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SIRMARY

This report descirbes the results of a study to investigate the optimization -
method used in the Navy/NASA Gas Turbine Engine Computer Code (NNEP, formerly
designated NEPCOMP). The objective of the study effort was to identify and,
where possible, eliminate sources of computational noise in the NNEP code.

The scope of the study was limited to the following three tasks:

1. Cenerate subroutine, labelled common, and common variable cross
reference tables from the program source code using utility programs
that have been developed by Analytical Mechanics Associates, Inc.

2. Analyze the source code for the purpose of identifying corners and/or
singularities in the modelling of various functions. Also, isolate
inner loop iterations and assess the adequacy of the criteria used
to terminate the iteratioms.

3. Prepare a final report of the results of the study.

The cross reference tables required for Task 1 were prepared immediately
upon receipt of the source code and were used extensively in the performance
of Task 2. The generated tables are included as an appendix®to this report.

The performance of Task 2 consisted of: (1) analyzing the NNEP source
code to identify all internal iterations performed and instances where dis-—
continuities and/or cormers occcur in system and subsystem models, znd (2)
executing the program with a variety of test cases to determine the amount
of noise being introduced and the resultant effect on iteration behavior.

The only modelling discontinuities/corners identified in the code occurred
in subroutine THERM where tabular values of coefficients yvielded discontinuities
in function values and first derivatives in the sixth or seventh significant
digit at tabuldr points. These small errors may be eliminated without inereasing
execution time by increasing the number of significant digits of the stored
coefficients, and it is recommended that this be done.

The principal sources of noise affecting the outer loop iteration (optimization)
sequence were found to be in subroutine CALFX. The tightening of tolerances used to
terminate iterations in this routine does result in one or more additiomal
passes through the corresponding inner loops to achieve the more stringent
convergence criteriaj however, it does not necessarily follow that this always leads
to additicnal CPU time since the reduced noise directly affects the outer loop
iteration sequence sufficiently to permit convergence in the outer loop more
quickly. It is not axiomatic that the elimination of noise veduces the number
of iteratioms to comvergence in the outer loop. Due to the nature of the
outer loop iterator, subroutine BOTM, the existence of noise In the funection
evalvation may tend to hasten or retard convergence. But, when earlier
convergence is achieved with noise in the solution, it is due to circumstantial
satisfaction of the convergence criterion in BOTM by slightly erroneous results,
and the converged value of the performance index may be greater or less than
that of converged solution with nolse absent.
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During the course of the study, a revised outer loop iterator, designated

BOTMX, was provided which was designed to operate in the presence of noise.
The application of this iterator to several test cases failed to yield
favorable results. _ Although the revised iterator "converged” in a fraction
of the iterations requlred by BOTH, the flnal value of the performance 1ndex
was always less, by as much as 8 percent than the solition achieved by BOTM.
After the same number of iterations and function avaluations required for
convexgence with BOTMX, the value of the performance index achieved with BOTM
was, in each case investigated, better than the value obtained with BOTMX.

The conclusions reached in the study are as follows:

The principal sources of noise in the NNEP code arise from loose inner
loop tolerances employed in subroutine CALCFX. In CALCFX the tolerances
are input as part of the SPCNTL or SPEC arrays with default values of

1x 10 3. It is recommended that the toletrarices be input for edech control
variable with a value no larger than 1 X 10—6,

The number of sigpificant digits retained in the tabular coefficmeﬁts
in the 16 DATA arrays AHAIR, BHAIR, CHAIR, DHATR, APAIR, BPAIR, ' GPAIR,
DPAIR, AHST@C, BHSTPC, CHSTPC, Dnsmc, APST{C, BP5T¢C, cps*rdc and DPSTQ)G
in subroutine THERM should be increased to the limits of the machine to
eliminate discontinuities in the function values and first derivatives at
tabular points.

Additional research of the algorithm employed by subroutine BOTH is
warranted. It was observed that the converged value of the performance
index was actually achieved in most cases in less than half of the iterations
and function evaluations employed to recognize convergence. Thus, im-
proved methods of terminating the iteration seems advisable.

The performance of the revised iterator BOTMX was inferior to BOTM on
all the test cases investigated. Although additional testing and tuning
of BOTMX is encouraged, it is recommended that, until more favorsble
results with BOTMX are realized, the subroutine BOTM be retained as the
production iterator in NNEFP.

ROTE: In response to the above conclusions, nuwbers 1 and 2 have been imcorporated

into NNEP and the Naval Air Development Center has been working on and has
apparently solvad the problems pointed out in 3 and 4. The scope of this
contract does not permit a reevaluation of the revised code. Preliminary
findings of NADC however indicate both faster and better c¢r equal optimum
values are now consistently being achieved by the new iterator.
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INTRODUCTION

The Navy/NASA Gas Turbine Engine Computer Code (NNEP) (reference 1) is the prodict
of a 301nt effort by the NASA Lewis Research Center and the Naval Ai+ Development
Center. The program is used as a tool for the optimal, design of a gas turbine
engine, glven a prescrlbed engine conflguratlon with specified englne components
which are subject to a set of equallty constraints that assure satisfaction
of known laws of comservaticn. The program provides for the imposition of
upper and/or lower limits on key engine parameters and permits the specification
of up to ten'independent variables which may be chosen to maximize or
minimize a designated performance index. The method of optimization is a direct

search technique know as Powells® Principal Axis Method,(reférence 2). ‘This
technique 1s represented by subroutine BOTM in the NNEF code.

The implementation of the Principal Axis Method entails the evaliiztion
of a controlled sequence of complete engine designs to define the principal
axes for the specific problem posed, followed by amother controlled sequence
of steps in a direction defined by the prinecipal axes. This procedure
is repeated until no further improvement in the performance index can be
dchiieved. This procedure is termed an outer loop iteration. The application
of the Principal Axis Method requires that on each function evaluation (complete
engine design) all conservation laws and other control equatioms, in the form
of equality constraints, be satisfied. This implies that several internal
iterations, known as inner loop iterations, must be periormed and convergence
achieved on each function evaluation. Such iterations are required in the
specification of several individual engine components as well as the engine
configuration as a whole. The satisfaction of the limited variables (inequality
constraints) need mot be satisfied on a given function evaluation. Any
violations. contribute to a penalty function which is elimindted as part of
the outer loop iteration.

Direct optimization techniques are notorious foi their slow convergence
properties in the vicinity of the solution, and the Principal Axis Method is
no exception. In an attempt to improve convergence characteristics, a variety
of other optimization techniques in NNEP (actually an earlier version known
ds NEPCOMP) were tried.®* (Candidate techniques investigated included both
indirect techniques and other direct techmiques. Nome of the alternate techniques
investigated yielded any improvement over the Principal Axis Method. Indeed,
several of the techniques failed to converge to any sclution. It was subsequently
determined that the most probable causes for failure of the several techniques
to perform as anticipated were noise introduced in the function evaluation
computations and/or corners or dlscOntlnultles in the modelling of the several
engiilie components.

# The results of this investigation are described in a Naval Air Development
Center memo to the NASA lLewis Research Center. The memo constitufes the final
progress report for NASA Defense Purchase Request PR 585286.




The net result of the investigation of alternative optimization techniques
was to retain the Principal Axis Method iIn the production version of MNEP and
to continue research with the technique to enhance its convergence characteristies.
One aspect of this research was to identify the sources of noise in the code
and any discontinuities or corners in the modelling of the engine components that
may have contributed to the failure of the other techniques. The idea is that
the elimination of causal factors that may have contributed to the poor
performance of the other techmiques may lead to improved performance of the
Principal Axis Method. It is this aspect of the research to which the study
effort described herein is directed.

A}
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DISCUSSION OF STUDY ACTIVITIES AND RESULTS

Source Code Acquisition and Checkout

Immediately upon award of the contract, a trip was made to the NASA
Lewis Research Center to obtain on magnetic tape a copy of the NNEP source
code with tabular and input data for a typical test case. The program was
installed and compiled on the IBM 360, Model 91 under the 0S5 operating system
at the NASA Goddard Space Flight Center in Greenbelt, Maryland. The program
listings were reviewed in detail to identify all input/output logical unit
assignments and the expected record formats and lengths as required for the
proper definition of the job control cards. The compilations indicated
several warning level diagnostics which were of three types: (1) axrray
items appearing in equivalence statements were non-subscripted; (2) Fortran
mathematical library functions were called with arguments of the wrong type;
and (3) real constants with eight or more digits were not specifically declared
double precision through the use of a D exponent. In addition the Technical Officer
advised of a dimension error in one subroutine, and a review of the I/0 units
employed by the program pointed cut an incorrect ilogical output unit assignment.
These errors were corrected and a complete load module of the revised program
was generated.

Initial attempts to execute the test case provided were unsuccessful.
Tracing through core dumps that were generated at the time of program abend led
to the determination that certain input variables and arrays were not
explicitly initialized by the program. Unlike the computers in use at the NASA
Lewis Research Center, the 0S/360 operating system doess not set core to zerces
prior to loading the program, This task must be performed by the applications
program. Upon accomplishing this task, the program executed successfully and
yielded results that were close to those obtained on the Univac 1110 computer
at Lewis. With this accomplished, it was possible to address the primary
objectives of the study.

Source Code Cross Reference Apalysis

The NNEP source code was passed through a set of utility programs which
generate a set of five reports giving extensive crosgs reference information
of subprogram calls, Iabelled common references and individual common variable
references throughout the program. The five reports are as follows:

1. A listing by subprogram of the calling arguments passed to the routipe, the
subprograms referenced or called by the routine, the labelled commons
used by the routine, and the secondary entry points contained in the routine.
2. A list of all secondary entry points in the program with the name of the
subprogram in which the entry point appears.

3. A list by subprogrzm name of all other subprograms which call or reference
the subprogram.

4. A list by labelled common name of all subprograms that centain the labelled
common.
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5. A list by common variable or array name within each labelled common of all
subprograms which reference the common variable. The variable or array
type and its position relative to the start of the common, in decimal
bytes, are also given. For this report, the uvtility programs use both
the labelled common name and total length, printed in decimal bytes, to
identify the common. Therefore, if a common is of differenf lengths
in different routines, a separate report is prepared for each length.

The cross reference reports for NNEP are reproduced in Appendix A. These
reports indicated two problems with respect to operation on the GSFC computer.
One problem was a call to a subroutine SYS0BF, the source code for which was
not ineluded with the program. This subroutine is included in the system
library on the NASA Lewis computer, but is not regquired for operation on the
GS¥C computer. Therefore, the calls to the subroutine were removed. The
second problem identified was that labelled common EM@DID was of a different
length in one subroutine than in all other subroutines in which it appeared.
The discrepancy was due to the failure to properly type the common variables
as double precision in the one subroutine. This error was corrected prior
to commencing Task 2 of the siudy.

Analysis of Convergence Problems

The analysis of convergence problems required the repeated execution
of test cases under a variety of conditions. The test cases empioyed for
this purpose were provided by the Technical Officer and consisted of two separate
data sets. One sei, which will be referred to as Data Set A, consisted of a
design point case (function evaluation using input values of all independent
variables with no iterations), an off-design case requiring satisfaction of all
control equations but no optimization, and a case to optimize the engine
design to yield maximum thrust. The relatively simple engine configuration
consisted of six components — an inlet, a compressor, a duct, a turbine, a
nozzle and a shaft connecting the compressor and turbine. TFour control
variables and associated end conditions were specified. For the optimization
case, two independent variasbles were activated and one inequality constraint
was imposed. All cases in Data Set A involved a single mode. To supplement
these inputs, the data set also included five tables of gas property data
required to be available for reading on logical unit 12. The second input data
set, designated Data Set B, included a design point evaluation and five
separate optimization cases. Distinct mode numbers were assigned to each of
the six cases. Although each of the six cases represented different engine
concepts, reflected by different engine parameter values, the configuration
for each case consisted of the same 15 components, as follows: an inlet, 2
compressors, 2 turbines, 3 ducts, a splitter, 2 ‘nozzles, 2 shafts, a water
injector and a locad. A total of eight control varisbles and associated end
conditions were specified along with two inequality comstraints. Three optimization
variables were activated to yield maximum thrust for the five optimization cases.
The data set also included ten tables of gas property data. The twc data
sets are printed in their entirety in Appendix B.

