOOOGGOOGOOOO'{)OOOOGHOOOﬂﬂﬂﬂﬁﬂnﬂn
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CALL COMB c 63
DW2=W4DCOR-W4COR*1 o /A4 A4D C 64
ABCOR=ABS (DW2) c 65
W4TEST=2001#WADCOR c 66
IF (JCOUNT=2) 2487 c 67
IF (DW2) 4,503 ¢ 68
IF (ABCOR-W4TEST) 54566 c 69
WRITE (6+12) W4DCORW+W4COR c 70
ICOUNT=2 c Tt
Z=Z2 c 72
RETURN c 73
JCOUNT=JCOUNT+1 c 74
Dw1=DW2 c ‘75
Z2=0 c 76
Z1=Z c 77
Z=Z2 c 78
GO TO 1 c 79
IF {ABCOR-WATEST) 545410 c 80
IF (DW2) 9¢504 ‘Cc 81
IF (ABCOR-W4TEST) 1045010 oo - C 82
Z3=Z1=-(({(Z1=Z2)*DW1 )/ (DW1-DW2)) = C 83
IF (Z3elLTo0) Z3=:S#Z2 av ) C 84,
IF (Z3eGTels) Z3=05%2Z1 = c as
z1=22 Sl ¢ 86
Z2=Z3 & 1y c 87
Z=Z2 g c 88
DW1=DW2 Eg c 89
JCOUNT=JCOUNT+1 ;3 — C 90
IF (JCOUNT=25) 14144 @ c 91
WRITE (6413) PT2PT1eXeZ¢PT2TIL c 92
WRITE (6014) Z1eZ2:Z3DW1eDW2 cC 93
STOP ' C 94
cC 95
FORMAT (1HOGX!1HNO SOLUTIONEXSHWADCORZXE160815XSHWACORIXE1608/) c. 96
FORMAT (1HOBX4E1508) , ) c 97
FORMAT (1HOAX2HZIE]1S54802X2HZ2E15:82X2HZ3E1S5:82X3HDWIELISB8+2X3HDW C 98
12E15.8/) c 99
END “C 100~
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SUBROUT INE NOZZ
DIMENSION ALTSAV(1IS)es EMSAV(1IS)e NOSAV(15)4 FNSAVI(15)e W2SAVI(iSYe
1 SFCSAV(15) ‘
DIMENSION TABTEM(T78)s TABH(T7B)1 TABPHI(78)s TABPSH(783e TABM(19.),
1TABPT1(19)s TABNST(9)s TABPT2(09)s TABZ(11)s TABW1{(99)s TABETA(99)
2+ ANS{(S)s SFCC(25)s TABPSP(78)

DIMENSION PBTAB(8)s HDT(20)s DTTAB(20)

DIMENSION TABPHS(78)s TABH&4(78)

DIMENSION TABN(1IZ2)s TABAT(12)s RAT(2)s T4(3)

DIMENSION TABVJ(17)s TABDLDB(17)

INPUT

COMMON /BK1/ ALT«EMACHWPT2TIDsTTANIWCOW] +WB¢ATATDNPTESAD ¢ A4A4DNLP
180PB«WIDHIETAZDIENN XY s TFsPTBPTEyCVITTOEMAX I PTOTSAWETAGe IDESeVAL s
2GAMOROYAJ+s TSLSWPSLS+Ge TABTEMTABH« TABPHI s TABPSH » TABPSP « TABM ¢ TABNS
3T+ TABPTZ2+.TABZ+ TABWL v TABETA«TABPTL s IDDBE«TABVJ«TABDLDS

COMPUTED VALUES

COMMON /BK2/ WBOWI +ACAS+ABCOR+ABOAT+ATATD ¢ ANSsAPOAGAGD AT 1AB+ACH A
18OWLsABEM 7+ TO s T8 T 7T 7L+ T8I v TTO«TT2eTTLaTT2IeTTETTIsTTS»TTSASTTITT
21aTT s TT7TTE s T T4+ POPEORO+PT7oHFE ¢ HBM4HS ¢ HBT + HBIM s H7M e HT e H7MI +HAB oH
BABSsHO'HTOWHT2 4 HTZ2T s HTA4MaHTA4 ¢ HTOM I HTS o HTSOS s HTSAM s HTSH e HT 7ZM e HT7MI o
AHTEM+HTBMsHTSAOSyPHIOWPHITOPHITZ2I+PHITI +PHITAMPHITS4 +PHITSAPHTSA
SMePHIBMAPHITABMIPHIS«PHIZ2Z L +PHITOMIPHI ITMePHITS«PHIT 7MsPHOF 6 +PHOHS « PT
GORPOPTLIPTOPTR2TISPT2RTI +PT4PTZ2 s PTSPT4PTSTSAPTEPEsPTIPT 7+PTT7RP TP
ZTERPTS+PTETSDIRPTSAMIPTSSADPSIHA PSP I4+sPSIHSsPSPISAPSIHSAWPSPIB WP
BIHBsPSIHT7+PESP &S IPHI +PSIHGE+PSIHEBI s PSP I 7+ENIETAZ +ETSAWETETSHWETAZS
QsET2DvEMT7IEMBsWICOR+sWIDCOR+WACOR «W4DCORWWT7CORWWT7DCOR«WATOTL +WATEST
SeWl e WIK s DH2ML o STTOWDELTOWDELTOD Yy GAMABIGAMAT7 ¢+ VOV 7+ VBsGAMTP1 « GAMTMI
FeONSRT ISFCsSFCCIOF A4+ OF G+ FOF G sF4G s+ FSA+FABsFGE+FNOWI +FNsFSAWFOF4+FOSA s
FWBIRTSI+RTARTEWRTSAICPT7+CPB+CAPABCAPAT7+OWB s WCBesICOMBWIPP« 15+ ICOUN
ST+ IKONT+ JCONT + ICHKTEST+ THETI+THETOsDWI1 s DWZ24DOHP o Z1 ¢ Z2 ¢ Z3 ¢ ZeETACWET
SAD+FNOWIDsHTEIPHIHG s TSAsTE4sRATAWCOWICPBTABWHDTH+DTTAB IPSDTEMP LET
SAP v AL TSAV I EMSAVINOSAVIFNSAV + W25AV s SFCSAVINOy INDZZ e TT2TID«HTSA LPHTL
Sy TTATT2+yPHITS PSP IS ePHITSMsHT L «PT2TIL+PSs TABAT7 +TSVAL + TTVAL o NLIM¢NU
SMBERsNSTART o NFINAL e AVAL e XMNSLUTABNIETA4+ETASs TABRPHS + TABHA +HRPEX T 1
SCASEwIPCIyPTAT2D+HS+ TESVAL

COMMON /RRR/ AMP28,FS28MpP,AMP

PHIT7M=PHIT6M

ITKONT=0

FOF&E=F&/ (1 ++FB)

PTEPB=RPTOPOHPTIPTO#*PTZ2PTI1#*#PT4PT2HPTSPTA¥] o /PTSTSARPTIPTGX¥PTETSAMH (|

PDOUUCDODUDDUDUODUUDUUDUO000D0OU0DU00D00DDU00UCUD OO0

Ve~ 0HWwho—

PEEDPPWWWWWWWWWWNN MMM NN ) re el e e b e e e
PUNCOVRNOURWN OV NOUPUN=~COONONDLNO

SI 49Vd TVNTOIHO
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10

11
12

13

1./P80P8B}
IF (PTBP8-1.005) 1+41.2

WRITE (6+31)

GO TO 8

IF (F6~F5A) 394+3

RTE5=1545 ¢ #¥FOF 6% (FS28MP+AMP /F 6 ) FAMP2B

GO TO S

RT6=RTSA

TTe=TTSA

PRITEM=PH!TEM

PHIBM=PHITEM~(RT&6/AJHALOG(PTEPE ))

IRCU=8

CALL ITT (PHIBM+TABPHS+ TABPHI « TABTEM s TABPSP+ TBVAL +FOF&s IROUTBs PHI
18+PSPIB)

CALL DISCOT (T8+TB+TABTEM sTABH+TABH =11 478,018}
CALL DISCOT (T8+T8«TABTEM« TABPSHsTABPSHs—114+784+0+PSIHB)
HB8M=HB+PS IHB*FOF6

HTBM=HT6M

IF (HTBM—-HBM) 6+6:¢9

WRITE (6+32)

IF (IDES) 74748

STopP

A4AGD=1

CALL MAIN

VB=SART (24 #GHAJX (HTBEM~HEM Y )

TBI1=T842e

CALL DISCOT (TBI+T8I+TABTEMs TABH «TABH+=11,4784+0.HE81)
CALL DISCOT (T8I +TBI+TABTEM»TABPSH«TABPSH +~11+478+0+PSIHBI)
H8IM=HBI+PSIHBIX*¥FOF 6

CP8=(HB8IM-HEM)/(TBI-T8)

W8=W1¥OF&#0oWB

CAPAB= (WB*RTEHEXATB )/ {VBH¥PBOPO*PO)
GAMAB=CPB/(CPB~-RT&/7AJ}

AS=SQART (GAMABXRTE#TE®G )
PTIPT7=(PTEPTI#PT4PT2¥PTSRT4*] + /PTSTSAKPTETSARPTERPTH ) ¥ % (~1)
TT7TTI=TT2TTI#TTA4/TT2ETTS/TTA4RTTSA/TTSHTTE/TTSA

IF (IDES~13 10411411
WT7DCOR=WIDCOR¥ (1 4, ~WBOW 1 )HOFS¥SART(TTTTT1II¥PTIPT?
ATATD=1 »

GO TO 12
WT7CORSWICOR% (1 o ~WBOW1 ) *OFG#SQRT(TT7TTLY#*PTIPT7
EMB=vB/ A8 .

IF (EMB~1,) 13413416

ABOAT=1o0
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14

15

16
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18
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EM7=EM8
GAMA7=GAMAB

v7=v8

GAM7PI=GAMAT+1 »

GAMTMI=GCAMAT~1 4

AQAS={2¢/GAMTP1 )X (GAMTP1 /(2 HGAMTML I ) %1 « /EMTH {1 o +GAMTIM] /2 ¢ ¥EMT7H# %2
1) HE(GAMTPLI/ {2 #¥GAMTML )

IF {IDES-1) 14415415

AQASD=AQAS

RETURN

ATATD={WTCORXAQAS Y/ (WTDCOR*AQASD)

RETURN

AQAS=1.

PT7P71=1e8

PT7P7=PT7P71

CONT INUE

1F (RPT7P7) 18+19419

WRITE (&+33) PTTPY

CALL MAIN

CONT INUE

PHI7ZM=PHIT7TM~RT6/AJ¥ALOG(PTT7PT)

IROU=7 .

CALL ITT (PHITM«TABPHS «TABPHIsTABTEMs TABPSP+T7VALWFOFG6+ IROUST 7+ PHI
17.PSPIT7)

CALL DOISCOT (TT7+T7+TABTEM«TABH«TABH+=11+78B+0+H7)

CALL DISCOT (T7+T7+TABTEM+ TABPSH s TABPSH»—~11+784+0+PSIH7?)
H7M=HT7+FOF6*PSIH7

HT7M=HT &M

IF (HYT7M=H7TM) 20,421.21

WRITE (6+34)

PRINT 35¢ H7M+HT7M

IF (IDESY 7478

V7=SQART (24 ¥GHAIX (HT7TM<HTM} )

T7I=T7+2a

CALL DISCOT (T714T71+TABTEM+TABHsTABHe~11+T7B+0sHT71)
CALL DISCOT (T71+T71eTABTEM: TABPSH . TABPSHs=119784+0+PSIH7I)
H7IM=HT7I+FOF6%¥PSIHTI

CPR7=(HM=-HT7IMY/(T7-T7I1)

GAMAT=CPT/(CPT7T-RTo/AL)

A7=SART (GAMATERTE®¥T7%#G)

EMT7=VT/7A7

TIKONT=TIKONT+1

IF (IIKONT=2) 22.27:27

EM71=EM7
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IF (EM7eGEeo9990ANDeEMT7oLEs1001) GO TO 30 D 133
IF (EM7-1,4) 23430.26 D 134
PT7P72=PT7P714+VAL D 135
IIKONT=11KONT+1 D 136
PT7P7=PT7R72 D 137
IF (JIKONT=10) 17217429 D 138
PT7P72=PT7P71-VAL D 139
GO TO 24 D 140
IF (EM70GEo0c9990ANDsEMTol.Eeal0001) GO TO 30 D 141
IF (EM7eLTee999:0ReEM7:GTo1.001) GO TO 28 D 142
EM72=EM7 D 143
PT7P73=PTTIP71—((EMT71~10)/(EMT1I-EMT2)# (PT7P71-PT7P72)) D 144
PT7P71=PT7P72 D 145
PT7P72=PT7P73 D 146
EM71=EM72 D 147
PT7P7=PT7P73 D 148
ITKONT=! IKONT+1 D 149
GO TO 25 D 150
WRITE (6¢36) D 151
PRINT 37+ T7sHT7sPSIHT7:H7Me V7 sHT 7TMePHI7+PSPIT7+FOF6¢ T714HT7I «PSIH7IsH D 152
17IMeATICPT7eGAMATsEM7 sPT7PT3s I IKONT sPT7P7 D 153
CAPAT= (W1 ¥OF8#RTEXT7 )/ (VT2 (PTBP8#1 o /PTBRTE#1 o /PT7P7HPBOPO#PO ) )%0WB D 154
ABOAT=CAPAB/CAPAT D 155
IF (IDES) 14414415 D 156
D 157
FORMAT (1HO6X37HNOZZLE PRESSURE RATIO LESS THAN 1.e005) D 158
FORMAT (1HO 565X+ ¥HTSMISLESSTHANHEM® ) D 159
FORMAT (1HO 46X v ¥PT7P7ISNEGAT IVES#0E1466) D 160
FORMAT (1HO«6X o ¥HT7MISLESS THANHTM® ) D 161
FORMAT (1M ¢2Xs3HHTMF 1205 :2X e 4HHTTMF1205) D 162
FORMAT (1HOBX24HSTOPPRED IN M7 ITTERATION) D 163
FORMAT (1H 22X +2HTToF120503Xe2HHT7eF 12a543XsSHPSIHT+F12a5:3Xe3HH7Ms D 164
IF126592X02HVToF 12054 2X04HHT7MoF 12654 2X04HPHI74F1205/1X+3HT7IsF1265 D 165
242X e3HHTI sF12e512X05HPSIHT I oF1265:2X04HHT7IMaF12652Xe2HATIF126543X D 166
Be3HCP71F 120501 X+5HGAMATaF 1205 /1Xs3HEMTsF 1205+ I X0 4HFOFGeF126502X+8H D 167
ST IKONT s 144 1XeBHPSPI7eF 12050 1 XeSHRPT 7P 74F 12650 I XeSHPTTPT3:F1205) D 168
END D 169-
SUBROUTINE COOL ’ . £ 1
DIMENSION ALTSAV{15)s EMSAVIIS)e NOBAV(1IS)e FNBSAV(1IS), W2SAV(1G)e E 2
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OO0

OO0 0

1SFCSAV(15) .

DIMENSION TABTEM(78)+ TABH(78)s TABPHI(78)s TABPSH{78)s TABM(1G9 ).
1TABPT1(19)s TABNST(9)e TABPT2(09)s TABZ(111s TABW1 (99)s TABETA(99)
2+ ANS(S)e SFCC(25)s TABPSP(78)

DIMENSION PBTAB(8)s HDT(20)s DTTAB(20)

DIMENSION TABPHS(78)s TABH4(78)

DIMENSION TABN(12)y TABA7(12)s RAT(2)s T4(3)

DIMENSION TABVJ(17)s TABDLDB(17)

INPUT

COMMON /BK1/ ALT«EMACHPT2TIDsTTANWCOWL + WBeATATDONIPTESAD+AGALDNP
180PB+WIDHIETAZD'ENNeX s Y+ TF o PTAPTE«CVsTTEMAXPTOTSASETAG« IDES VAL »
2GAMOsROIAIITSLSPSLS+GeTABTEMsTABH TABRPHI + TABPSHs TABPSP« TABM+ TABNS
3T« TABPT2+TABZ+TABW1 s TABETA+TABPT! +» IDDBS+ TABVJ» TABDL.DB

COMPUTED VALUES
COMMON /BK2/ WBOW1+1ADASsABCORABOAT7IATATD«ANS+APC s A4A4D A7+ ABWADWA

180WL1 s ABEMT7sTO T8 T 7o T7 Lo TBIsTTOsTT2a TT1 o TT2IsTTETTLaTTS«TTSASTTYTT
2laTTEsTT7TTEeTT4+POYPBOPOIPTT7e+HF s HEMHB ¢ HEBT o HBIMsHTMIH7 4 H7TMI s HAB o M

" BABS HOWHTOWHT2 v HT21T s HTAMsHT 4 ¢ HTSMyHTS e HTSOS « HTSAMa HTSH s HT 7Me HT7M1 »

GHTEMHTBMsHTSAOS sPHIO«PHITC+PHITZT «PHITI « PHIT4MIPHIT4 4 PHI TSAPHTSA
SMePHIBMIPHITBM «PHIBPHIZ2I +PHITEMsPHI TMaPHITE«PHIT7MePHOF 6 + PHOMG «PT

BOPOPTIPTOPT2TISPT2PT L+ PT4PT2+PTSPT4+PTSTSAPTEPBPTIRPT7ePT7P 7P -

TTERPTS+PTETESD+sPTSAMIPTSSADPSIHA4 +PSPI4«PSIHS«PSPISAWPSIHSA PSP I8 .PS
BIHB+PSIH7+PSPIG+PSIPHI «PSIHG «PSIHBI « PSP I7+EN«ETAZ+ETSAWETETSLETAZS
DaET2D+EMT7+EMB+WICOR+WIDCORIWA4COR v WADCOR + W7COR s W7DCOR«WA4TOTA +WATEST
BoWl+WIKIDHZ2ML o STTOWDELTO «DEL.TOD s GAMABsGAMAT7 s VO o V74 VB GAMTP 1 « GAMT7ML
BeONSRT+SFCISFCCIOF4s0F 6+FOF 5 4F4 1 FSAFABFEaFNOWL 4FNFAALFOF44FOSA S
SWBIRTSIRTAIRTEIRTEA«CP7sCPB8s CAPAB+CAPAT +OWB+WCBLICOMB s+ IPP+ 15 ICOUN
ST IKONT 2+ JCONT + ICYKTEST s THET1 o THETO+DWI +DWZ 4 DOHP 2 Z1 0 224234 Z+ETACET
FSAO+FNOWID o HTE«PHIHG s TSAW T4 IRATyWCOWICoPBTABHDT+DTTAB IPS+DTEMP «ET
SAP AL TSAV «EMSAV «NOSAV I FNSAV s W2SAV ¢ SFCSAVINO ¢ INOZZ W TT2TID s HTSA JPHTL
SeTTATT2+PHITS PSP IS PHITSMeHT1I «RPT2TIL 2 PSS+ TABAT7 « TBVAL s T7VAL s NLIM JNU
SMBER 'NSTART « NF INAL s AVAL s XMNSLU+ TABNWETAGWETAS » TABPHS « TABHA +HPEXT o |
SCASE+ IPCPTA4TE2D «HS« TSVAL

