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INTRODUCTION

The NASA Lewis Research Center has, for the past several
years, had contracts wit Pratt & Whitney Aircraft and
General Electric to study engines for the Supersonic Cruise
Airplane Research or SCAR program. Many novel engine
concepts were considered during these contracts, including
several that have been broadly termed Variable Cycle Engines

or NCE'Se

In order to evaluate these new engine concepts and in
particular as applied to supersonic aircraft, a computer
code capable of calculating performance of these engines
throughout the flight envelope was needed. In the past, this
"matching" of turhofan and turbojet engines was accomplished
at Lewis with either the GENENG I or GENENG II computer
codes (refs., 1 and 2). These codes could simulate turbofans
with up to 3 spcols and 3 streams (including aftfans) and 1
or 2 spool turbojets. It soon became apparent that these two
codes were not capable of simulating some of the engine
concepts evolving from the SCAR studies.

We therefore needed to develop a new computer code in which
an arbitrary engine configuration consisting of selected
component combinations could be described at input time. It
was also necessary to change engine configuration while
running the code to simulate the operation of various VCE
concepts, and to optimize the settings of variable
components such as nozzle or turbine areas (e.g. to minimize
SFC for a given thrust).

Contact with the Naval Air Development Center, Warminster,
Pa.,, revealed that ¢they had a computer code, NEPCOMP
(ref. 3), which already contained some of the features
desired and whose structure was flexible enough to pernit
the addition of others. This <code 1lacked optimization
capability and the ability to operate with "stacked" maps

which would represent variable component performance.
However, it already had the <capability for processing
arbitrary engine configurations. NASA-Lewis therefore

contracted with the Naval Air Development Center for the
joint development of a revised computer code. The objective
of the Jjoint effort was to develop a code capable of:
simulating any turbine wengine the user «could conceive,
simulating variable component performance, changing airflow
paths while running, and optimizing variable-geometry
settings to minimize the specific fuel consumption or
maximize the thrust.

An interim version of this new code given the acronym NNEP
{Navy NASA Engine Program) became operational in May of 1974
and has been continuously refined since then to include all
of the desired capabilities.




NNEP contains almost all of the subroutines and incorporates
the philosophy of construction of NEPCOMP as described in
reference 3. The improvements incorporated in NNEP relative
to NEPCOMP are in the addition of: (1) a performance
optimization capability, {2) processing of stacked component
maps for VCE operation, (3) multi-configurations (modes) to
simulate flowpath switching, (4) a computer generated engine
configuration schematic, (5) throttle dependent inlet and
boattail drag calculations, and (6) a simpler input data
format. This present report will discuss these improvements
and provide a summary of the capabilities and limitations of
the code in its ©present form, along with a few examples of
its use.

OPTIMIZATION TECHNIQUE

As previously mentioned, one of the primary objectives of
the joint Navy/NASA engine code development was to add the
capability to optimize the engine performance (e.g. minimize
SFC for constant thrust). Two basic approaches to the
optimization problem were investigated: (1) optimization
inside the loop and (2) optimization outside the loop.

By "outside the loop" we mean that the engine 1is first
matched; then the free variables are changed and the engine
rematched. This procedure is continued until the
optimization is achieved.

By "inside the loop" we mean that at the same time as the
engine 1is being matched, the free variables are changing.
When the match point is finally achieved, the free variables
will be at their optimum values. Ideally, inside the loop
optimization should require 2/n times as much computer time
as outside the loop (where n represents the number of free
variables). Both methods of optimization were tried with
results as follows.

Cutside the Loop Optimization

Five separate methods were tried to evaluate outside the
loop optimization. These were:

(1) Hooke-Jeeves pattern search (ref. 4)

(2) A first-order gradient technique (ref. 5)

(3) A first-order gradient technique building
second order information (ref. 5)

(4) Davidon-Fletcher-Powell penalty function
method (ref. 6)

(5) Powell®'s Principal Axis method (ref. 7)

The Hooke-Jeeves pattern search failed to find the true



optimums. It stopped the search while apparently crossing a
ridge. The next three methods all require the calculation of
derivatives by finite difference. Noise in these derivatives
caused all three methods to fail. The sources of this noise
are intermal convergence loops on thermodynamic properties,
table lookups, and tolerances on the interface errors within
which an engine is considered matched. In order to eliminate
this noise, extremely tight tolerances on convergence loops
and interface errors would be required and computation time
would increase significantly.

Of all the methods tested for outside the loop optimization,
Powell's Principal Axis method (BOTM) worked the best and is
the method presently employed in the NNEP computer code. A
discussion of the computational algorithm used in BOTHM is
given in Appendix A. BOTM is however slow, as probably all
outside the loop methods will be. Since NNEP itself takes on
the order of 3 to 7 seconds of CPU time on an 1IBM 360
computer to achieve a converged solution and the engine is
continually rematched while optimizing, computation time
grows quickly as more free variables are introduced. For the
two free variable optimization shown in Appendix B, 84 tries
Wwere required to find the optimum and this required
approximately 180 seconds of CPU time, Since each try is
near the last converged try NNEP is balancing the engine in
about 2 seconds per try. As previously mentioned, the
relatively large amount of computer time required by outside
of the loop methods prompted the search for an inside the
loop optimization method.

Inside the Loop Optimization

Having successfully incorporated Powell's Principal Axis
method into NNEP, it was now possible to try inside the loop
methods and see if they found the optimum which was now
known.

Four methods were tried. These were:

(1) CONMIN (ref. 8)

(2) Martensson's method (ref. 9)

(3) FLEXI - the flexible tolerance method (ref. 10)

{4) Hamiltonian/ Lagrangian multiplier method (ref. 11)

CONMIN requires the calculation of gradient information and
therefore was subject to the same problem of noise as
outside the loop gradient methods. After consuming much
computer time without achieving the optimum, the method was
abandoned.

Martensson's method combines the Lagrangian mnultiplier
method with the penalty function method. This method



requires the guess of a scalar constant C. Test runs showed
that for some values of C, equality constraints becanme
satisfied but the free variables remained unchanged, while
for other values of C, the free variables changed but the
constraints were not satisfied. It was felt that each engine
would require the determination of its own best value of C
in order to converge. This was deemed to be totally
unacceptable and this method was also abandoned.

FLEXI does not require the calculation of derivatives. It

generates a surface of both feasible and near- feasible
points and proceeds to the optimum by eliminating near-
feasible points. The near- feasible points are made more

restrictive aptil,  din ‘the “limit, only those points
satisfying all of the equality and inequality constraints
are left. In the test problem no progress towards
convergence was observed. Other researchers in optimization
theory have noted that FLEXI has great difficulty in
satisfying equality constraints and therefore no further
testing of the method was tried.

The Hamiltonian/ Lagrangian multiplier method was the last
inside the loop method tried. This method attaches a
multiplier onto each of the constraint equations essentially
doubling the number of variables (each control variable will
have an associated multiplier). The method, however,
requires the calculation of second partial derivatives which
are even nolsier than the first partials. Optimization
progressed initially towards the known optimum but as the
optimum was approached and derivatives became smaller, the
noise caused the method to fail and no further progress vas
achieved. In addition, calculation of the second partials
consumed large amounts of computer time. It was therefore
decided to also drop this method from consideration.

As a result of the foregoing investigations, Powell's
Principal Axis method was adopted for NNEP,.

STACKED MAPS

Most of the VCE's evolving from the SCAR studies have to
some degree variable geometry components ranging from
variable inlet guide vanes to variable stators and rotors in
the compressors and turbines., The component maps for these
variable geometry components represent the component
performance as a function of the settings of the variable

features.

Thus, the map of corrected airflow as a function of pressure
ratio and corrected speed for a turbine might 1look 1like
figure 1 where there are three separate maps with stator
angle as a fourth parameter. NNEP can interrogate this




"stacked” map determining the corrected airflow for any
combination of pressure ratio, corrected speed, and stator

angle,
DRAWING OF THE ENGINE

Subroutine FIGURE was added to the NEPCOMP code to Araw a
schematic of the engine in each of its modes (different
airflow paths) when the configuration data is read in. This
is extremely useful when looking at the code's output since
outputs are identified by either flow station number or
component number. These can thus be referenced to the engine
schematic previously drawn on the output.

As can be seen by the example figures shown on the output in
Appendix B, each time a branch occurs out of the main flouw,
a new column of station numbers and component numbers
appears. The first component 1in this new strean is
identical to the one in the main flowstream where the branch
took place. The 1last component is either a nozzle or the
same component as the one 1in the main flowstream where
re-entry took place.

INSTALLATION EFFECTS

If desired, inlet and nacelle boattail drag penalties may be
estimated for the engine, assuming an isolated nacelle, to
indicate 1installed engine performance. Inlet drag is
calculated using combined empirical and theoretical
relations in which the inlet capture area is sized at the
design Mach number with a specified inlet bleed requirement.
At other operating points, the <calculated engine demand
airflow and capture area are used to estimate spillage.
Inlet spillage drag per unit capture area 1is then assumed to
be directly proportional to the spillage fraction and a
full-spillage drag coefficient schedule for the specified
inlet type. An empirical inlet overboard bleed schedule is
also used to offset spillage drag by assuming that part of
the excess captured airflow can recover a fraction of its
initial momentum.

Aft-end drag is calculated for the isolated nacelle using
the mean slope of the boattail section estimated from the
maximum nacelle diameter and the nozzle exit area setting,
which varies with power level and airflow throughout the
flight envelope. An empirical drag coefficient function of
boattail slope is calculated at each Mach number and can be
scaled to suit desired aft-end characteristics.

Therefore, the installation drag calculations are throttle-
dependent, require a minimum of inputs, and can be scaled or
tailored to meet expected characteristics for specific inlet

types and boattail shapes.



PROGRAM DESCRIPTION

NNEP contains almost all of the subroutines and incorporates
the philosophy of construction of NEPCOMP as described in
reference 3. This philosophy resulted in a code that was
broken into finite blocks so that the wuser «could, 1if
desired, replace individual subroutines with ones of his own
choosing. The flow diagram for NNEP is shown in figure 2.

Components

The individual compoment types are represented as individual
subroutines. Engine components fall into two broad
catagories 1in addition to controls used to balance the
engine and optimization variables.

Flow _components— falling under this classification are
(1) inlets
(2) ducts/burners
{3) ccmpressors
(4) turbines
(5) mixers
(6) heat exchangers
(7) splitters
(8) nozzles

Mechanical components- are not represented by separate
subroutines

(1) shafts

(2) loads

There is a limit of a total of 60 components (including all
of the flow, mechanical, control and optimization
variables) allowed within the code. The maximum number of
any one type of flow or mechanical components is 24 and the
maximum number of controls + optimization variables is 20.

Subroutine Description

A brief description cf the function of each subroutine is
given below. Reference to the NNEP flow diagram (fig. 2)
indicates the interfacing between the various subroutines.

VCENG -is the main routine. It decides when to write output,
read input, balance the engine, or turn control over
to BOTM for optimization.

INPRT -is the optimization subroutine and all printing. The
user has the option of printing each try at balancing
of the engine or only the final converged case.

BOTM ~is the optimization subroutine which uses Powell's
Principal Axis method to find the optimum. Once BOTHM




has been <called, it takes over as the supervisory
routine until an optimum has been found at which tinme
control is returned to VCENG.

CALCFX-is used to evaluate the value of the function being
minimized or maximized for BOTHM.

NEPCAL-determines the values of the error matrix used to
balance the engine, determines the new guesses for
the independent variables, calls INPUT when directed
to by VCENG, and calls FLOCAL to perform the engine
cycle calculations.

INPUT ~reads in all of the input data, and writes out the
configuraticn informa tion as determined by CONFIG for
the various modes onto scratch units. It also calls
the appropriate data back in when modes are switched.
At the design point, INPUT calls FIGURE.

FIGURE-when the <configquration data is read in at the design
point for all of the modes, FIGURE schematically
represents the flowpath on the output sheets.

CONFIG-processes the engine configuration for each mode. The
flow components are assembled from inlets to nozzles
as they would appear in the flow stream. The logic
to be followed in calculating performance is set by
CONFIG.

DMINV -is the IBM 36) double precision matrix inversion
routine used to 1invert the matrix of partial
derivatives used in the balancing of the engine.

FLOCAL-sequentially calls the components 1in the correct
order to do cycle calculations based on the flowpath
generated by CONFIG.

INLET -performs inlet calculations.