The analysis was begun with a review of the source code to identify
questionable procedures or algorithms in the code that ecould lead to discontinuities
or corners in modelling calculatioms. In earlier versions of the program, the
algorithm used for interpolaticn and extrapolation in the gas property tables
was suspect. However, the routines employed to perform the interpolations and
extrapolations had been modified to eliminate the known deficiencies prior to

6

b




receipt of the source code. Consequently, this portion of the program was

not investigated in this study. The review of the source code led to the
identification of only one subroutine where discontinuities oxr cormers in the
model may occur. This subroutine was THERM which solves thermodynamic equations
for specified parameters given a set of input conditions. The solution of
these eguations involves the evaluation of cubic polynomial expressions of the
form

3

2
y = a; + bix -+ e X + dix

for a given value of the independent wvariable x. The coefficients ass bi, . and
di are selected from arrays A, B, C and D, respectively, with the wvalue of the

index i being dependent on the magnitude of x. The subroutine contains an
associated array ¥ with eleunents x, representing tabular wvalues of the indepen-

dent variable at which a change in the coefficients used takes place. The index
is chosen such that x is contained in the interval

*

&
xS % T )

If % < x,, then 1 = 1 is used. To assure continuity and smoothness in the function,

1?
it is necessary that the stored coefficients contain a sufficient number of
significant digits such that

mn [yap - y&e] = o

2 bep - rese]= o
where
| 2
1 =
v' (%) Pi + 2cix + 3dix

Due to the finite number of digits maintained by the computer, it Iis not
possible that the Indicated differences can be driven to exactiy zero}
however, the smaller the residuals are the greater will be the continuity
and smoothness of the fupction. A fortran program was written to evaluate

the residuals in y and y' at the tabular peoints (i »°2), and it was found that
a minimum of six significapnt figures was maintained in both functions. This
level of error was expected since the coefficients are emtered with only seven
or eight significant digits. .This is probably not significant when using a
direct optimization technique such as the Primcipal Axis Method, but could
lead to problems with an indirect optimization technique. Since there is no
effect on computational speed due to increasing the numwber of significant
digits in the coefficients, however, it is recommended that this be done even
if the direct optimization techmique is retained.

The search for possible sources of noise in the computations was limited

te investigating the effects of inner loop tolerances on the iteration characteristiecs.
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A possible source not investigated because the level of effort available was

not consistent with the magnitude of the task is the differencing of numbers

of the same order of magnitude. B8ince double precision computations are used
throughout the program, this is not expected tv be a major source of noise. Also,
machine roundoff and trumcation and accuracy of library mathematical routines
were not consildered important because of the use of double precision.

Inner loop iterations are performed in several of the engine component
routines, including COOLIT, DBURNR, INLET, MIXER, NOZZLE, TURBIN and WINJEK.
In each of these routines, the iteration is on a single variable, and convergence
to the specified tolerance is required on each call. The appropriate subroutine
is called only once for a given component each time a complete engine performance
evaluation is required. Subroutine THERM also performs an inner loop iteration
on a single variable under certain conditions; however, it is called many
times on each engine performance evaluation. Therefore, the possibility for
accunulation of noise effects due to THERM is substantially greater than for
the engine component routines. A wmultiple varizble immer loop iteration is
performed in subroutine CALCFX to satisfy all the control copditions specified omn
input. This subrxoutine provides the interface between the outer loop iterator
BOTM and the engine performance calculations. CALCFX returns to BOTM the
value of the performance index which is used in controlling the outer loop
iterations. The relative tolerances specified for convergence in the engine

component subroutines vary between 1 x 10-5 and 5 x 10_4. There are two
flow paths in subroutine THERM that result in inner loop iteratioms. The

tolerances for the two paths are 2 x 10_5 and 2 x 10“6. The tolerances used in
subroutine CALCFX are defined by input through the SPCNTL or the SPEC arrays.
The data sets provided for test purposes invoked default values of 1 x 10™° for
these tolerances.

The iavestigation of noise effects in the various routines was approached
by tightening the tolerances used in the several inner loop iterations in
selected combinations. For this purpose, all of the engine component routines
were tested as a single unit, subroutine THERM was tested as a second unit
and CALCFX was treated as a third unit., Within a unit, the tolerances for
all imner loop iterations were varied holding the toleramnces in the other
two units fixed. The behavior of the convergence process was monitored in
terms of the number of iterations and function evaluations required for
convergence and the final value of the performance index, thrust. Additionally,
the convergence progress was monitored in several cases where the behavior
failed to conform to an expected pattern.

In the engine component routines, a tolerance level of 1 x 10-10 for
all iterations was selected for compariscon with the nominal tolerances stated
previcusly. Several cases were executed with both tolerance levels and
various combinations of tolerances in subroutines THERM and CALCFX. The
results indicated that the tolerance level in the engine component routines
had virtually no impact on the solution. In each case, when comparing with
equal tolerances in the other routines, the numbexr of iterations and function
evaulations were identical for the two tolerance levels. Furthermore, the
differences in the final value of thrust were insignificant, varying at most
in the sixth significant digit. It was therefore concluded that, at least for the
test cases investigated, the engine component routines are not contributing
to the noise in the calculatioms. It was noted with interest that the more
stringent convergence criteria did not appear to adversely affect the CPU time for
the runs. This is most probably due to strong convergence properties of the inmer

8
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loop iterations resulting in the achievement of convergence with only minimal
additional iteratiomns.

In subroutines THERM and CALCFX, selected combinations of three tolerance
levels in each routine were investigated. In THERM, the nominal values were

— ~14
studied in addition to values of 10 10 and 10 14 while in CALCFX the values included

3 -6 10

were 10 . 10 ~ and 10—8. Initially, a tolerance level of 10 — was tried in

CALCFX, but difficulties in achieving comvergence at that level led to the

selection of 10”8 as the most stringent convergence criterion. Due to

computer time limitations, not all combinations of tolerances were investigated
for all cases. Nevertheless, a sufficiently broad spectrum of combinations
were included te adequately assess the noise effects in the cases investipgared.

The results of this portion of the study are presented in Tables 1 through
4, inclusive. The tabular entries include the data set designation and mode
number to identify the inputs for the case (see Appendix B), the tolerances
employed in the two subroutines; the number of iterations and function evaluations
required to achieve convergence in the outer loop, the converged value
of thrust and, for selected cases, a comment giving noteworthy information
concerning the iteration sequence. Table 1 displays results for varying
tolerance levels in THERM while holding the tolerance levels in CALCFX to their

default values of 10"3. Table 2 gives corresponding results for tighter CALCFX

tolerances of 10_6. Tables 3 and 4 reverse the order of presentation of data

by varying the tolerances in CALCFX while holding the tolerances fixed im THERM

at the nominal and 10-10 values, respectively. A review of the tabular data
leads to the following observations:

1. The tightening of tolerances in THERM while maintaining default tolerances
in CALCFX provides no evidence that major reduetioms in noise are achieved
with the tighter tolerances. Substantial (third significant digit)
improvement in thrust is achieved with tighter tolerances for the Data Set A
and Data Set B, MODE = &4 input cases; for all other cases the differences
in thrust were one or more orders of magnitude umaller.

2. The tightening of tolerances in subroutine THEXM while maintaining tolerances

of 10"6 in CALCFX also provide no evidence that the tolerances in THERM,
substantially affect the noise. The only case for which the number of
iterations was affected by the tolerance level in THERM was the Data Set B,
MODE = 4 input case, The numbher of function evaluations for the MODE = &
and 5 cases of Data Set B appeared very sensitive to the tolerance level,
but this is due to the nature of the outer loop iteration algorithm where
slight changes in the performance index can substantially change the
iteration sequence. The maximum changes in the performance index occur in
the fourth significant digit.
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TABLE 1

EFFECT OF TOLERANCE LEVELS IN THERM

Default Telerances in CALCFX (10“3)

Data Set Mode THERM No. of No. of function Thrust Comments
tolerance icerations evaluations (1bs)
A 1 Nominal 4 53 4194, 84
A 1 10710 4 64 4238.93
A 1 10714 4 64 4238.93
s B 2 Nominal 6 129 1490L.351
© B 3 Nominal 3 74 17556.64 17668 1bs thrust achieved during iteration
B 4 Nominal 4 92 21984.59 22040 1bs. thrust achieved during iteration
B 5 Nominal 5 86 25481.00
B 6 Nominal & 80 27754,32
. B 2 10710 6 132 14905,35
B 3 10—10 3 74 17557.05 17669 lbs thrust achieved during iter‘ation
B 4 10710 3 70 22641.04 | 22672 1bs thrust achieved during iteration
B 5 10710 5 86 25480.97
B 6 10710 6 133 2773179
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TABLE 2

ETFECT OF TOLERANCE LEVELS IN THERM
Tight Tolerances im CALCFX (10 )

i S v b+ aeAe e s b

Daca Set Mode THERM No. of No. of Function Thrust Comments
Tolerance Iterations Evaluatlons (1bs)

A 1 Nominal 3. 44 4235 ' 92

A 1 10710 3 43 423604

A 1 1074 3 43 4236,04

B 2 Nominal 3 63 14895.25 Final thrust achieved at iteration. (2,33
B 3 Nominal 3 79 17574?.32 Tinal thrust achieved at iteracion (1,20)
B 4 Nominal 8 160 227291;.63 Final thrust achieved at iteration (6,135)
B 5 Nominal 9 175 255955.21 Final thrust achileved at iteration (6,117)
B 6 Nominal 2 68 ?.791.3i.85 Final thrust achieved at iteration (1,43)
B 2 10_10 3 65 1&896%00 Final thrust achieved at iteration (2,34)
B 3 10—10 3 76 17574é77 Final thrust achieved at iteratior;. (1,21)
B 4 10720 8 215 22745;71 Final thrust achieved at iteration (7,181)
B 5 10710 14 298 25595,05 | Final thrust achieved ac iteration (9,180)
B 6 10710 2 68 27913,53 | Final thrust achieved at iterarion (1,43)
B 2 10"14 3 65 14896%.00 Final thrust achieved at iteration (2,35)
B 3 107 3 76 17574.77 | Final thrust achieved at iteracion (1,21)
3 4 10-14 8 217 22745;69 Final thrust achieved at iteration (7,183)
B 5 10744 14 313 25595,07 | Fimal thrust achieved at iterarion (9,180)
B 6 10-14 2 68 27913.53 Tina) thrust achieved at Iteration (1,43)




(AN

TABLE 3

EFFECT OF TOLERANCE LEVELS IN CALCFX
Nominal Tolerances in THERM

Data Set Mode CALCFX No. of No. of Tunction Thrust Comments
Tolerance Iterations Evaluations (1bs) )

A 1 1073 4 53 4194 .84

A 1 1076 3 44 4235.92

A 1 1078 3 45 4235 .94

B 2 1072 6 129 14901.51

B 3 1073 3 74 17556.64 | 17668 Ibs thrust achieved during iteration
B 4 1073 4 92 . 21984.59 | 22040 lbs thrust achieved during iterarion
B 5 1073 5 86 25481.00

B 6 1073 4 80 2775432

B 2 1{)"6 3 63 14895.25 Tinal thrust achieved at iteration (2,33)
3 3 ].0--6 3 79 17574.32 Pinal thrust achieved at iteration (1,205
B 4 10"5 8 160 22729.63 Final thrust achieved at iteration (6,2135)
3 5 1078 9 175 25595.21 | Final thrust achieved at iteration (6,117)
B 6 1078 2 68 27913.85 | TFinal thrust achieved at iteration (1,43)
3 2 1078 3 63 14805.24 | Final thrust achieved at iteration (2,33)
B 3 1078 5 108 17574.31 | Final thrust achieved at iteration (1,20)
B 4 10'-8 ' 8 160 22729,57 TFinal thrust achiéved at iteration (6,135)
B 5 10-8 4 75 25586.43 Final thrust achieved at iteration gl,36)
5 6 1078 2 68 27913.84 | Final thrust achieved at iteration (1,43)
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TABLE 4
EFFECT OF TOLERANCE LEVELS IN CALCFX
Tight Tolerances in THERM (10~%

E?':.zta Set Mode CALCFX No. of No. of Function Thrust . C:;mments
Tolerances Iterations Evaluations {1bs)

A 1 1073 4 64 4238.93

A 1 1078 3 : 43 4236.04

A 1 1078 3 44 4236.04

3 2 1073 6 132 14905.35

B ' 3 10-3 3 74 17557.05 17669 1bs thrust achieved during iteration

B 4 10-3 3 70 22641.04 22672 1bs thrust achdieved during iteration
= 8 5 T 5 86 25480.97 |

B 6 1073 6 133 27731.79

B 2 T 3 65 14896.00 | ¥inal thrust achieved at iteration (2,30)

B 3 1076 3 76 17574.77 | Final thrust achieved at iteracion (1,21)

B 4 1078 8 25 92745.71 | Tinal thrust achieved at itcration (7,181)

B 5 107% 14 298 25505.05 | Tinal thrust achieved at iteration (9,180)

B & 10_6 2 68 27913.53 Final thrust achieved at iteration (1,43)

B 2 1078 3 65 14896.01 | Tinal thrust achieved at iteration (2,34)

B 3 10"8 5 108 17574.76 Final thrust achieved ar.. iteration (1,21)

3 4 1078 9 241 22746.93 | Tinal thrust achieved at iteration (8,210)

B 5 1078 4 75 25586.29 { Tinal thrust achieved at iteration (L,36)

B 6 10-8 2 68 . 27913.53 Final thrust achieved at iteration (1,43)
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3. The tightening of tolerances used by CALCFX from 1(}--3 to 10—6 has a
noticeable efifect on performance index.®* The largest change occurs
in the second significant digit of the MODE = 4 input case of Data Set B.