COMMON /RRR/ AMP28,FSZ8MP . AMP

HTSAM= (HTSM¥WCBH*OF4+HT2#WCOWIC) / (OF 4 #WCB+WCOW1C)

FSA=F4#*WCB/0WS

FOSA=FSA/ (1 ++F5A)

IROU=6

CALL ITT (HTSAMTABM4«TABHsTABTEMTABPSHTEVAL +FOSAIROUe TTSAMTSA
t DRTHSA Y

MMEmmMmAmMMMOmMMMEAMMMMMMmMMMMAMMMAMMTAMMMM@MM MM MmmMmmm
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OO0

CALL DISCOT (TTSATTSA+TABTEM«TABPHI +TABPHI »=11+478+0,PHITSA)
CALL DISCOT (TTS5A+TTSA+TABTEM+TABPSP +TABPSP 1~114+78404+PSPISA)
RTSA=1545 ., ¥FOSA* (FS28MP+AMP/FSA) Z/AMP2B

PHTSAM=PHITSA+PSP ISA¥FOSA

PTSTSA=1 »

RETURN

END

SUBROUTINE ITT (PHOM :HASTAB«PHOTAB« TEMTAB«PSITAB«TVAL «FOFF«IRQU«T3
1+PHOWPSTIO)

DIMENSION ALTSAV(15)s EMSAV(15)s NOSAVI1S5)s FNSAV(15). W2SAV(15),
1SFCSAVI15)

DIMENSION TABTEM(78)s TABH(78)s TABPHI(78)¢ TABPSH(78)e¢ TABM(19)+
1 TABPTI(19)s TABNST(9)s TABPTZ2(09)s TABZ(11)e« TABW1(99)y TABETA(99)
2+ ANS(5)e SFCC(25)+ TABPSP(78)

DIMENSIOM PBTAB(83)s HDT(20)s DRTTAB(Z20)

DIMENSION TABPHS5(78), TABH4 (78) -

DIMENSION TABN(12)s TABAT(12)y RAT(Z2)s T4{3)

DIMENSION TABVJ(17)sy TABDLDB(17)

INPUT

COMMON /BK1/ ALT+EMACH«PTZ2TID+«TTANWCOWL + WB+sATATDN +PTESAD +A4A4DNP
18B0PBwWIDYHETAZDyENNI XY e TFsPTBPTAHIsCVITTEMAXPTATSASETAG IDESsVAL s
2GAMOIROIAJT e TSLSIPSLS1GeTABTEM+TABH s TABPHI + TABPSH « TABPSP « TABM s TABNS
3T«TABPT2+TABZ+sTABWI +TABETATABPT1 + IDDBS« TABVJ « TABDLDB

COMPUTED VALUES

COMMON /BK2/ WBOW! yAOAS+ABCORWABOATZ ATATD + ANS1APO «A4A4DATeABWADNA
180WL s ABEM7+TO o T8« T 7T 7 4TBI s TTOATT2eTTIwTT2I s TT2TTL1 ¢ TTS+TTSAWTT?TT
2l1eTTEsTT?TTEsTT4+POWLBOPOPT 7 e¢HF o HBM o HB o HB L o HBIMeHTMoHT o HT7TMI ¢ HAB o H
BABS e HOWHTOYHT2+HTZI s HTAMeHT 4 s HTSMaHTS s HTSOS s HTSAMe HTSHe HT 7Moo HT7MI o
GHTEMsHTBM s HTSAOSPHIQ«PHITO«PHIT2I «+PHITL s PHITAMIPHITS PHITSA PHTSA
SMePHISBMsPHITBM«PHIBSsPHIZ2T s PHITEM+PHI TMePHITE «PHIT7?MsPHOF 6 s PHOMG +PT
60RO PTIPTORTET IS« PTZPT1 s PTAPRP T2+ PTSP T4+ PTSTSAPTBPBWPTIRT7¢RPTTR 7P
ZTEPTS«PTAETSDIPTSAM P TESADs RS IHA s PSP I4 PSS IHS e PSPISAPSIHEAPSPIBPS
BIHBsPSIHT7 +PEPIGIPSIPHIsPSIHEsPSIHBI o+ PSPPI 7 sENIETAZ+ETSAETETSETAZS
O ETOD+EMT7EMEBsWICORWIDCOR s WACORJWADCOR W7 CORIWT7DCOReWATOTE s WA4TEST
SolWloWIKeDH2MI ¢ STTODELTODELTOD s GAMABSGAMAT e VO V7« VE-GAMTPL o, GAMTMT
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S+ONSRT +SFCySFCCIOF410F 64FOF G sFA41FSAFABFSFNOWL +FNsFGAIFOF44F0SA
SWEBIRTSyRTA'RTE«RTSAICPT7+CP8+CAPAB«CAPAT»OUWB+WCB+ ICOMBIPP+ IS+ ICOUN
ST ¢ IKONT + JCONT 1 ICKTEST 2 THETI « THETO«+DW1 2 DW24DDHP s Z1 ¢ Z24Z3 9 Z+ETACWET
SA0IFNOWIDsHTEsPHIHG ¢ TSAs T4 s RATyWCOWICPBTABsHDTeDTTAB+ IPSWDTEMP oET
SAP WAL TSAVEMSAVINOSAV+FNSAV s W2SAV +SFCSAVaND+ INOZZsTT2TID e HTSA oPHTI
SvTT4TT2yPHITS1PSPIS«PHITEMIHTLIyPT2TIL «PS«TABA7+TBVAL « T7VAL o NL.IMINU
SMBER +NSTART s NFINAL s AVAL + XMNSLUsTABN+ETA4+ETAS+ TABPHS » TABHG +HPEXT o |
SCASELWIRPCPT4T2D v HS s TSVAL

DIMENSION PHOTAB(1)s TEMTABI(11+ PSITAB(1)s H45TAB(1)

CALL DISCOT (PHOM+PHOM+HASTABITEMTAByTEMTAB»—11¢78+04T1)

KONT =0 .

TO=T1}

CALL DISCOT (TO+TO«TEMTAB+PHOTAR +PHOTABs~11 47840+ PHO)

CALL DISCOT (TO+TO+TEMTABPSITABPSITAB+—=11+¢7B8+0,P510)
RATIO=PHOM/ (PHO+PS I OXFOFF

KONT=KONT+1

IF (KONT=2) 2435

R1=RATIO

T2=T1%*R1

TO=T2

GO TO 1

R2=RATIO

T3=(10-R2)/(R2=~R1 ¥ {T2=-T1)+72

TO=T3

GO TO 1

R3=RATIO

TPLUS=1 «+TVAL

TMIN=1e~TVAL

IF (R3-TPLUS) 6¢24+7

IF (R3~TMIN) 7+949

R1=R2

R2=R3

T1=T2

T2=T3

IF (KONT-NLIM) 4,8+8

WRITE (6+10) ROV

RETURN

FORMAT (1HO6X16HDID NOT CONVERGE3XI4&)
END

0 W W e T e e T M M W e B e e e e e T e e e+ e T e e 1 < i e T
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SUBROUTINE QUTPUN (POWER)

DIMENSION ALTSAVI1IS )
1SFCSAVI(IS)
DIMENSION TABTEM(T78).,

1TABPT1(19)s TABNST(9)e

DIMENSION TABPHS(78)

DIMENSION TABN(12)s TABAT(I2)
DIMENSION PBTAB{(B8)s HDT(20).

EMSAV(1D)»

TABH({T78)

NOSAV(1S5),

TABPHI (78 ),

TABRT2(09)s TABZ(11)
2¢ ANS(5)s SFLL(25)s TABPSP(78)

TABH4 (78)

DIMENSION ZFN({50)s YFN{S50+10)
DIMENSION TABVJ(17)s TABDLDB (17}

RAT(2)
DTTAB(20)

T4(3)

FNSAV{(15),

TABPIH(78)
TABW! (99 )

WZ25AV(15)

TABM (19 )
TABETA(99)

COMMON /ZPARAM/ ZFN2YFNWNZCNT+ZTHRUST
INPUT

COMMON /BK1/ ALT+EMACHPTZ2TIDsTTANSWCOW] + WB+ATATDNIPTESADAGAGDNIP
180PBsWIDIHIETAZDENNI XY« TR sPTBPTE s CVITTEMAXIPTETSASETAG+ IDES VAL
2GAMOYROAJYTSLSPSL S+ G+ TABTEM«TABH  TABPH [ +» TABPSHsTABPSP « TABM s TABNS
3T+ TABPT2+TABZ+ TASW] + TABETA+TABPTI1 » IDDBSyTABVJ« TABCLDEB

COMPUTED VALUES

COMMON /BK2/ WBOW1 +AOAS«ABCORABOAT+ATATD s ANSYAPO s A4A4DAT+ABVAO A
18B0WEI +ABEM 7+ TO+TByT 7T 71 aTBI + TTOTT2 e TTL s TT2IvTT2TT1 e TTSTTSASTT7TT
21 aTTEsTT7TTO«T T4 4POsPBOPOWPT7aHF s HEM+HB s HE1 s HBIMe H7MaHT7 o HTM] s HAB o H
SABS s HOYHTOHTZ2yHT2T s HTAMaHT 4 s HTSMaHTSvHTSOS ' HTSAM s HTSH«HT TMa HTT7MI o
4HTEM«HTBMHTSAQSPHIO«PHITOWPHITZ2I+PHITI +PHITAMIPHITG «PHI TSAWPHTSA
SMePHIBMAPHITBMWPHIBPHIZI +PHITOMAPHITMyPHITE+PHIT7MePHOF& +PHOHS +PT
GOPOvalpTOQPTZTIS9PT2PT1oPT4PT2vPT5PT41PT5T5A|PT8P8QPTIPT7.PT7P79P
TTERTSsPTETSD WP TSAMIPTSSADPSIHA s PSP I4+PSIHG«PSPISAWPSIHSA PSP I8.4RS
SIHEsPSIHT7sPSPIG6+PSIPHI +PSIHG+PSIHB I s PSP I 7TaENSYETAZ «ETSAWETETSWETAZS
QETZ2DeEMTsEMBaWICOR s WIDCOR+W4COR s W4 DCORWWTCORsWT7DCORWATOTS +WATEST
BeWlsWIKsDHZML « STTOWDELTODELTOD s GAMABsGAMA T VO IV T s VB GAMTPL o GAMTMI
EeONSRT o SFCISFCC+OF 41 OF BIFOFGIF4+FSAWFAB «FEWFNOWL sFNeFGA+FOF4 sFOSA
SWEBIRTSIRTAIRTEIRTSACP7ICPBeCAPAB «CAPAT sOWBWCBy ICOMB 4 IPP IS s ICOUN
ET o+ IKONT s JCONT o ICKTEST « THET1 « THETO+DW1 2 DW24DDHFP 71 4224730 Z+ETACHET
SADYFNOWID s HTEsPHIHE s TSAI T4 RAT+WCOWIC1PBTABIHDT+DTTAB IPS«DTEMP +ET
SAPYALTSAV+EMSAVINOSAVIFNSAV s W2SAV e SFCSAVeNOYINOZZ« TT2TID HTSA PHT
S TTA4TT2PHITS+PSPISIPHITSMiHTIsPT2TILsPSs TABAT7« T8VAL s T7VAL s NL IMsNU
SMBER«NSTART e NF IMAL « AVAL o XMNSLUs TABNsETA4 sETAS TABPHS s TABHG o HPEX T o 1
BCASESIPCoPTE4T2D «HS o« TSVAL 4 WC

COMMON /NEW/ FDsFGeWFeDLDBH+DFGSsFG1+FN1.SFCH

COMMON /PPP/ [TRPUNCH

i
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WE=WI1¥ (] e+F5)

IF (ZTHRUST.GTe0,0) GO TO 2

IF (IPUNCHeGT«0) GO TO 3

WRITE (6+7) FNeSFC+FNOWL oPTIRTOPTARPTI+ETAZ s WIK+ONSRTsTTC«sTT24TT4
IRPT4PT2s TTS e P TOR T4« TTSA s TTE P TOETSAFE1 TS+ PTBPEB s VO« VB EMBIENIALGA4DLA
2T7ATD¢ABOATIAB+CAPAR I WL sETARPsETACYETAOYFNOWIDIWF s WG sRPT7R7+sPTIPTT7 +PT
35TSAPTETSAIPTEBRTEsTT! sWBsWBOW1 +DLDBIDFGSeFG1 sFNL +SFC1+DTEMP ¢ WC +F 4
IF (IPUNCH«EQeO) GO TO &6

IF (IPUNCH«EQel ) GO TO 4

ZFN(NZCNT y=FN1

YEN(NZCNT+1 )=WG

YFNINZCNT 42)=V8

YFN(NZCNT 43 )=CAPAB

YFN(NZCNT +4)=FD

YFN{NZCNT +S)=FN

YFN(NZCNT+61)=TT4

YFN(I{NZCNT +7)=0DLDB

YEN(I(NZCNT +81=DTEMP

YFN(NZCNT 49 )=5FC

YFN{NZCNT+10)=T8

NZCNT=NZCNT+1

RETURN

IF (IPUNCHeEGel1 )} GO TO 1

IF (IPUNCHeEGe2) GO TO 5

IF {IPUNCH+EQes3) GO TO 5

PUNCH 8¢+ EMACHWALT+POWERWFGl +FD+WF + VE8«CAPAB WG

RETURN

WRITE (619) FNsFGIFD1SFCoWF Wl IsWGsFN]1 +FG1 ¢ENISFC1 s WIK VB CARPABLTTG
1+A4A4DTT

IF (IPUNCHWEQe3) GO TO 4

CONT INUE

RETURN

FORMAT (1HO7XZ2HFNF1205+6X3HSFCRI245:4XBHFN/WIF12eS42XTHPTI/PTOF 12
15+ 2X7HPTE/PTIF12e5+SX4HETAZF 120 5/706X3HWIKF 124 54 4XSHN/SRTF 1254 6X3HT
2TOF12e5+6X3HTT2F 1245 +6X3HTTAF 125 42XT7THRPTA4/PT2F 1 245 /76X3HTTSF12e542X
S3THPTS/PTAF 120045 A4HTTOAF 124516 X3HTTEF 1245+ 1 XBHPIE/PTSAF 1251 7X2HF 6
AF 1265/ 7X2HTBF 125+ 3X6HPTE/PBF12e¢5¢ 7X2HVOF 1 205 ¢ 7X2HVBF 125 ¢ TX2HMBF 1
5285+ 8X1HNF12e5/3X6HAL4/AGDF 12054 3X6HAT/ATDF 124504 XSHAB/ATF 125, 7X2H
GABF 1205 +14XEHCAPABF IR 05 7X2HWIF 12 e S5/SXAHETAPF 1205+ SXA4HETACF 12654 5X4
THETAOF 1265 3XOHFN/WIDF 1203 TH2HWEF 1205+ TH2HWAF 120 5/4XBHPT TP TR 12 650
B3X6HPTIPTT7F1 2059 3XSHPTETHAF 1 265+ 3XAHPTATIAF 124 54 IXGHRPTERTEF 125 46X
SOHTTIFIZ205/7XE2HYBF 1265 4XZHWROWIF 1205+ SXAHDLDEF 1 20 53¢ SX4HDFGSEF 12 65
SEXIHFGIF 120D 96X3MFNIFIZ2eS/GXN4HSFCIF 1265 i 4XSHDTEMPF 1205 7X2HWCF 205

OO0 OO0 OOE

44
45
46
a7
48
49
50
51

52

ey

54
55
56
57
58,
59
60
61
62
63
64
65
66
67
&68.
69

70 -

71
72
73
74
75
76
77
78
79
80
81
a2
83
84
8%
86
37



Le-¥

OO0

OO0

S e TXPHF4F 1265)
FORMAT (F52¢F10s1:F5e0+s4F1001+F10e3+F10s1) .
FORMAT (1HO3X2HENF11 ¢4 +5X2HFGF1104+6X2HFDF11 ¢4 +6X3HSFCF10e5¢7X2HWF
1IFL10sd e 7X2HWIF 1O ed4 s 7XPHWGEF 108/ 3X3BHFNLIF 11 e404X3HFGIF11 4446X1IHNF115

24BXAHSFCIF10aS5+6X3HWIKF 1004+ 7X2HVBF 1064 « 4XSHCARPABF 1064 /3X3HTTAF 11 s |

35+ IX6HAG/A4DF1105¢SX3HTTIF115)
END

SUBROUTINE TURB
DIMENSION ALTSAV(1S)y EMSAV{1S)s NOSAV(1S})es FNSAV(15)e W2SAV(1IS)

1S5FCSAVILILSE)
DIMENSION TABTEM(78)s TABH{78)+ TABPHI{(78)s TABPSH(78)s TABM(19)e-

1 TABPT1(19)s TABNST(9)s TABPT2(09). TABZ(11)s TABW1(92)s TABETA(99)
2+ ANS{S)e SFCC(25)s TABPSP(78)

DIMENSION PBTAB(8)s HDT(20)s DTTAB(20)

DIMENSION TABPHS (783 TABH4(78)

DIMENSION TABN(1Z2)se TABA7(12)s RATI(2)« T4(3)

DIMENSION TABVJ({17)y TABDLDBI(17)

INPUT

COMMON /BiK1/ ALT+EMACHPT2TID«TTANWCOW]1 +WBe A7ATDONPTESAD +A4AADN P
180PE8sWIDIHI+ETAZDIENNG X s Y s TR +PTBPTGCVeTTOMAXsPTOETSAVETAG « IDES VAL »
2GAMO«ROIAJ s TSLSHPSLS Gy TABTEM+ TABH s TABPHI y TABPSH» TABPRSP » TAEM s TABNS
3T+ TABPTZ2+TABZ+TABWI s TABETATABPT1 4+ [DDBSTABYJ TABDLDB