DBURNR-performs duct,burner, and afterburner calculations.

COMPRS-performs compressor calculations.

TURBIN-performs turbine calculations.

MIXER -performs mixer calculations.

HEATXC-performs heat exchanger calculations.

NOZZLE-performs nozzle calculations.

SPLITR-performs splitter calculations (bypass engines).



TRERM -uses built - in cubic spline curve fits for air,
stoichiometric combustion products, and water vapor
to calculate gas properties such as: temperature,
relative pressure, enthalpy, specific heats, and the
Universal gas constant.

TREAD —first 1is called by INPUT to read in all of the maps
in tabular form which are to be used by any of the
components. Then, it 1is «called by each of the
component subroutines to interrogate the tabular data
previously read in.

SPLNQ1-is a function used to fit cubic splines through the

tabular data being interrogated by TREAD. It is used
to caculate interpolated or extrapolated values from

the tables.
Computer Code Flow

Returning now to figure 2 we can follow a typical run
through the NNEP fprogram.

Design_Point

VCENG calls NEPCAL which in turn calls INPUT. INPUT reads
all of the maps from TREAD and then reads 1in the
configuration and the cycle data for all of the components
in all of the modes. This data is then processed by CONFIG
and an engine schematic drawn by FIGURE for each mode. The
program ‘returns to NEPCAL which then calls FLOCAL to
calculate engine performance. Control then passes back to
VCENG which calls INPRT to print cut the design case.

Off-Design Point

VCENG calls NEPCAL which calls INPUT. INPUT detects that the
point being run is not a design point and the progranm
returns to NEPCAL. NEPCAL <calls FLOCAL to calculate cycle
performance., FLOCAL checks after the cycle 1is calculated
whether or not the engine is “"matched®, If not,
perturbations are made in each of the control variables to
generate an error matrix. NEPCAL then calls DMINV to invert
the matrix. NEPCAL then generates new values for the control
variables and this process 1s repeated until a balance is
achieved. Control then passes back to VCENG anc INPRT prints
the answers.

Optimization

The flowpath followed for a case with optimization 1is
identical to that of an off-design case. After the engine is
balanced and control has returned to VCENG, a check is made



to see if optimization is desired. If this is the case, then
BOTM is called and takes over complete control of the
program. BOTM acts-as a supervisory routine: perturbing the
optimization variables; calling NEPCAL which rebalances the
engine;and, predicts new values for the optimization
variables. When the engine is both balanced and performance
optimized, control is returned to VCENG which calls INPRT to
print the ansvers.

CONFIGURING AN ENGINE

Components are connected together through an indexing systen
which requires numeric coding of each component and flow
station. Each component can have a primary and a secondary
upstream flow entering and a primary and secondary
downstream flow leaving. The CONFIG subroutine searches
through the components from inlets to nozzles and generates
the correct sequence of component calculations to be
performed. This information is mass stored on scratch file
units numbered the same as the mode;i.e. MODE 1
configuration data is stored on Unit 1. When a particular
mode 1is to be run, the information containing the flowpath
and configuration data is retrieved from the appropriate
Unit and this information 1is processed by the FLOCAL
subroutine.

NNEP uses NAMELIST input as opposed to the fixed field input
used in NEPCOMP. A typical input card specifying the type
of component and its position in the flow stream is shown in
figure 3. As an example of a configuration input card,
consider a compressor (assigned component number 4) with a
primary wupstream flow station 4. The primary downstrean
flow station number is 5 and secondary downstream (bleed
stream) station number is 6. Then, the KONFIG input card for
this example would be as follows:

KONFIG (1,4)="COMP",4,0,5,6,

KONFIG is a doubly subscripted array of dimension 5 X 60.
Each of the 60 possible components has 5 values associated
with it. The first value is component type, the second and
third are the primary and secondary upstream flow station
numbers and the fourth and the fifth are the primary and
secondary downstream flow station numbers. Since KONFIG is
doubly subscripted and we are using NAMELIST, we must say
KONFIG (1,4)= where the 1 lines up the data correctly for the
component number 4 (the second number). The zero in the
example KONFIG card indicates that there 1is no secondary
upstream flow station for this component.

Names of the components are coded as "INLT?', °*COMP', 'DUCT’',
LRURBA N & SMEXR Y~ YHTXCY, ESPLT?, ENGZZ Y, *HOADY, YSHETY,




YENTLY, ORIV, On a UNIVAC 1100 series these would be
4HINLT, bgcomp etec .5 For loads and shafts which are
mechanical components, there are no flow station numbers.
The KONFIG card for a 1load would just have the component
name but the KONFIG card for a shaft would have all the
component numbers connected to the shaft instead of flow
station numbers. The KONFIG cards for controls ('CNTL') and
optimization variables ('OPTV') are discussed later.

DEFINING CHARACTERISTICS OF COMPONENTS

Each component type has a separate list of inputs required.
A typical list of the inputs or specifications is shown in
figure 4., SPEC is a doubly subscripted array of dimension
15 X 60. Each component (of which there may be up to 60) has
up to 15 required inputs. Representation of a compressor map
requires 3 1input elements: pressure ratio versus "R",
corrected airflow versus "R", and efficiency versus "R"
where "R" represents lines drawn on a typical compressor map
which roughly parallel the surge line. The 1introduction of
the intermediate variable "R" in the map representation was
necessary to circumvent difficulties in reading the maps in
regions where two values of corrected flow are possible at a
given value of pressure ratio and speed. On each map are
constant corrected speed lines and in addition there may be
a third dimensional variable if the compressor has variable
geometry such as stator angle. Fach map 1s given an
arbitrary unique table reference number so that the computer
code will know where to look up the map data.

For a compressor at its design point, the elements of the
spec array are as follows: (1) represents the value of the
"R line passing through the design point, (2) is the
fraction of the total flow entering the compressor which
leaves by way of the secondary downstream flowpath (bleed
flow), (33 (53 (7} and (9) are scale factors which are
internally calculated by the code to mnake the values at the
design point on the map egual the design values for the
engine being simulated. They should initially be set to 1.0,
(4) is the map reference number of corrected airflow as a
function of "R", speed, and stator angle, (6) is the map of
efficiency versus "R", and (8) pressure ratio versus "R",
(10) is the value of the stator angle setting, (11)
represents the fractional horsepower lost when part of the
bleed is extracted from the middle stages of the compressor,
{12) and (13) are the desired values of efficiency and
pressure ratio at the design point on the maps and (14)
represents the design point value of corrected speed at the
actual design point on the maps. (15) 1s not used for
COMPressors.
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CONTROLS

Once an engine has been configured and the necessary
component information supplied, design point calculations
may be made to establish appropriate map scale factors. At
all conditions throughout the operating envelope of the
engine, flow continuity and an energy balance must exist
amongst the wvarious components. Those components connected
by shafts and gearboxes must rotate in a distinct speed
relationship. In order to ‘''match" the engine at any other
than design conditions, it is therefore necessary to input
to the <code those component variables that are free to
change in order to achieve equilibriunm.

This is accomplished through the use of components known as
"CONTROLS", As previously mentioned, a total of 20 CONTROL
and OPTIMIZATION components are allowed in an engine. A
typical CONTROL is shown in figure 5. In fiqure 5 a KONFIG
card identifies ccmponent 30 as a control. There are no
station numbers for controls. A new 1input SPCNTL of
dimension 9 X 60 describes this control. This card is read
as followus:

Vary SPEC (1st 4input) of component {2nd input) so that
Station Property sub (4th input) at flow station (5th input)
hasgs a walue of {(6th input) = within a tolerance of #*+/- (/th
input). The minimum allowable value of SPEC (1st input) 1is
(8th input) and the maximum allowable value is (9th input).

The 3td input can be 'STAP' for a flow station property,
'DOUTY for an output of a component such as static pressure
difference in a mixetr, and 'PERF? for a performance property
such as thrust. The meaning of the 4th and Sth 1inputs
change as a function of the 3rd input.

For the case shown here, we will vary the "R" value on the
maps for compressor 4 to drive the relative difference
between the corrected airflow at flow station 10 and the
amount of corrected airflow that the componrent downstream of
station 10 will pass, to zero. Since pressure ratio,
corrected airflow, and efficiency are all functions of "R"™
for a compressor, changing "R" will change all three
quantities and this will be used to balance the engine.

OPTIMIZATION VARIABLES

The last type of component is an optimization variable. As
shown in figure 6, a KONFIG card for these variables uses
only the first and fourth positions. Input (1) identifies
this component as an optimization variable (*OPTV'). Inputs
{2) and (3) are zero and input (4) indicates which component
has the free variable. In this example, component 12 has the

1%




free variable. The SPEC card uses inputs (2) and (3) to
state the minimum and maximum allowable values of the free
variable; input (4) identifies which is free to vary which
in the example is SPEC({1) of component (12).

SIMULATION OF TYPICAL VCE

In this section of the text, a typical application of NNEP
is illustrated with the simulation of a VCE.

Figure 7 shows the configuration schematic used to represent
the engine. In MHODE 1, +the flows are mixed and exited
through a single nozzle. In MODE 2, the main and bypass
flows have been separated, the mixer has been eliminated,
and a second nozzle has been added downstream of the bypass

duct.

As can be seen from this figure, components 1, 2, 3, 4, 5,
by 7¢ 9, 11, 12, 13, and 14 are common to the two modes.
Component 8, the mixer, is present only in MODE 1. Component
10 in MODE 1 and component 25 in MODE 2 are the same nozzle.
The area of this nozzle must change when modes are switched
RGea result of the difference in airflow. This |is
accomplished by using different component numbers in each
mode indicating a "different'" nozzle. Hence, the appropriate
nozzle area will automatically be used when modes are
switched. Nozzle 24 is an additional nozzle necessary for

MODE 2,

A typical computer output for this engine is shown in
Appendix B. The carriage control has been turned off to
compress the output. Input card images appear on the output.
The first set of input tells how many modes there are and
which one 1is the design mode. Next appears a table telling
which maps have been loaded and how much storage they
occupy. This 1is followed by the KONFIG and SPEC cards for
MODE &~ 7, the computer drawn engine schematic for MODE 1, a
table of the configuration data and control information for
MODE 1 and a summary of the input data.

The KONFIG and SPEC cards for MODE 2, the computer drawing
of the schematic for MODE 2, the table of the configuration
data and contrcl informa tion for MODE 2 and a summary of the
MODE 2 input data follow.

Since there are only two modes, the code 1is now ready to
calculate the design point performance in the design mode
(MODE 1). A table of updated INPUTS is printed and then the
design point output. The inputs required to calculate
installation effects on all the cases have been turned off
and therefore 1installed and uninstalled performance will
always be the same.

12




The next case calculates the performance for MODE 2. Since
the only change has been the separation of the flows, the
engine is already completely balanced except for the nozzle
flow, But, we have two new nozzles which will now be
designed to pass the flow coming into them. The engine thus
balances without having to iterate. The third case shows
the performance at Mach 0.8, 36089 feet (11000 m.) at a
turbine inlet temperature of 2600 °R. (1440 K). For the
fourth case, we turn on control 29 which varies the TIT so
that the thrust is 1400 lbs. (5800 n). Por the fifth (last)
case, we leave on the <control on thrust and vary the two
nozzle areas to minimize the specific fuel consumption. Area
of a nozzle is DATOUTS5 and these have been circled on cases
four and five to show how the areas were opened to lower the
SFC (the main nozzle increased by 28 percent and the duct
nozzle 7 percent) and the SFC has been reduced by over 8
percent.

CONCLUS IONS

The Navy-NASA Engine Program NNEP has proven itself to be a
powerful computer code. It <can be used to sinulate any
turbine engine made up of combinations of inlets, ducts/
burners, compressors, turbines, mixers, heat exchangers,
splitters, nozzles, shafts, and loads. It can switch modes
and uses stacked maps to simulate variable <cycle engines
with wvariable geometry. It has the ability to optimize
engine performance. The optimization method presently being
used, however, has been found to be slow and any future code
development work will be directed at speeding up the
optimization process or developing a method of predicting
optimum performance. Additional work is also anticipated in
installation effects modeling.

At the present time, the distribution of NNEP is RESTRICTED
TO GOVERNMENT AGENCIES ONLY.