The further tightening of the tolerances to 10_8 had virtually no impact

on the solution except for the MODE = 5 input case in which the iteration
simply terminated earlier at a slightly smaller value of thrust. After

the same number of iterations and function evaluations with a tolerance level

of 10-6, the iterator had achieved the same thrust as that of the converged

value for.a tolerance level of 10—8. Again, this is a case in which slight
differénces in the value of the performance index can Significantly -
alter the outer loop iteration sequence. '

4., The effect of tolerance levels used by CALCFX on the number of iterations
and function evaluations required for convergence "is unpredictable.
A review of the iteration histories indicated that the first oecurrence of
the final thrust (to five significant digits) is achieved in most cases
several iterations and function evaluations priocr to the determination of
convergence. The point in the iteration sequence where this occurs is
given under the "Comments™ heading for several of the cases. The two
numbers enclosed in parentheses and separated by a comma denote the number
of iterations and number of function evaluations, in that order, where the
final thrust is achieved. UWote that, for a given mode, these numbers
are identical for CALCFX tolerances of 107° and 10~8 except for the MODE = 5
case discussed zbove. Similar numbers are not shown for the tolerance level
- of 1073 because noise in the calculations rendered any such analysis
meaningless. As noted in the Comments, some intermediate iterations for
a tolerance level of 1073 yvielded values of thrust that substantially
exceeded the final converged value. This is almost certainly due to noise
in the caslculations.

It is concluded from the preceding observations that tighteming tolergnces
used by subroutine CALCFX from the default values of 1073 to a level of 107° will
substantially reduce noise in the computations. However, doing this will not
necessarily reduce the number of iterations and function evaluations required for
convergence. It is recommended that attention be given to the convergence
criteria of the outer loop iteration for the purpose of more rapidly determining
that convergence has been achieved. The tolerance levels in subroutine THERM
appear to have little impact on convergence using the Principal Axis Method. However,
if this direct iteration technique were to be replaced with an indirect method,
it is believed that the samll noise introduced by the loose tolerances in THERM
may then impede convergence.

% This effect was noted previously in the Final Progress Report of a Naval
Air Development Center study for NASA Lewis Research Center on Optimization
Methods for the Navy/NASA Gas Turbine Engine Code, NASA Defense Procurement
Request PR 782875.
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During the course of the study, a revised version of the Principal Axis
Method iterator was supplied by the Technical O0fficer with imstructions to investigate
its apparent improved convergence characteristics. The primary difference in
the new algorithm is the use of a least squares quadratic curve fit of four
points to locate the performance index minimum along the line search of the
outer loop iteration. The objective of this modification is to minimize
the effects of noise in the outer loop iteration. The revised iterator was
installed on the IBM 360, Model 91 computer at NASA GSFC and, after eliminaiing
problems arising from the failure to explieitly initialize certain arrays,
successful execution of the program was achieved. Testing of the revised
iterator was performed using the Data Set B input cases.

The five optimization cases of Data Set B were executed with various
combinations of tolerance levels in subroutines THERM and CALCFX and the results
are tabulated in Table 5. As predicted, convergence with the revised iterator was
repeatedly achieved in substantially fewer iterations and function evaluations
than required by the original iterator. It was noted, however, that the final
value of thrust achieved with the revised iterator was routinely less than
that obtained with the original iterator. 1In one case (MODE = &), the difference
was eight percent. This suggests that the reduced computational requirements
may simply be a result of an early termination of the iteration proeess. A
direct comparison of the performance of the two iterators was made by tabulating
the maximum thrust achieved with the original iterator within the number of
function evaluations required for convergence with the revised iterator. These
values of thrust are presented in the last column of Table 5. It is seen
that these values are consistently higher than the final values achieved -
with the revised iterator. The values shown in the last column of Table 5 are
within 0.8 percent of the converged values obtained with the original iterator.
The conclusion to be drawn from these results is that the performance of the
original iterator is better than that of the revised iterator. Therefore, it
is recommended that the original iterator be retained and that the number of
iterations and function evaluations be reduced by relaxing the convergence
criteria or through improved convergence detection techniques that may be
identified through additional research with the algorithm,.

15



TABEL 5
PERFORMANCE OF MODIFIED ITERATOR WITH LEAST SQUARES FIT

Data Set B
Mode THERM CALCFX No, of No. of Function Thrust ‘Thrust Acheived by
Tolerance Tolerance Iterations Evaluations (1bs) Original Iteratoy *
2 Nominal 1072 1 35 14300.96 14878
3 Nominal 1073 1 33 ” 17574.77 17626
4 Nominal 1073 3 71 21061, 60 22039
5 Nowinal - 1073 3 02 25275.46 25481
6 Nominal 1073 1 37 ' 27445,12 276564
2 Nominal 1078 1 33 14314.65 14895
3 Nominal 108 1 3 17574.14 17574
4 Nominal 1078 3 yal 21060.93 22679
5 Nominal 1076 1 55 25275.18 25586
£ 2 10720 1073 1 35 14310.10 14889
3 TR 1073 1 33 17575. 44 17627
4 10710 1073 3 71 21062. 32 22672
5 1070 1073 3 92 25275.31 25481
5 10710 1073 1 37 27438.64 27657
2 10720 1078 1 33 14315.00 . 14896
3 10720 1078 1 34 17574.59 17575
4 10710 1078 3 72 . 21061.15 22700
5 10710 1078 1 54 25275.03 25586
6 10710 107° 1 36 27432.57 27700

*  Maximum value achieved within the number of iterations and function evalunations required
for convergence with modified iterator,
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CONCLUSIONS

As z result of the znalyses performed and supporting data gemerated in the

study, the following conclusions are drawn:

1.

The only modelling discontinuities and corners identified in the code

were minor and are located in subroutine THERM. Tables of coefficients

used in cubic polynomials are stored to seven or eight significant digits

in internal DATA arrays. At tabular points in the independent variable, the
use of successive entries in the coefficient tables can lead to discontinuities
in the evaluated function and first derivative in the seventh or higher
significant digit. The retention of more significant digits in the coefficient
tables can virtually eliminate the discontinuitiles 'at no additional cost in
computer time.

The principal source of computational noise, as it affects the performance
of the Principal Axis Method iterator, is the tolerances to which the
control equations are satisfied on each fuggion evaluation. The default
values of the tolerances, which are 1 x 10 -, lead to inaccuracies in

the performance index in the third or higher significant digit. In a
sequence of function evaluations, these inaccuracies appesar to act more

as a bias than as pure noise, Consequently, the convergence characteristics
are, on the average, not substantially different from those achieved with
tighter tolerances. Rather, the effect is to converge on different

values of the independent variables which yield a slightly different

value of the performance index. The error in performance index due to
loocse tolerances in satisfying the control equations can be positive or
negative and the magnitude can exceed the differences in performance

index evaluated at the different values of independent variables. Therefore,
it is possible that the solution with loose tolerances can appear better
than that achieved with tight tolerances, but this more favorable result is
erroneous and can not be achieved in fact. It is recommended that the
defauit tolerances be overridden for each control variable through program
input in either the SPCNTL or SPEC arrays contained in the namelist D
input data set. It is recommended that the tolerances be input no greater
than 1 x 1076,

The tolerances used in the inner loop iterations in the engine component
subroutines and in subroutine THERM appear adequate for use with the
FPrincipal Axis Method iterator. No computational noise was observed in
varying the tolerances of the engine component subroutines; slight noise was
observed in varying the tolerances in THERM. Tightening the tolerances

in THERM is recommended in any implementations of an indirect optimization
technique.
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APPENDIX A

Source Code Cross Reference Reports

~1E¢LDING PAGE 77"
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. TABLE A-1

PROGRAM SUBROUTINE INFORMATION

MAIN
REFERENCED SUB-PROGRAMS
NEPCAL GONEP BOTM BOTM2  FINPRT NeEPINP
REFSRENCED CGMMONS ,
CuL SNGL NEPOPT CANTRL

SUBROUTINE  NEPCAL
REFERENCED SU3-PROGRAMS
SYSO0JF INPUT- ' FLOCAL FINPRT DMINV
REFERENCED CEMMONS
coL SNGL NEPOPT CANTRL INSTAL
ENTRY FPOINTS
NEPINE GONEP

SUBRUUTINE BOTHM
CALLING ARGUMENT
KeSs NoEF ¢ ESCALE S IPRINTS ICON s MALI Tyw
REFERENCED SUs—-PRUGRAMS
CALCFX LSTCPT
REFERENCED CGMMONS
NEPJIPT

SUBRGUTINE ~  BaTM2
CALLING ARGUMENT
XaEaNsEFJESCALE s IPRINTy ICCGAMAXITyw
FEFERENCED SUS=PREGRAMS
CALCFX ZTORZ
REFERENCED CCMMAONS
NEPOPT

SUBRGUTINE . CALCFX
CALL ING ARGUVENT
NOPT ¢+ Xy GEP
REFERENCEY SU3S-PROGRAMS
GONEP LSTCPT EXIT
REFERENCED CCMMANS
3L 3NGL NEPOPT

SUIRCUTI NFE CCMPRS
REFERENCEL SUZ=-PRUGRAMS

TLCOK  TrEKM REPRODUCIRILITY OF 1)

- . - k 19151 ilE
REFERENCED COAMENG TRTA T 2y T Do

ErERaENCEd Co OMAMVAL PAGL IS POOR

SUdDACUTI NE CONFIG
REFEARENCED 5uB-PRIGRAMS
INPRT
REFERENCED CCMMUNS
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E3L SNGL

SUBRGUTINE COOL LT
CALLING ARGUMENT
NSTAGE sFACTERs TINTAUT » TCOCL ¢+ PCHLED
F EFERENCED CUMMONS
JIALEED

SUBRGUTEINE D3URNR
REFERINCED SULE=PRIGRAMS
TLOOK THERM
REFERENCED 'COUMONS
b3L . SNGL

SUSRCUTINE FIGURE
CALLIMNG ARGUAENT :
JTYPE s JFLOW « JCUNF

..
L]

. SUBHROUTINE FLOCAL

CALLINE ARGUMENT

I1GET»5S» EROR

REFEAEMCLD SUD-PRIGRAMS ' ’ :
TLODK INLET EBURNR WIMNJZK COYPRS TURUIN
MIXER NCZ2L s

FEFEREMCED CCMA4DNS

D3L. SNGL. J8LZEE IMSTAL

SUARGCUTINE HZATXC
CALLING ARGUMENT
1
REFERENCED SUS-PRIGRAMS
TLO3K THERM
FEFERCZNCED CCMHONS
03L SNGL

s

SUIRCUTINE INLET
RETERENCED SU3-PRIAGRAMS
THERM TLOCK ,
REFERENGCED CCHMINS
0a3L SAGL

SLEECUTINE 10T
REFERENCED SUB-PRIGRAYS
SY3ueF SUMERY
REFERENMCED CCAMONS

DiL SHGL CANTRL JULEED
ENTRY PCINTS
FIN2PRT -

SUBFUUTINE INPUT
CALLINC ARGUMENT
MADE

21
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REFERENCED SUB-PRIGRAMS

NAMEPR TREAC  CONFIG FIGURE
REFERENCED COMI{ONS | o
ol 18 SNGL NEPIPT  INSTAL
| SUSRCUTINE  LSTOPT
REFERENCED COMMONS
o8 SNGL.
SUBROUTINE  DMINV
- CALL ING ARGUMENT
A.NvD'L|M}‘,f
. ]
SUBROUTINE  MIXER
REFERENCED SUB-PROGRAMS
THERM
‘REFERENCED CCMMONS
pBL SNGL
SUBROUTINE  NAMEPR

CALL ING ARGUMENT
INSNOUT I NREADLPINPUT
REFERENCED SUB-PROGRAMS

CONVRT
SUBREUTINE  NOZZLE
REFERENCED SUS=PROGRAMS
THERM TLOOK
REFERENCED CCMMONS
tBL SNGL. INST AL
SUBGGUTINE SPLITE
REFERENCED CCMMONS
EBL SNGL
" FUNCTION SPLNG 1
CALL ING ARCGUMENT
NLOC Xy X INDEP
FUNCT 1ON TrHE=M
CALLING ARGUMEMT
ICsARGsFACLD
SUIRUUTINE TRAEAD

CALLING ARGUMENT
!;QKOYJZnFKYZ
REFERENCED SLY-PRIGRAMS

sPLNuL
REFERENCED CCMMONS
LETH SNGL

ENTRY FOINTS

 _tuaa1.