COMPUTED VALUES

COMMON /BK2/ WBOW! yAQASI+ABCORYABOAT7+ATATD s ANSsAPOALA4DIATAB+AOWA
180WI +ABEMT7sTO s TBaT 79T 7 14Tl aTTCrTT2TT 1o TT21 e TTETTIvTTSsTTEATT7TT
P2l e TTEAaTT 7T TO s TTA4PO«PBOROWPT 7 IHF sHEM s HEB + HBI s HB8IMeHTMeHT7 o+ H7MI ¢ HAB o 4
SABSs+HOsHTOsHTZ2sHT21 s HTAMs BT A4 s HTSM e HTS s+ HTSOS s HTSAM e HTSH s HT 7M e HTTMI o
AHTEM e HTBMyHTSAOS«PHIO«PHITORPHITZI s PHITI vPHITAMIPHIT4PHITSAWPHTSA
SMePHIBMIPHITEM«PHISsPHIZT sPHITEMPRITMIPHITE+PHIT7MsPHOF 6 + PHOHG «PT
GORPOPTIPTOPTET ISy PT 2P T L sPT4P T2 PTSPT44RPTSTSARIBPEBWPTIPI 7P I 7P 7P
TTOGRTS«PTETSD +PTSAM s PTSSAD«PSIHA PSP 44P3IHS«PSPLISAPSIHSAPSPIBPS
SlIHBPSIH7:PEPIGPSIPHI«PSIHE e PSIHB +PEP I 7+ SN ETAZETSAWCTETSETARZS
DaET2DEMT7EMBWICORWIDCOR«WACORIWADCORIW7LORcWT7DCOR WS TOTL4 «WATEST
SowleaWliKeDH2MI s STTODELTOWDELTOD s GAMAB«GAMAT o VO oV T o VB9 GAMTRL «GAMTMI

OO NG
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$OONSRT;SFC!SFCC10F400F60FOF69F40F5AQFABtFélFNOWIQFNOF6AQFOF4QFO5AO
SWBIRTSIRTAWRTEHRTSAICP 7 1CP8sCAPAB+CAPAT7 +OWBsWCB+ ICOMBLIPP 2 ISy ICOUN

$TOIK0NT!JC0NTQIC!KTEST!THETI!THETOODWI!DWZQDDHP’ZlOZEQZS!Z'ETAC!ET
SAQIFNOWIDIHTEPHIMHEyTSAs T4 sRAT«WCOWIC+PBTAB'HD T DT TAB+ IPS«DTEMP +ET
SAP AL TSAVEMSAVINOSAV e FNSAV s W2S5AV s SFCSAVINOQ« INOZZ«TT2TIDsHTSAPHTI
SeTTATTZ vPHITS PSP [SePHITSMIHTI sPT2TIL PSS+ TABAT7+TBVAL s T7VALNLIM¢NU
SMBERWNSTART o NF INAL«AVAL « XMNSLUTABNIETAL4ETAS«TABPHS s TABH4 +HPEX T«
SCASELIPC+PTATZ2D+HS s TSVAL

COMMON /RRR/ AMP28B.FSZ8MP s AMP

FOF4=F4/0F4 '

HT4M=HT4+PS IHA#FOF4

CALL DISCOT (TT4+TT4+TABTEMsTABPHI+TABPHI +=11+478+0+PHIT4)

CALL DISCOT (TTa4sTT4+TABTEM«TABPSP + TABPSP«=11+78+0P5P14y
PHITAM=PH]I T4+PSP14%FOF4 '

DOHP =+ 7068%¥HPEXT /W1

DH2M1 =DHZ2M1 +DDHP

HTSM=HT4M-DH2M1 / (OF 4*WCB)

IRQU=5

CALL ITT (HTSMsTABHA4 +TABH+TABTEM+ TABPSHs TSVAL «FOF4 s IROUsTTSsHTS PSS
11HS)

CALL. DISCOT (TTS+sTTSwTABTEM+ TABPHI +TABPHI +=11478+0+PHITS)

CALL DISCOT (TTS«TTS+aTABTEM«s TABPSP«TABPSPy—=11+78+0+PSPI15}
PHITSM=PHITS+PSP]IS5*F0OF4

RTS=1545+%¥FOF 4% (FS28MP4+AMP/F 4y /AMP28

PTSPT4=EXP ({ (PHITSM-PHIT4M)I*AJ)/ (ETAS*¥RTS )

RETURN

END

SUBROUTINE COND '

DIMENSION ALTSAV(15)+ EMSAV(15)+ NOSAVI1IS)y FNSAV(LIS)y W2SAVI1S )
IS5FCSAV(1ID)

DIMENSION TABTEM(78)s TABH{78B)+ TABPHI(78)s TABPSH(78)« TABM(19)
1TABPT1(19)s TABNST(F)+ TABPTZ2(09)s TABZ(11)s TABWI(99)s TABETA(99)
29 ANS(S)e SFCC(25)s TABPSP(78)

DIMENSION PBTAB(8)s HDT(20)e DTTAB(Z20)

DIMENSION TABPHS (781 TABH4 (78)

DIMENSION TAEBN(12)s TABAT(12)sy RAT(2)Ys Ta4{3)

DIMENSION TABVJU(17)s TABDLDB(17)

INPUT
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COMMON /BK1/ ALTEMACHPTZTID«TTANWCOW] +WBsATATDNPTESAD «A4A4DNP
180PBsWIDIHIETAZDENNeX oY s TF oPTEPTE+CVATTOMAXIPTETSAYETAG IDESVAL Y
2CGAMO+ROsAJ s TSL.SePSLS oG TABTEMTABHs TABRHI « TABPSH. TABPSP+ TABM« TABNS
3T+ TABPT2+TABZ+TABW1 « TABETA+TABPT 1+ IDDBS«TABVJ « TABDLDB

COMPUTED VALUES

COMMON /B8K2/ WBOW]1 +ADAS+ABCORABOATVATATDIANSsAPCOy AAA4DIAT+ABIADA
180W1 «ABEMTsTO¢TBsT7aTTIaTEI«TTOeTT2+TT1 o TT2L s TTR2TTIaTTSaTTSASTTITT
PlsTTosTT7TTE e TT4POVWPBORPO«PT7oHF + HEBM s HB s HBI ¢ HBIMyHT7MeHT7 s H7MI s HAE 9 H
3ABSsHOsHTOVHT2 s HT2I sHT4M 4y HT4 s HTSMaHTS s HTSOS s HTSAMHTSH e HT 7M o HT7MI o
AHTEMaHTBM s HTSACSsPHIOIPHITO PHITZ21 +PHITI sPHITAMsPHI T4 JPHI TSAPHTSA
SMePHISMePHITEMAPHIBsPHIZ L+ PHITOEMsPHI 7TMaPHITGE«PHI T 7MsPHOF 6 ¢ PHOHE o PT
B0POPTIPTOWPT2TIS PT2PT1 «PT4P T2+ PTSPTA4sPTSTSAPTBPBIPTIPT 7+ T7P 74P
TTEPTS+PTETSD P TSAMIPTESAD PSS IHA4sPSPI4+PSIHS«PSPISAWPSIHSAWPSERIB WS
BIHBIPSIHT7+PSPIGPSIPHI +PSIHE sPSIHBI + PSP I7+ENI'ETAZIETSAETETSETAZS
G+ ET2DIEMTEMB4WICORWIDCOR Iy WACORyW4DCOR «WT7COR M W/LCORWATO IS4 s WA IEST
SoWl s WIK sDHEM] s STTO+CELTO«DELTOD » GAMAS +GAMAT7 VO + VT s VB GAMTRL + GAMTMI
Gy ONSRT ¢ SFCASFCCIOF 4 10F 6 sFOFBsF4sFSA+FABIFESFNOWL +FNIFEAWFOF 4 o FOSA o
SWBIRTSIRTAIRTHRTSAICP7+CPBs CAPABYCAPAT1OWB I WCH s ICOMBYy IPP s IS+ ICOUN
STy IKONT o JCONT A ICoKTESToTHETL s THETOWDW1 s DW24yDDHP s Z1 4224 Z34ZeETAC «ET
SAQFNOWIDeHTE s PHIHS s TEAs T4 +RAT+WCOWICePBTABHDTsDTTAB IPS+DTEMP ET
SAP VAL TSAVIEMSAVINOSAVIFNSAV s W2SAV s SFCSAVINOY INOZZ S TT2TID HISAWPHTL
G e TTATT2eRHITS PSP IS PHITSMeHT L aPT2TIL +PS s TABATZ « TBVAL+T7VAL «NLIMJNU
TMBERsNSTART«NF INAL ¢ AVAL s XMNSLUsTABN+ETAG +yETASy TAEPHS a TABHS o HEEX T I
SCASE+ IPC+PTA4T2D 1 HS« TSVAL

W1D=WID*PTIPTO

Wi=wiD

PT2TIS=Y*PT2TLID

ONSRT=1a

Zs ({PT2TID-1 )/ (PT2T1S~1a =X 1¥1e/ (1 2a—X)

CALL DISCOT (ONSRTIZ+TABNST+TABW! +TABZ211+99+11 «W1DCOR)

CALL DISCOT (ONSRT+Z+TABNST s TABETAWTABZ2114+99 411 sETETS)

ETA2S=ETAZD/ETETS

ETAZ=ETETS*#ETAZ2S

PHTI=PHITO .

PHITZ2I=PHTI+RO/AIFALOG(PTZ2TID)

CALL DISCOT (PHITZ21+PHIT2I+TABPHI+TABTEM+ TABTEMs—11:78+0-TT21)

CALL DISCOT (TT21+TT21+TABTEMTABM: TABHes—11278:0:HT21

DH2M1=(MT21=HT1 ) /ETAZ

HT2=sHT14+DH2M1

CALL DISCOT (HT2:HT2»TABH«TABTEM s TABTEMe=11278e0-.TT2)

TT2T1D=TT2/TT1

B e e el e b et et Bl T bed P bk Bt et b Bl P g i b4 b b Sl Bl et b b g i puq ol pmel i bt bt g el et bed bl ped P =t
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TT2TT1I=TT2TiD
WBOoWl=wB/wWl
QWB=1..-WBOW]
WCOwWiC=WCOoWi
WCB=(1o—-WCOW1-WBOW1)
CALL COMB

RETURN

END

SUBROUTINE FRES

DIMENSION ALLTSAV(IS)s EMSAV(15)s NOSAV(1S)se FNSAVI1IS)s W25AV(15)
1S5FCS5AVILS) '

DIMENSION TABTEM(78)+« TABH{(78)s TABPHI(78). TABPSH{(78)s TABM(19).s
1TABPT1{(19)s TABNST(9)+ TABPTZ2(09)s TABZ(11)se TABW1 (99)s TABETA(99)
Zs+ ANS(S)e SFCC(25)s TABPSP(T78)

DIMENSION PBTAB(8)s HDT(20)s DTTAB(20)

DIMENSION TABPHS(78). TABH4(78)

DIMENSION TABN({12)e TABAT(12)e RATI(2)s T4(D)

DIMENSION TABVJ(17)ys TABDLDB(17)

INPUT

COMMON /BK1/ ALTsEMACHPT2T1DsTT4NsWCOW] s WB+ATA7ZDNIPTESAD s ALA4DNP
180PB8+WIDsH+ETA2D+ENNs X1 Yo TR PTEBPTHE+CVeTTEMAXIPTOETSAETAG« IDESsVAL Y
P2GAMOYROIAI+ TSLSPSLS+ G TABTEM+TABH+ TABPHI « TABPSH . TABPSP» TABM TABNS
BT+ TABPT2+TABZ+TABWI + TABETATABPT1 4+ IDDBS TARVJ«TABDLDB

COMPUTED VALUES

COMMON /BKZ/ WBOW14+AQAS:ABCORSABOATIATATDIANS1APOAGA4DAT7+ABAQA
180W! c ABEM 72 TOs Ty T 7o T I4TBI s TTOsTT2aTTLaTT2IeTT2TTLI s TTSaTTSASTTT?TT
2l aTTOEsTT7TTOEATTG4«POVWPEBOPOPTT7aHF s HEMyHB s HBI sHBIMosHTMsH7 ¢ HTMI ¢+ HAB +H
3ABS+HOYHTOWHTZ2+HT2I s HTAMeHT 4 ¢sHTSMoHTS s HTSOS s HTSAM e HTSH e HT 7TMeHT 7M1
4HTEMeHTBMsHTSAOS e PHIO«PHITOWPHITZ21I +PHIT1 +PHIT4MePHITA4 WPHITSAWPHTSA
SMePHIBMIPHITEBMPHIBS«+PHIZI «PHITOMPHI7MsPHITEsPHIT7MePHOF & + PHOHSG o PT
GOP0PTIPTO«P T2T 1S+ PT 2P T1I s PTA4PTE s PTSP T4 P TSTSA+PTEREPTIRPT 7+RPT7RP 74P
TTEPTS«PTETSD«PTSAM P TESAD PSS IHA PSP 14 +PSIHS«PSPRISAWPSIHSA +PSRPIBPS
BIHE :PSIHT7 PSP IG:PSIPHI s PSIHGEPSIHB1 s PSP I 7+ENsETAZWETSACETETS «ETAZS
GsET2DsEMToEMBoWICORWIDCOR s WACOR S WH4DCTOR«WTCORIWTDCORWATO TS v WATEST
SoW]l aWIKeDHEZMI o STTODELTODELTOD» GAMABGAMAT + VO V7o VB GAMTRT « GAMTMI

" ==
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-~ 000

G e ONSRTISFCoSFCCIOF 4 0 0F B FOF G eF 4 eFSAYFAB cFTHEFNOWI sFNoFRAFOF 4 +FOSA
$W899T59RTA|QT6!RT5A9CP7QCP8oCAPA8oCAPA790WBOWCBOICOMBQ]PP!IS!ICOUN
FSTe IKONT e JCONT o JCHKTESTeTHETI « THETO«DW1 +DW2:DDHP o Z1 o Z24Z23 9 ZETACET
SAOCFNOWIDoHTE«PHIHG e TSAs T4+ RAToWCOWICoPBTABHD T« DTTABWIPS«DTEMRP «ET
SAP s ALTSAVEMSAV INOSAVIFNSAV s W25AV s SFCSAVeND s INOZZyTT2TID s HTSAWPHTI
FeTTATT2+PHITS¢PSPISsPHITSMIHTLIsPT2TIL PSS+ TABAT s TBVAL s T7VAL o NLLIMeNU
SMBER ¢+ NSTART s NF INAL s AVAL « XMNSLUs TABNIETAL +ETAS+ TABPHS s TABH4 +HPEXT o |
SCASE+ IPCaPTATZD+HS s TEVAL

HOT(1)=~1e
CALL ATGE25P (AL T+ANSODTEMP +PBTAB«HDT +CTTAB )

PO=ANS(2)
AO=ANS(4)
TO=ANS{(3)%1.8
TT4=TT4N

STANDARD DAY

CALL DISCOT {(TO'TO+TABTEMsTABHsTABHI~1147B8+09HO)
HTO=HO+ (GAMO¥EMACH® ¥ 2*TO%R0 ) /(2o #AJ)

HT1=HTO

CALL. DISCOT (HTOWHTO«TABH:TABTEMs TABTEMs—11+78+0+TTO)
CALL DISCOT (TO+TO+TABTEM: TABPHI s TABPHI +=11+78¢0+PHIO)
CALL DISCOT {TTO«TTO+TABTEM s TABPH] « TABPHI+—114+78+0+PHITO)
PTOPO=EXP (AJ/RO¥ (PHITO-PHIQ))
STTO=SGRT(TTO/TO*TO/TSLS)

THETO=STTO*%2

TT1=TTO

PHT1=PHITO

DELTO=PTOPO*PO/PSL.S

INLET CONDITIONS

CALL DISCOT (EMACH«EMACH«TABMTABPT]1 «TABPT19~11419+0.PTIPTO)}

RETURN
END

SUBROUTINE COMB
DIMENSION TABTEM{78)« TABH{78)s TABPHI(78)s TABPSH{78)¢ TABM{13)e

1TABPTI(19)s TABNST{(D)e TABPTZ2{(09)e TABZ{l1)e TABWI(99:3, TABETA(S9)
2s ANS(S5)s SFCC(2%)s TABRSP(T78)

| GHL SR R U G G SN S ST SO S A S3 GO AR AN AN AN N SN SN O S A SR N U T T S S S

RO I AV
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DIMENSION PBTAB(8)s HDT(20)s DTTAB(20)

DIMENSION ALTSAV(15)« EMSAV(15)e¢ NOSAVI1IS)¢ FNSAV(1S)s W2SAV(15)
1SFCSAVILS)

DIMENSION TABPHS(78)s TABH4(78)

DIMENSION TABN(12)e TABAT7(12)s RATI(2)e T4(3)

DIMENSION TABVJ(17)s TABDLDB(17)

INPUT

COMMON /BK1/ ALT+EMACH+PT2TID+TT4NWCOW1 +WBsATATDNIPTESAD s A4A4DNIP
180PBsWIDIHeETAZDIENNs Xt Y s TF +PTBPTE«CVesTTEMAXIPTETSASETAG Y IDES VAL »
2GAMODIROAIsTSLS+PSLS+G+ TABTEMITABH«TABPH! ¢« TABPSH« TABPSP s TABM« TABNS
BT«TABPTZ2+TABZ+TABW]1 + TABETATABPT1 « IDDBSs TABSVJ s TABDLDS

COMPUTED VALUES

COMMON /BKZ/ WBOW]1 +AOAS«ABCORABOAT«ATATD s ANS1APO AGA4DAT+ABAQ A
180W1 s ABEM7eTOTE e T7eT7I4aTBI o TTOsTT2sTTLaTT2I e TT2TTLIsTTS«TTSATTT7TT
214 TTEsTT7TT6+TT43POYPBORPO+PTTyHF s HBMaHB ¢ HBL s HB IMy H7M o H7 s HTMI ¢ HAB 2 H
3ABSyHOAHTOQHT2+HT2I s HTAM s HT 4 ¢ HTSM e HTS o HTHOS + HT SAMa HTSH s HT 7MeHT7MI »
4HT6M0Hf8M1HT5AO5oPHIOvPHITO.PHITEI1PHIT1oPHITanPHITaqPHITSA;PHTSA
SMAPHIBMePHITEBMsPHISsPHIZI «PHITOMIPHITMsPHITSyPHIT7M+PHOF S+ PHOHG «PT
EOPO+PTIPTOsPT2T IS PT2PT 1 PT4RT2«PTSP T4 PTSTSA+PTEBRPEBIPTIPT7sRPTT7R 74P
TTERTS+PTETSD+PTEAMIPTSSADPSIHA +PSPI4+PSTHS«PSP1SA+PSIHSA PSP I8 .P5
BIHB«PSIH7+PSPIGRSIPHI «PSIHG «PSIHBI ¢ PSPIT7ENGETAZsETSAWETETS«ETAZ2S
Q+ET2D+EMT+EMBWICORWIDCORWA4COR+W4DCOR«W7COR+W7DCORWWATOTA «W4TEST
SeW1l +WIKDH2ML o STTO+DELTOWDELTOD + GAMAB+GAMAT ¢ VO sVT7+ VB+GAMTP1 + GAMT7MI
SrONSRT e SFC+SFCCOF 4+ OF B+FOF G +F4 s FSAWFAB2FEFNOWL +FNsFEASFOF4FOSA
FSUWBIRTSIRTA'RTEIRTSACP T+ CPB e CAPAG+CAPA7 +OWB+WCBs ICCMB 4 IPP + 154 ICOUN
ST o IKONT s JCONT s ICHKTEST e THET1 2 THETO+DW1 +DW21DDHP 121 4 22423+ Z ETACHET
FA0YFNOWIDIHTEPHIHGE s TSAs TAsRAT o WCOWICoPBTABHDT«DTTAB ¢ IPSDTEMP LET
SAP e ALTSAVIEMSAV ¢+ NOSAVFNSAV «W2SAV s SFCSAVINOs INOZZ « TT2TID+ HTSA +PHTI
BEeTTA4TT2PHITS PSP IS+PHITSMsHT1 oPT2TIL PSS« TABAT s TBVAL « TTVAL ANLIMWNU
SMBER s NSTART o NF INAL s AVAL s XMNSLUs TABNsETA4 +ETAS 1 TABPHS s TABH4 s HPEX T [
SCASEAIPCHyPT4TZ2D+HS+ TSVAL 2 WC

IF (TT4oLTTT2) GO TO 2

IF (TT40eGTeTT4N) GO TO |

GO 7O 3

TT4=TT4N

GO TO 3

TT4=TT2+50.