13




APPENDIX A

BOTH

Outside of the loop optimization 1is accomplished by a
subroutine, "BOTM", adapted from ref. 7. BOTM 1is considered
suitable for the problem at hand because it does not require
derivatives to be calculated. It is significantly faster
than the better known fone-at-a-time® method because it
systematically generates conjugate search directions -- eqg.,
along the principal axes of ellipsoidal response contours.
Ref. 7 shows that for the idealized case 1in which the
response contours are actually ellipsoids, the true minimum
will be located in no more than N iterations (where N is the
dimension of the problem). As each iteration entails N+1
linear searches, the minimum is found after no more than
N(N+1) 1linear searches. Since the contours in some
neighborhood of a minimum are approximately ellipsoidal even
for a general non-linear problem, BOTH converges very
rapidly after reaching this neighborhood. 1In the early
going, even after a poor initial approximation, BOTM 1is at
least as good as alterna te non-derivative methods.

A typical 1iteration of the computational algorithm is
described below and illustrated (for ellipsoidal contours)
in figure 8.

Let Xo = an N-dimensional vector defining the best current
approximation to the minimunm.

Subscript r = dimensional index, 1< r £ N

Y,- = N linearly independent search directions in the
N-dimensional space containing X,.

A: = scalar step length along Y _- direction

Xy = current value of X following the r-th linear search

along Y¥,.- direction.
Initially X, is chosen arbitrarily and the search directions
Y, are taken to be the coordinate directions. A typical
iteration then proceeds as follows:
(1) Choose Ar to minimize f (Xyojt Aple) Far £51,:2, 00,0
(2) Replace Y, by ¥ for vr=1,2;+s1 gi=1
(3) Replace Y, by (Xy—Xg5)

(4) Choose A to minimize f (X +N(X,;-X,)) and replace X, by
X ¥ RIX, %) -

Repeat steps (2) through (4) until the minimum is achieved.




APPENDIX B

SAMPLE COMPUTER RUN

Typical Variable Cycle Engine
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Flow f¥aTion numbers

‘:"!3 5 . De,?me_ C_OMPonen-t TyPe anc\ ‘oc_a_rlon N ‘F‘oWsTream

SPEC (1,4)= L1036, | 3707, |, 3708, | 3709, | 0O, O,

TR A TR o\ T T . I {3 @ ) @) oy an

0.88, 4.1, 1.0, O,
(12) (13) (14) (1)

(1) R value on map = 1.1
(2) Bleed #low /ToTal flow= .036
53\;\(5) )(7)) and (9)  scale facTors ow N/"{E’) WAB/s 3 7) and PR on maFS.THe.SC:

gre \n\T‘:lh” s€T =1 and are miernally compuTad
(43 meap reference npumber of w/ »\l e/s Jersus | R =2a70%7
LY map reference numbher Q-F /)Z e T \\Ru ) 08

() map reference number of PR versus R = 3709

(o) 34 dimensional ar_'_ﬂumtnT on “STacfed ma‘;s" = sTalor an:’c = O

(1) £ racTional horse power loss due To |nT¢r5’ra_3' Lleed = ©

(12 Desired adrabahe e_'p-(-’m\enc\/ %7 ST design powiT on map = 0-%¢%
(13) Desiedd pressyre raTic PR aT design pownT on mep = H.|

(14) Design Fo'"T correcTes 5;994 N/—J'é =S

‘/I_“I) not b\ﬂ&d

:;5 Y De‘Flhlnj componenT characTerisTics ($or a QOMFFQSSO\"\}




PLNTL(|3\)= B o 'STAP, 8,10 , 0,001, 1, 2.2
ik AN o~ i
- 3 N R Ne
Li = £ = 4 .
Q/ f\ { \- \ % ¢\}U ﬂls
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The ComFOnenT
number wheh ha
The free variahl

RoNEL (1,37)= 'opTv. 00,12, 0,

apec(1,37)= 0,248, 826, ), H*O-, ./,
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| R eI R FRUS RN G

T 1A PURPRSES «
EN NMODFES=2: MONFSN F EEND

e e TARGE--DATN SO LT S UMMARY .6 TARLES

e - TABLF MUNBER . REFFERENCE. NUMEER — ARRAV LACATION
t ] 3761 1
= — ) z 3762 — 1078
‘i 3 3763 2149
TN ST T N ol TS i 4 - -2EOL .- - L1 S
4 5 3705 4207
m & 3706 K371
F 3 3707 bLL
————- - 8 AT08 7681
Svmmary © i 2700 8917
- e 10 3A01 10153
11 38072 10606
B 12 3803 11203
13 2804 11656
- 14 2901 1?307
18 3902 1727¢9
S e 16 3903 13213

NATA STARAGE ALLNPCATION 20000
NATA STNRARE NOT USEN £285

; i‘c,unm:;;_,_ Mode i :V\PU\T$

KOMEIG(Ly L= TMIT!, 1404740, SPFC{1,1)=100,4%0,.°9,

KOMELG( L4 2)=0CRMPY 32, 0,230, SPFCI152)=1.84041437A14143762,1,37635140,05.9042.04

1 l':\,
AKONE[GE143)=2SPI T'43,0,4,13,SPFC(1,3)=.5,

KONFIG(]44)="CNMPY 44, 0,5,6,SPEC(144)=21.15203641+3707,143708,1,3709,1,0,0,.88,

. C A ¥ SR vt
KONETG(148)=tDUCT! (K40, T7,0,SPFC(1,5)=.05,5.3,0,2900,.99,18300,
KAMFELIGL 146 )=2TURAY 4 74648704 SPFCLT146)=3,5,14153807,71433802:1491535411.9,5600414
KOMETG (Ly TI= Y TURRYE B, 09 Qe Ny SPEC (197122029 05153203,1 3804, 11901 4.91,5200,14¢

— K OME TG 48 =M X0 IO 14910 0 SPECAT sR)=0504+ 3y R7 .
KOMFIR(149)="DUCT1,10,0,11,0,S5PFC(1,5)=,03,

e MONELC L], 10} =tNN2 71, 11 40,12, 0,5PF0L14310)=0429850,0, 498,140,041,
KNNETG(1o11)="NUCTY,124,0414,0,SPFC({1411)=,03,

— KDOMETG(1, 2= SHET Y 16,4414, 0, SPFC(1+12)=50N00,3%1,0,2%1,0,
KOMETG(Ly13)="SHETY 4 74240,0,SPFC(1412)=800N,14140,04141,40,0,

 KONELG()1,143=11PADY, SPFC(1,14)=-200,
KONEIG (Lo 15)="CHTL ¢, SPONTL (1L, 15)=1979 *STAP*,2,11,0,1,

e KAMEICA1,16)=1CMTL L SPONTL ()4 16)=1 465 "STAP T 3Ry R 40410

KOMETG(1y17)=tCNTL Yy SPOMTL (1,17) =194, " STAP' 38,740,451 ,142.4,

e KONEG[1,18)=tCNTL SPOMTL (1, 19) =142+ 9STADY 18444041 4142.25

KONFETR (14191 =2CNTLO, SPCNTL (L ,19)=1¢1+*STAP",R4240,1,

Y KAMETG(1,20)=CCMTL Y, SPINTL {1,20)=143,400UT 858,041 4

KONFIG(1521)="CMTL*,SPCMTL(1,21)=1+12,°'DNUT*4RB,12,04140,5300,

=1 32 thoUFL 8 32 0 1 0 QRAQ e oo

KOMETG(L1y23)= NPTV 0,010y 0, SPFC(1,231=0,0,500,14%0421

—&EAD =
1
,E - 1 - = S
e <INLT 1>
v\‘am N

Scheémahic - e 2e -
e Mode 1. 3

€SDLY > <SOLT 2
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T SR LY iy e T el o WD D RN e Fad
<coMp &> <COMP 4> <DUCT 11>
s 5 14
<TURB &> <pUcCY 5> <M1 XR 8>
e o oS 7 z o et o
<TURR 6>
el B e TR il B LS T =
<TURB ae.
I et W e 9 B 9.2
<MTXR 8>
T ot = " AL T WS B e, ) SR L.t W e .
<nUCT a>
e S SO T e e Nl
<ND77 10>
T e i 12

OSHAFT (12) IS CNMMECTED TN TURB( 6) AND COMP( &) AMD LOAD(14)

: AND
__OSHAFY_(12) TS COMNECTER TD TURA( 7) AND COMP( 2) AND S S S - Eeraumpe g
0 THF FOLLOWING PFPRESENTS THE COMFIGURATTON FAP MODE= 1
: RATYON PURPOSES . .
TONFETGURATTON DATA 3§ 14 STATINNS 23 COMPANENTS
COMPONFENT  NKTND COMPOME NT UPSTREAM NOWNSTREAM i "N R 3 U,
NUMBER e TvpEs STATIONS STACoNsECIBe S e F e S W ) B T C I - S
1 1 TNLET 1 O S 0
2 4  CNMPRESR 2 0 3 0
3 7 _SPLIITER SONC:. E CR « [ 4. SR & (TN B TR R, e
4 4  COMPRESR 4 0 5 6
5 ) DUCT R = L pl SRR 0 e S s — ——
6 5 TURBINF 7 6 8 0
=2 5 TURBINE 8 0 Q 0
8 8 MTXER 9 14 10 0
Q 2 NUCYT_ B 10 e M 11 0 = = SRR R
10 9 NOZZLE 11 0 12 0
33 2 nucT_n 13 o 14 0 o -
12 11 SHAFT 6 4 14 0
12 11 SHAET T 2 0 0
14 10 LOAD 0 0 0 0
15 12 CONTROL i B o TP 7 A .
16 12 CONTROL 8 0 6 0
2 B 4 12 CONTROL 7 £ [ — &4 0 e
i8 12 CONTRNL & 0 2 0
19 12 CONTRAOL 2 0 1 0
20 12 CONTROL 8 0 3 0
21 12 CONTROL 12 0 12 QL -t - K cw g A TR b S e
22 12 CONTROL 13 0 13 0
23 13 NPTVAR 0O 0 0 2t o L 0 S Y
COMNTROL_IMEORMATION : e A L .
15 VARY _DATINP 1 0OF COMPOMEMT 7 SO THAT STAYP 8 0OF FiNW STATION 11 EQUALS 0.00000 — DR =
16 VARY DATIMP 1 OF COMPOMENT 6 SO THAT STATP 8 DF FLOW STATION 8 EQUALS 0.00000
17 VARY DATIMP 1.0 _COMPOMENTY & SO THATY e eI SR R T et s el el
18 VARY DATIMP 1 NF COMSONENT 2 SO THAT STATP 8 DF FLNW STATINN & EQUALS 0.00000
39 VARY DATINP 1 NF_COMPONEMT 1 SO THAT STATP 8 OF FLOW STATIAN 2 EQUALS  0.00000 R =
1