EMGDID CANTRL JBLEEC




TLOGK

SUBROUTINE TURB IN
REFERENCED SUB-PROGRAMS
THERM T OCK COOLIT
REFERENCED CCMMONS
caL SMGL JULEED

SUSRAUTINE WINJEK
REFERENCED SUB-PRDGRAMS

TrERM :
REFERENCED ‘CCMMONS

DaL SNGL

SUZRCUTINE . Z2TOPZ
CALLING ARGUMENT
NRUN ) X XEsNXs ET ¢ TOL o VAL ID « NGRD s KTUP s MAXPR T
REFERENCED . SUB~PROGRAMS
LSTOPT

SUSROUTINE CUNVR Y

FEFERENCED. SUB-PROGRAMS
EXIT

REFERENCED CLMMONS
EMOLIC CANTRL

_ SULIAUTINE  SUMERY
FEFERENCED CCMMONS
EMADID CEL SMGL. INSTAL -




TABLE A-2
PROGRAM ENTRY POINTS

ENTRY PCINT SUMMARY

ENTRY
NEF INP
GCNEP
F INPIT
TLOOK

e gt i e e

SUS—-PROGPAM
NEPCAL
NEPCAL
IMNBRT
TREAD
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NAacik
ST
aCT22
CALCFX
COMP A3
CONF TG
CUNVRT
COCLIT
C3UrN=
DMINV
EXIT
FlGU=z
FINPRT
FLCCAL
GuUnNep
HEATXC
INLET
INPRT
INFUT
LSTORT
MIXER
NAMEP=
NEPC AL,
NEP NP
NOZ2LE
SELITR
SELNWY
SUMERY
SYSUSF
THER4

TL{LK
TREAD
TURZIN
wEINJEK
ZTUP L

TABLE A-3

SUBROUTINE CROSS REFERENCE TABLE

SUERJUTINES REFERENCING MEMEEwW

MA LN
MAIN
0ot
FLOCAL
INPUT

NAMEPF

TURGIN
FLACAL
NEPCAL
CALCFX
INPUT
MATIN
NEP C AL
CALCFX
FLOCAL
FLOGAL
CONFLIG
NEPCAL
EO T
FL.ACAL
INPUT
MAIN
VA TM
FLOCAL
FL (JC AL
TREAD
INPST
INPRY
COMPRS
WINJER
CC¥PkS
INPUT
FLOCAL
FLAOCAL
BITM2

BaiME

CINVRT
NEPCAL

MAIN

INPUT

CALCFX ZToPZ

NERPCAL :
CouRNR HEATXC ITWLET MIXKER

DBURNFE FLICAL HzATXC IANLET

25
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1

MNAME
CGANTKL
C st

EMODLE

ENSTAL
JOLEZD
NEPOPT

"SNGL

SUEBKUSWYTINES REFERSENCI NG
CONVET

CALCFX
INPRT

SPLITA
CONVET
FLOCAL
CUNIT
BO T4

CALCF X
INPRT

SPLITX

TABLE A-4

COMMON' CROSS REFERENCE TABLE

INPRT
COMPES
INPUT
SUMERY
InPUT
INPUT
FLOGCAL
s5OTM2
CEMPRS
I NPUT
SUMERY

InPyt

CENF LG
LSTaPTY
TREAD

SUMERY
NEPC AL
INORT
CALCFX
CENFIG
LSTOPT
TPEAD

MALTN
D3URNR
MAIN
TOURA IN

NOZLLE
INPUT
INPUT
DBURNR
MATIN
TUR3IN
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ME MJE R

NEPCAL
FLOCAL
Ml XER

WINJEK

SUMERY
TURGIN
MAIN
FLOCAL
MI KER
WINJEK

HEATXC INLET
NEFCAL NCGZZLE

NEFC AL
HEATXC IN.ET
NEFCAL NBZZLE

P ]
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TABLE A<5

COMMUN VARIASLE CROSS REFERENCE TABLE

COMM G Dk LENGTH 14534

VAR I An € TYR:z ADD=
DAT LR R ¥ o by}

DATCUT R *o 7234

WTF R%3 11325

TUPRZS ] 11 349

27

SUERCUTINE

MAIN

I NLET
I NPRT
INPUT
MIXER
CALCFX
CCMPRS
CHBURNR
FLCCAL
HEATXC
LSTOPT
NEFC AL
MNOZZLE
SPLITR
SUNMERY
TURBIN
wINJEK
INLET
I APRT
InPUT
MIXER
CALCFX
CCMPRS
CBURNR
FLCCAL
HEATXC
LSTOPT
NEZZLE
SPLITR
SUNERY
TURBIN
wIMJIEK
INLET
I APRT
INPUT
MIXER
CALCFX
CCMPRS
CHURNR
FLCCAL
HEATXC
LSTOPT
NIZZLE
SPLITR
TURSEIN
Wl NJEK
INLET
INPRT



cLMmon Dol (CONTINUIDY

VARTAALE TYPZ ADDR SUBRCUTINE
COMIXER
CCNPRS
CBURNR
FLECAL
FEATXC
LSTOPT
NOZZLE
SPLITR
SUNERY
TURBIN
. WINJEK
TOTEMP  R%a 12463 TALET
INPRT
MIXER
CCHPRS
CHURNR
 HEATXC
LSTOPT
NOZZLE
EPLITR
TURDIN
W INJEK
FAR . R%ka 12480 . . IALET
INPRT
MIXER
CCVMPRS
C3URNR
HEATXC
LSTOPRT
NOZZLE
 SPLITR.
TURBIN
WIKJEK
CORFLO SRS 12840 INLET
' © INPRT
MIXER
CCMPRS
CALRNR
FLCCAL
HEATXC
LSTUPT
pOZZLE
SPLITR
TURDIN
: RINJEK
 WMACH CoK%3 ¢ 13123 TMLEY
' ‘ 1RPRT
MIXER
LSTOPT
- MBZZLE -
WINJEK
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COMMOIN Db (cumttmuﬁni

VARTAHLE TYPE
STATP & =3 1

LR

o R SUBRCUTINE
& INPRT
MIXER
LSTOPT
NDZZLE
EHPOR RES3 13703 I MNPRT
FLCCAL
L3TOPT
TOL R¥a 14¢ o NEFCAL
TOLTT R®z 1496 NEFC AL
pEPV Rm=e 1414 INPUT
FLCCAL
NEFCAL
L ¥ok R#*3 142564 FLECAL
NEFCAL
PERPF R*o 14624 I NEBRT
INPUT
CALCFX
FLECAL
LSTCPT
NEFCAL
SUNERY

LI 3
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COMM U VATTAULE CRUSS REFERENCE TABDLE

L OMMGH SNGL, LENGTH 53260

VAR AL S TYR: ADCR SUERCUTINE
Ji1 I*a 3 INLET
‘ MIXER
CCMBRS
C3URNR
FLCCAL
HEATXC
NOZZILE
SPLITFR
TURBIN
WINJEK
JM2 124 4 MIXER
: ' CBLRNR
FLCCAL
HEATXC
TURBIN
421 1%4 8 INLET
MIXER
CCNPRS
CCAFIG
COLANR
EFLCCAL
HEATXC
NO2ZLE
SPLITR
TURSIN
wl NJEK
Jr2 1 *4 tz ccyvPRS
CBURAR
FLCCAL
HEATXC
EPLITR
Jox 1 %4 is MAIN
' 1MLET
INPRT
MIXER
GCALCFX
CCMPRS
CCNFIG
CBLRNR
FLCCAL
HEATXC
NEFCAL
NOZ22LE
SPLITR
TURSIN
WINJEK
LICT3L I=a 23 INLET
CCMPRS
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CaMpi S5NGL (CUNTINUZDY

VAkIAoLE Tyr: ALK SUBRCUTINE _ S
HEATXC , R )

REFCAL

N322LE

TURBIN

JCCMP 1«4 , 213 . INPUT
CONF1G
FLLCAL

IWAY Isg . 2464 VALIN
INPRT

INPUT

. EBURNR

FLCCAL
NEFCAL
NOZ2ZLE

. TURBIN
NIT I %4 24064 I NPRT
! 1 NPUT
CALCFEX
LSTOPT

NEFCAL

TURBIN
1Tas | P 24613 TRE AD
NE FC AL
JCONF 2744 INPRT
: INPUT
CALCFX
CCANFIG
FLCCAL
HEATXC
MEFCAL
JTYPE 1% 3733 INPRT
I NPUT
CCNF1IG

FLCCAL
LSTOPT
TURSIN

JFLOW 154 3949 MALIN
INPUT
CCNF1G

FLCCAL
HEATXC
ILEDAP 1% 4zcA INPRT
INPUT
NEECAL
KKINDS 125 S5 MAIN
I APRT

I MRUT
CALCFX
CAON1G
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COMMON. 0

':vhnragug;a

NOGSTAT:

NITER

T ONFIND'S

NPASS

JCo

CNTHL

NCTS

JCIND
JCDEP

JCVING
. JCVUEP

ROTYP

TDENE

CNCGMP.

SNGL t.amtluUaol

TYPLTbﬁv

i %a

C Lxa
Y

1 %%

184
I s
1'%
124

1%
184

I #d

RLTS

T S

AﬂBR

5533

S7Tus

5703

5712

5716

5720

5819

58849 .
sgéﬁ”’

6040

'siéhhf‘-“

,cch&:c
FLECAL
LSTAPT

NEFCAL
CINBRT

- TAPYT
CONFIG

LSTORT

NERCAL
"INPRj
 caLcFx

FLCCAL

tsroPT

BEFCAL‘

INPRT
FLCCAL
LSTORT

'hEPCAL

MAIN
I MPUT .
CCNFIG

FLECCAL

TREAD

"NEFCAL

INPRT
CONFIG
FLLCCAL
NEFCAL
NEPCAL
FLCCAL
NERCAL




CLMNEN VASTASLE

CoAUN

Vas I nZLE
LUENG

PULMNT

NCAS

1t

AMAC

CANTL.