IF (TT4elLEe2160.) GO TO 8

WCOW1IC=WCOWI#(TTa4-21604)

WC=wCOW]1CH#Wi

AR ARRAAARAAAARAAARAAAR A AAARARAAA AAAARAAARAAARAARAARAAAAAARA AA
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WCB=(1+-WCOWIC-WBOWI )
HF= o 5#(TF~-5360)

. CALL DISCOT (TTa4sTT4+TABTEM TABHsTABH+—11+78+0+HT4)

CALL DISCOT (TT4«TT4 TABTEM: TABPSH«TABPSHe+~114¢78-0:PS1H4)
Fa=tHT4=-HT2)/{ETAG* (H-HS }~HT4-PS [H4+HS+HF )

OF4=1++F4

IF (IDES-1) Se646
W4DCOR=WIDCOR%*¥SART(TT4/TT2*TT2TIDI#1 o /(PT2T1ID*PT4TZ2D 1 ¥0F4#WCH
PT4PT2=PT4T2D .
GO TO 7
PT4PT2=]0-(flo-PTQTZD)*WICOR**Z*WIDCOR**(—2)*(PTETID/PT&PTI)**Z*TT
12TT1/7TT2T1D)

IF (PT4PT2esLTee7) PT4PT2=67
WACOR=WICOR*¥SQRT(TT4/TT24TT2TTL ) #1./(PT2PT1¥PT4PT2 1%#0OF4*WCB
RETURN )

wCowlicC=0

GD TO 4

END

SUBROUT INE PARP

DIMENSION ALTSAV(1S5)s EMSAV(IS)e NOSAV(15)s FNSAVIIS)s W25AVI1IS)s
1 SFCSAVI(15}

CIMENSION TABTEM(78) TABH(78)s TABPHI(78)s TABPSH{78)e TABM(19)
1TABPT1(19)s TABNST(9)s TABPT2(09)s TABZ(11)v TABWL1 {99)s TABETA(99)
2+ ANS{S)s SFCC(25)s TABPSP(78) )

DIMENSION PBTAB(B)es HDT(20)s DTTAB(20)

DIMENSION TABPHS(78)+« TABH4(78)

DIMENSION TABN(12)y TABAT{1Z2)e RAT(Z2)e TA4(3)

DIMENSION TABVJ(17)s TABDLDB(17)

INPUT
COMMON /BK1/ ALToEMACHoPTETlD!TT4N!WC0WleWé1A7ATDN¢pT65AD|A4A4DN9P
1BOPRPEsWIDIHETARD ENNeXs Y e TR I PTBRTEICVes TTEMAXIPTHETSA«ETAGY IDESeVAL Y

2GAMO RO AL+ TSLSsPSI . S1G+ TABTEMTABHs TABPH! » TABPSH« TABPSP « TABM s TABNS
3T TABPT2:TABZ+TABW1 + TABETATABPTI + IDDBS»TABVJ» TABDIL.DB

COMPUTED VALUES

COMMON /BK2/ WAOW1ADASIABCORIABOAT<ATATD s ANS s APD s A4AAD AT oASeAD A

AARARARAAARAARARARAARARAR

rrreerrroccrrcrErErErrcr -

48
49
50
51
52
53
54
55

57
58
59
60
61
62
63
68
65~

. \
VM~ PWL-

— e b
N

15
16
17
18
19
20
21
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OO O -

180WI s ABEMT7eTOsTEBeTT7aT 7 e TBIoTTOoTTZ2 T Tl eTT21eTT2TT1 e TTSeTTSASTTTITT
212 TTHeTTT7TTETTE4sPOIPEOPOIPT7oHF s HBM o HEB s HBT s HBIMeHTM e H7 o H7MI o HAB o H

3ABSeHOIYHTOHT2 s HT2I s HTA4MaHT 4 s HTSMeHTS s HTSOS s HTSAM o HTSHe HT 7Moo HT7MI,

AHTEMsHTBMsHTSAOS s PHIOYPHITOWPHIT2T s PHIT] +PHIT4MPHIT4,PHI TSA PHTSA
EMePHIBMosPHITEMaPHIB+PHIZI s PHITEMIPHITMIPHITE «PHIT 7MsPHOF & « PHOHS +PT
B0POIPTIPTOWRPT 2T IS PT 2P T +PTAR T2 s PTERP T4+ PTSTSAPTERPBWPTIPTT7«PT 7R 7P
TTePTS+PTOTSDRPTSAMIPTSSBADPS[HA4« PSP I4 PSS IHS+PSP1ISAYPSIHSAWPSPIB RS
BlHBPSIHTIPSPIGWPSIPHI vPSIHBIPSIHBI sPSPI7+EN'ETAZ+ETSAETETSETAZS
OVvETZ2D'EMT7+EMBIWICORWWIDCOR«WACORWWADCOR W WT7CORWWT7DCORWATOTL4 s WaTEST
oWl e WIKeDHEM] «STTODELTO«DELTOD s GAMABIGAMAT o VO ¢ VT2 VB«GAMTP1 « GAMTMI
S ONSRT I SFCISFCCIOF G s OF G1FOF G sFA4 sy FSALFAB+FE+FNOWL sFNWFEAWFOF G «FOSA
SWBIRTSIRTAIRTEH«RTSAICP71CPB+CAPABCARPAT »OWB ' WCB+ ICOMB+IPP+ IS5+ [COUN
ST IKONT ¢ JCONTH ICIKTEST e THETI +THETOsDW1 s DW2 +DDHP+Z1 2 224239 Z+ETACET
SAOYFNOWIDWHTEYyPHIHE ¢ TSA+ T4 +RATeWCOWIC+PBTABHD T+DTTAB IPS«DTEMPWET
SAP +ALTSAVIEMSAV INOSAVeFNSAV ¢+ W25AVeSFCSAVeNO s INOCZZ« TT2TIDs HTSAPHTL
SeTTATT2ePHITS PSP IS +sPHITEMIHT 1 s PT2TIL PSSy TABAT7 + TEVAL « T7VAL s NLIMNU
SMBERsNSTART + NF INAL s AVAL + XMNSLUsTABN«ETAGWETAS« TABPHS « TABHSG  HPEXT o I
SCASE + IPCWPT4T2D+HS» TEVAL )

1TJ=0

1PP=0

EN=ENN

ITT4=0

IM=0

W4C1=W4COR .

IF (A4A4DN-1+) 2418118

GO TO 35

VARIABLE A4/A4D ROUTINE

TT4=TT4N¥AGAL4DN**2

IF (TT4eLTe(TT2+100e)) GO TO 3
GO TO 4

TT4=TT2+100.
AGA4DN=SQRT(TT4/TT4N?}
DELTAT=(TTA4N~TT4)/({1+s~A4A4DN)/«05)
IF (IM) 5+5+6

TT4=TT4N-DELLTAT

IM=]

GO TO 7

TT4=TT4-DEL.TAT

T4(13¥=TT4

CALL COomB

WAC2=W4COR

AGA4D=Wa4C2/WaCl

!_I_f_!"I'FF'I_I'I"F'F'F'f'r'f"f'r'f'r'l_l"l"l'"!_f"l"i;‘r'l‘-r—l__l_l_‘f'_l_T’I‘i’l"i‘?f"{'l"

22

23

24
25
26
27
28
29
30

31

32
33
34

25

plwpes

36
37
38
39
40

41

42
43
a4
45

46..

47
48

49 °
50 .

51
52
53
54

55

56
57
58
59
60
61
6z
63
64
65
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10

11

12
13
14

1S

16

17

IF (IM=1) 84849 )
IF (A4ALD—~(A4A4DN+4025)) 11:9¢%
CALL TuRB

CALL COOL

PT&TSA=PT6S5AD

HTEM=HTSAM

PHITOM=PHTSAM

F&6=FSA

OF6=1 e +F6

FOF6=F&6/0F6

CALL NOZZ

CALL ENG

EN=ENN

IF (IM=1) 10410411

POWER=TT4

CALL OUTPUN (POWER)

IF (FNOW1+LTe04) GO TO 35

1IF (AGA4D—(A4A4DN+«025)) 1141146
ABSA4=ABS (A4ALD-A4A4DN)
1TJU=1TJ+1

IF (ITJ-1) 13+13,12

IF (ABSA4=o0013) 17¢17+13

IF (IM=2) 14615415

T4 (p)1=Ta (1 )* (A4A4DN¥*2)/ (A4A4D*¥2)

A4C1=A4A4D

1mM=2

TT4=T4(2)

GO TO 7

A4C2=A4A4D

IF (A4C12EQeA4C2) GO TO 35

»

T4(3)=5T4 (1)~ {AGCLERD—ALAADNH K2 ) /(A4 CIER2-AL4C2H¥2) 1% (T4(1)1~T4(2))

T4(1)=T4(2)

Ta{2)=T4{3)

TT4=Ta4{(3)

A4C1=A4C2

IM=IM+1

IF {(1M=25) 747416

WRITE (6+38)

GO TO 35

POWER=TT4

CALL. QUTRPUN (POWER)

IF (FNOWIi1.LT«0.) GO TO 3%
IF {(ATATDN=10) 35,18,18
PPCNA

s S Y aul et e A S St S o S A S Al N A s i S S Y N s S ) nll nall pl ) i ol

66
67
68

69 .

70
71
72
73
74
75
76
77
78
79
80
81
82
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84
85
.86
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18

19
20
21

22
23

24
a5
26
27

28
29

30

TRPLUS=1 e +AVAL

TMIN=10—-AVAL

A7ATDS=ATATD
T4(1)=TT4-100.

DO 34 JT=NSTART +NFINAL +NUMBER
TTP=TTS

INUM=0

li=1

EN=TABN (JT)
A7ATDL=TABA7 (JT)
ATATDO=ATATDS*ATATDL

IF (EMACH-XMNSLU) 20419,19
EN=1e

TT4=T4 (1)

CALL MATCH

IF (ICOUNT=2) 2241+22

IF (ONSRT=e4) 34+34423
CALL TURB

CALL COOL

PT6TSA=PTESAD

HTEM=HTSAM

PHITEM=PHTSAM

F6=F5A

OF6=1e+F6

FOF6=F&/0F6

CALL. NOZZ
RAT(I1)=A7A7DO/A7AT7D

INUM= TNUM+1

IF (RAT(II)=TPLUS) 244:31+28
IF (RAT(11)=TMIN) 25¢31¢31
IF, (INUM=2) 27+:30+26

IF (INUM=25) 30430,32

CONT INUE

T4 {2)=T4 (1 )+ (TTP=T4(1)1)%a5
TT4=T4 (2}

[1=2

GO TO 21

IF (INUM=2) 2943026
T4{21=T4 (131~ (TTP-T4(1))1#%5
TTa=T4(2)

11=2

GO TO 21

CONT INUE

IF (RAT(1)oEQaRAT(2)) RAT(2)=RAT(11%#1.01

it ol el el el st el il el el ot el el sl sl el el el sl sl el el sl ol sl wull e mullt el ol
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130
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31

32
33

34
35

26

aOn0o0

T4 {33z { {1 o~RAT(2 )/ {RATI{2y=-RAT{1 1)1 {TY{2)-Ta 11 1) ¥+T4{2)
IF {T4(3)eGTTTP) T&{31=TTP~20s
1IF (T4{31:LTeTT2) T4 {3y=TT24506
TT4=T4({3)

T4 (1)Yy=T4(2)

T4 {2y=T4(3)

RAT{(1)=RAT(2)

11=2

GO TO 21

CALL ENG

POWER=TT4

CALL OUTPUN ({(POWER)

GO TO 33

WRITE (64+36)

T4(131=TT4~1000

IF {(FNOW1eLT«0o) GO TO 35

CONT INUE

AdA4q4D=10e

RETURN

FORMAT {1HO6X26HITTERATION GREATER THAN 23
END’ )

SUBROUT INE ENG
DIMENSION ALTSAV(15)es EMSAV(15)s NOSAV(1IS), FNSAV(1S), W2SAVIIS)e

1SFCSAVILS)

DIMENSION TABTEM{783+ TABH(7B)s TABPHI(78)+ TABPSH(78)s TABMI{19)»
ITABPTI{19)s TABNST(S)s TABPTZ2(09)s TABZ(11)s TABW1 (99)s TABETA(I9)
2: ANS(5)e SFCC(25)s TABPSP(78)

DIMENSION PBTAB{(8), HDT(20)e DTTAB(20)

DIMENSION TABPHS(78)y TABH4(T8)

DIMENSION TABN{12)» TABAT7(12)e RAT(21» T4(3)

DIMENSION TABVJ{17)s TABDLDB(17)

INPUT

COMMON /BK1/ ALTEMACHPT2TIDsTTANWCOW]1 s WB o A7ATDNPTESAD A4A4DNP
180P8WIDsHsETAZDAENNe X2 Y TR o PTEBPTE e CY o TTOMAX e PTETSAETAL IDESe VAL e
SGAMORCIASs TSLSPSLSaGoaTASTEM s TASH, TABPHI « TABPRSH: TABPSR 2 TABM« TABNS
AT o TABP T2+ TABZ o TABWI s TABETACTABPT1 « IDDBS« TABVJ » TABDLDY

rrrrrrfrCrCCCrCrCCCCrrrrEreTT

EEZETZZ2EE2XZEZEZERIZEIZTEZR

154
155
156
157
158
159
160
1561
162
163
14
165
166
167
158
169
170
171
172
173
174
175~
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COMPUTED VALUES

COMMON /BK2/ WBOW1 sACASABCORABOAT7+ATATDsANS I APO+AGA4DATAB+AQA
1B0WISABEM7eTO T8 T 7o T 7 I oTBlaTTOeTTE2sTT e TT2l e TT2TTLaTTS«TTSATT7TT
2laTTHaTT7TTE+TT4POLPBOPO«PT7+HF s HBM s HB A HBT ¢+ HBIMiHTMoH7 s H7MI yHAB o H
BABSoHOsHTOHT2+HT2] s HTAMaHTG s HTSM s HTSeHTSOS + HTSAMo HTSHeHT 7TMe HT7MI
GHTEMsHTBMsHTSACS«PHIO«PHITOQePHITZ2I o PHITI o PHITEMePHITG s PHITSAPHTSA
SMePHIOM«cPHITBM«PHISPHIZ s PHITEMPHITMePHITEIPHIT 7Me PHOF & +PHOHS ¢PT
BOPOWPTIPTOPTETI S PT2PT1 +PTA4PTE«RPTSPT4«PTSTSAYPTBPBPTIPT7+PT7P 74P
TTEPTSsPTETSD 1PTEAMIPTSSADIPSIHG s PSP I4+PSIHS sPSPISAIPSIHSA +PSPI8 «PS
BlIHB+PSIHT7+PSPIGPSIPHI «PSIHOG6+PSIHB I o PSP I 7+ENGETAZ+ETSAETETS«ETAZS
GeETZ2D'EMT:EMBsWICORIWIDCOR s WACOR s WADCOR+W7CORsW7DCORWATOTL +WATEST
oWl s WLIKeDH2MLI + STTODELTODELTOD « GAMAB s GAMAT VO VT I VByGAMT7PI « GAMTMI
SeONSRT e SFCsSFCCIOF440F6IFOFEsFAsFSAFABsFE+eFNOWL +FNeFGAFOF4+FOSA
SWBIRTSIRTAIRTOH«RTSAICP72CRPBsCAPABCARAT+OWB s WCB: [COMB+IPP 1154 ICOUN
ST+ [KONT e JCONT s [ICHKTESTATHETL ¢« THETO:DW1 o+ DW 2 +DDHP 1 Z1 9724 Z3¢ ZaETACWET
SAQFNOWID+HT G PHIHG + TSA« T4 s RATsWCOW I CHPBTABHD T+DTTABLIPS«DTEMP +ET
AP AL TSAVEMSAVINOSAVeFNSAV «W2SAVISFCSAVANOYINQZZ«TT2TID+HTSA WPHTIL
SeTTA4TT2PHITS PSP ISePHITSMeHT1sPT2TIL +PSs TABATTBVAL s T7VAL s NLIMeNU
SMBER«NSTART s NF INAL s AVAL s XMNSLUs TABN+ETA4+ETAS« TABPHS s TABH4 +HPEX T 1
BCASE+IPC+PT4T2D+HS s TSVAL ’

COMMON /NEW/ FDsFGsWFsDLDB«DFGSeFGLl ¢ FNLaSFCI

COMMON /wWww,/ WIDE

VO=EMACH®*AD

ABOWI = (OWB*OF6*¥RTE*T8) /{PBORPO*¥POH#VSE)

FNOW1 =0WB*OF6* (VBX¥CV/G)-VO/GH+(PBOP0O~1 ¢ ) *AB0W] ¥P0O

FN=FNOW1#y]

SFC=F6¥0OWB/FNOWI ¥3600.