20 VARY DATIMP

NF COMPONENT 3 SO THAT NATOUT 8 NF COMPONFNT 8 EQUALS 0.00000

t »

s s ¥ % e ¥ K

2 B2 e h

¥ Ee s w & E



- 23— — o SVvARY VEEMS. ) QF - CaMR 12-SD THAY SATRUT -8 -OF--COMPRNERT —J-2- "OU.LQf«GVOGDUO
22 VARY DATINE 1 OF COMB 13 SO THAT DATOUT 8 OF COMPONENT 13 FOUALS « 00000
——OCASE INENTIFICATION. EJCIICINM CINFE _EQR.- HEMOMSTRATEAN-_PURDASES e S
TNPUT DATA
COMPONENT
—NOL L TYRE. PATINR] NAT NP2 DATINP NATINPEL NATINPS DATINPA DATINPTY
1 INLFT 0,10000D 03 0.00000 0.00000 0.00000 0.00000 0.98000D 00 0.00000
—— 2 COMPRESR __0,12000R 01 - 0,00000 0.10000n G1 0376100 04 0,100000 01 - 0.37620D 04 -0.10000D
3 SPLITTER 0.50000D 00 0.0000N0 0.,00000 0.00000 0.00000 0.00000 0. 00000
— 4 COMPRESR 0.11000N 01 -0,3£0000-01 0.,100000 01. 0Q.,37070D 04 0.100000 01  -0-37080D 04 - 0.10000D-
5 . DUCE B 0.50000n=-01 0.3200000 00 0.00000 N0.28000N D4 0D,99000N NN D,183000 05 C.00000
A —TURBINE _0.35000N 01 0.10000N 01 0.100000 N}  0.3R010N 04 0.100000 01 0.38020D 04 0.10000N
T TURRINE 0.22000" 01 0.00000 0.10000" €1 04380300 04 0.100C0" C1 0.38040DN 04 0.10000Nn
8 MEXER _— _Q0D00NA 0.00000 0.30000N 00 0L,80000Nn 00  0,00000 0.00000 0.00000
9. (RUCT B 0.300000-01 0.,00000 0.00000 0.00000 0.00000 0.00000 0.00000
——310—NOZZLE—0.00000- - ~0.,98000D 00. 0,00000 . 0.00000 0.980000 00 - 0410000N 01 0.00000
11 NUCT B 0.200000n=-01L 0.00000 n.0000N n.onnnn 0.00000 0.00000 0.00N00
12 - —SHAET — _0.50000D 04 0.10000D N1 0.10000D0 G1 9.10000Nn 01 0.000n0 0.,100000 N1 0.10000D
13 SHAFT 0.80000N 04 0.,10000N 01 0.10000" 01 0.00000 0.00000 2.10000N 01 0N.10000DN
b LDAD  =0,20000R 03 ..0.00000 0..00000 0.00000 0.00000 0.00000 0.00000
15 CONTROL  0.,00000 0.00000 0,00000 0.10000" D1 0.00000 0.30000n0 01 0.00000
e} o CONTROL—0.,00000 0+ 00000 0.00000 0.100000 01  0.0N000 0.800020N 01 0.,00000
17 CONTROL  0.00000 0.10000N 01 0.240000 01 0.10000P 01 0.00000 0.80000n 01 0.00000
—— 18— CONTRAL - 0. 00000 0.10000N 01 0.22000N 01 C.10000N 01 0.00000 0.80000D0 01 0,00000
19 CONTROL 0.00000 0.00000 0.00000 0.,10000° N1 0.00000 0.80000N0 01 0.00000
20— CONTROL- 0. 00000 000000 0.00000 0.100000 01 0.00000 0.00000 C. 80000D
21 CONMTRDL 0.00000 0.00000 0.52000" 04 CL.10000P0 01 0.00C00 0.00000 0.80000N
22 CONTRAL 0, 00000 - 000000 0.850000 04 D,100000 01  0.-00000- N+ 000800 0. 200000
23 NPTVAR 0. 00000 0.00(100 0.500C0N 02  0.10000N M 0.00000 0.00000 0.00000
e

- = -
£0 MODE=2, Mode ‘“Pu‘ S
" KOMEIGA1, )= INLT ], 0,2,0,SPEC(1,1)=10044%0,.98,
KNMETG(1,2)=10NMPY 2, 0,3,0,SPEC(1,2)1=1.8,0,1,3761,143762,1,3743, x.o.o..°0...o.

1.0
v

KONFIG(143)=*SPLT ,3,0,4,13, SPFr(l,W)--sv

e KONEIG() 4 }=0CONMP Y 4, 0,5, 64SPFC{144)=1,1,.03(,1,3707,1,3708,153709+1,0,0,.88,
4alyly

Y KDOMEIG(145)=tDUCT N, 5,0,740,SPFC{145)=2057+340,2800,.99,18300, =
KOANFIGTLyB)="TURPP Y, 7,648 0,SPFC(196)=3.541915380145143R0241914a%5719.9,5600,41,

) —wwi—yﬂyoﬂy“wﬂy SPEC(]3731=242+40+41+3802,1 42804514 1+0+15+914 520041,
KONFIG(1,9)="NUCT*49,0411,04SPFC(1,9)=.03,

e KANEIGA(1 11 =RUCT 4, 13,04 1445, 0,SPFC 11,11 )=403, z

' KONFIG(1412)="SHFT"4644414404SPEC(1,12)=5000,2%1,043%1,0,

L KOMEIGA1413)=2SRHFT Y, 7,2,0450,SPFC(1513)=R000414140,+,051+150,0,
KNNFIG(1,14)='LNAD' ,SPFC(1,14)=-200,

=ACNTLL, SPOMTL {115} =1+ 7+ STAP L8, 1150, 1y

KONFIG(1416)="CNTL", SPCNTL(1,16)=146,"STAP*,8,8,0,1,

e KONEIGA 1 17 =2CNT LY 5 SPONTLA( 13 17 ) =1 344  STAP Y, 84740514152 s4 —
KONFIG(1418)="CNTL', SPCNTL(1518)=1425"STAP';184440414+142.2,

—— KONELG 1y 19 )= CNT L, SPENTL (L5190 ) =1+ k4 " STAP 4 842450, 1 4 =
KONFIG({1,21)="CNTL?,SPCNTL (1,21)=1,12,"'D0OUT*,+8,12,051+0,5300,

K ONEIG(1, 22} =L CMT - SPONTE4-1 22 ) =1 3 135 IR AUT 1, 3512, 0415048500

o1 -

01
01

01
01

01
01

NATINRSR DATINPY -

0.00000 0.00000

0.37630D 04 0.,10000D.-01

0.00000 0.00000

0.370900 04 0.10000D 01 -

0.00000 0.00000

0.10000D 01 0.50000D 00

0.10000n 01 0,00000

0.00000 0.00000 -

0.00000 0.00000

0.00000 - — -0.,10000D-01— —

0.00000 0.00000

0.10000D 01 0.,00000 - -

0.50000 0. 00000

0.00000 0.00000 - —-

0.00000 0.100000 01
~0.00000 - 010000001}

0.00000 0.10000D O1

0.00000 0.,10000D- 01 -

0.00000 0.10000D 01

0.00000 0.100000-01 - -

0.70000 0.10000D 01

0.20000 - - 0.,10000D- 0} — —

0.00000

0.100000 00

KONFIG{1424)="NDZZ" 41440451540, SPFC(1+24)=05.985,0,N5.9855150+,051,

s

w
@

™

l(ﬂMl—!G(leb)"'ﬂPTV"O 022440, SPF("!,Z&) 0.0;100 194*0,-11

2

———KANFEIG {1y 25 )= NP2 20y 1 1y Oy 12404 SPECA L3253 =04398 5040y 498414045041+ - -



— UONEIGE ) 2T} =SCNTLE, SPCNTL {24 13352 STAP S OB PSS B 5 -
KONFIGL1928)="NPTY* ,0,0425,.0,5PFC{1,2R1=04 1091 94%04014
—KONELGC L] 29 2 CNTL  CDONTL (120 ) =% S, SREREL 4., 0130040404200, — — . . — WS - —
GEND
P22 r USRI LI o o 1 L o 1 2
i
TEe -3 s ADEEE CINLTY 1>
2
O o ST St ERSOSCE N o CLOMP._ 2. ool o ey sz 2]
—Ev\‘am‘e, 0 A 2>
; S EE L. C S B <SPLT B <SPLY.- 3>
SC"\QMﬂTlt '#or 4 13
S i ¥ <CNMP 4> <CNMP 4> <DUET 11>
Modﬁ 2 & 5 14
b e PR e D B e <TURR a> <NUCT 8> <MNZT . 24>
T 1)
L SETLE 6>
-3
<TURA e
aQ
A i <NUCT 9> V 2
11
<MNZ7 25>
12
Y QOSHAET _(12).. 1S CONMECTFD TN TURP( &) AND CRMP( 4) ANN (NAD(14) .AND. L. e M AN BT =i
: OSHAFT (13) 1S COAMNECTED TN TURR( 7) AMD GOMP( 2) AMD
~—O-THE FOLLNWING REPRFSFNTS THF COMFTGURATIOCM FOR MODF= 2 -
FTCT[C!"Ei_j.Lﬁ.LLE_E' U QR DEMONST2ATIAN PUPPNSES
N | Ty ONEIGURATICN DATA 15 STATIDMNS 29 COMPONENTS =
e COMPOMEMT MK IND COMPANENT UPSTREAM NOWNSTREAM. o - SN S
. NUMBFR TYPE STATIOMS STAT IDONS
1 1 INLEF 1 0 2 0
PN T S Ey COMPRFSR 2 0 El fo18 S . :
3 7 SPLYTTER 3 o & 13
B 4 . COMPRESR 7 R o W = rhi —bi e e —
5 ? PUCT B 5 o 7 0
e e Ns s TURBINE s 8 = = SR ol e e = ——— =
o il 5 TURPBINF 8 0 9 0
L] 2 QuUCT B 9. D= 11 0 — e e et — e =
3 35 ¢ & nucT R 13 0 14 0
12 11 MAEY L N e G Sl — S T A
13 Y SHAFT T 2 0 0
14 10 LDAD . o s ) 0 =0 = ~ = S = = oo S
15 12 COMNTROL 11 0 T 0
16 12 - . CONTROL 8 e P o 0 e L —— e e S
T ‘12 CNMTRNL o 0 &4 0
ST 12 CONTROG. ==y . o 0 = =
19 12 CONTROL 2 0 1 0
21 12— - JcangRor- - o3 -0 AP e e e e e e - ——
22 12 CONTROL 12 0 13 0
24 Q INQZZLE ——  J4& " 0. 15 0. e e AR — ¥ o B Y
25 9 NOZZLE 11 0 12 0
26 13 Py b e e e M S S AR e e I S S LN eSSk, ST WY - - [ e W v R St W
27 12 CONTRME 14 0 3 0
28 12 NPTVAD 0 Ll R T Wi . e g e
29 i2 CONTROL 0 (d 5 (o

L & 8 & &8 &8 2 B ¥ ¥ 85 ¥ ¥ ¥
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CONTROL YNFORMATINN

1 OF COMPONENT 7 SO THAT STATP B8

15 VARY DATINP
16 VARY _DATINP 1 OF COMPOMENT 6 SN THAT _STATR.
17 VARY DATINP 1 OF COMPONENT ~ 4 SP THAT STATP 8
_COMPOMENT—2-.S0
19 VARY DATINP 1 NE COMPONENT 1 SO THAT STATP 8
21— VARY DATIND ] OF COMPONENT 12 SN THAT _DATNUT R
22 VARY DATINP 1 OF COMPANENT 13 SO THAT DATOUT 8
27 VARY DATINP | OF COMPONENT - 2.S0 THAT STATP 8
29 VARY DATINPG 4 NF CAMPONENT 5 SO THAT PFPPFT 4