TYPZ
[ 1%

I %4

154

L=
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CRUSS RIFERENCS TAHLE

LENGTH o

ALDR

SUERCUTINE

MALN
INPRT
I nPUT
CCAVART
MEFCAL
MAIN

I APRT
INPUT
CCANVRT
NE FCAL
INPRT
INPUT
NEFCAL
MAIN
INPRT
1 NPUT
NERCAL
MATIN
INPRT
INPUT
CCAVRT
NEFCAL



CoMmON VARTABLE

CoMW T R i I Y

Va- TASLE TYRZ
SePDAT S T

34

CROS5S RETERENCE TABLL

LENGTH €

AL DR

1

SUBRCUTINE
COMVAT



CLmmMC VAT LALE

CeMyON

VAE LASLE
SEFLAT

GPMUDE

=W W

TYso
[ )

IER -9

35

CROS: RuFRRENCE TABLE

LENGTH ie

AC DGR SUBRCUTINE

] INPUT
SUNERY
2 INPUT
SUMERY




e taee

CIMON Vva3TAILE JkRUSH ReEFERINCE TABLE

LomMCn INSTAL LENGTH 285

variagks TYP= AR SUERCUTINE
AE <ty Red d FLCCAL
NOZZILE
AGINDS AeS 3 INPUT
FLCCAL
=LMaX REH 15 INPUT
FLECCAL
SONAX Rag £4% I NPUT
FLCCAL
g DI R X" 32 INPUT
FLCCAL
SHUCAT R*EH 42 FLCCAL
LLip g i FLCCAL
D5P1L R*%5 So FLCCAL
AFACTR Rea 04 FLCCAL
SN ~*3 72 FLCCAL
AL =3 Y 3 FLCCAL
Fal 128 ¥ 43 FLCCAL
AZACAH I°% ¥ 104 FLCCAL
FoPIL 2% T 112 FLCCAL
ANA X nd 125 FLCCAL
ACAPT Ras 124 FLCCAL
AEMT ke 136 FL.CC AL
AMAKET R 144 FLCCAL
AZXIT xg 152 FL CC AL
SUMERY
CMF T 162 FLECAL
AMPK E*g lod FLCCAL
CHPn we 174 FLECCAL
Cu3 oo 184 FLCCAL
Co 8oL R*g 192 FLECAL
Cosl n%y Zlw FLECCAL
aa AEDH éLs FLCCAL
cowp RK®3 24 FLCCAL
A% H¥n c3e FLCCAL
co=T R&S 24C FLCCAL
E-1= I (W 243 I NPUT
FLCCAL,
MEFCAL
NO2Z22Z2LE
SUME Y
z0aAT L 252 INPUT
FLLCAL
MEFCAL
NOZZLE
SUNERY
INLTDS Lxas 2ob InPUT
FLCCAL
MEFCAL
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QL MMECN INSTAL (SUNTINnuzD)
VARIAALE TYiPz ADD-< SUBSCUTINT

NCZZLE
SUMERY
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T e,

=OANCH

Ve T ASG

UM LT

valadgbco

Joui e

= TYyPs
[T

QxRS
R*3

Loy
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Crid3S5 RaFER

NG

AL U
o

ENCE TABLE

TH -3

AUPRCUTINEG
FLECAL
TURSIN

INPUT
COCLIT
INPUT
CoCL 1Y
INPRT
INPUT
CCELIT
FLCCAL
TURDIN



et

- RS Bl
WMo

wlLat SN

NPA 550
NVUPT
NS GPT

EGTM
BC TMM

TOPZ

VARTAWLL LRUSS

HEZPIPT

%3

1%
I %
e X

1 xa

1*a

1*s

L*y

L*4

%o

39

RESSRENCE TABLE

LENGTH &8

AGDR

| -
24
32
k]-)
“)

38

52

o4

SUSSCUTINE

MAIN
INPUT
CALCFX
CALCFX
NEFCAL
CALCFX
NEFRCAL
BCTM
CALCFX
ECTM
CALCFX
CALCFX
NEPCAL
MAIN

L INPUT
NAIN
BCTM2
CALCFX
PAIN
INPUT
CALCFX
NEFCAL
INPUT
CALCFX
INPUT
CALCFX
NEPCAL
acTM
MALIN
acTMe
EOTM
MAIN
BETM2
INPUT
CALCFX
MNEFCAL




APPENDIX B

Input Data Sets
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TABLE 6=
CATA SET A

NAMEL 1ST INPUTS

TEST ENGINE FOR 'CSU

£D NMCEES=1:DRA4=T SEND

£D MODE=1,0EBUG=1,

KUNEIGILs1 )= INLT ¢ 1:002¢0sSPECLL41)=100:4%Cils0¢

KONFIGEL o 2)='COMP* 3240, 3:0,SPEC{L 2212142404 1:37C741:3708;
133709332049 450+8:1, _
KONFIG(1¢3)=0UCT* 13400840, SPECI133)=,05+000+280C+1.0+18300,
KONFEGILo4)= ' TURB " 344045+ DSPECCL+8)=345 90+ 1438031380241
59040 009560001,
"KGNFIG(1:5)=*NDZZ'15+046:CoSPECCLoE)=001+0+CosS8%01+0:001,
KONFIG (L 4€)=*CNTL* s SPCNTLI10E) =104 4'STAP?18:540414C4 0009
KGNFEGIL 47 )= CNTL s SPCNTLI T 210299STAP 9848405 151414243,
KONFIGCLoBIECNTLY s SPENTLE 1,802y Lo tSTAP?,8,42,0i1 4000004
KONFIG(1+9)m 'CNTL s SPENTLL 19021 4105°0CUT?483104Cs10e1040
KGNFIGIL »y10)=SHFT? 4248 ,0.0,SPEC{1+10)=5600++8%1 ¢4

KONFEGLL o 1L )='0P TV s040:5e00SPECIL1218)=3%04144%0418 4
KONFIGIL ¢ 12}=00P TV 40:0:32, 3, SPEC{1:12)=0,023000,4:4%0,1,
KGNFIGUL s 13) =L IMVY o SPLTIYVEL e230=CeaTolels PDCUTY 362484001
£END

ED ALTF=30000sMACH=0.6,LABEL=T,»

LEND

MACH 0+ AT 30000 FEET =~ NG GPIIMIZATION

&D NVOFT=z-4 £END

OPTIMIZE THE PREVIOLL CASE

£D ENDIT=1 EEND

&2



3707
ANGL
SPED

FLOW
FLOW
FuLow
FLOW
FLOW
FLOuW
FLow
FLOW
FLOW
FLOw
FLOw
FLOW
FLOW
FLOW
FLOW
SPED

FLOW
FLO#®
FLOW
FLouw
FLOw
FLOw
FLOW
FLOW
FLOW
FLOW
FLOw
FLOW
FLUW
FLOW
FLGW
SPED

FLOD#
FLLw
FLOw»
FLOw

3
15

BN NN NN Ny~

[

ol % W

1T VIR R I RN R S I IR g )

GAS

HFC FLOW WITH VARIAELE

' =5,00
Qe €00
G840
1.£35
L+ 200

0«1220

- Qea1610

0.2330

0.265¢

0+30480
0.3¢85¢C

0.4240

Ve0580

C.48890

0.5240

0:5580

G.£430

0s712¢C

0. 7850

0.86480
0:600
O« E43
14035
1000

Q0.3%520

0.361¢

0+4230
0+469C
0.5C8C
0+56%70

0.6240

" 0.6580

O.688C

Qs 7240

Q7580

Q.8430

0.9%122

0+9E&6C

10600
0. &30
0.,E40
1038
1038

0.722)

0.75%10

Ce8J43D

CetESE

0.00
cir0C
0i85¢C

1iC05¢C
0.188¢C
0.1560
0.2440

0.2840

* 03230

C«3828
043280
0.:4120
0.+5G630
0.5350
0+5710
Ce6E5¢C
0.7250
C.7550
C.8600

C.700

C.ESC

14CS0
0.3E8¢
0.3¢50
0.44440
Q.4E4C
045230
0.5820
0.562380
0+.672¢C
0.7C3¢C
€.7250
Qa721¢C
C.8550
09250
0.%4¢5¢C
t.060C

CaTOC

CeES0

| ¥ 141
Ce758¢C
C.756¢C
0.E440
C.dEa0

TABLE 8-2

CATA SET A

FROPERTY TABLES

STATCRS

10,00
Cs 750
Ce 860

7‘!‘50
Calbho
0.2060
€.2530
€.2930

0.+3350

0:3430
G540
C+4860
Ca5160
G451 0
045850
C:0680
Cs7350

0.8010

d.:8600
€Cs750
Ce860

1150
C+365%0Q
0+4060
C+4500
C 20930
C+5350
0.593¢C
00540
0.6860
Ce7160
07510
De7850
C+8080
€e9350
L +0040
1.0600

€750

Cr06C

12150
Ce7040
c.dOQO
Cet8900
088939

43

0.800
csare

l;3°¢
0.1730
G.2140
Ca2550
¢s3000
C+3480
¢id080
€:4700
0:5020
£4i5300
£:i5660
6020
€:6800
€+ 7880
€s8050
‘-Bboo
C.800
€.870

14300
C:s3730
Cea a0
C.s4550
€+S59%0C
C«5480
C.608C
€.6700
0.7020
Cs7300
CiT660
C.8020
€+880C
C.9480
1.0090
1.0600

£+800

C.87¢

1300
Ce?7230
CeB1ALC
CoHS550
€.908¢C

0,810
0900

1:450
Cs1820
Ce2210
0s2580

0.3040

03530
0:+3470
0+4770
645100
0+5370
C.5750
046090
C+6850
G.7510
€i8100

csBt0
0+900

16450
Cs3020
Ce2210
0.4580
€.5040
045530
0,6170
G.6770
0. 7100
Ce?7370
Ca 7750
0.8090
C.8350
Ce2510
10100
1.0090

C. 410

0.300

"LsA50
Q7420

Ce3210

Csd5U0

CedIN0

0.620
0:93s
15500
0.1930
0+2250

942600

043050
0.3550
044210
0.4800
0.5140
0:i5410
0.5780
0:6t10
046890
047530
0.8100
3.8600

ango

0sv3S

1500
0.,3840
0.4250
0+4600

0.5050 .

0.5550
0:6210
0.6800
07100
074210
0.7783
0.8110
0.8&90
°t9530
11,0100
1:0600

t.820

0:93s

L4600
Jird80
0,4250
0.0600
O+925%0

04836
0988

1.7350°
0.1840
0s2260
042610
0:3060
0:3560
0.4240
0:4810
0:5160
0.5440
045800
0.6150
0.6910
027540
0+8100
C+2600
0.830
0+968

be750
0.3840
0.:4260
0+:4610
0.5060
05560
0+86240
0.6810
07160
07840
€+7800
O. 8180
0.8910
049540
10100
10600
0:830
0:988

b 750
0s7040
0+8260
0st610
0+9060

REPRODUCIPILITY OF THp

PIRINAL PAGH IS POOR




EFF
EFF
EFF
EFF
EFF

EFF .
EFF

EFF
EFF
EFF
EFF
EFF
EFF
EFF

N NN N N NN NN N N N

NN NN NN NN

1ABLE 8~2 (COKTi)

.qcaa 043230 049350
0i98s3 Ce9€20 Ce9930
156240 10280 10540
1s08a¢ 1.072¢0 i.0860
1:0880 1.i€3¢ 141160
» lit2a0 1i135¢ 1:1510
ti1880 1.1710 11850
142430 1+2850 12680
te3120 13250 143350
1i3880 1s355¢ 1:4040
1+4500 14480C 144800
HPC efr wlTH vaat:a;e STATURS
‘5.00 c.oe, IO.GD
0ie00 ci7oc CCaY50
0240 cst50 €860
14090 13¢50 14150
0:8778  C.E287  €i6981
0sg18% 0.8t43 CiBiian
cig301 0,916% C.8609
3i9239% €+8301 8331
0:9a87 giSara 0.9toe
0:9612 0:5cas C.9%09
0:9711 Qsserz Cids7e
0:9778 0.5730 Ci9652
0+9E18 0.578% Ce9721
0.9857 C:9£38 carTY
0i088s €.9E67 d.:9428
0:952¢ €iS296 09896
0.9E56 C.SEBS Ce8657
0.9&18 €i5760 c.9682
¢.8550 6.8950 C¢8363
0.600 €a700 C.750
084 CiES5C Cs850
ko032
ts000 13C5¢C 1.150
9,900 0.8%00 0.7t60
0:940C 0.:9C80 Q48350
g.9ca0 €:5490 C.8830
0.9¢s80 CiS2al Civlbo
0:,923) CeSELO Ci9430
0.9E¢¢ 0.879¢C Cav650
09568 c:952¢ €820
1+0030 €.5580 09900
t:007C 1.0CaC Ce99TC
1.0i10C 1.C¢9¢ 1,0030
$e0180 1.0120 1.0040
§40 180 1+015¢ 1.0150
1.015¢ 1.014C 1.0110
1.0C7¢ 1,0C1¢ 2.9940
B.%i80 Co.5LaC 0.499720

44

| C+9480 .