FD=W1¥#V0/G

FG=FN+FD

WF=SFC¥FN

IF (1DDBS+EQQ) GO TO 1

IF (VBaLLT41000)y GO TO 2

CALL FTLUPRP (VB+«DLDB+2+17+TABVJIsTABDLDE)

DFGS=1e—-e005%DL.DB

FG1=FGXDFGS

FN1=FG1-FD

SFCI1=WF/FNI

IF (IDDBS.GT-0) GO TO 3

DLDB=0.

FG1=FG

FN1=FN

SFC1=5FC

TEZTZTXEZZTTETEZEZTEEZZZZEZZIZEZZIZIEXZEZEZIEZZZEZTETZIRRRRZEZZREEZREZEZE

18
19

20
21

22
23
24
25
26
27
28
29
30
31

32
33
34
35
36
37
38
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40
41

42
43
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51°
52
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IF (VO 5524
VJIE={{FNOWL1+VO/GYHG Y/ (OWBHOF6 )

ETAP= (20 #GHFNOWL #VO0 )/ (OWBHOF 6% (VIER#2-VO%#2 ) )
ETAC= {QWBHOF &% (VUERH2=VO4%2) )/ (2 0 ¥GFAJHOWBHF 63 (H~HS) )
FNOW1D=FN/WIDE

ETAO=ETAP#ETAC

GO TO 6

ETAC=0

ETAP=0

ETAO=0

FNOW1D=FN/WIDE

RETURN

END

SUBROUT INE AFTER

DIMENSION ALTSAV(15)¢ EMSAV{IS)s NOSAV{1S)s FNSAV{15), W2SAV(1iS)s
1SFCSAVILS)

DIMENSION TABTEM(78)s TABH(78): TABPHI(78)s TABPSH(78)s TABM(19)s
1TABPT1I{19)s TABNST(9)e TABPTZ2(093)s TABZ(11)s TABW1(99)s TABETA{99)
2y ANS{5)e SFCC(25)e TABPSP(78)

DIMENSION PBTAB(8)+ HDT(20)s DTTAB(20)

DIMENSION TABPHD(78) .« TABH4(78)

DIMENSION TABN(12)s TABAT(1Z2)+ RAT(2)+ T4(3)

DIMENSION TABVJ(173s TABDLDB (17}

INPUT

COMMON /BK1/ ALT+EMACH«PTZTIDeTT4NWCOW1 +WB+A7ATDNSPTASADsAGA4DN P
180P8eWIDIHETAZDIENN o Xs Y s TR PTBPTE«CVeTTOMAXPTETSAETAG6 IDESs VALY
2GAMOsROVAIsTSLS oPSLS G+ TABTEMLTABH « TABPHI « TABPSH+TABPSP « TABM « TABNS
AT« TABRPT2+TABZ - TABW1 « TABETA+TABPT1 o 1DDBS s TABVJ «» TABDLDB

COMPUTED VALUES

COMMON /BK2/ WBOW1 +ADAS+ABCORIABOAT7cATATD v ANSsAPO«A4A4DAT:ABADA
180WL vABEMT9TOs T8 T7oT7IoTBI e TTOTT2sTT1sTT2IsTT2TTLeTTSaTTSATT.7TT
2leTTReTT7TTOEsTTG PO oPBOPOIPTT7eHF ¢HEMvHB o HBT ¢ HBIMsHT7MaHT7 +HTMI s HAB o H
3ABSoHOIHTOoHT2eHT21 e HTAMoHT A s HTSM o HTS o HTSOS e HTSAMe HTSH o HT 7Moo HTTM] o
GHTEMe HTSMoHTSAQSPHIOQ o PHITOsPHITZ21 ¢ PHITI ¢ PHITA4MoPHITEG o PHITSA«PHTSA
SMePHIBMePHITBMoPHIBRPHIZI o PHITEM o PHITMePHITE s RPHIT7MoPHOF 6 o PHOMHG o PT

TEZTITIZTZZE=

EL2Z2Z2Z22Z2Z222222Z2222ZZZ2Z2Z22Z
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67
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69
70
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73
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GOPOPTIPTOPTET IS s PT 2P T I o PTAR TR e PTSRTAsRPISTSAPTERE«PTIPT 74P TR TP
T TP TS RPTOTAD P TOAMPTEBADPSTHA+ PSP I4«PSIHSPSPLISASPSIHSAWPSP IS 4PS
BIHMB+PSIHT7+PEP 16 PSIPHI«PSIHGE«PSIHBI s+ PSP IT7«EN'ETAZ+ETSAETETSETAZS
GIET2DIEMTEMBoWICOR»WIDCOR s WACOR s WA4DCOR s WT7CORWWT7DCORIWATOTA4»WATEST
SeWloWIKeDHEZMLI o STTOWLELLTOQ+DELTOD s GAMAS+GAMAT o VO IV T7 e VEoGAMTP1 + GAMTMI
BIONSRTISFCISFCCIOFGo0F 6 sFOF B ¢F 41 FSAWFABIFSFNOWL aFNFAAWFOF 4 +FOSA s
SWB IRTSIRTAIRTEIRTESACPT7+sCPB8+CAPAS+CAPAT7 +OWB s WCB [COMB 4 1PP IS+ ICOUN
ST o [KONT ¢ JCONT o ICeKTESTsTHETL ¢« THETOsDW1 sDW2+DDHP s Z1 v+ Z2 423+ ZoETACHET
SAOWFNOWLID sHTE +PHIHAE ¢ TSAs T4 sRATWCOWIC+PBTAB+HDTHIDTTABLIPS«DTEMP WET
SAP s ALTSAVeEMSAVINOSAV+FNSAVIW2SAVISFCSAVINO INOCZZe TT2TID s HTSAWPHTI
SeTTATT 2 PHITS PSP IG+PHITSMeHTLPT2TIL oPSeTABAZ « TBVAL W T7VAL sNLIMINU
SMBER +NSTART « NFINAL ¢ AVAL « XMNSLUs TABNIETALG+ETASy TABPHS s TABHG +HPEX T |
SECASEWIPC+PTAT2D+HS« TSVAL

CPRS=1RPS

DO 4 1=1+1IP5

Ps=|

IF (I—IPS) 1343

TT6=(TTSA4+S0 )+ {TTEMAX-TTSA=50e ) ¥ {(CPS~1e-P5})}/{CPS5—2%)
PTOTSA=RPTESAD—2: ¥ 108 ¥ ¥ (=51 % { TTEMAX~TTSA—S04 ) ¥ {CP5-1e—=PS5)/(CPS~2 4}

CALL DISCOT (TTEeTTE«TABTEMTABH+TABH»—=11+47B+04HTE)

CALL DISCOT (TTH+TTHETABTEMy TABRPSHeTAERPSH~117B8+0:PSIHE)

FABZ2 (HTE-HTSA}/ (ETAGH (H=HS ) +HS-HTE-PSIHE+HF ) ¥ {1 « +FBA¥ (1 o+ (PSIHE-PS
1IHS5A) Z (HTE=-HTSA )Y )

F6=FSA+FAB

OF6=10+F6

HTeM=HTE64+PSIHE*¥F6/(0F6)

CALL DISCOT (TTOHsTTE+TABTEM»TABPSP+TABPSP+~1127840PSPI16}

CALL DISCOT (TTE+TTE6E+TABTEMTABPHI « TABPHI ¢—11¢78+0+PHITS)

PHITEM=PHIT6+PSPI6*¥F&6/0F6

CALL NOZZ

CALL ENG

POWER=TTSH

CALL. QUTPUN (POWER)

GO TO 4

TT6=TTSA

PHITEM=PHTSAM

HToM=HTSAM

FAB=0O

PT6TS5A=PTHEAD

F6=F35A

OF6=1e+F5

GO 7O 2

CONT INUE

RETURN

z2zZ2zz2 2 ZZZ2zZ2Z Z 222222222 ZZ2ZZ2Z2ZZ2Z2Z2Z22Z22Z2ZZ2Z2222Z222%Z%
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OO0

EMND

SUBROUTINE ATS2SP (HANSDTEMPPBTABHDT«DTTAE}
AMNSWERS COMPATIBLE WITH THOSE OF AT62

AT625P CONVERTED 70O CDC 1+67 )
SUBROUTINE AT&28P wWiLL COMPUTE THE STANDARD DAY 1962 ATMOSPHERIC

PRCOPERTIES (PRESSURE +DENSITY «TEMPSONIC SPEEDAND REYNOLDS NOLPER

MACH=FTe })AS A FUNCTION OF AN INPUT ALTITUDE (H:GEOMETRIC FTe)
FROM Sela TO 200000 FTeos

IN ADDITION A NON~-STANDARD DAY MAY BE COMPUTED IN SEVERAL OPTIONAL

WAYSe .
BY INPUTING A TEMPERATURE INCREMENT(DTEMP«DEGeKELVIN)Y A HOT DAY

UTILIZING THE STANDARD DAY TEMPERATURE GRADIENTS MAY BE COMPUTED.

THIS ATMOS«WILL USE THE HYDROSTATIC EQUAAND THE EQUA.OF STATE.

BY INPUTING A TABLE OF TEMPERATURE INCREMENTS AS A
FUNCTION OF ALTITUDE (DTTAB VS HDT) A HOT DAY MAY BE COMPUTED
WHICH WIli OBEY THE EQUAOF STATE BUT NOT THE HYDROSTATIC EQUAcoe

COMBINATIONS OF THESE TWO ORPTIONS MAY B USED TO COMPUTE

A WIDE VARIETY OF NON-STANDARD ATMOSPHERES.

FOR EITHER ATMOS. DESIREDs A TABLE OF PRESSURES AT SPECIFIED
ALTITUDES MUST BE INPUT (PBTAB(8)}e THIS TABLE WILL BE SUPPLIED
BY ACG FOR SELECTED DTEMP VALUES.

{THE BASIC TEMPS.AND GRADIENTS ARE BUILT IN )

DIMENSION ANS{(S)e HMTADB(9)s HOTADS(8) ELMTAB{(8)s TMBTAB(8)

DIMENSION PBTAB{(B)e HDT(20)s DTTAB(20)

DIMENSION ZDPR(1)ys HDPR({1l)

DOUBLE PRECISION ZDPR + HDPR o Z£6 + 26F s TEMPZ2
DOURILLE PRECISION TEMZ2 s TEM3 s TEM4 , o TEMS « TEMOS

DOUBLE PRECISION SINZ + D3IN + DLOG o [COS

DATA (HMTAB(I 3al=1+9239(HBTAB(1)eI=108) e {ELMTAB(I}oI=148)c (TMBTAD(]
13101=148)/-999999995 0110006200006+ 3200046047000,052000,:9610004s¢7900
206 ¢P993999T 0 90021100060 2000054320000+47000:+5200064610004¢79000¢9~-
300650060001 050028¢a00waC02¢~0004080028B:150216065:2156:65:228:654¢
4270651270085 9:252065,180:65/

sReReloNesNeReNoReoNoNesNeNeReNoNsNoNeNoNeNsNoRaleNoNale) OC)O<3C)O‘DC)O'O¢D

Fi-

VOO W
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0
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EMOR=.00348368
GAM=1a4

GO=9.80665

CONV1=03048

CONV2= 045359237

ZFT=H -
CONVERT Z FTe TO Z METERS

Z=ZFT#*CONV1

COMPUTE H DOUBLE PRECISION

1111 CALL STORE(ZDPR+ZDPR(1)el1+2)

ZDPR=Z

CALL STORE(ZDPRZDPR(2)9140.0)

Z6=ZDPR {1 )%*,000001D0

Z6=ZDPR%* 000001

210 Z6P=Z6+60¢3675708D0

Z6P=Z6+623675708

211 TEMPZ2z.0010559179D0%Z6+1 « 5640543D0

TEMP2=4 00105591 79%Z6+1 « 5640943

TEM2=Z6P*Z6P

TEM3=TEM2¥Z6P

TEM4=TEMZ#TEM2

TEMS=TEM2%TEM3

TEM9=TEMA HTEMS

SINZ=DSIN(.00052795893D0%Z26+.78204713D0)
SINZ=SIN{.00052795893%Z6+« T8204713)

217 HDPRI(1)=-40648635D0/(Z6P)~894899.28D0/TEM3-16302410+D0/TEMS~7
1372400/ TEM4~135.55760D0%Z26%Z6~1 724 « B490D0O*Z6+ (26B469768D0/TEM3 ¥ (

2INZ¥SINZ} +{(708.70509D0/TEM2~256757.85D0
3Z6-163492348D0+.00079017959D0*DLOG(ZDPR (1 1+6367570+.8D0) 1 * (DSINAITE
4P21)+{ 7483343600/ (Z6P)1-243160820.D0) ¥ (DCOS(TEMP2))+9646530
528423200

HOPR=-40648635+/{Z6P )~894899:28/TEM3~1 6302410+ /TEMS-T74083724/TEM4
1-135+55760%ZE6¥Z06-1T24B4F0%26+ (2684697 «8/TEMI V¥ (SINZ¥SINZ I+ (70870
2509 /TEMZ2-256757e85#Z6~1634923:8+«0007901 79S9*ALOG{ ZDPR (1 Y+6367570s
3B I (SINI(TEMPZ2) 1+ {+ 74833436/ (Z6P 12431603204+ ) ¥ (COS{TEMP2 ) )+9646530
407284232

H =PART (HDPR+HDPR(1 )1}

H=HDPR

IF (Z=90000.0) 141413

Z LESS THAN 90000.M FIND H IN HMTAB TABLE

N=1

IF (H-HMTAB(MN)) Se443

N=N+1

GO TO 2
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JEN

GO TO 6

J=N=-1

FIND HB«PBsELMTMB s TM
HB=HBTAB (J)

PA=PBTAB(J)

ELM=ELMTAB(J)
TMB=TMBTAB(J}+DTEMP

TM=TMB+ELM* (H=HB)

IF (HDT(1)el.ToeDe) GO TO 7

CALL DISCOT (ZFTeZFT+HDTWDTTABsDTTAB»—011+20+00+D7T)
T™M IN KELVIN

TM=TM+DT

TMB=TMB+DT

IF (22640,~-PBTAB(2)) 10+10.8

IF (PBTAB(2)-226304) 1C+10.+9
DTSAVE=TMB~TMBTAB(J)
TM=TM=-DTSAVE

TMB=TM3~DTSAVE

1F (ELM) 11012411

IF ELM NOT =0 COMPUTE P

P=EXP (ALOG (PB) - {GO¥EMOR/ELM) *ALOG(TM/TMB ) )
GO TO 14

IF ELM=0 COMPUTE P

P=EXP (ALOG(PB )= (GO¥EMORI ¥ ({ (H=—HB ) /TMB))
Z2=2Z

CONVERT P NT/MZ2 TO PSH
PRESS=P/47.880183

T DEGREES KELVIN

IF (22640.=PBTAB(2)) 17174185
IFE (PBTAB(2)-226300) 17¢17+16
TM=TM+DTSAVE

T=TM

RHO KG/M3

RHO=EMOR¥* (P/TM)

CS M/SEC

CS=SQRT (GAM¥TM/EMOR )

CONVERT RHO KG/M3 TO LB/FT3
RHO=RHOXCONV 1 #CONV1 #CONV1 /CONV2
€5 FT/5EC

CS=CS/CONVL

VISCOS IN LB/FT-SEC
CONST=(CONVI/CONV2)I¥#1:458/100%%6 e
VISCOS=CONSTHTH#1 65/ (T4+11004)
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RNOML  IN RN/MACH-FT
RNOML=RHO*CS5/VISCOS

CONVERT RHO LB/FT3 TO SLUG/FT3
RHO=RHO/+321740485E+02
ANS (1 )=RHO

ANS(2)=PRESS

ANS(3)=T

ANS(4)=CS

ANS (5)=RNOML

H=ZFT

RETURN

END

SUBROUTINE FTLUP (XsYsMsN+VARI+VARD)
DIMENSION VARI(1)e VARD(1)s VI3)s YY{(2)
DIMENSION 11(43)

DATA (II(J)sJ=1443)/43%~1/
MA=TABS (M)
LI=MOD(LOCF(VARI(1))+43)+1

=11(LI)

TIF (leGEeO)Y GO TO 6

IF (NeLT#Z) GO TO 6

IF (VARI(2)=VARI(1)) 2+2+4
K=LOCF(VARI (11})

PRINT 17y JeKe(VARTI(J)eJd=1 N (VARD(J) s J=1aN)
sSTor

DO 3 J=2aN

IF (VARI(U)=VARI{(J~11) 34141

CONT INUE

GO TO &

DO § J=24+N

IF (VARI(J)I=VARI(J=-1)) 14145

CONT INUE

IF (Jel.EeO) I=l

IF (leGEeN) I=N-1

IF (NoeLEesl) GO TO 7

IF (MAsNELQ0) GO 70O 8

Y=VARD (1)

GO TO 16

IF ((VARI{T I =X)®(VART(I4+1)=-X)) 111149
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i1

12

13

14
15

16

INSSIGN(1e0s (VARI (14+1)=VARI (1)) ¥ (X~VARI(1)))
IF ((1+IN)eLEs0) GO TO 1}

IF ((I+IN)«GEaN) GO TO 11

I=1+IN

IF ¢ (VARI (I)=X)%(VARI(I+1)=X)) 11411910

IF (MAsEQe2) GO TO 12

Y= (VARD (1) # (VAR (141 )~X)=VARD (I+1 )% (VART (1)—=X) 3/ (VARI (I1+1)~VARI (1)

1)

GO TO 16

IF (NeEQe2) GO TO 1

IF (I.EQa(N~1)) GO TO 14

IF (1.EQel1) GO TO 13

SK=vVARI (1+1)-VARI (1)

IF ((SK#(X~VARIT(1=1)))eLTe (SK¥{(VARI(I+2)~X)}) GO TO 14

L=t
GO TO 15
L=I-1

VE1)=VARI (L)-X

VI2)=VARI (lL.+1 )~X

VI3)=VARI (L+2)~X

YY1 )= (VARD(LY*VI2)—VARD (L+1 y#V (1)) /7 (VARI (L+1)-VARL (L)
YY(2)=(VARD(L+]1 }#VI3)-VARD(L+2)#¥V{2) )/ {VARI (L+2)-VARI (L+1}}
Y= (YY) #VIS)=YY(2)#V 1))/ (VART (L+2)~-VARI (L))