—OCASE JNENTIEICATINN FICTICIAUS ENGINE FOR DEMANCTRAT IN

NF FLOW STATINN 11 EQUALS

0.00000

8 NF FLOW STATIMN 8 -EQUALS —0.00000 -

OF FLDOW STATION 7 EQUALS 0.00000

THAT STATA 8- 0OF - FLOW-STATINN—4—FQUALS —0.08000-

OF FLNW STATINN 2 EQUALS 0.00000
OF CAMPANENT 12 EQUALS - 0.00000
NF COMPONENT 13 EQUALS 0.00000

NF FLNW STATINN 14 -FQUALS ——0.00000
FOULLS 0.13000D 04

N .PYRDASES - SEWE A . T

TRPUT DATE

COMPAONENT
—NO . TYPE —DATINPL ——  _DATINP2 DATINP3 DATIPS -NATINRS - DATINRG - DATINPT DAYINPS - ——~DATINGS - "
1 TNLFY 0.10000D 03 0.00000 0.00000 0n.00000 0.0N000 0.98000D 00 0.00000 0.00000 0. 00000 &
— 2 COMPRESR__0.18000D-01---0.00000- ~-0+10000D.01 -D.37610D 04 0.100005- 01 0.37620D0 04 0.10000D-01 - 037630004 0,10000D- 02 _~
3 SPLITYER 0.50000n 00 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0. 00000
S 0L36000P=0) -0 1000000 1-—-0,370700 . 04 0. 10800901 - 0.37080N_04 0.1 0000D- 01— 037090004 - 010000008 —
5 nUcr 8 0.50000N-01 0.30000D 00 0.00000 0.28000N 04 0.990007 00 0.18300D 05 0.00000 0.00000 0. 00000
6 TURBINE _0.35000P.01 - 0.,10000Nn 01 0.10000N 01 0.38010N 04 0,.10000D-01 - -0.380200-04  0.10000N 01 0.10000D 01l  0.5006060 00  ~
7 TYURRINE 0.220000 01 0.00000 0.10000Nn 01 0.38030N0 04 0,100000 O1 0.38040D 04 0.10000D 01 0.10000D 01 0.00000 ;
9 DUCT-R —0.30000D=01—0,00000 ---0.00000 - 0.00000 — 0.00000 — - 0.00000- ---0.00000 -04,00000.- ——0,00000— . °
11 DuUCT B 0.300000-01 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0. 600600 -
03 —0-105000-—01- - 0+10000N -G1-—0.00000 ———0H.10000H 01— 0.100000- 01 0 10000D 01— 0. 00600 — 7
13 SHAFT 0.80000D 04 0.100000 01 0.10000N 01 0.00000 0.00000 0.19000D 01 0.100000 01 0.00000 0. 00000 )
14 LOAD 0.200000 024, 00000 0.0Nn0N0 0.00000 -0.00000 0<00000  — - 0.00000" 0-.00000 - 3.03800 k
15 CONYROL 0.00000 0.00000 0.00000 0.10000N 01 0.00000 0.800000 0L 0.00000 0.00000 0.10000D0 01
— 16 CONTRAOL _0.00000- - 00000 --0.00000 0.100000 01 0.00000- 0.80000D 01 -0.00000 0.00000 =
17 CONTROL  0.000200 0.10M0000 01 ©, 749000 01 D.10000N0 01 0.00000 0.80000N0 01 0.00000 0.00000 0.10000D 01 ®.
dE L LUNTRED Teid (a1 03000- 51 20N0. 01 -0.160000 81 -0.00000 -~ -0.80300D 0} -0.,00000- ——0.00000 — —— i
19 CONYRNDL j 0.03CG00 000 0.10000D 0O} 0.00000 0.800000 01 0.00000 0.00000 0.1006007 D1 5
2] CONTROL - -0.00000 - -- 0.00000-— -~ 0,53000P04 DL1LO000D B1—0.00800 —— 0.00000- —— 0.800000- 01 O o3 =
22 CONYPOL  0.00000 0.00000 0.,R50000 04 0.10000D 01 0,.00000 0.00000 0.80000N0 01 0.00000 0. 160000 D1 <
24 NOZZLE _ 0.00000 - 0,98500P- 00 —0.,00000—  —0.00000 - — 0, 98500000 —0.10000H-01--0.00000— ——0,00000 — =
25 NDZZLE 0.00000 0.98000D 00 0.00000 0.00000 0.98000D 00 0.10000D 01 0.00000 0.00000 0.10000D 0% ¥
26 NRPYVAR Q00000 - 0,00000 - - 0,10000D L2 ALEH0H0D.01 - 0.00000--——0+00000— —0,00000 . ——DL,00000- - — 0, 10000000 :
23 CHTROL 0.00007 0.00000 0.900700 N.10500N 01 0. 00000 0.80000D 01 0.00000 0.00000 0.10000D 01 i
HAYAR 0, Q0000 — - 0400000 Qo SN03 0L,1UNG00 01 .0.00000 - — - DL00000- . ——000000. 0.00000 - -0.300000 00— —
CONT2RL  0,0CG00 0.00000 0280002 0& 06402000 C1 0.13000N 04 0,00000 0.00000 0.40000D 01 0.00000
1 S e o WL B e Ol (IENRRCINTE Pl ol SR (BT L BB e B ol O »
THF MAXIMUM COMPONFNT NUMBER USED 29 DNFS MAT FQUAL 25 THF MUMRER DOF CNMPONFNTS CONFIGURED IN ANY ONE MNDE - WARNING OWLY "

owf
UPDATED INPUT DATA TO REFLECT CALCULATED INOUT
rnunnu:ln; - i — - — - s e s o - — —— -
NO. YYPE DATINPL DATINP2 DATINPR NATINPG DAYINPS DAT INP& DATINPT
0000 043145606002 0.08000 — 0, 00000—— -0,98000D 00— 0.00000————5.,00000
2 COMPRESR 0.18000D 01 0.00000 0.80000N 04 0,376100 04 0.102390 03 0.37620D 04 0.10462D 01
3 SPLITFER—0.50000D-00—0. 00000 - 0.00000 0,00000 8+00000- 0+00000 - 000000
4 COMPRESR 0.11000D 01 0.360000-01 0.%4E490 04 0.370700 04 0,372190 02 0.37080D 04 0.89791D 00

DATINPS

0000800

run The desiqn mode - Mode 1. (mivad flow wede)

DATINP9

0.37630D 04
G RNE0D

0.37090D 04 O

0.53345D 00
0-00000 —————
39597D 00

g 45 23 8 v 2B B



BUCT R

M- 0., 50000001 0. 30N00R 00 3. 00000 — 0280000 04 -0,990000-000-183000 05 0.7232860 02 .G, ‘

i 6 TURRINF (0.350000 01 0., 10000" 01 G.3284280 00 0280100 04 ©.12005D 01 0.38020D 0& 0.101%1D 01 - 0.2 50 60 O.

T—IURBINE 0, 220000-01—0.-00000 ———0oF 5000 038030004 —0.630250 00 0380400 04 - 0.99851D 00 02§ T8 000,

8 MIXER 0.31914D 03 0.336390 04 0.300000 00 O0.80000D 0C 0.00000 0.,00000 0.00000 0.00000 Oe
9 NICT B8 0.,20000R-01-0.,00000 0.,00000- 0.08000 —0. 00000 ———0.,00000——— 000000 —0.050000—— 0. 00000
4 10 NOZZLF 0221470 03 . 0.980000 00 0.00000 000000 0.98000D 00 0.,10000D O1 0. 00000 0. 00000 0. 100600 01
11 DUCT B 0.300000=01__0,00000. 0. 00000 .- 0.,00000 =N OROBG- = Q0000 - RNHGA0n . - gsennnn. . o.a0no8 - -
) 12 SHAFT 0.50000N 04 0.10000D 01 0.100000 01 0.10000D 01 0.00000 0.100000 0L 0.10000D 01 O0.10000D 01 ©.000C0
12 SHAET 0.800000 04 _ 0,100000_01  _0.,100000 01 . 0.00000 .. 0,00000 0.100000_01 - 0.100000-01 __0,00000 . Q0,000006
F 14 LOAD -0.,20000Nn 03 0,00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0. 00000
" __OCASE IDEMTIEYCATION  FICTICINUS EMGINE FOR NEMONSTRATION PURPNSES o - - = . A e
 "Design PonT OuiTpuT Lot

STAT ION PRNPERTY NUTPUT DATA
i FLOW WEIGHT TOTAL TNTAL FUFL/ATR REFFRRED MACH STATIC TINTERFACE CORRECTFD
A STATION _ — _ephy ~PRESSURE TEMPERATURF RAT N FLOW. NUMBER PRESSURF FLOW FRRNR =] L S
i STATP1 STATP2 STATP3 STATPS& STATPS STATPG STATPT STATPS
) 0,10000D0 03 _0.14696D.02 _0.518670_03 . 0,00000 0.999980 02 . 0.00000 0.00000 -0.00000 Sl A
& o 0.10000N 03 0.14402D 02 0.518A7H 02 0.00000 0.10204N0 03 0.00000 0. 00000 -0.00000
3 0.100000.03 _0,28804N_02 - 0,64465D 03 .0.00000 -——0.568790_02 0-,00000 _ —0.00000 ... =0.00000 -
4 0.66667D 02 0,28R04D 02 0.64465D 02 0.00000 0.379190 02 0.00000 0.00000 -0.00000
2l - —0N.6426T0. 02 . 0.118100 03 0.10014N0 04 0.00000 0.11112D 02 - 0.00000 0.00000 -=0.00000 - R
6 0.24000n 01 0.118100 03  0.100140 04 0.00000 0.00000 0.00000 0.00000 0.00000

1 0.66179D 02 .0.95465D 02 .. N,28000D0 04 0.29754D-01 .0.236700 02 _ 0.00000 0..00000 -0.00000 e
8 . 0. 685790 02 0.55123D 02 0.245770 04 0.286820-01 0.39799D 02 0.00000 0. 000NO =0.00000
= - Q 0.68579D-02  0.40930D- 02 - 0.23102D0 04 .0.286820-01 .0.519670 02 0.30000N.-00- 0,38620D 02 -0.00000 - - —
10 0.101910 03 0.39464D0 02 (.181260 04 0.191220-01 0,70944D 02 0.00000 0.00000 -0.00000
S 11— 0.10191D .03 .0.38280D0 02 - 0.18128N 04 0,19122h-01 -0.73139n 02 0.10000D 01 0.206560 02 -0.00000 e = S
i 12 0.101910 03 0.382800 02 0.18126N 04 0.19122n-01 0.73139n 02 0.11959D 01 0.14696D 02 0.00000
Y 13 0.332330.02--0.28804D0 02 . 0.64465D 03 0,00000 0. 129500 02 0.00000 0..00000 -0.00000 S
14 0.332330 02 0.27940N 02 0.64465N 03 0.00000 0.196846N 02 0.70949N-02 0.38620D0 02 0.00000
* COMPONENT AUTPUT NATA
= COMPONENT Miet” 7 WP ST ~ 5 . —
2 MP.  TYPF DATPUTL DATNUT2 DATOUT2 NATNUTS DATNUTS NATNUTE DATOUTT NATNUTS DATOUT9
= 1 INLET 0,00000___ __ _0.00000 0.00000 ~0.10000N0_01. .0.10000D. 01 - ..0.00000. _ 0,98000D0 00...0,10284D 01y 0.00000
R 2 COMPRESR —0.42821D 04 0.80000n 04 0.00000 0.,18000N 01 0.80000D0 04 0.100000 01 0.10239n 03 0.90000D 00 O0.200000 O
- 3 _SPLITYER  0,.500000 00 0.00000 0.00000.. ... _0.00000___ . __ 0.00000 ..0.00000 0.00000 . 0.00000 000000
L 4 COMPRESR —0.82181N 04 0.50000D 04 0.00000 0.11000N 01 0.44849D 04 0.100000 01 0.37219D 02 0.88000D 00 O0.41000D 01
£ 5 _DUCT R 0.149090_00 _0.500000=01 - 0.300000 00 - 0.297540=01. 0.72336ND 02 0,.68840D 04 0.30000D_00_ 0.18300D 05 _0.99000D 00
o 6 TURBINE 0.84181D 04 0.50000D 04 0.100000 01 0.35000N 01 0.38428D 00 0.56000D 04 0.12005N 01 0.90000D 00 0O.173190 01
4 7 TURBINE _0.428210 04 0.800000 04 0.10000N 01 - 0.22000N 01 - 0.706760 00 0.52000D 04 0.63025P. 00 0,910000 00 _0.13668D 0)
» 8 MIXFER 0.31914D 03 04336390 04 0.105980 01 0.72347D 00 0.67641D 03 0.88234D 01 0.36645D 03 -0.91992D-16 0.10219D 01
“ a_ DUCT R 0.00000 0.300000=01 0.00000 0.00000 0..00000 0.00000 0.00000 0.183000 05 0.00000 =
® 10 NOZZLF  0.71481D 04 0.22567D 04 0.26048D 01 0.23027n 04 0.22147D 03 0.98000D 00 0.98000D 00 0.18532D 01 0.26048D 01
- 11 DUCT R 0..00000 0.30000D0=01_ 0.00000 __ 0.00000 _ 0.00000 0.,00000 000000 . - 0383000 0% 000000~
= 12 SHAFT 0. 00000 0.50000D 04 0.50000D0 04 0.50000D0 04 0.50000D0 04 0.00000 0.00000 0.00000 0. 00000
., 13 SHAET 0..00000 ——0.,80000D 04 0.80000D 04 - 0.80000N 04 0.00000 - 0.,00000 0,00000 . . 0,00000 ___ __0,00000
" 14 LOAD -0.20000D 03 0.50000n 04 -0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
- MACH=__0.0000 ALTIFUDE= . 0O,  RECAVERY= 0.9800 0 JTERAYIONS 2 PASSES —_—
. ARl OW S BfSECY 100 00 . GROSS JTHRUSTY - ————— 148,12 _FUEL- FLOW (LRJHR) - ~ - 6883,97 —
" NET THRUST T148.12 TSFC 0.9630 MET THRUST/ZAIRFLOW T71.4812
“ TOTAL TNLET DRAG 0.00 _¥OTAL _BRAKE SHAET Hp_ 0,00 BOATTAIL_NRAG BN
“ INSTALLED THRUST 7148,12 INSTALLED TSFC 0.9620 SPILLAGF + LIP DRAG 0,00
o 3 3 Tl

- €N MODE=2, EEND

e

B e T —

[
|
J

* % % g 2 £ ¢ ¢ O



—BMODE 2 NOW-RFIMG USED—
OCASF TDENTIFICATION

. S

L OW

FICTICIDUS FNG[NF Fnr

: | 'BSE._Z_HSHQ._? Bt SLS fscw?“\'z‘-‘-@‘fmc.)