1.0080

1i0700

1:1020
141300
11568
1:2020

- ¥i2800

1.3480
1‘4090
tia600C

0:800
CeBTC

i.Sdo

: 00531.

CoBAdS
CiT459
C:7917
t.8434
C4352‘
0.9148
0.9262
€i0379
Cs94867
C.9584
C.9701
Ce9574
Ce9331
Cs0677

C.800

C:87C

1.300
C.5450
ci6éc0

Ci765¢C -

c.H8t20
C.8650
Cs9050
€.5380
€+9500
Ci9820
Cs871C
0830
Cab950
CaoH20
Csua?Q
Cs8930

¢9550
1.0170
10770

i.liOO‘
lolJ?O

14750
‘oaogq

- 1.2850

1+3510
la‘loo
1:4600

00310
0.960

1,480
€i3315
Ce8339
0.%218
€.628%
C.?i&A
0.79?5
0.s8463
0.3677
L.8804
€.8950
8+9077
C.ole
C.9067
C+8333
0.:8317

C.810

0+ 900

1.450
C+«3400
C.84590
Ce5350

€.6450

Ca?7450
C.a180
Ce8630
Causd30
C+2040
09130
CaJ310
Csun 20
Ce23100
Ce9000
CetiS533

049550

140240

»l.oaod

loll“ﬂ

‘Lildko

Let?280
1+2110

'lcaaéﬁ

l03530
l.‘loo
154800

Oaigd
04935
14600
041950
0339071

02779

043900
Q05479
06776
047488
0,7593
0.7858
08092
0+8151
0.,8338
0.8219
047956
07546

0.820

0935

1:600
0. 2000
043150
02850
0:8000
05620
0:6950
076860
0. 7090
0.8070
0.3300
B.8350
00,8550
0:y830
Cslod
Qe 7740

049860
1:0240
lnoaiﬁ
lo‘lab

3.‘44‘"
141800
2150 -

Io‘nﬂo
é

0830

0.965%

14750
00‘950
0.,2730
0.1753
0:2340

0+3120

ﬁ05333
0.519!

0.6403

0.6640
0+.6804
0.6922
C.7069
046825
06513
0.5918

00330

0+985

1.750
C.2000
0.2400
0.1800
0,2400
0.3200
0.5470
0.6350
0.6660
0.6810
00,7040
0.,7100
07250
0+ 7000
06640
0.6070

S e e

q

pur—s ——




SPED 1S

EFF
EFF
EFF
EFF
EFF
EFF
EFF
EFF
EFF
EFF
EFF
EFF
EFF
EFF
EFF
£t
3709
ANGL 3
SPED 15

R 7
PR ?
Pl F
PR
PR 7
Pa ?
PR 7

?

R I BEYRL I A AEN L R SRR VRE Y R §

C:£0¢C
0.840
14035
1.C00
0:8550
* ¢a8530
0.9CCc)
0.9158
0.9244
0.9267
0.9482
0.9£2¢
0.9567
VeSEDS
009(33 [}
0.9671
00,9842
" 0:9567
g.81321

HPC PR wliTh
=500
0.60C
0.840
1.03%
. t+000
7135
2.08&00
2,483721%
247330
Ja.0a33
J.8E71
3J.8748
A.1CH9
4,3283
4,530
4,882
EFS-F-1-14
&s0LEE
GeBESA
G.HELY

0.603

G840

1.C35

1000
2,0730
25540
. tc1C
Js0lEQ
4,010
4.7520
$.32172

TASLE 8-~2 {CUNT,)

C:700 Ce750
C.E50Q CsBB6Q
13650 t.150
0+.8¢75% Ce.6802
0,.,862¢ 0.7942
0.8530 0.8388
0.9¢63 Css702
C.9177 8.8959
0.9301 C.9169
0.9424 C.9326
C.9481 C.9405
00,9538 €v9471
C.558% Cius28
CeSELA Ce9576
0.5E42 C+9642
CsSE33 £i9804
Ce$508 Cealy
C.872% C+8636
VARIAELE STATORS

0.00 10.00
csr0L C.750
C+ESC C.860
1.C5¢C ke 1S0
1.£730 144894
1.5%82 17900
2,2%48 2.0006
5500 E¢3759
2.8753 Z2.6818
3.2%89 2.,08u4
3,7¢68% 3.40871
23,5455 7012
4.1101 3.91%4
4.41a8 4,1494
8§ ,6598 §,3895
5.271 3 4,9601
£.7154 S.4269
£.2701 S,8931
Be7%AZ Ge2954
cs70¢C Ce 750
L+ E5C Cali O
1:¢50 1.150
2.012¢ 17360
Z+841¢C Z41800
Z.5470 246290
1.361¢ Jelo90
d.nz0C 2,.529Q
4.557C A.1020
G.8200C 4,7400

45

0.800
C.870

14300
Cs5177
Ce&27¢C
Ce7268

“Ce?714

0.8217
€:8597
c.8911
Cs5028
C»9139
0.,9224
C+9338
Cif452
€e9329

09092

C+B455

€C.80¢C
C.87¢C

1300
13059
1.5506
1.8153
2.070¢C
2.3759
&+7430
el 283
3.3189
3.4971}
3,7112
3.93¢7
4.4148
4.8224
S.2201
%¢5308

Cost0C

Ce870

1300
1+4600
1.828C
242260
2:0090
30690
,6210
4.15960

Cerild
0.900

o850
03230
Oea227
G.5082
Cab 127
C.7077
C.T7T1
03246
C.0455
C+8579
C.8721
C.8845
Ce89%9
0.84335
Ce«8647
C+8104

C.810
0.900

1460
11017
13159
15300
17747
2.0000
24013

T 2e7330

2.9212
J.06a2
242630
33505
38792
&.2259
AeHuTT
A,8377

Cetil O

Ca 2D

1+450
telS30
14750
17970
204 250
25240
el
26069

0.320
O+433

14800
0. 1900
0.2993
0.2707
0.3a00
0,%339
0.56603
0.7277
0s7495
0. 7666
0., 7885
0.79A2
0.08122
0:3009
Q7752
07353

0820
0.935

1+500
10000
1.1389
13564
15606
17900
2:0959
23759
2,52a8
2.5656%5
2+3347
2.9724
kPR ELY ]
3.5500
Jst347
4, 1295
0.329
0+935

1+600
10000
1e2340
i +5300
1+84 30
241380
2. 504480
Je 00490

0+830
0..985

1:750
041900
0.2660
0.1710
0.2280
0.3040
0.5196
0.,6032
0.6327
Q6470
0.6688
00,6745
0.5887
0.,6650
0.56346
0.5766

0.830
‘0,988

1+750
1.0000
1.1529
1.28006
14836
1.6271
1.8566S
2.,0853
2.2130
2.3047
244424
25701
2.85447
3.0642
3.28386
J.26)18

0.830

0985

1,750 -
1.0000
1.2300
1.4220
L4670
149930
203040
246320



. PR 7
PR 7
PR 7
PR 7
PR 7
PR 7
PR 7
PR 7
S5PED IS5
R (4
PR K4
PR 4
PR 7
PR 7
PR k 4
PR 7
PR 7
PR 7
PR 7
PR 7
12421 7
PR .7
PR 7
P 7
PR 7
ECT

3801
AREA 3
SPED 3
PR 14
FLOW 14
FlLtin 14
FLOW 148
SPED a3
Pt La
FLUN L&
FLOW 14
FLON 14
SPED 2

PR 14
Firon 14

8.675C
G6.0C50
6:4030
5.8020
T.8210
8.643¢
9+3690
9.8140

O.0C0

0.&40

1.€38

t 040
227919
J.6£2C
A4.6089
S.3220
SelAE3
Te245E
B8.2194
B.8C72
99,3582
10,0230
10.6E32
12,3911
13.7238
14.97¢2
15,7194

HPT FLOw
0+50
45232 ,.,¢
1.000
2500
Qe«C3C
Q.ETE
0.0090
9.680
0.C00
9.%25
4€23,¢C
1.C00
2509
0.000
19. 750
0.03¢C
194 260
0.009%
i1Y«C5C
05231.¢
L.0CC
25926
V.COC

£.430C
S.267C
&4135C
£,.8C30
T«.423C
B.1810
B2.925¢C
Se£23C

Cas70C

C.E5¢C

14¢5¢C
26500
2.4C8%
4 ,2%1S
84,9538
S«7C34

S.7732

2,36%81
8.5609
S+5754
ic.ls0¢C
11.72¢4
1Z «9622
1442247
15 .450S

TABLE B-2 (COAT4)

§.0620
S.3840
5.7300
€ 0970
€ +U550
7.6600
E 23540
8.96350

Ca 750

£e860

1.150
2,2291
249840
2.7137
4,4552
§,2234
62471
7:2458
7.7835
8.3213
8.9091
G5120

tt.944a
1z.1222"
1322879
16.2962

WiTH VARIAELE AREA

1.00
Eé84,0
1300
2+80¢C
7485¢C
S.550C
73887
G770
B.112
G+ 595
S56€%4,9
ts 200
£820
1£.40¢0
15520
1S.77¢
1S.54C
L€e228
16,4190
HES 4,0
1200
2¢E0C
€2 4550

1450
¢€85.0
1.500
3100
8+550
$.990
E.55%0
S+82C
£,503
$+640
Eelih. 0
1+50C
3.10¢
17.400
§5.950
L7.100
£1S.64¢C
12+125
1%.260
GENS,.,0
1500
Ja k0 C
£E.L0C

46

4:4837¢
447550
5.0770
%,407C
€. 1350
€.74H0
7.3460
7:8130
Ce800
c.87¢

1.300
1.7682
2:38268
3.0474
23,6870
4.4552
E.377¢
€:3373
£.8233
F427C8
78086
£.3597
6.5754

1 (5592
11,5578
1537277

1600
3.300
8.887
10.005
8.787
S« 83%
8.75¢C
S+ES5S

$+600

3.300
17.77S
2C.010
17.575
16.67C
17.50C
1$e31C

1.60C
J. 300
20+ 662

L]

643500
5:7710

- G810

04900
. 16450
1.2555
457932
2.3310
209485
2,6620
4.,5204
54:3520
S+8246
6.1837
&e6H830
7.1690
B8:2311
S.1012
S+9345

10.6376

1.800
34500
9. 313
10,020
9.112
S« 8050
9,020
S.670

1,800

2500
184625
20040
18225
19,700
18,040
15,340

1400
24,9490
eTaiI8

 3a2990

3.4910

3.7590

3:9060

5.,1600
9:6075
5.9532
6.8617
7.62%9
82098
848590

2.,000
3.600
9575
10.020
9,350
9,850
9228
9670

24000

J+600
t9.150
20.040
18.700
19,700
18,450

194340

2+000
3600
28725

2.8240

2.9620
3:1890
be3610

7:1823

0

2,200
$.000
9+730
10,020
9.520
S+.850
9.373
9.:670

2.200

5600
19.460
20,041
iv.040
19,701
18.750
19.34)

2.200
%000
29+ 190




FLOW 14

FLOow 14
EQY
3802

AREA 3
SPEC &
PR 1A
EFE 14
EFF 14
EFF 14
EFF 14
SPED A
PR 14
EFF 14
EFF 14
EFF 14
EFF 14
SPED 4
PR 14
EFF 14
EFF 14
EFF 1A
EFF 14
£cr

T
0.090

2903‘0
0.000
230

400c.¢
1000
2«750C

083120

0.8672
Ce.B402
C.BELS
08430
C:BE22
0:.8400
0:8736
4000.0
f.00¢C
247%0
0.72322
0s 7H0S
0. 7580
0:7%33
007‘50
0.76&0
0. 7980
D:78862

w
-b-, .

ZQJ‘lc ,
2‘0237
__255135

RPI EFF thH VARIABtE

d.?iﬂl

Ce7€40 .
0:1E8E

200840
1250
2:25C

0.8419

q.gijl

C.2A92

¢.0819

Ce8492

C.EEGT

C+E 486

c.ai2y

5C0C.C
1.250
2.25¢

Ca7527

ciT881

0.1243

C.7537

C.7EA2

ci?sel

CaTeAL.