Itiery=1

RETURN

FORMAT (1H1 +#TABLEBELOWOUTOFORDERFORFTLURPATPOSITION¥ ¢ 154 /7% XTABLEIS
1STOREDINLOCATION¥ 20647/ (8G158))
END

SUBROUTINE DISCOT (XA+ZA+sTABX+TABY s TABZaNCosNY ¢ NZsANS)

THE DIMENSIONS IN THIS SUBROUTINE ARE ONLY DUMMY DIMENSIONS.
DIMENSION TABX{2)s TABY(2)s TABZ(23+ NPX{8)+ NPY(8B)es ¥YYI(8)
DIMENSION TABX(2)1+TABY(2)1+TABZI2) NPX(8) s NPY(B)sYY(8)

CALL UNS (NCeIAWIDXsIDZeIMS)

IF (NZ=1) 1e1s2

CALL DISSER (XKA-TABX (I )+ 1 +NY s IDXeNN)

NNN=TDX+1

CALL LAGRAN (XA+TABXINN)YTASY (NN) oNNN2ANS)

GO TO 12
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11

12

ZARG=ZA

IP1X=1DX+1

IP1Z=1D2Z+1

IF (FA) 3453

IF (ZARG-TABZ(NZ)) 5+54+4

ZARG=TABZ (NZ)

CALL DISSER (ZARGTABZ{1})e1«NZ+IDZ«NPZ)
NX=NY/NZ

NPZL=NPZ+1DZ

1=1

IF (IMS) 6+64+8

CALL DISSER (XA+TABX(1)+1«NX+IDXsNPX(1))
DO 7 JJI=NPZNPZL

NPY (1 1= (JJ—1 YENXENPX (1)

NPX(T)Y=NPX(1)

I=1+1

GO TO 10

DO 9 JJU=NPZ.NPZL

I1S=(JJ=1)#¥NX+1

CALL DISSER (XA«TABX(1)sISaNXeIDXI«NPX(I))
NPY(I)=NPX(I1)

I=T+1

DO 11 LL=1+IP12Z

NLOC=NPX{LL}

NLOCY=NPY (LL)

CALL LAGRAN {XA+TABX(NLOC)s TABY (NLOCY ) IPIXsYY{(LL))
CALL LAGRAN (ZARG+TABZ(NPZ)+YY{(1)sIP1ZsANS)
RETURN

END

SUBROUT INE UNS (ICsTA«IDXsIDZ»IMS)
IF (IC)Y Lals2

IMS=1

NC=-1C

GO 70 3

IM5=0

NC=1C

IF (NC=100) 4+5.5

1A=0

GO 7O 6

)
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FA=1
NC=NC~100
IDX=NC/10
IDZ=NC—~IDX#*10
RETURN

END

SUBROUTINE DISSER (XAsTABs IoNXsIDNPX)
DIMENSION TAB({(2)

DIMENSION TAB(Z2)

NPT=ID+1

NPB=NPT/2

NPU=NPT~NPB

I

(NX-=NPT) 2142

NP X=1

RETURN

NLOW=[+NPB
NUPP=1+NX=(NPU+1)
DO 3 11=NLOWNUPP
NLOC=11

IF

(TAB(II)=XA) 3ede4

CONT INUE

NP X=NUPP~NPB+1
RETURN
NL=NLOC~NPB
NU=NL+ID

DO S JJ=NLWNU

NDIS=JJ

1F

(TAB{JU)I=TAB(JJ+1}) 54645

CONT INUE
NP X=NL
RETURN

IF

(TABINDIS)I=XA)Y BaT7+7

NPX=NDIS-ID
RETURN

NP X

=ND[5+1

RETURN

END
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SUBRQUTINE LAGRAN (XAsX+YeN+sANS)
DIMENSION X(2)s Y(2)
DIMENSION X(2)Y(2)
SUM=00

DO 3 I=1eN

PROD=Y(1)

DO 2 J=1sN
Az=X{I)-X{)

IF (A)Y l1eZ241
B=(XA~-X{J))/A
PROD=PROD*8B
CONTINUE
SUM=SUM+PROD
ANS=SUM

RETURN

END

SUBROUTINE MTLUP (XeYeMsNsMAXSNTABs I +VARTWVARD)}

DIMENSION VARI{(1)¢+ VARD(MAXs1)+
LOGICAL EX

IF (MsEGe0O)Y GO TO 17

IF (NelLEel) GO TO 7

EX=eF»

IF (I«GEeO) GO TO 6

IF {(NeLTe2) GO TO 6

IF (VARI(2)=VARI(1)) 24244
K=LOCF(VARI (1))

PRINT 19 JsKe{(VART (J)ed=1 N
STOR

DO 3 J=2Z2N

IF (VARI(JU)=VARI(JU=-1)) 3s101
CONT INUE

GC TO 6

DO 5§ J=2«N

IF (VARI{J)=VARI(J=113) 1ele5
CONT INUE

IF (1eLESCY I=1

A A A A A A A A
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12

13

14
15

16

17
18

IF (1«GEeN) I=N~-1
IF ((VARI{I)-X¥¥(VARI(I+1)=X})) 10107
IN=SIGN(140s (VARI (141 )=VARI (1))¥# (X=-VARI (1))}

IF ((I+IN)«LLE«Q) GO TO 9 n‘

IF ((I+IN)eGE«N) GO TO 9
I=1+IN R

IF ((VARI(1}=X)}*(VARI(I+1)~X)) 104108

EX=aTe ’ ' v
IF (MeEQe2) GO TO 12

DO 11 NT=14NTAB ;

Y(NT )= (VARD (I yNT )% (VART (I+1 )~X)=VARD (141 +NT)I*# (VARI (1)=X3)/{VARI ( T+
11)-VARI(I))

IF (EX) I=1+IN

RETURN

IF (NeEQs2) GO TO 1

IF (1eEQe(N=13%) GO TO 14

IF (1«EQel) GO TO 13

SK=VARI (I+1)1=-VARI (1)

IF ((SK¥(X=VARI(I~=1))})eLTe {(SK*¥{VARI(I+2)=X))) GO TO 14

L=l

GO TO 15

L=1-=1

V1)=VARI (L)=X

V(2)1=VARI (L+1)=X

V{3)=VARI {L+2)~X

DO 16 NT=1.NTAB

YY (1)= (VARD (LaNT)I#V (2 )~VARD (L+1 ¢ NTI¥V (1) )/ (VARI(L+1)~VARI (L)) |
YY(2)=(VARD (L+1 sNTI ¥V (3)=VARD (L+2 NTI¥VI2) )/ (VART (L4+2)~VARI (L+1))
YINT)=(YY (1) %¥VI3)=YY(2)%V (1) )/ (VARI (L+2)-VARI (L))

IF (EX) I=1+IN

RETURN

DO 18 NT=1+NTAB

Y (NT)=VARD(1 +NT)

RE TURN

FORMAT (1H1o*TABLEBELOWOUTOFORDERFQRMTLUPATPOSITION*.ISv/*XTABLEIS
1STOREDINLOCATION%®+06+//(B8G15.8))
END
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The examples, which follow, were chosen to show the preper sequence for
establishing an engine design and to show sampies of the three modes '
of printed output.

Example 1 (Case 1} - The following input (ENPUT) data is required to
_ establish an engine design.
SENPUT

+

ALT=0e s CV= o FB8S +DTEMP =0 e +EMACH=0Q e+ ENN=1 s s ETAZD= e 875+ CTAG T e FBIyETAS=e s ETAE= T
HPEXT=0 e e PTZEZTID=15a2PTA4TZ2D" e 95¢PTEBAD=] o ¢ PTBRPTOE=1 s TTAN=30604 + TTOMAX=4060s 0
WID=T7004 ¢ WB=0s s WCOW1 =000 ¢ WIDE=7000 s X=s1l o XMNSLU=] eSsY=10l,

AJ=T7 7B 1564G=32¢174¢GAMO=1 44 +PSLS=2116023814+R0=53e330321+TS5LS5=51866999,
AVAL=e00% s ICASE=1 +NLIM=20,TSVAL=+001+T7VAL=e01 ¢« TBVAL=20001 4 VAL=e025.

PBTAB=1013254122632,02545474:8705+868.014044110,90547
59.000452+18B,20989341,0376983

TABM=001221041453s801 09162118891 e669108Be2e6¢20212084922612e8+3093e¢2+3e4 4306

TABRPTI=19%] e

TABETA= 7609180454 486101408740 797 077714721 4469517538481 39+eB764e927+90F
B34 0807275317353 74094+ 48245+ 68F4 0951309424 0886+1¢8BT71 168074678306 72324+¢8292¢
0901 40 9EB 1974 +09329 0926487148150 7091 4 e83164e¢9121984+1001¢ 4973004956594 9030
68304468671 e83164e92240991+160161160051698910919448451467149eB292+9239e995
1002541 0254100540931 06848146478 +4828169120e994¢1e02841e03141e01314939¢4847
eO20 T+ eB1 74191 1698941002501 ¢02%901 6013009424683 7059719080454 e895¢+97841:015,

1602141 ¢e00F 189274806+ ¢568F 1078454 e87841496141401441e00735104391F4+4753,

TABMST=s43505 405+ 6 T1e8¢eS0loslololeln
TABPTZ2=416481e2235103400¢ 25038466854+ +84¢100161054121695

TABWI{1)70195940276+0402 7415975467751 109428,:1e035941¢108014165+

019484027431 e4005485954 407751 40942841 0035901e¢108010165+019384e¢2724,

039944 05943907751 48942831 20353941 01084101650 19270427040e397F4e591 067748423428
1¢0316+¢1e¢10811016F5121900549:26851439494587B0¢+77181:e9396018031641¢108914165+,1884+

e PE63410390B+ 0584544768754 e9353410030501 410801016534 18620¢263%9003875405774e7621 0

e 929T+1 60305 ¢l 0 lC0B4¢10165+41844026070¢0638431a57164075324s922141e03059101064161650
01819002565103778!05629007415009060!!§02845121030!0163’117970925111037351355211
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TABZ=Oussslve2903 404 10T0e654870eBrvaPslay

TABH(1)= 04412104041 92481204670216a05+22B062+2000624¢2520b884260T1276,79:288+88,
301005431 3e27 0325520337 486¢350027T03602075¢375029¢387e92080006630413e42:426e¢284
B39e2434520269465:38+4T78e¢563491 0811505414 05180560532e02¢545456¢550 172572084
SEGeST 160046354561 442005280 1040642404 405606044670s09308B40201098e35¢71 20533726676
7414031755435+ 769e 70+ 784¢08¢7984504812:.96418270454841098:8560534871012¢885.73
GO0 381915051929 ¢ 754044 4809590234974 .00+088e8B0:1003+63¢1018e4841033:¢360
104802541 0E3¢1641078¢0941093405+1108e02+112300241138Be08+1153:.08+1168613,
1183204119829+ 13500941503e360

TABPHI(1)1=0e91 3075791498494 145303141,55845+¢1+583680¢146065641:62748B4+1+464679,
1466471 4126814641 46971761 07120001 4725984173932+ 1 752006010 7642341 077591,
1278713414797 96+1808B40+1.8184641:82823418377141+846914+1+:855844+1.86454,
1a873004188128:1e8893241.8B9716+1 45048641 ¢9123541091967+1+92684+1 93384
1069407141 Q4743410254024 1 9604801 e FE68B241e¢27304 4109791401 498513¢1+399102,
1099680+2¢0024942000807120135742¢0189742e02494 4202950420346 T702e03974
2a044T442e0456T71240545242 0593012406401 42068664200 732412607 77602.08222,
2e08EER2124090964 2409052442 4099481201 0365¢2e107784211185120,11588:2.119864
2el237942.12767+2s13151+42.123831+201710642020336,

TABTEM{1)1=0e 1500 4350444004 44500 150045500 45000¢5500+ 7004750498000 9850049000
950641000041 0506 411004115064 12000412500+13000¢13504+1400414500415000415500,
1600411650021 70049175041 1800241850¢¢19000919500420000120506421000+21500+42200a
22506 423004235949 24004124506425000425500026000+2650¢427000+42750042800+285040
PYN06 4295009130000 +4305044310004¢3150043200e+432500933000+3350e43400¢+34500435004,
35506 136003136500 437004437504 438006+3850330004439506¢20004+4500064500008

TABA7=160101 0541 al4161501e6175116201e2541e3491e3501049164501650

r

.TABN=1o099751095!;991oBSt08107500710650.609550050

TABDLDB (1 )1=60]1545e2596055 9567056069597 03¢7e85¢805:¢Fe3¢11035¢13s5014850
1506354154954 16e¢35¢1669541 702

TABVJ(I)=1O000v1200101400¢11500091600001700&#180009190000200009220009
24006128000 426000427004428000 30005432004

IDES:OqIDDBS=O«IPC=202T4905T=09e!FUEL=1-A4AQDN=Iooh?ATDN=1o,[PS:G,NFINALzlgq
NSTART=1NUMBER=1sP30PB=1 o5 IPUNCH=04

%
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It should be noted that to establish an engine design that it must be
done at sea level static standard day conditions and all parameters
associated with installation effects must be zeroed out, that is the
following parameters must be as specified befow; for a non-afterburning
engine.

ALT = 0. WB = 0.
DTEMP = 0. TABPTY = 19*1.
EMACH = 0. IDES = 0.
HPEXT = 0. IDDS = 0.

PT65AD = 1. IPC = 2.
PT8PTE = 1. ZTHRUST = 0.

For the afterburning design case values which are typical of after-
burner pressure losses must be specified. That is PT65AD and PT8PT6
should have a value less than one and the control IPC = 1.

Example 1 is for a non-afterburning design point case with the long
form printed output as follows:

TINPUT CASE 1 L 2 P3 : o
T ALT O : T T HMACH  G. T OHPEXT 0. : "7 1DDBS ¢ - )
WCOWL «1000C000E-D3 *WB 0. CV  «98530000E+00  ZTHRUST O
—" DESIGN CASE PT2TID  +15000000E+0Z’ WiDCOR  +10193376F+01 ~ 77 z 68924 T312E+00 ONSRT 7 »1000QU00E+0 .
=" ETAZ  oH75000005+C0 PTIPTD o 1000GOCOE+JL TT0  .51887600E+03 T2 s1LEGBTTAE+04 TT4  «30600000E404
TTTUDH2=), . 16493593E+03 ETAS +90000000E+00 ' T - : N ) ’
T OHTYLC 233100806403 HT21 »37743724E+03 e
= FN 73466409100 3FC 97986 FR/WL  10£.951586 PBTL/2TH 1.6G0000 PT2/P71 1560000 ° ETA2 87500
YLK I N/SRT  ° 1.00600 TTO  518.67000 TT2 1189.87698 . 3060.0¢005 PT4/PT2 77 0 G54600
TTS 2488,03128 PTE/PT4 35685 " TTS5A  7384.70808 TT6 2384.70808 FY&/PTSA" 1.00000 OEs 52657
TE 1823.04063 PT8/P8 5.08232 ° va 0.80009 Y8 3332.91509 1.73554 ;N 1.0L006
ALJE4D T Tl.00000 AT/ATD © 7 1.G0006 LB/ AT l.41268 437 1920.388657  “CAPAS 885045 Wi 700.00000
ETAP® © 0.,03080 ~  ETAC ° Ca0UCDD ~  ETAD T T 0.00009  EM/WLD 104.,$5156 T1994210768 WE 119.9%838
TPYTPT T Tl.82262 PT1PT? +19676  PTSTHA 1.00000 ° TPTHTSA 1.00000° 7 PTEPTS 1.00060 77 TFTL T 518.67000 T
- WB " 8.000u0 WBOWL ' Q.33C00 DLDB *~  0.00000 DFes’ 1° FGI 7346£.09100 -

TUSFCLT 7T 497996 7 T BTEMP T 4.00GA0 T T WE T 63.00000 T° B4 7 .03139 ©7

L FN3 75866009150 T 7
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Example 2 (Case 2) - The second step in establishing an engine design
is to Tock in or fix the flow matching parameters established in the
design point case. This is accomplished by setting IDES = 1.

SENPUT
ICASE=2+1DES=1»
k23 .

At the same time that IDES is set equal to 1, the off-design data
calculations may also be initiated, however, for simplicity off-design
performance has been delayed until Example 3.