DFMDNQTRATIHN PURP”SFS

———STATION PROPERTY NUTPUT -DATA

WELGHT — TOTAL. TATAL— - FUEL/ZATR - REFERRED _ —  MACH . STATIC
. STATINN FLNW PRESSURF TEMPEPATURF RATIN FLNW NUMBFR PRESSURE
i STATRL STATR2 e S FATRR—— = . STATRY —-S¥ATPS  —  STAYRG - STATRT .. _
" 1 0.10000D 03 0.14696D 02 0.5i837D 03 0.00000 0.99998D 02 0.00000 0.00000
e . ot B 10000003 014400 00 . 0JHIEA7D-03 0000800 0.10204D-03 - 0.00000 0.00000
- 3 0.10000D 03 0.2880%N 02 0.644650 02 0.00000 0.56879D0 02 0.00000 0.00000
4 D, AK66TD-02- - 0.,2B804D 02 0.64465D 03 .0.00000 0.379190- 02 - 0.,00000 0.00000 -
- 5 0.642670 0?2  0.119100 02  0.10014D 04 0.00000 0.11112D 02 0.00000 0.00000
& 0.,24000001--0.118100 02 0.100:4N-04 .0.00000 0+00000-- —— 0.00000 ——0+-00000—
7 N.6A179N0 02 0.95465D 02 0.27°000N 04 0.79754D-01 0.22670D 02 - 0.00000 0.00000
- —__0.48579D.-02 N.S551230 02 0.245770 04 0.28683N0-01 0.20799D 02 0.00000 0..00000
9 0.68579N 02 0.40°30D 02 0N.22102N0 04 0.28683D-01 0.519670 02 0.00000 0.00000
11— 0.6R5790 .02 . 0.39702D 02 0.23}02N 04 0.28683N-01 0.535740 .02 -0.10000D 01 (0.21605N. 02
¢ 12 0.6£579N 02 0.39702N0 02 0.231920 04 0.286830-01 0.52574D 02 0.12254ND 01  0.14696D 02
e 13 . 0.333330n.02—--0.28R04D 02 . 0.644A50 03  0.00000 0.18960D-02—0.,00000- 0.00000-

14 0.333330 02 0.27940N 02 0.644657 03  0.00000 0.195460 02 0.100000 01 0.14759N 02
15 - 0,33333D 02 . D.27960D 02 0,64LA5ND.03  0.00000 0.19546D 02 0.98800N 00 0.14696D .02
% e L = COMPNANENT NUTPUT NATA

CP“PDMFMT
—NO . IVYRE . pATAUTL.— . DATAUTD DATAHLTS NATOUT4A DATOAUTS . - — .- DATOUTE —. — DATRUTZ - -
N 1 INLFT 0.00000 0.00000 0.00000 0.17000N 01  0.100000 01 0.00000 0.98000N 00
S 2 COMPRFSR =0,42821N0. 04 0.80000n 04 0.000CD 0.18000N 01 0.80000D 04 -0.100000 01 0.10239D 03
3 3 SPLITTFR  0.500000 00 0.00000 0.00071 0.00000 0.00000 0.00000 0.00000
4 COMPRESR_=0_82]181N N4 _0.500000 04 0,003 N.11000N Ol- . 0.44849D 04 0.10000N 01 0.37219N 02
i 5 DUCT R 0.14909N 00 0.50000P=01 0.3077120 00 0.29754N=01 0.72336D 02 0.68R40N 04 0.30000N 00
———-é.—-"—UR-NN«F—G-MJ-QD"M——O- 50000R 04 . -0 12707 01 0.35000R-01 —-0.384280 00-- 0.560000 04— 0.1.2005D .01
"7 TURPRINF 0.42820D 04 0.800000 04 N.100000 01 0.220000 01 0.70676N 00 0.52000D 04 0.63025D 00
~A-Q;ADUGLJL4A4L00000 - 0.300000-01 0. 00500 s 0.00000 0.00000- N.00000 - 0.00000
= 11 DUCT B 0.00000 0.30000P=01 0.00000 0.00000 0.00000 0.00000 0.00000
e 12 SHAET - =0.303170 00— 0.500000 04— 0.50000" 04 0.500000. 04 - 0.500000 04 — 0.00000 0.00000- .
Z 13 SHAFT -0.12715n0 00 0.80000n 04 0.8007°0" 04 0.80000N 04 0.00000 0.00000 0.00000
- 14 LOAD =0.,20000R-03 0. 500000 04 =0.00000. .-. - 000000 .- DL, 00n000 0, 00000 0.00000 —
“ 24 NOZILE 0.11632D 04 0.11227D 04 0.19012N0 01 0.11398D 04 0.578380 02 0.98500N 00 0.98500D 00
L 25 MOZZLE 0.553870 04 D+25985D .04 - 0.27T015D 01 - 0.26515D 04 0.163340 03 - 0.,98000D 00-.
* MACH= 0.0000  ALTITUDE= 0. RECNVFRY= 0,9800 0 ITEPATlﬂNS 1 PASSES
2 AIRFLOW (LB/SFC) 100.00 GRS S Tunucv 670[ 39 FUFL FLNW (LR/HR)
- MET THRUST ————— —6701+-89——- TSFC( e 10272 - NEV-FHRUST/AIRFLOMW —
i TOTAL INLET DRAG 0.00 TOTAL RRAKE SHAFT HP -0.43 BOATTATL DRAG
Y INSTALLED FHRUST 6701 .89 INSTALLED TSEC - 140272 - SPILLAGE 4 1IP DRAG - —

o g

—INTERFACE CORREC¥ED .

FLDM FRROR
. Svsypg
-0,00000
TG T TG A 0\ | S S i
-0.00000
0.241830~15 =
~-0.00000
IncHnognst i
0.10737D-08

I

0.192330-05 - 2 —

-0.00000
-0.00000

0.00000
=0.,00000 - -
-0.00000

0.00000 e

—DATAYTS - DATOUFS. — .
0.102840 01 0.00000

0.900000 00. 0.20000D-.01
0.00000 0. 00000

0.88000D D0 0.41000D 01 ..
0.183000 05 0.99000D 00

0.91000D0 00 0.1346BD 01

-0.90000D0-00--0.173190- 01~ "

-0.18300n 05 0.00000 ——

»

N.183000 05 0.00000
—~0.360150=04_.0.00000
-0.29694D-04 0.00000
H.00000 - — 0. 00000—— "

0.18931D 01 0.19012D0 01

6883.97
s M e e
0.00
0200

“ £D MAGH=. 8, ALTR-36089, ETAR=_ Ob, SPFECAL, 5)=2L00 GEND —— =

. OMODE 2 NOW BFING USFD

— OCASE IDENTIFICATION —  FIGCTICIDUS ENGINF FOR DEMONSTRATION RURPOSES

Case 3 - Mode 2

STYAT ION PRNPERTY NUTPUT DATA

at  Subsomic. o uwsg;ﬂ.,_']'_II ___21. o0’ R.

- FLOW WETGHT TOTAL TOTAL FUFL/ATR REFERRED MACH STATIC INTERFACE CORRECTED
C e STATION— FLOW—— PRESSURE — TEMPFRATURE — —RAFIO— — — FLOW— ——— NUMBER— — PRESSURE-—— FLPY-ERRORA— —— =
“ STATP1 STATP2 STATP3 STATP4 STATPS STATPS STATPS

STATPT

P

~0.980000-00 - 0.18376D 01 0.27045D-01 ¢



1 0.37677D. 02 0.329240 01 0.39019D 03 0.00000 0.14586D03_0.800000 00 0,00000 ~0.00000_ =Sl = T
2 0.37680D 02 0.48181D0 01 0.44026D 03 0.00000 0.10588D 03 0.00000 0.00000 -0, 7B833D~04
‘ 2 037680002 —-0,101600.02..0,55762D-.03 000000 __0.565110-02—0.00008———0.00000——=0.00000— "
4 4 0.25047D 02 0.10160D0 02 0.557620 03 0.00000 0.375640 02 0.00000 0.00000 0.65976D-07
‘ e =l 0.,24145N 02 . 0.42754D 02 ...0.87327D 03 _.0.00000 0.10770D.02 _0,00000. 0.00000__ __ =0,00000 = .
' 6 0.90168D 00 0.42754D 02 0.873370 03 0.00000 0.00000 0.00000 0.00000 6.00000
‘7 0.248180 02 0.34382D 02 -0.260000 04 0.27878D-01__0.237500 02 _0.00000 ____ 0.00000 0.23248D-07 L
3 8 0.257200 02 0.19906D 02 0.227860 04 0.26874ND=01 0.29797D 02 0.00000 0.00000 0.18Z38D-08
2 9 0.257200_02 0.147430.02 _0.21388N 04 . 0,268740=01__0.52061D0._02 0.00000_ __  0.00000.. _ _ =0.00000..
; 11 0.25720D 02 0.14301N 02 0.21288N 04 0.26874N-01 0.52671D 02 0.10000D0 01 0.77641D 01 —0.237040D-08
12 0.25720D 02  0.14301D 02 0.213880 04 _0.26874D0-=01__ 0.536710 02 _0.14465D 01 _0.32924D 01 D.00000 e —
! 13 0.12633D 02 0.10160D 0?2 0.557620 03 0.00000 0.18947D 02 0.00000 0.00000 -0.00000
14 0.12633D 02  0.98552D 01 .0.55762D 03 0.00000 0.19533D0 02 0.10000D 01 0.52046D .01 0.850480-07 i n i
8 15 0.126330 02 0.985520 01 N.557620 03 0.00000 0.195330 02 0.125110 01 0.32924D 01 0.00000
i rnMDnNFNT nuTPUT l"ATA
® e COMPONENT .. - = e SRS
¥ N, TYPE DATRUTL NATAUT 2 DATRUTA DATNUT 4 NATNUTS NATNUTE DATAUTYT7 DATNUTS DATOUTO
1  INLEY ___0.90718D.03..0,77468D 03 0.45895D0 03 0.11283D0 01 0.15244D. 01 0.30000D 00 0.,96000D0 00 0.872950 D0  0D.36089D0 05 .
: 2 COMPRESR —0.14995D 04 0.775270 04 0.00000 0.18191N0 01 0.B800007 04 0.105320 01 0.102390 03 0.89140D 00 0.2108T7D 01
e R SPLITTER D504 00 D, AR008 .. 0.,00000 0.00000 —=-0x00000.. —— =D 00000 ... 000000 SR s Pl Yo (oo o LSNPSR o 5o [o /5 Vo Y1 S
4 COMPRESR —0.27093D 04 0.46334D N4 0.00N0ON N,10476N 01 N0.44849N 04 0.996399 00 0.37219D 02 0D.88B04D 00 0.420810 01

— 5 _DUCY B . .0.15349D..00_ .0.50000D-01 0.300000 00 0.278780-0] 0.7233&0 02 .0.24232D 04 0.288150 00 0.183000 05 .0.99000D 00 _
6 TURRINF  0.29092D 04 0.46334D 04 0.100000 01 0.34R39N 01 N.2R428N0 00 0.53854N D4 0.120050 01 0.89809D 00 0.17272D 01
Ce T TURBINE _.0.14995D 04. 0.776270 04 £.100000 01 0.22120D D1 0.70676D 00 0.52403D .04 . 0.630250 00 0.90999D 00 _0.13502D 01 e

’ 9 DUCT R 0.00000 N.30000M-01 0.00000 0.00000 N.00000 0.000n0 0.00000 0.183000 05 0.00000 :
' 11 DUCT B 0.00000 0.30000D=-01 0.00000 0.00000 - 0.00000..... .- 0.00000. -0.00000 - =Da18300D0 05 0000008 % L
. 12 SHAFT —-0.14728NR-02 0.46334" 04 0.46334N 04 0.46334D 04 0.46334D 04 0.00000 0.00000 -0.506250-06 0.00000 E
Y13 SHAET _ 0.65B450D=04  0.77627D 04 0.774270 04 0Q.77627D 04 0.00000 0.00000 0.00000 0.43913D-07 0D.00000 . 2
3 14 LPAD -0.720000N 03 0.46334N 04 0.00000 0.00000 0.00C00 0.00000 0.00000 0.00000 0. 00000

— 24 _NOZ7Z2LE__0.51886D .03 ..0.13214D0 04 0.29933D0 01 0.134150 04 0.57835D 0?2 0.98500D .00 0.985000 00 0.189360 01 _0.29933D. 0)
25 NO7ZZLF 0.23622D 04 0.29550D0 04 0.434250 01 0.30153D0 04 0.16334D 03 0.98000N 00 0.980000 00 0.1R419D 01 0.43435D 01

.