CiTESE

_ze.vao )

‘ﬁE‘
1480

’7'_e¢su.o

1:750

3,500

Ci7861
007350
G.7791

6.7935

007?83
3.7993
Q.7772
Qs7848
££80.0
1:750
3500
Ca8512
C.8760
CiR657
Css820
C+8648
0i8881
C.86346
CaH720
L8040
1.750
34500
Ci?661
C.7884
Ce779}
€+7938
Q7733
Ce?7993
C.7772
G0+7848
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¢.8002
0.7819
0-7636
ECOQ.C

24006

- 4,000

CUSS?
C.8786
c.:8728
C+8802
C870%

C.289

8687
0.8705
8C00.¢C
2:00¢
GQCOG
Ce7702
€ 7307
C.7852
C.7822
C. 7834
¢.8002
0.7819
Ce7834

27.060

505?90
003?65;
Ci87562
Csd735
C.8877
G.8711
0+86488

2,150

4:500
Ce7723
07911
0.7888
Ca7d86
00785‘

Qa?989

C:s7d40
0.7819

29550

-27-615
- 29-010

0.7653
0+7810

24380
4:750
0.B615
0.08782
0.8808
093733

00772
. 08862

0.8726
0.85678

30350
4,750
0.7753
0:7904
0.74925
0., 7460
07895
07976
07553
07810

g

23.]25

0-7859
047801 .

‘ 2,500

8,000

048635

0.8770
Ccs8811
0,8700
08792
0:+:8840
QabiT32
0.8668

2:500

5000
07771
0.7893
0.7930
047830
07913
07956
0.7459
078018



TABLE B-3
CATA SET 8

NANELIST INPLYS

HAM STE FAN CN ACvV T70%

£EQ NMCCES=bsSEPDAT=1,LONGZF, NOCESN=1 +DRANEF ;AMAC=F o I TERT20 CEND

€D MQCE=1,0EEUG=1s

KCNFIC(La )= 4HiNLT.|00|20°lSFEC(1.l| OES+58C 050 ,24552,SPEC{L12410531 4
KONFIGU142)=4HCOMP 12,05 340+SPECI1+2)31 6203081 +365191+3952411395340:~0,0+4885,
1269131412 .

KENFLIGL1 92 )=aHSPLT+ 2404 12,15,SFEC{1:3)=,08154483,

KONFIG (L o 15)=aHN INJ 1154008 ,0+SPECL1s15)=0008:041 ¢

KCAFLG(1 94 )=3HCDMPs430¢5186+SPEC{L24)= l.3[0&0C876,lc395ﬁ|"39550!039560090000
s82H0 011483, 4953E,

KONF1GE1 +5)=4HDUCT 15404 740,SPECL1 42154 05C20:C22880+49550:1840050,0:04:050,
KGNFIG{1+6)S4HTURB ) 7063 840+SPECL L +6)=3.63060142+901302e09012,841000570:14.879,
10200+l

KCNFIG{1 o+ 7)=8HTUREBIEs 82940 +SPEC{1+v7)=2+2005sC93+9C13¢1:+90143s1,1,41,1,.887,13333,
| B

KCNFIG(! 28)3=4FDUCT 15+04 L CoCrEPEC(L1,8)=.0080,

KGNFLIGUL 2F)=4HNOZZ ¢ 10,05 1L s0 o SPECL159) =0+.88584,0:0,:58231,0:0:041,
KCNFIGELL 2 10)=4HDLCT 41240 13¢ 0+ SPEC{L+1C)=.0C(8y

KGNFIGLL s 11)=AHNDZ2Z213:40: 04,0, SFEC(L1+11)=05454302:C4s03¢98362,0¢0:041%
KUNFLIG(L ) 1Z)=0HSHFT 462801400, SFECT1412)=1JESCo8%]L,y

KGNFIGL 31 3)=0NSHFTe297 904 CrSPECI 1 413)=1326740303313.96+3%1

KONFIG(1 »18)=4HLCAC ySPEC(1,414)==1CC, '

KENFIG(1 020) =4HUNTL o SPCATLLL 42C) =12 724HSTAP 48310 40+l

KGNFIG {1921 ) =4HCNTL o SPCNTL (142 1)=14624HSTAP 3E9 800410

KUNFIGEY s22)=4HENTL+5PCNTIL(11922)= 10834 FS5TAP 3Es 7900101059106,

RUNFIGEE 923)=4HCATL +SPONTL {133 )1=1e3+4HSTAP s89134C 01
KONFEGI1+28)=4RChTL+SPCNTL (1 28)=7132+8HSTAP 48948+ 00101405,106,

KONFIGLE 225 )=4HCNTL +SPCATL (1 422) =131 »3HSTAP 482240, 1,

KONFIGLL 4261 =8HONTL o SPCATLI1328)=1+12354H0UUT8:12,Col

KCNFIG(1 027 )=HUNTL 4 SPCNTL(L+Z27)=1+1344HDOUT84+13:04s1

KONFIG(1 428) =AHL INV ,SPLIMV {1 +28)=0+0e7 91 o1 0+4HDCLT 262240, J51»

KENFLIG(L +29)=AHL INV ,SPLINV (L 426)=C9046 131 21 +4FDCUT +£4490:0,1
KONFL1G(1230)=4HOPTV 209042+ CeSPECT L ¢30) 204364501004 %04.01,

KONFLIG(] 421 )=4HOPTV30s04EsCo SPEC{1431)20,0,2880,8,04%041,

KCNFEG (1 332)=4HOPTVe0,0p 1150, SFECL1:3212Co0400108%Cot

KCNFEGCL o 33)=AHONTL o SPCNTL L 933)=405:0H00UT 960201415+ 00 0

EEND

EU MODE=2,

KUNFLGER o1 )=AHINLT s 14042,4C,

KCNFIGLL 4Z2)=a4HCAMPP 4 S+ Co e,

KENFIGLL a3 )=4HSPLT 23240120 15

KONFEGIL 3 15)=AHNINJ 2115, 04,0,

KENFIGLL44)=aHCOMP ;4,245 80 ¢
KLNFIG(L yS3=0RBUCT 5404 7400

KCMFIGLE2E3=aPTURE s 10643400

KENFIGLLs7)=4PTURSELCeTe D

KUNFEGIL28324nDUCT G504 1Ce Cy

AUNFIGIE 250 =4NOZ2+1045C 1100,
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TABLE 8-3 {CONT,.)}

KENFIGIL30)=2RhDLET+12:2.122¢C,
KCNFIGLL 311 ) =0nNCLZZ+13500140C,
KONFIGUL #12)=3HSHFFT 065041440
KONFIGIL1413)=ANnSEFTe2eT2Cs G
KCNFIG{Ll y14)=4rLCAD,

KCNFIGLL s20)=ARCATL +SPCAMTLIL1+20)=197+s3HSTAP +8410,041
KCNFIG{L +21)=anCNTL s SPCNTLIL +213=1.6+3NSTAP s48+0s1

KENFIGEL 022) =q4HENTL oSPENTL I Z22)=2 240 4HSTAP 484 73Co 141 4050106
RONFIG{L s 23)=AHCNTL +SPCNTL (14230210394 HSTAP »8,13,0401
KCNFIGI1 +28)=ArCNTL +SPCNTL L1240 0 ¢ 243 HSTAP 4834 4Co1ls1 .0301 46,
KONFIGUL] +25)=20HCATL»SPCNTLIL 425021 4L v HSTAP 48422Ca Ll

KGNFIGI) o26)=4HCNTL»SPCATL {1 +2€)=1,312,4HO0UT :8:124+Cel s
KONFIGUL o27)SARCNTL o SPCNTL (1+27)=21 413, 4HDOL 1482139 Csl
KENFIGIL +28)=4HL INVISPLIVYIL +2E)=0,0e7 3L +104HDOLT 0692402041
RONFIGLT o29)=41L [MVSPLEIVYI1326)3040 06510l eAHDOUT 4&48 30,021
KGNFIEGIL yJ0)I=4HOFTV 40,04 2:Co SPECIL :30)70,3=6,5410,:,4304401»
KCNFIG{L 421 )=HOPTV 40 u0+EsCaSPECI L1 +31)=0,0:,2880,4:+4%0)1 4
KCNFIG(L +22)=aHOPTVs0:10s11+0:SPECL1+32)=Cr0,Cs1 8%y,
KCNFIGCL 9 23)=4HONTL 3 SPCHTILIL 232024 ,S534HDOUT 3E924 Ls150C e

EEND

&L MODE=3,

KONFIGUL+1)=AHINLT 140+ 2,C»
KENFLGIL , Z)=anCONP L, ZeCo 3:400

KCNFLIGI)23)=4HSPLT 300912415 .
KONFLIG{L s 18)=arwinge15,C2840
KENFLG(L,4)=aHCCNP»8:0:54¢
KCNFIGLL o S)S4HCUCT s S5+Cs 7400
KCNFEGU120)=4MTURE+796:08:0
KCNFIGI1s7)=a4HTURBsE+C+9:+C»

KCMFEGL) 28)=4r0UCT+Ss0etCe Ty

KENFIGLL 95)=4RNDOZ2+10:.0:,1100,
KENFIG(L 4 10)=4HELET o112+ Co135C
KONFICIL 421 )=aMNGZZ4134C514,0,
KCNFICE(L 2 12)=4nSHFT+&044+14.40

KOCNFIG 1 3 13)=4hSHFT 2247309 Cy

KONFIGELl, 18)=arLCAE

KENFIGL1 200 =4MCNTLsSPCMNTLIL+20)=0,724HSTAP 38,1004k »
KONFIGLL 221 )=41CATL »SPONTL {1 +2 1)=1 463 HSTAP 48483, Cs L »
KONFEIG LY o 22)=aRCNTL »SPCMTL (1 022)= 104 0ANSTAP €4 T4Col 11405406
KGNFIG{] +23)=4HCMNTL o SPCATL (1 423)=2 ¢34 HSTAP o921 3403l

KONFLIGUL o23)=0rCATL +SPORTL{L 224) =L 2+ 80HSTAP 234,011 eL5,5146,

KGNFIGLL o25)=8rChTLsSPOATLLL 42802 ko 1 yAHSTAP 48424 Co 10
KCNFIGEL»26)=aHCATL o SPCMNTL UL +Z2€)S 1412+ 4HO0UT B2 124C01
KONFIG(L 27 )=APCNTLASPCONTL{L1+27)=1313,0H00UT84134Csk
KGNFIGLL »28) =0 TNV SELIN (2 32E)=000 71 o 1044HDCLT 1€4240,041,
KENFIGLL o29)=4RL INVYsSPLEINVIL 025)5C o061 41 28FD0UT €% 00:001
KCNFIGI1,30)=4R0PTVYe8+002+CoSPECT 1930)=03=625110+4%0,,01,
KCNF LG (L 4 21)=410PTV 30,0454 Co SPECL L1 021020000 2EEQ8420,1,
ACHNFIGLL o+ 22)=4ROPTV e 00001100 SFELL L0 32)=040sColné?Caly

ELND

&0 MUDE=4,

KCNFLGUL oL )=4HINLT o 14Ce24+C
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TABLE B~3 (CONT.)