Case 2, which follows, is also in a Tong form printed output,

Tr4%
JPT5A
M8
CAPASB
WF
13275

"FGL 73485469230

TTTTTINPUT CASE 2 PC 2 P35 I
T ALT G MACH 0. HEEXT O tooBs
TTWCOW1 +10000000E~(3 WB 0O, v «98500G00E+00 ZTHRUST
- FN 734635469236 SFC 497995 7 Fn/W] 154.95174%  pPT1/P TR 1.3Q3003 PY2/PTL
T OHIK 750.00032 N/SRT 1,00000 TT0 Ela.67L273 TT2 1183.906351

TT5 2488.00433 PFT5/PTS «35864 TT54 2384.6B%25 T76 Z2:584.68525 P16
- T8 1623.01096 PTg/e8 ° 5408259 Ve 0o 300CO Y3 3332.92536
A4 /ALD 1450000 ATIATD « 79995 ABFAT 16222740 A8 19210.36919
TTETAP T 0.00000 ETAC 0.006CO ETAD G 0OL0D T FNJUWLD 104550399
“PTITPY "le82262 PY1FTT 1978 PT5T54 7 1.00300 PTETS4 La GOOQG p
- " ¥WE C.CO0LOT wBOW 6, 30000 eLpa 0.00C00 DEGS i
T SFC1C T e9TH95 DTENP 0.0GCO0 W 62.69949 Fa «03139

306000030

71992449154 7

ET42 287500 °
PT&IPT2 W95081 7
F& £ 02857 7

N L.003450 ~

Wl £99.99432 7
NG 719.9%224

771 51887000

FN1 73465.69232077



Example 3 (Case 3) - The next step in the normal operating sequence is
to introduce the installation effects of service airbleed, power
extraction iniet recovery, non-standard day temperatures and exercise
the variable turbine geometry mode of operation. This is accomplished
by changing the parameters shown below:

CBENPUT
ICASE=3+1PC=4
WB=14 ¢ HPEXT=2004e+
TABPT1=0954 0684097 716T82409824 978097390967 189643952¢ 0943493456924+ F 140
2 G024 0891 v eB7 7485940831

DTEMP=8Beq
A4A4DN= 08
5

Engine performance generated by introducing the above parameters is for
full and part power without afterburning at sea Tevel static standard
+8°C atmospheric conditions. It should be noted that this step could
have been combined with Step 2 (Example 2) above. Output is in the
long format as folTlows:

L=
1
Dt INPYT CASE 3 PC 4 5 I ) ’ T
= ALT C O T RACHT 0. T HPEXT ~,2000C00CE+Q3 icess -~ Tg o T
" WCOWL ~ L 13G00000E-03 kB +100CLOOVE+0L CV  +98500000E+0G  ZTHRUST ~  ~ 0.  ° o R
T FN 85752.78604 ° SFC T T 499745 ° FN/WL  101,96592 PTi/PTO ¢?5000 PT2/PTl ~ 14.54179 ETAZ © T oB788%
" WLK® 682057289  N/SRT 298640~ TTO  533.07800 °  TT2 1239.09110 TT4 3060400000 PT4/PT2 ~77  ,94930
TTUTTS 2480070097 CPYS/PT4 TTT 435170 © TTSA  2379.13398 7 TT6  2379.13398 PT6/PTSA 100000 ~ 77 F6 T ,02830
T T8 1658.34116  PT8/PS  ° 4,61135 vo 0.00090 T VB 3243,98985 1B 1067162 77 N 7T 71,00000
"A4/A4D T 1.00000 T AT/ATD 1.01289  AB/AT 1.34875 AB  1940.£3186  CAPAB 8e54264 T TV.WL .645.242027
— ETAP °  0.02000 ETAC 2,00000 ETAD 0.00000  FN/ULD  93.98660 WE 65625419585 77 W6  “663.50043 7
TPT7P? "7 1482500  PTIPTY ~ 20401  PTS5T54 1.0C000  PTETSA 7 1,03600  PT8PTS 100603 © 7 TT1 " 533.07C00
T WB T 1.GDOGG WBEWI P 30155 DLDB G. 00000 DFGS 1 FGL 65792.785604 | FNL 65752.7880%
— SFC1 ™7~ 299745 ~7 DTENP  ° 8.C0GU0 KC  58.07186 T F4 «05110 ' A T
—  FN'60548.63215 SFC +52864  FN/W1 93483851 PTL/PTO «95000 'PT2/PTL 144564179 ~7° ETA2 " 7 87684~
— W1K " 688457289  N/SRT =~ 98540 770 533,07¢00 T YTZ  1209.09110 TT4 2766060060 "PT4/PT2 -~ 494910 77
~ TT5° 2204.%5092 PT5/PT4 ™ 32016 ° "TT5A 2147.92018° =  Ti6 "2147.92018 PT6/PT5A 100000 ° T F6 T .024247
—° T8 'iZ19.0536%  PT8/PE T 4.19820 Na 0.00000 - V8 2997.23055 M8 1.£0751 TN 1000080 77
B&IAGD T o97T8T° AT/ATD ° 1.05296 © AB/aT 1028324 ™ AB "1B64,17185 T CAPAB 84436887 77 T Wl 845024292 77
" ETAP 7T 04C006D ETAC ~ 0.0CCO0 '~ ETAD 0.000%0  FN/WID 86042805 7' WF 56226431165 1 7 WG | 66088506 T
TPTTPT ™™ 1482500 °PTIPTT ™ ° 022529 PTETS5A4 7 1.C0000 “PTSTSA " 1.000C6  PT8PTSH 1,00000 " “YT1™7533.,07900 7

T W8 7T 1.00000 U WBOWL C ° 00155 7 DLDB T 0400000 DFGS I FGl 60548463215 ' ""FN1 60548,63215° "
USFCLT C .9236& ° DTERP T T8.00C0G T WC 40420187  TC F& T U 02586 C T
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- FN 54754.19207

TOMiIK 588.572089
TTE " 1927960840
T8 13?1-09672

LLTAGD $55089
— ETAP 3.00000
- PTTRY 1.84421
=  "WB " "1,00000°
"TUSFCL T 85182
semse BN 485050.80358
o WLK T BB8.57289
= TT5  1b647.72963
M= TET121T7.47082

A4 7AD" .G1843
-~ ETAP ~°  0.003000
T PTTPT T “ 1464548
e YRS 1,0G000

T SFCL™ T 476787
FN 35150425499

- WLK T b6B5.5T2869

- TT5 1352.15672
=< T3 1055.87605

“AGFAGD T «85243

CETAP T C 0.00600
©PTTPT T " l.86511

- B 1.00300

SFC1 6T092

U FN 28105072120
" WIK 688.57259

TOUTT5 1066441963
- T8  907.83307
A4/A%D 180021
ETAP 0.G0650
PT7P7 *~ 1.86511
LT WB T 1400099
SFC1 60227

- Fit 27354.68504%
WlK £89.07525
TT5 104%.50730
T8 895414919

AGfRGD - 030021

ETAP © 0.00000
T ORTTRT l.85311
. B 1:40900

SFC1 258923

SFC”

N/SRT

PT5/FT4"
PTG/P8 ~°
AT/ATD °

ETAC
PTL1PTT
WBCWl
DTEMP

SFC

N/SRT

PT5/9T4

PTE/?8

TAT/ATD

ETAC
PT1PTY
“BOW1
DTEXP

SFL

M/SRT

PT5/PT4

PT8/PB

'§7/A7D

" ETAC
PTLFT7
WRAOWI
oyENP

SF¥C

N/SRY

PTL/PTH

PTB/PE
AT/ 47D

ETAC
PTIPTY
Wagowi
DTENP

SFC

N/SRT

PTS/PT4h

PT3/P8
AT/ATD
ETAC
PTLRYY
wanyl
DTEWP

.85182°
" W 93E40
© L2370

T 3:70955
T 71409993
CoGULLY
«25202
«20155

o « 76787
T T.0B8840

24753

Tt 3.24550

ls18214
Tt 0.00000
T e29271

«00155°
TBeUO000 T

«B8T7692 7

« 98440
19362
2454255
1.36221

T 0.00000

+ 37384
) +30155
T 8.0006C0

N wbO227

T 98640
+313720
Ll.79894
T 1la70GEL
002000
«528609

T 400155
84000600

¢ 58923

298040

« L3533
1.7621%
172054
0. 03¢0

T «53913
2001259
8420000

~

B.00000 °

84,8526
533007009
1904496503

CaLLOND
le21471
G 5GOG
1.00GH2

« {0000

22.53188%

74246932
£33.07079
l644.6G101 7

G.00090
l.14248
g.Ccecnn
L0000
G.CCCHO
4076199

60.,675227
£32,07000
1352.18872
C 06 000D
1.048127

¢eoon

l.00007% 7

Q. COond

4470189 "

4355936
533.07200
106641963

Qe GOCNAQ
1.00000
0.GCO0OT
1.00000
G GGGO0
4e76189

42436349
" 533,07600
1045450730

0.06000
1,00C00
0.00000
100500
9. 00200
b TELATD

PYL/PTO
172
TT6

va
L 33]

Fy/suLD -

BT6THA

DFGS ™

€4

PT1/7TO

N

R R
Ve

AB
FNAWLID
PT6TEA

DEGS ~
T R4

PT1/FTO

TT2
TT6

va
" A8

TEN/WLD
PTOTZA "

DFGS
Fa4

PTl/PTD

T2
TTH
N

T AB
FN/WID
PTHTEA
DFGS
Fé

PTL/PIN

7
TTé
v
A8
FN/WLD
PTETEA
BFGS

Fu

1#054179'

ETAZ = ;87634"‘
PT4/PTZT T TTTL94910 F
N FQf_""" 202011
i 1.00000
S 645.34292“;

WG 658.2°880
AL 533,0700C |
TFNL 54754419207 =

-‘-.

ETAZ 7T u87684
PT&/PT2 77 T.9¢91p <
- TFe T 001591

TN 1,.00000

Wl ~ &45.24292

WG T 655.50768
TTTTTL 334070007
"FN1l 48050.803538° 7

ETAZ -

ou7‘84

PT4/PT2 ™7 . 094910
Fé +01ie3 -~

- N7 1.02000

WL 645424292
TG

T 652.515947°
TTL 53340706077
T UFNL 3915025499 7

ETA2Z™ .87684 "
PT&/PTZ 77 - 94918
£o C .00720 "
N " 1.00000°
Wi 645.2429% %g
WG 649.,95220 =
TT1  533.07000 @
T ENY 28105.72120 R 2
- o B
ETAZ:" 2537710 &, my
PT4/PT2 7 094343 i
F& * 205604 ?: Q
T W 1.00000 - &2
Wl 645,71367 £

] 650619789
TOTTTY T 532.,07000
FN1 27354.688604

295000  PT2/PT1
1209.69110 TT4 2509420000
"1904.96503 PT6/PT5A _  1.06000
2722,38205 Mg 1.53030
1773.52303  CAPAS 8.34960
78022027 HF 46640.76335
1.00000 ~ PT8PTS 1400000

1 FGl 54754.19207
+02084%

- +95000 PT2/PTL ™ 14454179 °
1209.09110 T14  2233.60000
1644069101 PTG/PTSA 1500360
2398,08822 M3 Loaci08 -
1682.91560 ~ CAPA3" B+37820

68464401 WE 36896060453
1.0G566  PT8PT6 1.00000 "
1 FG1 48050430358
401603
<QELC0 PTZ2/PTL 1454179
120909113 TT4  19584430C0
1352,18872 PT6H/PTSA 1.00000
1962,54370 H8 1424635
1574462824 ~ CAPAS ~ 8083825
55,92894 - WF 2650175746
1.,00000 "PTBPTSH 1.00000
1 FC1l 3915025499
$01243
295000 PT2/PTY  14.54179
120989110 © TT4 1659064340
1008,419643 PT&/?TJA 1.000C0
114587293 K8 295490
146612749 CAPAB 10.49749
40015103 WE 16927.14210
1.00000 ~ PTBPTS 1.000600
i FGl 28105.72120
«00730
295000 PTZ/PTL  14,65092
1206074075 TTh 16744564348
1045430720 PT6/PT5A 1400000
137634752 " his 204399
145850550 CapraB 10.564295
39.,07812 WE 16118.21302
1.GOU00  PT87TA 1<0CC00
! FS1 27354558604
SODETH



$-a

FN 24122.20649

WK 668.08044
5 3 995.72072
"7 T8 870.71162
T ARIAGD T T - LBOL2L
T ETAPB 0.G0600
TOPTTIPT T 1.86511
- L] 1.000660
TTTSFCL” 258308
ST EN 21052.53062
TTTTW1K 647.23107
R 811 946,49931
- T8 846471615
T AL/A4D T $ 850021
ETAP 0.00000
= PTIPY 1.,86511
" wB 1.00040
TTCUSFCLITTT T W57973
- FN 16921.46£88
- WiK 601.94208
- TTS 897.71741
TTT T8 T 821l.65869
TCA4/ASD T T T 480021
- "ETAP" 003060
- PTIPT 1.656511
T T WB 1.000690
= “SFL1 55768
T FN 13373.72161
o WlK 547.95588
T TTS 865.35002
- T8 ~ B06.83532 °
A4/ 84D 80021
" ETAP 0.00000
TPTTPT - ~ 1.86511
T T WB 1.00000
TTTTSFCY T

+61379

o FN 10496.32714%

FOWLK 492448698
TTTTUTT5 T 844438375
Tt T8 TU799.71876
TAL/A4D T T 80021
" ETAP ™77 0400000
= PT7RT ™ " 1.86511
T w8 1.00000

+65817

TUSFCLT T

SFCj o

"NSSRT
TPTH/PTS
PTS/F8
AT/ATD
ETAC
PTLIPT?
WBGW1
DTENP

' $EC

N/SRT
PT5/PT4
PTB/PB
AT/ATD
ETAC
PTLPTY
WBOWL
DTEMP

SFC

N/SRT
PT5/ET4
PT6/P8
©ATIATD
ETAC
PT1PTY7
WBCW1
DTEMP

SFC

N/SRT
PTS/PT4
PT8/PE
AT/ATD
ETAC
PTLIPTY
WSGKW1

© DTENP

SFC™ -

N/SRT
PT5/PT4
PTa/pP8
AT/AYD
ETAC
PTLPT?
WEOWL
OTenp

«58308
+ 30174
2123162
1.5623%%
1,78776
0,00000
«58320
« 090160
B.00C0O

«57973
+93708
+12814

T 1a50607
1.87223
0.00000

«63078
«30165
8400000

.56?68‘

«887%76
+129106
1.373298
1.95438
0.00000
«569142
+QOLTY
84003000

«51379
«83844
w1 355D

le.28211
2400523
¢«00000
« 74097
+ 00195
T 8400000

«6ZB17
78912

. 214568
1e21417
204027
T 0400200
T 78242
200217

" 8,00000

FN/W1  38,523141
Y10 533,07000
TT5F  895.72072

VD 0400000
A8/AT 1. 00660
ETAD 0400000
PT5T5A 1.06000
bLDB 0400800
We 4.76189
FN/WL  34.73029
TTO  523.,07000
TI5A  948.49931
Vo 0400000
AB/AT 1400900 ~
ETAD °  0.0600D

PT5TSA 1.€000)

0LDB 2406060
MC T 4476189
TEN/WL 20.99917
TTO  533.07009
TT5A  697.71741
VO 040000
A87A7 1, 06000
ETAQ 0406000

PT5T54 1.00600 ©

DLDB ~ 0,00000
WC T 4.76189
TEN/WLT 26404558

TTD  533,07000 ~
TT54  B65.35002

VO©  0.00000
AB/AT 1.£5€09
ETAG 0.£0000

PT5T5A 1.C0000

DLDB " 0.0€000
WC " 4.76189
FR/WL " 22474348
TTO  533.07000
TT5A *° 844,38375
VO 0.00008 ™
AB/AT © =7 1,00000 ~°

" ETAD " 7 0.00000

PT5T5A 1.00000 -
oLDB 0400000

We 4,76189

PTL/PTO
TTT2
TT6
va
A8
FN/WLD
PTETSA
DFGS
£4

PT1/PT0Q
L TT2
TT6
ys

A8

FN/U1D

PT6T5A
DFGS

T E4

‘PTL/PTO
' TTZ2
TT6
va
AB
FN/W1D
PTETEA

7 7_DFESs

Fé

PT1/PTO
ToTT2

TTé6 -~

TV
A3
FN/WID

T PTETSA

DFGS
Féa

'?TIIPTG

TT2
T TT6
¥8
A8

TTEN/WID Y

PTETSA,
© DFGS
Fa -’

T «00417

295000 TPT2/PT1 ~ " 13.75074 ETAZ ~ ¢ 838632
1187.27637 TT4 1611.57693 PT4/PT2 +94738
Q95,72072 PT6/PTSA 1,00000 E6 WG06Z5
125277130 M8 °B7108 N 77T TT97EGD
1438,18897 CAPAB 11.018586 77 W1 T T 626404G00
34.46029 WF 14065.,27018 = WG~ 629.95327
1.00000 PT8PTS 1.0000C0 TTL ~ 533.,07000 °
I FGL 24122420640 77 FN1 24122,20640
00525 . - T -
J95000 PY2/PT1 13,07423 ~ 77 ETAZ 7777 .BB3b64 -
1167.78453 TT4 155059924 eT4/PY2 s9HGEY ;
943,4993) PTH/PTHA 1.00600 F6 2 G0560
3129422493 M8 76573 N «95000 °
1419.22978 CAapAS 11.50735 W1 6C&.n21206
30.07504 WF 12204.73660 777 WG 609.91715
1.00600 PTBFTS 1.00600 TYL  533.07000
1 FGL 21052.53082 FN1 231052.53282
2 QD560 oot T -
+95000 PT2/PT1 11.84806° 7 ETAz © +B8793
1122.£095) TT4 1471.34023 PT4&/PT2 ~ 7 .94512
897.71741 PTE/PTS5A 100000 77 F& T T .06491
976.83984 M8 65859 - N 7 Le4080
139830199 CAPAS' 114996584 ° Wl " 564,06448
24417353 " WF  9944.40820 WG 566483172
1.00000 PT&PTS L.00000 ~°77 TTL  533.,07000
I 77 FGl 1692146888 7  EN1 16921.,46388
T e004927 ' CoTIS T
«25000 PTZ2/PT1 10.54602 ~ T ETAZTTT T T .886ET
1096.12391 TT4 1406.06951 PT4/PT2 ~ 7 “a94444
BOS5,35002 PTE/PTS5A T L.G0000 7 7' F& 7 "7 L00445 °
848,63466 . Hg 61239 7T T N T e B5000° T
1385476292  CAPAS 12.33607° TTUHY TTT513.474547
T 19010532 7 WE BR0B.5E120 T 7 WG 51575917
T L 1.00000 T PTEPTS 1.00000 ° TTTT1 CU533.07000 0
: I 7 F6l 13373,721é1° "7 TFNL 13373.72161”553
oeo0kest ot UL ke
295000 PY2/Pi1 9.29191°" " TETAZT T '.5821§§ 53
1058.74038 TT4 1351.,32592 PT4/PTZ " .94416 g:
844,36373 PT&/PTSA  ° 1000060 """ 77T Fe TTTUTTL0041745
T61.41572 . Ma - «53731 N~ " ",B00000M ;2
"1379.65954 7 T CAPAS © 12.57155 7 TTTUW1 “461.496152§ o
14499432 WF  £908,12951 7 T WGTT ' 463.419245, 1
T 1,00000 CPTBPTH 100000 T TTT1 TU533.075C0Ry
. I 7 FGL 10496,02714 7777  FHN1 104960027149



6-4

2« 75154

FN C 7808.89985 SFC

T WIKT T 433.66057 N/SRT T 73980
TTOTTE TTT833.39027 PTH/PTA « 15926
T T8 °7 BUle.%45116 ° PTB/PB 1.14808
TALFAAD T T LBOD21 T AT/ATD T 2413142
TOTETAPTTTC T0.00500 ETAC T 0,.730000
TORTIPT U7 1.16511 PTIPTT 82747
TTTTTUOWEB 7T 1.00000 7 WBOWI «00246

T« 75154 DTENWP 8.00000

T SFCL

Tt “NEZILE PRESSUAE RATIO LESS THAN 1.005

Frulr =

iTo

TT54A
va -’

A& /AT

ETAD

PT5TSA

DLDB

We - "’

19.23616 PTL/PTD-T
533407000 1712
633,39027 TYé

c. 00000 Ve
l.C0000 AB
0+ 00000 FN/W10
l.000R0 PTETHA
70400000 DFGS
40786189 " "

F& °

095006 PTZ2/PT17 ' 8.03788°° ETA2 T 7

<5674

102250712 TT4 1306276236 PT&/PTZ7 777 “Lo441%
833439327 PTH/PTSH 1.000C0 £6 777 L004G2
626470398 Hg * «25372 TN T 75000
1381.25986 CAPAG ~ 13.1101é W™ 406.371517
11415557 T WF 586805683238 T 7T WG 408.00573
1.00000 ° PTEPTSH 14000007 7 TUTTYI T TB23.073807
I " OFGl 7803%.89989 ° T BNl TV8(6.89985%
« 00402 T T T T
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Exampie 4 (Case 4) - To generate engine performance with afterburning
requires changing the afterburner pressure losses and the power control

parameter (IPC), as shown below.