¥ w4

MACH= __ 0.8000 ALYITUDE=_. 36089. RECNVERY= (.9600 13 _ITERATTONS 30 PASSES M Tea I
Mo ANRFEIOMW PERASECH w v BF S 3T 68 GRDSS THRUST . 2BRAY.OT Y _FHE BUOH CYRZURY L . o 282 T s . %
= NFY THRUST 1973.89 TSFE 1.2276 NET THRUST/AIRFLNKW 52.3900 =
- TOYAL _INLET DRAG 907,18 JOVAL BPAKE _SHAEY HD .~ =-0.00 _ BAOAYYAIL ORAG. 0. 00 ®
4 TNSTALLED THRUST 1973.89 INSTALLFED TSFC 1.2276 SPILLAGE + LIP DRASG 0.00 o
ey o Sy 2 2 et s = St st s e S Sl gt S —— — ®
° &D SPFC(9429)=.1,LABFL=T EFND “
- OMONDE 2 NOW BEING USED SRR R S e e s s e et
! WARNING *%=%x EXIT VELOCITY lS SONIC *('FWP(‘NENT 5 “
. WARNING k#k FEXTY VERRCPEY IS SONYC SCOMDBNENT & %
b WARNING #*%%x EXTY VELOCITY IS SONIC *CNMPONENT 5 o
g ELOCITY IS SOMIC *COMPONENY 5. SO S UL SN PSR S o S S e SR e .
“ WARNING *%% EXIT VELOCITY IS SONIC *COMPONENT 5 -
e WARNTNG N P LY MO Y ) SN R N NN, e e e e e e e 3
- WARNING *%% EXIT VELOCITY IS SONIC *CNMPONENT 5 =
w WARNING x&&x EXIT VELOCITY IS SONIC &COMPOMENT & - s u
2 WARNING **% EXIT VELOCITY IS SONIC *COMPONENT 5 &

——0€AS~F—!—QENLI-F—I£A1-!—ON—V-AR¥—1:#£F FIF—JO-_MAKE THE-THRUST 1300 +/- .1 LBS, o

_ Case 4 = Throttle back so ~thrusT = 1300 tbg. =

STATION PROPFRTY QUTPUT DATA o
= FLOW WEIGHT TOTAL TOTAL FUEL/ATR REFERRED MACH STAYIC INTFRFACF CORRECTED v &
: STATION ELQW — PRESSURF TEMRERATIURE — RATID - —-FLDu NUMBER

_— PRESSURE - ELOY EIROR e
STATP1 STATPZ STATP3 STATP4 STATPS STATPG STAYPT STATPS “



D 02 0,00 0. GO000
TR (53 64HP—02—-Dv 00000 0,00000

: 50 0L Q.S iU 0.00000 0.34694D 02 G.00000 0.00000 ~0.324220-06
o 0.792150 020432507002 0.¥96130-03-0.00000 -— —0.113220 02 0.00800- —_ 0.00000 ~0.00000 - 2 -
6 0.754900 00 0.325070 02 0.794130 03 0.00000 0.00000 0.00000 0.00000 0.00000
_______ 7 0.20653D.02 -0+26277D 02 —0.219380-04. 0,21643D-01—0.23754D 02 0.00000 ——  0.00000 - —0.18210D=04 S
8 0.214070 02 0.15116D 02 0.191290 04 0.?20864D-01 0.39970D 02 0.00000 0.00000 -0.54186D-06
e 9 0214070020, 11170B-02 —0.178S7P-04-—0,20864N=01—0.5231 8D 02 —0+00000-— —0.00000. - - =0.08000—
‘ 11 0.21407N 02 0.10R35N 02 0.17ROTN 04 0.20R64ND-01 0.539360 02 0.100000 01 0.584A48D 01 ~0.255150-06
12— 0.21407D-02- 0. 108350 02 0.178970 04 —0.20864N-01 0.53936P -02--0.13157D 01— 0.32924D 01-—0.00000 L LW
13 0.114550 02 0.903250 01 0.53636D 03 0.00000 0.18952D 02 0.00000 0.00000 -0.00000
e —0.11455p 02 —0.87615D 01 0.534360 03.-0.00000 0.195380 02 0.10000D-01 - 0.46268D D1  D.249060-05 -
’ 15 0.11455N 02 0.87615N 01 02535360 03  0.00000 0.195380 02 0.119150 Ol 0,32924D 01 0.00000
COMPONENT NUTPUT DATA
. COMPANENT . . ) : i S - U il
© NP.  TYPE DATAUTL DATAUT? DATNUTZ NATOUT4 DATOUTS DATDUTA DATAUTT NATAUTS DATOUTY
1. IMLFT— 0.78071D 03 0,77468D 03 0.458950 03...0.11283D 01 -0.15244D 01 - 0.80000D- 00 0.960000 00 0.87295D 00 0.35089D 0S5
2 COMPRESR ~0.10563D 04 0680930 04 0.00000 0.130270 01 0.800000 04 0.92386D 00 0.10239D 03 0.90164D 00 0.18747D 01
3. SPLITTER  0.546270-00--0,00000- 0.00000 —0+00000 -=0.00000———0-00000— - QUN0ED0T " 0. 00hODE 0. 0000DNUEEE.
4 COMPRFSR ~0.18599N 04 0.42538N 04 0.00000 0.11A170 01 0.44849) 04 0.93270D 00 0.372190 02 0.90714D 00 0.359890 01
5 DUCT B 0,14909D 00 —0.50000P—-01 0,300000 N0 0.21642D-01 0.723236N 02 0.15750D-04 —0.30174D 00- 0,183000 05  0.99000D0- 00 °

6 TURBINE 0.20599D 04 0.42538D 04 0.10000N0 01 0.352240 01 0.384280 00 0.53824D 04 0.12005N0 01 0.89813D 00 0.17384D 01
— 7 TURBINE 0, 105630 _04.. 0.68093D 04 0,10000N 01 -0.222240 01 -0.70676D 00 0.50169N-04 0,630250 00 0.911370 00 0.135320- 01—

9 DUCT 'R 0.00000 0.30000M-01 0.00000 0.00000 0.00000 0.00000 0.00000 0.183000 05 0.,00000
i 11— DUCT-A 0.00000 . 0.,2005000=~01 - 0,00000 . - -0.00000 - ——0.00000 - 000000 - — - 0,00000 - —0.18300D 05 -3.00000—— _°
N | §- SHAFT 0.47018D-01 0.425380 04 0.425328D 04 0.42538D 04 0.42538D0 04 0.00000 0.00000 0.22825D0-04 0.00000 ;
13 SHAFT 0.20639N=01- - 0.68093D 04 0.,680930 04 - 0,68092D 04 .0.00000 0.00000 0.00000 -0+19539D0-04 _0.00000 g
14 LNAD =0.20000D0 03 0.42538N 04 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 '

j'____.z-b—ND-Z-ZL—E-——OA.'iQIJD.—Ol 0. 12344D 04 0266110 01.. 0,125320 04

0.98500D N0  0.985000 00 0.18936N 01 0.26611D- 08 - -
25 NDZ7ZILF 0.16413N 04 0.24668D 04 0.32909" 01 0.251710 04

0.98000N0 00 0.9800DD0 00 0N.18%31D 01 0.329090 01

- SRR o - ' - REERS F = & .. - AT >
Y MACH=_ 0.8000  ALTITUDE= 36089, — RFLAVFRY= 0.9600 13- LTERATFONS. 33 pASSES. L o s L 2
» AIRELOW {(LB/SEC) I za. L CROSS THRHSY o oLt - 2080.77 EUEL FLOW-(LB/ZHR) 1575 0k »
= NET THRUST 1300.05 FSER 1.2115 NET THRUST/AIRFLOW 40,0949 =
» IO0OTAL AT :_T DRAG Jnn_"l JOTAL BRAKE SHA:T MB n‘.’\'l BOATYALL DRAG {l‘JLn -

INSTALLED THRUST 1300. 05 INSTALLED TSFC 1.2115 SPILLAGE + LYP DRAG 0.00 ]

@ 2

Y T&D NVOPT=5 E&END

«
a

L - “

-

-

“~ 0.10000D 01 0.00000 0.121150 01 0.57935D 02 0.16334D 03
s 0.99904D 00 0.00000 0.12104D 01 0.58835N 02 0.16334D 03 -
“  0.99763D-00- 0.00000 — 0.120860 01 0.638350 02 0.16334003 o 3 ] -
. 0.99742D 00 0.00000 0.12084D 01 0.62542D 02 0.163340 03 O st = -
© o 2 1 —_ ok, mid 1p ‘m‘ I!a \Q!\ i »
“ ITERATION 1 5 FUNCTION VALUES F = 0.99742495D 00 “
: 0v62542126P—02—0,16333929p03 -
0.99553D 00 0.00000 0.12061D 01 0.625420 02 0.16384N 03 : H\STO\"\I .
e 0.99359D 00— 0,00000 — ——0412037D-01 —0.62542D 02 0.16434D03 — ek . e S, N
- 0.97514D 00 0.00000 0.11814D 01 0.62542D 02 0.16934D 03 -
S 0 550040-00. 0.00000 8. 346100-01 0,425430.03 B.1tAs4003 - . f S TR
5 0.94543p 00 0.00000 0.11454D 01 0.625420 02 04179340 03 .
093515000 0.00000 0+11329P 01062542002 0,18434D03 e .
0.92847D 00 0.00000 0.11249D 01 0.62542D 02 0.18934D 03 : '
- 0+924130-00—0400000 0. 111960 01 0462542002 0194340 03 e : : -

0.921530 00 0.00000 0.11165D 01 0.62542D 02 0.199324D 03 i




»

= —0.920300_00 - 0..00000

Q

0.920130 00 0.00000
ITERAT INN 1
e 5256421260 02. . 0.206421
0.13566N 01 0.359380 00
0.,920780_00. _0.00000
O.17690N 01 0.84187n 00
-0.92048D0 00 0.00000

0.92034D 00 0,00000
0.820270_00. _0.00000
0.92011D0 00 0.00000
0.220180 00 0.00000
0.920120 00 0.00000
- 09201 10..00 . 0,00000

TTERAT INN ?

0,62401901D 02 D, 204421

0.920100 00 0.00000
0.92010D 00  0.00000
———5920110 00 . .0.00000
0.92012N0 00 0.00090
0.92011D DO 0.00000
N.920110 00 0.00000

[TEOAT [Ow 2

—_—— 0, 624019010..02 . 020897

N.919¢7n 00 0.00000
-0.932520 00 0.13%410-01}
0.920030 00 N, 02000

I TERAT TN 2

e = 0. 622616760 02 0.20742 |

0.919980 00 0.NO00D
-0.919980 00 0.00000
0.91999n 00 0.00000
= 0.921998D0 00 0.00000
0.91%9an NnCe  N,0N00N

— -~ -0.819980 _00.._0.00000
0.91998n 00 0.00000
~— -0.919980 00 . _0.00000
— ILTERATTON. _ 3
0.62261676N 02 0.20762)
000
0.91994N 00 0.00000
0.93379n 00 0.14315N-01
0.919920 00 0.00000

Y TERATTON 3

0.91986D 00 0.00000
- 0.91985n 00 0.00000
0.990230 00 0.70937N-01
. 0.919740 00 0.00000
U. %1966 00 0,00000
- 0.41963D. 00 0.000006

~ITERATTON 2

C.111500 f
0.111%80 0}

16 FUNCTION

osr 03

D P 2008 1N OY
0-1115%5D 0]}
6112330 01
D.111522 .01
0.11150n 01
0.11149D 01
Del111467D 01
0.11148N 0}
0.111470 01}
0.131147D 0]

S8 FMCTINM

naer N3
0.11147Dh 01
N.11147" 01
0.111470 01
G.111470 O}
0.111470 01
0.111470 0)

372 FUNCYINM

nan 013
0.111467 01
0.111400 01
T.lll4as™ 01

35 FUNCTINM

29n 03
0.111460 01
0.1114&" 01
0111467 01
D.11146" 01
Ta111460 01
N.111460 01
O.11146N 01
O.11146N 01

4% FUNCTYION

a3n 013
J.11148D 01
7.111450 01
Je.11140Nn 01
D.11145N 0}

47 FUNCTIPN

~0.62189499Nn 02 _0.207678450 03 -

0.11144D0 01
Jel1161n 01
2.111370 01
0.111430 01
0alll42D 01
G.11141D .01

5 HETT TON

Ne&LTE6441D 02 Yo 2N TN

VAL UTS

0.AT249N
0.6304 20
0.575420
0627710
Q.h2624N
N.£2555D
0./H2402N0
0Lb62470D
0.672472 20
DJ K25 08ND
Vﬁ.‘ [“'\‘
062642320
0.562402N0
0.624020
0.62602N
0.€24070
0.A24 )90

VAL UIFS

0, h2.2497
0.&1541N
C“ - E 2N
VL ¢
e i 2 R 20
C.c22620
0.422#2N
0.62262D
0.62762N
0.62262D
0.622620
0.62262D

VALUES

0.621980
0.622150
0.51557D
0.621809n

VALUES

0.62117D
0.61756D
0.610350D
0.61932p
0.51839n

D.-617930.