$SENPUT

JICASE=40+1PC=1¢PT8PTE6=:98+PTEHESADE ¢ 950

3

The values introduced for the pressure Tosses, above, are typical of oo
current afterburners. It was not necessary in this case to introduce k=
afterburner combustion efficiency or the maximum afterburner temperature Q)
since these were input in Exampie 1. It was possible to do this in Case 1 82
since these parameters are used in the cycle match calculation only if 3’@:

the power control calls for an afterburning case. Pressures,on the ﬁ%*u
other hand, could not be input in Case 1 since they are used in the cal- g: e
culation reguardless of whether or not the power control calls for an gg
afterburning case. 55

Shown below is.afterburning engine performance at sea level static

standard +8°C atmospheric conditions from maximum afterburning to maxi-

mum non-afterburning, with the output in the long form format.

- INPUT - CASE T g PC 1 3 . I - T e e e — e s e
— T ALT CGe C T 7T T U KACH T O - HPEXT  .200000008~03 °  IdD8S ~ — o = — TT T mroomTmmemoem o
—NCOWl ° +3000CGODE-03 ~ ° " WB  .10COCOOGE+0L CV  “u98566000E4C0 ° ZTHRUST ™7 0@y ~ =7 o v R
=Tt BN 6744804514677 7 SFCTTTT 17580077 FH/WL T 135,527957 PTI/PTO 095000 “PT2/PTL 14564179 7 TTUETA2T T .87684
- WlK 68E.57289 N/SRT ™ T°".98640 - TTO 533,07000 ©°  TT2 1269,09110 ~~ TT4~ 3060400000 PT&/PT2 ~ 77 494910 °
= TT5™ 2480470097 PT5H/PTH ™ 77 ,35170 ~ °~TT5A 2379.12398 "7 TT8 ~40€0,00000 PT6/PTSA™ " ~ ,91738° ~ Fe "~ 06629
- T8 U3035.52731 " PTA/P3 7T 4,14576 T VO T 0.00000 T V8 4158,1265% 7 R T1eBLRTLITT T ONTTTT 1006097
FARJAAD ST fLLOUGCD T CAT/ATD T T 1.5261&  CAB/AT 1422880 A8 T 2557.20616 ~ CAPAB ‘T 12.665G4 T U7 W1 T 845,2629277
- ETAP™  0.00000 ETAC " "0.00000° " ~ ETAD 0.00000  FN/WLD  124,92636 YF153734476550 7" 77 WG " 688401331
“ PT7PT "7 T1.80000 "TPTIPTT ™ """ " .22915 TTTPTLTS5A T ° 1.GCGY0 TUPTSTEA T T91738T PTBPTE T ' ,980007 T TTY™ "533:07000
=UTTUOWB 1.600G0 7 " WBOWL T 777 T L,00155 ™77 DLDB- D.CO000 DEGS T T I ‘FGL 87448445140 7 "FN1 874468.451467
T"TSFC1 T 1.758C0 DTEMP™™ — B.0QCOO WE 58.07186 T " F4TT  ".03110 TS C 0 M ” T T oTT T
—— N 80355.60331° °  SFC ™" 1.52572 " FN/W1 T 124.53543 " PTL/PTO 095000 PTZ/PTL ° 144541797 'ETAZ 777 '.87684
—"WIK ° 6B8.57289 NJSRT °°  ,98640 TTG  533.,07000 =  TT2 1209,09110° °  TT4 3060,00000 PT4/PT2- 7 ~ 7 ,94910
== TT57°2450.7G097 PT5/PT4 ~ ° 435170  °° TT5A4 2370.13398 ~° TTo 3516.,37799 PT&/PT5A 292826 " Fé. "7 05286
= ' TB  2591.53855  OTB/PB  ° 4.19489 VO ' 0426000 Ve 3869.58325 R 162154 N' T 1400000
TAG/AGDT T 1.0300D - AT/ATD 1,38569 AB/AT 1422746 A8 2386036657 ~ CAPAS 11.46788 7777 Wi T b45.242%2 1F
~ CETAP T 0.03300 ETAC 0400000 ETAB CoCLOOBT  FNJWILD  114,.79372 ° WF122599,76960 WG T 679.35127
~ pPTTP7 1.81019  PTLPYY $22647  PT5THA 1.90000  PTETHA 292826  PTBPTS 058000 TT1  533.070060

© T kB © 1,00600 W3 0wl +00155 DLDD 3. GH000 DFGS I FGI B0355.60331 ° °° FNI 80355.60331
"tOSFE1 T 1.52572 DYEMP " 8.00000 W £5,07135 Fo 03114 "



L1~4

- FN 729U1.51769

TTUW1K 688.57289
~TTS 2480470057
T8 2155,09983
“A4/A4D T 1.00000
T CETAPTT 040Ga000
T PTTR? T l.81424
TUTUOMB T 1606000
- SFC1 1.28873
"CFN 65194.59372
WiK 666657269

© 175 2480470057
T8 ' 1726420458
TA4/A4D 14 GOCO0
ETAP 0,0GUCO
CPT7PT 1282500
ST WBC 1460000
“= SFC1 1404169

o FN 64493.53907

WIK ©
o TTS
T8
A& /AGD
ETAP
T PTIRY
- W8
T SFC1

658..57209
2450.70097
1687.53930

1,569000
0.0000C

T 1.82500

1.G633C0
1.01755

SFC
M/SRT
PTZ/PTH
PTa/sPs
A7/A7D
ETAL
PTIiPT7
Wil

T ODTENP

SFC
N/SRY
PTS/°T%
PTB/PE
ATIATD
ETAC
PTLPTY
wB Wl
DTEHP

SEC
MISRT
PTE/PT4
PTR/FS
ATZATD
ETAC
PTLFETY
WBOYL
DTEHP

1.28873
s 95640
«35170
4024403

T le24488

0.00600
«22384
+ 00155

8.00800

1.04169
« F3648
¢35170
4229314
1,13G39
0,00000
«22128
«00155

8.00000

1.010755
« 28540
35179
4029316
1.087%6
0.00C00
v22128
#0155
8.,0006G0

FHN/WL
170
TT5A
Vo
TAB/AT
ETAQ
PTETHA
vLliB
WC

T OFN/W1
B B At
“ITHA

ju
ABFAT
ETAD
PT5TLA
pLos
wC

FH/WE
THC
TT5a
va
AB/AY
ETAC
PTSTSA
DLDB
we

113.10751
E33,07000
2375,13308
Gau0idy
1,32180
0.00000

1, 00000

0, 00C00
58.071368

101.03884
533, 07000
2379.,13398
T 000000
1,3z81%
040000

1. CO6A0
0,00000
58,07186

99.55734
E33.67000
237912392
Qs LODMD
l.32815
Qe C3HNT
L4GL0C0
Ga OLGHD
58,0706

PT1/0%0
172
TT%

va

AR
FN/ULD
PT&THA
REGS
Fé

PTL/PTG
172
176

ve

L8
TEN/WLD
PTETSA
DFCS

Fa

PTI/PTO
T2
116

va

24
FN/W1D
FTETSA
DFGS
Fé

.95088 PYZ/PTY
1249,69110 TT4 306000000
2672475599 PTo/PT54A 292913
3556406396 e 1.62375
2190,03363  CAPAB  10.25210
124.25974 WE 94053.98272
T .93313  PTBPTH «58G00 "
1 FG1 72981481765
sG3115
205030 PT2/PTI 14454179
120909118 TT4  3060,00000
2429312393 PTO/PTHA <5000
3211041503 8 1462401
1977.46563  CAPAB £.99133
93,13513 WF 67912.68519
»S5000 PT8PT6 .58000
I FG1l 65194459372
,03110
£95G00  PT2/PTi 14054179
1209,09110 TT4  3060.00530
2379413398 PT6/PTEA <95800
3179,92807 - 18 1.62637
1957464151 °  CAPA3 8486817
52.13303 YF 65625,19385
295000 " PT8PTs 98060
1 FE1 64493.53907  ~°
03110 ‘ -

14054179

T OETAR
PT&4/PT2 ~
iy )

N
ey

K5

TT1

CUTUENY 72981681769

TOETA2
ET4/PTR
tS
N

W1’
W6
TT1

T T eBYGES
«96910
04055 T

1.00000

645.264292 '
671040658
533.07900 ~

«87684 -
2G&31LD
«02928
1.000080

64524292
664.13683 "
£33,07000

FN1 65194459372

T OETAZ

PT4sPT2

F&6™7

N
Wi
" we
TTTL

« 8758467
« 95510 7
o L2830 T

o 1000000tt'

645024292
563:50043
533.0745305

" FNL 64493453967
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Example 5 (Case 5) - This case is similar to Case-4 except that this
case is for a Mach number of 2.62 at an altitude of 65000 ft. with a
fixed geometry turbine as determined by the input parameters shown

below:

SENPUT .
[CASE=5+IPC=34 IPUNCH=2 +AGA4DN=1 + 0y ALT=650004 + EMACH=2662 s

&

Engine performance for this case is generated from maximum afterburning
through maximum non-afterburning to minimum non-afterburning power as

determined by the program.

INPUT CASE 5 PC
AL »65G0D000E+05 MACH
WCOWL  .16000G00E-D3 uB
FN 37672,7328 FG 6527144233
FN1 3757347336 FGL £527104223
1T4 3060.00000 A&/7A4D 1.00000
FN 31792.2841 FG 59390.0737
FN1 31792.3841 FGL 59390,0737
TT4% 3060.00030 A4/A4D 1.600CO
FN 25737.,6530 FG 53325.3476
FN1 25737.0580 FGl 53335.3476
TT4 3C60.00C00 A47A4D 1.0GG0D
FN 19367.3264 FG 46965.0L60
FN1 1938673264 FG1 469065.0160
TT% 3060,00000 A4/A4D 100000
FN 18810.2355 FG 46407.9250 °
FN1 18810.2355 FGL 464079256
TT4 3050.00000 A4/A4D 190000
FN 18254.8638 £G 4566044162
£N1 16254.6336 FOLl 4586C.4162 °
TT4 3010.06000 A4/A4D 1.00000 ~
FH 15851.5265 ™ FG 43492,5910
FN1 13851.5265 - FG1 43492.5910
TT4 2E0&.63746 AG/ALD 1.90000
FN 13339.32356 T #6 41023.0049
FN1 15239,3236 FG2 41023,0049
TT4 2602044037 A4/ARD 1.00600

TTTL

Joay 22444

3 P3
$26200000E+01
+10000082E-01
FD 275%7.6896
H “1,80500
TTL 954.22444 ~
FD 27£97.6696
N 1.86600
TTT1  954.22444
FD 27547.5896
N 1.05500
TT1 954.224%44 °
T OFD 27u9T7.6896
N 1.00500
TTL 954422444
FD 275%7.56396 °
N 1. 00000
TTL 904422444
FD 276055224
N 1.00000
TT1 954,22444
FD 2766100840
M 1.00000
TTi S54.2244%4
o 278%3,4812
# Lohofud

Qutput is in the short form format.

+50000000E+01 T mono Tt mm e
HPEXT  «20C00C0CE+C3 10585 T T T o T e e e
€V .98500000E+30  ZTHRUST T Be T e o
SFCT 1496014 WF?75543¢66%0 77T Wl 343.79017 WG “3b%43627
TSFC1 C 1496014 T WIK  439.2817 VB 5888.4462  TCAPAB T 5440292
TTOSFC' 1.79135 KF56551.4319 T WL 343.7901 T T WG T359.655Y
TSFCL T 1.79125 WIK 43943817 ° 77 VB £409.5405 " TCAPAS T 47.9313
SEC © 1463230 7 ° WE41569.8198 W1 343.790r ° W6 "355.3542
TTTUSECY 1461280 WIK 43943817 TV8T4916.8568  CAPAS _ 41.7628
"7 SFC 1e31548 ° WE27413.5720 ° U WL 343.790177  TUT WG 351.4272
SFCL™ 141545 WIK 43963817 "7 TTV8 4377.9726 _ C CAPAS T 35,5354
SFC 1439437 T WF26228.3612 T "7 W1 343.790177°C C W67 331,0970
O SFCL 1439437 T TWIK 43903817 777 VR 433001103 T CAPABT T 3409787
©TSEC T 1238795 T WF2533649580 77 Wl 345.8877 77 WG 350.9432
TSFCL '1438795 TTUTUWIKT 43945064 TTTV8 428008594 T TCAPAS T 3407660
TUUUSEGT T 1436532 7 7T WF21642.3891°7 7 TUWL T34403306 T THGTT350.3597,
TUSFCL' T1336532 TTTCUWIK 44040722 T " V8 4056506150 T TCAPAST 3309167
STE 3434914 WF1799646563 77 WL 344.8613 WG 349,874
1.34914 WiK 44047507 TV 384i.0030 T CAPAB T 33.1212

SFCL

. [ » m———— v m—



el-d

Fi
FN1
TT4

" EN
FN1
TT4

N
FNL
TT4

Fi
Fivl
T4

Fi
FN1
T4

FR
FR1
TT4

CEN
FN1
114

‘FN
FNL
JT4

FN
FNL
TT4

11353G6.1437
11339431437
2453.44037

1C&e49.8952
1064%9.8952

2403,44037

958%.0587
9535.0587

2328.99281

3113.6698
8118.6698
222B.99281

6755435063
67553853
2140,121%51

GToEeTT69
5T762.776G
Z88C.£2404

492245401
492245401
2020.62404

407640262
40760262
1980.52404

3168.7E74
3183.7874
19324062404

FG
FGL
AL fA4D

FG

FGl
A4TA4D

FG
‘FG1
AGSR4HT

FG
FG1
A&/ L4D

FG
- FGl

ARIALD

FG
FGL
ALlfAaD

Fé
FGJ
AL ra4D

FG
FGL
AGlh4D

FG
FG1
A4/ AGD

39057.3279
39057.327¢
1.00000

38350,.32Q0
38380.3300C
1.00C00

37338.6314°
37338.631%
1.60C39

35895, 599¢
35895.5390
1.00000

3456127014
345561.7014
1430600

23598.7224%
33598.7224
1.003C0

3275306426
3278346636
1002300

31956246335
319&2.6335
1.0900460

3110141387
31101.1387
l.0060S

T FD

FD
N

i’:TT

N
TT1

FD
M
TTL
Fd
il
TTL
Fo
TT1
FD
TTL
£D
il

27718,7842 SFC
1.00000
G54.22444 T °
277304847 SFC
1.0C000 77 SELY
954022444 -
297495727 " SFC
1403650 SFC
954,22444 T
2777647292 SFC
1400090 SFC1
G54,22444 -~
76062352 SFC
1.08000C SFCY
G54.22444
2763549455 - SFC
1.60000 SFCL
GELa 22444
27881:1235 SEC
++G0O00C SFC1
QL& 22444
2TBR5.E0T4 SEC
1.9%069 SFCL
954,22444
2791243512 SEC
1.00300 SFC1L
QB4 22444 .
o
=8

v
g

e
&
3

2
E

+

5
ot

w

SFCL " 1.34500

"l.452093

1,3450%

1.345382
l.34582

1,35193
1.35193 °

1.36960__'

1036960

1.40251
1e40251 7

1.43%293

«51473
1.51473

1.60494%
L.60494 7

Le76727

JleTe727

i

WG T4349,5398

WF1525141339 Wl 345,291l
MIK 45143001 ° ° V8 36604451 ~ CAPAS® 3245537
WE14532.8041 W1 345444437 777 WS 3494372
TTOWiK 44144959 T T VB 359840562 7T CAPAS T "BaU3617
T WF12963.6959° TTTITHL  345.682177 T LGTT349,2938
TUWLK 44107998 TTT V8 350108275 T T CAPA3 T 32.112¢
WF11119.6021 " Wl 34600204 = 77 W6 349.1182
©OWIK 44242321 T 77 V8 336841741 ° CAPAB T 3147750
WF 947404447  "° W1 54643892 WG 349.028%
W1K  442.7023 7 TTTVUG 3243.8328 "7 CAPAE 31,3048
T WP 837249401 7T 7 Wl 346,7581 T W6 349.09C6
U7 UWIK 43,1749 7 VB 3152,88i5 CAPAB " '31.3132
WF 745643208 Wi 347.0717 WG 349.1489
K1K 44305758 V8 3075.8752 CAPAB  Sie5144
WE 6541.7854 Wi 347Y.3392 WG "349.2126
UTWIK 44349815 7T Ve 299642972 7 'CAPAB T 3144918
WF 563544473 Wl 34747099 W6 329.2798
W1k 45403914 Y8 291609061

" CAPAS 31,5783
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Example 6 (Case 6) - This case is an example-of‘the use of the ZTHRUST
control mode. When ZTHRUST is specified at an-altitude and Mach

number as shown below, and with a part power-céntrol operational, IPC = 3
from Case 5, the program will interpolate the .generated data at the
specified ZTHRUST, altitude and Mach number-tocdetermine specific data

PR
-

used in engine acoustic analysis. 2
Yo

SENPUT
ICASE=6+sZTHRUST=70000:+ALT=10000 ¢EMACH=023

3
Qutput is for standard +8°C atmospheric conditions in the format shown

below:

o T OINPUT CASE ) P 3 P35 5050030005402
' '_“ ALT «10000C00E+L4 HACH +303GGO00E+DY APEXT e 2 MDLIUEFGE "1DDAS
TTTTuWeow +100000G0E~03 WB «1000G00GESCL ’ CY™  «95500BC30E+00 ZTHRUST

U7 T NOZZLE PRESSURE RATIO LESS THAN 1.005
QUTPUT ENGINE PARAMETERS CORRESPGNDING TO THRUST VALULZ OF

]
o« TOE+GS

700000188,

© 7053, 1LBSs

JET VELOCITY = 3614.37FT/SEC, JET AREA v 10.,809504F¥er RAM DRAC =
0.0CG2DB. ATHMDSPHERE = 37D + §.0

:_GASFLQH = " T597.4 L3IS/SEC
“NET THRUST = 7CC0OU0+0OLBS. TURBIHE IN TEMP. = 5000.,06F, HKOISF RZDUCTION =
TSPECIFIC FUEL CONSUMPTICON = Lo.37BULBMIHR/LBF. TURBINE EXIT TIMP = 2104.5 R

Ca