VALUES

0?
02
0?2
02
02

02
02

™
£

oz

02
02
02
02
n2
n2

ny

02

02
n2
n2
02
02
02

82

02
02
02
02

02
02
02
02
02
02

02206250 02
0.20642D 02

F = 0.920134690 0D

0.24950N 03
0.206420 02
0206420 03
0.20642D 03
0.20642N 03
0.20€6420 01
0.206420 N2
04206420 02
0.20642N 03
N 2064620 02
F =0

820111370 GG

0.206%2D 03
0+.2072an g1
C.20701» 03
0206737 02
0.2068S¢H 02
N, 20FG5™ 9=
F = n.e’pnos1en gn
0.20742N0 07
0.20992n N3
0207240 03

£ = N_,91907182n 00

0.,20752n 0%
G.20747D 02
0,206420 C2?
0.2069°50 032
N.207220 02
0.20734D..02
0.2076400 N2
0.207440 073
F = Ds919971%89 00
0.207£5D .03
0.2075en 03
0.209930 03
0.207£2n 03

F = 0.9199200%D 00

0.20794N 03

02209220 03

0.21180N 03
0.20860D. .03
0.20893N0 02
0.209090 03

F = D.O195525]10 00

MR

a




0. BE960D 00 0. 00000 —
(G.91960N0 00 0.00000
—0.91956000-0,00000—
0.91958n 00 0.00000
- 0.919580 00— 000000

0111410 01

0.111410 01
0111410 01

0.,91959N0 00 0.00000 0.11141D 01
-Ne21 959000 0.00000- - —— - 0e11141D.01
0.91952D 00 0,.00000 0.11140M 01

0,93 048000 3.,00000 ——— — NL11139D .01
JTERATION. 4
0.617564410 02
—0+91956D-00. 0, 00000 0.11141D 01
0.91959n 00 0.00000 0.11141D 01
0219630 00 0, 00000- 0«11141D 01
0.919%20 00 0.00000 0.11141D 01
— 0e91961ND 00~ 0,00000 0.11141n 01

62 FUNCTION
N.209242100 02

0.91952n 00 0.09000 0.111400 01}

0919470 .00 - 0,00000 0.11140N 01

e EFEPATIAN AL £C FUNCTEION-
0.61756441D 02 9.20924210D 03

— —-0N.91960D-00 - 0,00000 0.111410 01

0.91940N 00 0.00000 0.11141N0 01

-0.919600..00- 0.00000- 0.111410 01

0.919550 N0 0.00N00 0.11141D 01
0.919580 00— 0.00000 0, 111410 01
0.91959N 0C  0.00000 0.11141D 01

~0.919590. 00 0.00000

0.91956D 00 0.00000
—0.919A0P 00— 0.00000
0.919480 00 0.00000

-0.11141D 01
0.11141D 01
0.111410 01
0.11140N 01

[TFRATION 5 79 FUNCTINN
0.617564410 07— 0,20924210N 03
0.91958D 00 0.00000 0.11141N0 01

 0.919590 00 0.00000 . 0.111410-01

0.91962N 00 0.00000 0.11141D 01

—  0.91943D 00 0.00000 - 0.11139D-01---0.617550.-02 -

0.91959N 0C 0,00000 0.111410 01

[TERAT TOM 5 84 FUNFTINN
 D,61754536D 02 - 0,20924890D 03 -
0.91959D 00 0.00000 0.11141D 01

Oe-1114-1D-01-

03 31410-01-

065

.61

0a61

T5AD- 02
756N 02

0.617560 02
0.51756P-02
0.41756N 02
061 756N 02
0.617560 02
D 617550 02

VALLES

‘De61711IR 02
0.61744N 02
~0.61802n 92
0.61752N 02
0.61776N 02
0.61764D 02
0.617580 02

VALUFS

0.A175AN 02
0.61756N 02
C.61756D 02
0.A1756N 02
Q.61 7560 02
0.61756N 02
0.61756N 02
0.617560 02
0.617560 N2
0.61756N 02

VALUFS
0.61728D 02
0.617430 02
0.617834D 02
0.517460D N2

VALUFS

0.61753n 02

Dbl TS6D—02

0-209320-03
0.,20927D 03

O.a0g2an oy oo

0208730 03
0.20899n_013
0.20912n 02

—0.209120 03

0209230 03
020924003 —

F o= (0.91944034D 00
0209400 03
0.20929n 03
0+209080-03
0.209260 03
0.209170 02
0.20922D 03
0.209240 03

F = 0.919440340.00

N.209260 02
0.209340 03
0.209290 03
0.20824n 03
0208760 02
0.20902n 03
0.20915P 03
0.2092?7D 03
0.209250 N2
0.209240 03
F = 0.919449340 00
0.209340 03
0.209290 .03
0.20914n 03
0420925002 - - .
0.20928n 03

F = 0.91942812D0 00

0.20926N0 03

— DCASE JDENTIEICATION  VARY THE-TWO NOZ7L E - ARFAS TO MIN SFC WITH F=1200-1LRS

FLOW

WEIGHT

Case. .5 = Minimum SFC

STATINN PROPERTY NUTPUT DATA

TATAL

FUFL/AYR REFFRRFED

TNTAL
STATOM 0w DRFESSURE — - _TEMRERATURF. — —RATIO ———  —— F{ R
STATP1 STATP2 STATP3 STATP4 STATPS -
1 0+39028N-02- 0432924001 0.390190-03 -0-00000 —-0+15313D 03
2 0.390380 02 0.4R181D 01 0.4407?6D 03 0.00000 0.10970n 03
] -0.390280 02 - 0.11746D 02 _0,58770N-03- 0.,00000 - - 0.51991N-02
4 0.23851N 02 0.11746D 02 0.58770D 02 0.00000 0.31765Nn 02

5. 0Jpa9900. 03 0347050 02 0.834336-030,00000— 0. 122F3D 03

6 0.85864N 00 0.34705D 02
Sy p.oanobnl 33 DIRRTD OX
A 0.24252D0 02 0.16274D0 O

0.824130 03
0.197620
0.171770 04

¢ .00000 0. 00000
04 --0+174980-01— 0,23650D-02
0.16868D-01 0.399790 02

MACH STATIC TNTERFACE CORRECTED 4
~~~~~~ NUMBER———  PRESSURE - — FLOW FRROR 3 =
STATPG STATPT STAYPB 3
0.80000D 00 —0.00000- — - —0.00000 S — z
0.00000 0.00000 0.17160D-07 .
—0.00000 ——0.00000 ~0.00000 S
0.00000 0.00000 ~0.825160-06 -
— 0.00500-— ——0-00000—————0,00000 S R -
0.00000 0. 00000 0.00000 -
©.00800 0.00000 ~ 0. 36553006 a
A, 00000 0,0000N N, 107¢ -}




;774774 242530 02 0,903070 01 _0.15104D. 04— 0,16868D=01 0.673520 02 0.00000 - 0.008000  _=0.00000_

11 0.24253D 02 0,87598D 01 0.15104D 04 0.16868ND-01 0.69425D 02 0.100000 01 0.47008D 01 0.386260-07
s 12 024253002 _0,.875980-01- 0.15104D 04 0,16868N=01 0.694350 02 0.120170- 01 0.329240 01 0. 00000 -
i 13 0.151870 02 0.11746D 02 0.58770D 03 0.00000 0.20226D 02 0.00000 0.00000 -0.00000 .

14 0+15187D- 02 0.113294D.02_ 0.587700_03__0,.00000——__ 0.20852D. 02 0.}0000D 01 0.60174D D1 =0.49385p=07.

15 0.151870 02 0.11394N 02 0.587700 03 0.00000 0.20852D 02 0.13185D 01 0.32924D 01 0.00000

COMPANENT NUTPUT DATA
COMPONENT.

% NN, TYPE NDATOUT L DATNUT? DATNUT3 NATOUT 4 DATNUTS DATOUT6 DATOUTT DATOUTS8 DATOUTS
Y1 INLET 0.939060 03 0.774680 03 __0.45895D 03 0.11283D0 01 0.152440 01 0.80000D0 00 0.960000 00 0,87295D 00 N.340890 05
’ 2 COMPRESR -0.1952%N 04 0.84864ND 04 0.00000 0.12367D 01 0.800000 04 0.11514D 01 0.102390 03 0.86546D 00 0,24379D 01
o L 3LSPLETTER 0 ARETSH._ /0 _0,.00000 ——0.00000 - ---0.00000 .. .0.00000.. . 0.00000 ___ 0.00000. 0.00000  0.00000

” 4 CNFIE2FSR -0.19298D 04 0.42418D 04 0,00000 0.12921D 01 0.44849ND 04 0.88851D 00 0.372190 02 0.89480D 00 0.295486D 01

‘e 5 NUCT A 0.139230 00 0.500000=01-0.30000N 00-—0.174980-01___0.7233460D 02 _0.144830 04 _0,328900 00 __0.18300D0 05 _0.990000 00 -
6 TURFI®F 0,21298D 04 0.42418D 04 0.10000D 01 0.355860 01 0.38428D 00 0.565500 04 0.12005D 01 0.90064D 00 0.17490D 01
e TURRTIME. 0,19525D 04 0,84864D 04._0.10000D 01-..0,375640 01 0.70676D- 00 _0.65982D 04 0.63025D 00 - 0.88690N 00 0,17965D 01

9 DUCY B8 ©,00000 0.300000-01 0.00000 0.00000 0.00000 0.00000 0.00000 0.18300N 05 0.00000
Y 11 BUCY R -_0.00000.. . 0,30000P-01- -0.00000 0.00000 -0.00000 - - . 0.00000_ 0.00000 - 0.18300D 05 0.00000
- 12 SHAFT 0.37386N-03 0.42418N0 04 0.42418N 04 0,424180 04 0.42418D 04 0.00000 0.00000 0.17553D-06 0.00000
13 SHAFT  0.24854D=02 0.B4864D 04 0.84864D 04 0.848640 04 0.00000  0,00000  _ 0,00000 . 0,12729D=05__ 0.00000

= 14 LOAD -0.200000 03 0.42418D 04 0.00000 0,00000 0

000
& 24 NOZZLE 0.67480N 03 0.14296D 04 0,34605D 01 0.14513D 06 #B.617530 02\ 0.98500D 00 0.985000 00 0.18934D 01 0.346060 01
3 250 NDZTEE 0.15652N 04 0.20763D 04 0.26A04D 01 0.21187P 04

0.209260 03 J 0.980000 00 0.9R000N 00 0.186350 01 0.26606D 01
D A N i T "NOZELE AREAS i g

0.0N0000 0.00000 0.00000 0. 00000

T MACH=  0.8000  ALTITUDE= 36089.. .. RECOAVFRY=_.0.9600 1--TYFRAYIONS — 11 RASSES . -~ & e L
P L S ATAEPOWC (1 A/SECY — 39.04 GROSS THRUST - 223996 FUEL FLOW (LB /HR) 1448.34 . . B

£ MET THRUST 1300.00 TSEG 1.1141 NET THRUST/ATRFLOW 33.3007
iA___IDIALm!ﬁLFI.DRAG-n.- 939.96 TOTAL RARAKF SHAFT HP - 0.00 BOATTAIL DPAG 0. 00 =

INSTALLFED THRUST 1200.00 INSTALLED TSFC l.1141 SPILLAGF + LIP DRAG 0.00

1

ED FNDIT=1 EEMND
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