KECNFIGLL4Z)SAHCOMP 4280340

KUNFIGL1 3 )=4HSPLT»3:0+124+15

KONFIGEL o 15)=aHW INZ 215¢C 040,

KONFIG(L 4 A)=4HCOMP 44,0548 s

KCNFLIGCLsS)=4rDUCT ¢5:0+7000

KENFLIG UL +E)Z4HTURB: 706820,

KGNF!G(!'7,f4HTUFB|EtCtGICO

KOMFIGL{1 8)=4HDUCT »5,0,10,+C

KENF IG(1 S )=4HNOZZ 1020110,

KENFIG{l s 10)=4H0UCT +12:C2 13+ C»

KCNFEG{L +11)=4HNGZZ+13:0+14:C»

KCNFIGI{1 412)=4HSFFT+56:48¢18,:0,

KCNFIGIL e 13)=AHSHFT 32T eCeCs

KONFIG{L o14)=4FLCAL,

KCNF IG (] s20)=4HCNTL + SPCNTL (1 420 )=1+7+8HSTAP 48, 10,01
KCNFIGLL ;21 )=AHCNTL 9 SPONTLIL 32 1) =146 +4HSTAP 48980010
RONFIGE1 +Z22)=4HONTL oSPCNTL (L 322) =138 24HSTAP +E37+0410140S91,:69
KONF IG(1 322 )}=4HUNTL « SPCATL L1 423)=19390HSTAP «8913,041
KENFIGL] +24)=4HCNTL +SPCNTLI{L424) =1 4204HSTAP 834 ,00101 40501 .6,
KCRFIGLL 925 )=4HCNTL »SPCATL(L1+Z€)= 191 s5HSTAP 4 €92+ Cels
KGNFIGIL 428)=0HCATL+SPCNTL (12 Z2€)=1,,12+4HO0UT+8212¢Crl>»
KGNFIG (1 +27)=AHCNTL »SPCATL {1 +27)= 131 3,8HDBUT+8+134Csl
KGMFIGE1328) =4HL INV oSFLIMVIL 42E)=03047 98 210 ,:4HDCGLT +652+0+031»
KCNF LG L 229)=aHLINV 3SPLINVIL 3263=C 40l 1+ 4FDCUT 9€+440:021
KUMFIGUL » 20)=4HAPTV10:042:CSPEC{1¢30)=0,-6:,5,10:0%04401
KENFIC (1l +31)=4H0PTV+0+0+SeCeSPECCL231)=Ce0+2EEC4:a%0,1,
KGMFIG(1 +32)=4HOPTV 00211 40+SFEC(1+321=0:10+Csls4%C e,

LEND

ED MODE=S,

KGNFIG{L+1)=AHINLT s 120,2:8»

KONFIGLL+Z)=GHCONP 42504 350,

KONFIGLI 23 )=4HSPLT 124012415

KONFIC(L + 1S)=QHWINJI15:8+4+0»

KENFIG{1+42)=aHCOPP 34,C 45486

KCNFIG(L S )=4RDUCTeS+04 7,00

KEAFIGL L +G)=AHTUREs 70564840

KONFICU(1:7)=4RTURB+£+4C094Cs

KGMNFIGLLl sE)=AFRDUCT s %00 1CeCs

KCNFECIL +S)=4PNOZZ,y10+0,114+0,

KENFIC(14,10)=ahCLET»12:,0+1208
KUNFEGEL o 11 )=2QHNGZZ2134Co14,Ca

KGNFIGEL 3 12)=AHSHFT 2818, 14,:0,

KCNFIGL) s 13 )3ARSKFFT 422700 Gy

KONFIG{1 s 14)=AHLCAC, .

KCENFIG ULl 320)=aHCATL +SPCATLEL 4200214 704HSTAP oE419:041»
KONFLG {1 220 ) =8RCATL s SPINTLEI 22 1) =1 2638 HSTAP 38485 Co Lo
KCNFIGIL s 223 AHCNTL »SPCRTL I 2 22) = 10500 FSTAP o€E474Calsl 4050146,
KONFLGLL 222)=ARCHTLWSFCATL IR 222) =1 0304 rSTAP 3E2 132001
KENFIGIL 020 )R CATL o SPCATLILI 42403102 s0HETAP 48389 C o131 403501400
KCNFLGLE 025)=arCNTL +SPCATL LI +Z2 %) =40l 34 nSTAP 38020 Ca ty
KONFRGLL 28 ) SAHCATL o SPONTL (L o2¢ )= 1 6120 4H00UT 80 120C ety
KUNFIGUL «22)caHCATL+SPCNTLIL 42701 S26HOUUT I 91250l s
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TADLE 8-3 (COMNT.)

KUNFIG(E s 28}=3HLIMV +SPLINVLIL32E)5C o070l o L0+ dHDOUT o€ 42304041 »

KCNFIGIL 329)=aHL ENMV 3 SPLEINVIL 0250200463112 4FDOUT#+€3490,0013

KENFIGLL v20)28HOPTV 0022202 SPECL L +30)=Co~0:+5+1048%04401 ¢

KCNFIG(E 21 )=3HOPTV 509008004 SPEC(Le31)=0+0:2EE048,4%041,
KCNF[b(l032)=¢HOFTV-0101llrﬂ.SFECfl.d2l=eaﬂtC‘ln‘*tol0

EEND

E0 MODE=G,

KDNF!G".I)-‘H‘NLTvI Gs2:Co

KONFIG(14Z)=AHCOMP22,C+ 3:40Q»

KENFIGIL 2)3=4HSPLYT 320422415

KONFIGEL 2 15)=3HW INJ 15+ 9240,

KENFIG(124)=AHCOMP 36204548

KONFLIG(1+5)=4ROUCT +5:0:7+0»

KENFIG(1+6)4NTURB27+64840,

KRENFIGL1 37 )=4HRTURDB 985809200

KONFIG(T +8)=4HDUCY 45404 1Ca 0y

KCENFIG{L 95)=4FPNOZZ+ 1030411404

KCAFIGLL »10)=aR0DUCT 212505132409

KCNFIGLE o 11)=4HNGZZ4134Cs1440,

KCNFLICG(1 212)=aHSHF T 6442 14,0,

KCNFIG(Y s 12)8HSFFT 24720+ Cy

KONFIGL1 v 14)=4HLGAL,

KCNFLG (L 220)=4HCATL o+ SPOCNTLAL 42C )= 1 +7oAHSTAP oE9 100 sl »

RENFEC (L 921 )=4HCNTL»SPOCNTL (142 1)=120vahSTAP 1848480 10

KCHNFIGLL 2 Z2)=AHCNTL sSPCATLIL 22202200 34HSTAP 46379 Ca 19120541569

KUNFIG(L »23)=ARCATL+SPCATLIL+22)=1e340HSTAP #8130l

KENFIG(L »20)=4HENTL »SPCATL {1 424)=14200HSTAP 32484035191 e0Seie60

KCNFIGLL +25)=0HCNTL »SPCATLEL+25)5 101 sAHSTAP o84 24Ce 1y

KCNFIGHLL ;20 )=AHCNTL o SPCNTLLL 3s2€ )01 4125 4HDOUT +8:12:3Cak e

KCNFIGIL s27)=4HCATL +SPCNTL(1+27)=1 413, 0HDOUTB83135Cel s

KONFIGLL +28)=84HLINVSPLINV (1 4:2E)=030¢7 41 210 +AHDOLT +E9Z+0:0¢l ¢

KGNF 1G] +29)=4RL MV +SPLINV L 426)=040 4601 a 1o 4FDQUT1£4440,048

KCNFLIGUI +20)=AHOPTV 300029 Ci SPECL 1 2 30)20)~645+10:42C,.01
KCNFIG‘IoEl)*QHﬂPTV.Q.O-S.O-EPECIIn3l!=°|0|2&ﬁcoﬂnﬂ*0ill

KGNFIG(L 3 22)=AHOPTV 1002 11004 SFEC{3:032)=0,0sCols4%Csl

EEND

6D NVCFT==4,SPEC(L,1Y=8E4,SPECL1,+2)=1+05,S5PEC(10:21=4.9,SPEC(1:3)=,0937,
SPECL1,2)=1.32,

SPEC{219)= 484832 SPECIS:G)=2eGRZAG+SPECI2011)=093374,SFEC{S+11)=.98371,
SPECLAS)=2700:SPECL 198)23 640 SFECIL 4 7)=2e35+SPEC{ 1021 )=1925,SPEC{1215)=a01¢
MODE=2+LAEELTT EEND R
1 GN I =--~ wWET

EO SPECIL 11 )=36E2.0:SPECE Lo 1)2582,407SPEC{L10:2)=0eS57iSPECLL3T)=440
SPECI 146 )220 MCOE=ISPECL] 215)=C
SPECI2+91=e87512,5PEC({5+5)=eG8230sSPECL2411)2.93944,SFECT5.1132.908324,
SPECIL+12)=12050+5FECLL+13)=12E00sNCODEEL 1SPECIS 22 1=2%+773,SPEC{1:2)=1.0%08,
SPEC{1:0)=1.29,

SPECLA+S)=3000,3PEC({3+21 )=200CLABEL=T+SPECI143)=,C5822638 LEND

£ AND 172 FAMNS UN 1 ENGINE==== LRY

EU SPECIL15)2,CloMCOE=ASFECLA+S)I=2U3 8, SPECLI 4112 2?#0.4“LC§‘0|2I=2c‘§-
SPECI2 19 0= oEE228s SPECIDIG )T SEZR 2+ SPECI2411 1206831 23,SFECIS 11} =,.981404, R
LEND

| - mucmm'y OF THR -
©. OMEINAL PAGE IS POOR
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TABLE B-3 (CONT.)

AND 172 FANS CN | ENGINFE ww-—= WET

D SPEC{1+12)2776045PECI1,11=1742,3)SPEC{1032)==8+58+8PEC(L+73=3:0»
SPECL146)=3:6,MODE=S+SPECI{ 14 15)=0,
SPEC{213)=e90315+SPEC{S+G)=498207+SPEC(2:11)=2.93A6E:SPEC{St1)=.9826Q,
SPEC{1+12)51E100,SPECIL1+13)=11 500 +NCODE=14SFEC(S+2)251,5456,8PEC(34+31)=3210,
SPEC{104)=1eZ71eSPECL1 02131037 +SPECIAS)=II9C.LABEL=T+SPEC(] 43120331617 EEND
3 FANS OUN CANE ENGIMNE ~<~ENMERGENCY VIOL-~-= DRY

E0 MUDE=6,SPECI1215)=01»SPECC 194 )}=1033,8SPEC(192)=1.3+SPEC(10:2)==5.48

SPEC( Ls11)=72004+SPEC(4, 50122549,
SPECIZ2:9)=+9CT777sSPEC{S1G)=s9HEZE2,SPEC(2411)=.9350E+SFEC{Se11)=0908266,
SPECU133)=.C7108sSPECIL+3)=1e252SPECI{116)=3.66+SPECI(1T)I=2:8,SPECI{1:11)=7200,
SPEC(N+1Z2)=14582.SPECL1,13)=10757 EEND

3 FANS ON UCNE ENGINE ==EMERGENCY VIOL==- WET

EC EMDIT=1 £END
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3951
PichH
SPED

FLGW
FLGW
FLOMW
FLOw
SPED

FLOW
FLUN
FLOW
FLOw
FLUW
SPED

FLOW
FLOW
FLOW
FLOW
ECY
3952

PICH
SPED

EFF
EFF
EFF
EFF
SPED

EFF
EFF
EFF
EFF
EFF
SPED

EFF
EFF
EFF
EFF
EGT
3953
PiCH
SFEC

POBOOONNNNNNNOMOOD D W

COORRIDUNYNSNATNNONOOD P W

* W

TABLE B-4
DATA SET B

CAS PRGPERTY TABLES

HAM 5TD. VARIABLE PITCH FAN MAP #4FLOA%E R=1.2,SPED=1,PICH=0Q

la4
34,30
35.30
35.26
37.07
1.13
Led
33.85
35.27
38.80
40.79
41.50

1+
39+58
40.69
41 +69
42.65

Led
«840
+ 347
«850
+ 856
1.13

1+5%
267
+ 376
+ 880
s HO2
348

Led
850
« 853
« 850

1.6
35.40
36.32
3737
37.68

1+S
35.18
A7.68
39.80
41.39
42,30

1+6
$0.60
41.50
42.:50
43.30

1.6
«d00
«800
=800
+3800

15
2835
+350
«8350
2840
+830

1.6
+800
+ 815
« 800

—-£&.CQ Ce 0 S0
«%C0 + 850 100 1.0%
1.0 BT 1.2 L3
2735 £G9 .78 21220 32.60
29 .20 A0 .72 3228 33.72
30.4€ 3l a98 33.45 24,80
31 .5C 23 .08 I3 .60 35.81
«ECQ «500 1.00 110
1.0 1s1 1.2 Le3
28 85 30 .75 31.90 32.9¢
30.7¢ ' 22.82 24.30 35.2%
33 .6C 35 .90 37415 28,05
3620 38 .28 39.31 40.10
37 .20 3s5.1¢C 40.20 40.80
+900 +55C 1.090 1.¢5
1.0 1.1 1.2 13
34 .9C J€..5¢C 2752 28.34
36.3¢C 3T .92 38,99 39.7¢C
37.70 35 .22 40,09 40.82
39.38 40.51 41.28 41.89S

HAM STDe VARIABLE PITCH FAN NAP ¥¥EFF¥% R=1,24SPED=]1,P ICH=0

=-64C0C Gel 5.0
«50C ¢S50 100 1.0
1.0 1.1 1.2 1+3
s £50 oE77 + 0882 « 868
s £SO «E78 «+886 + 877
«ESO o577 +8b68 +88C
«85C «ETZ « B 6 «+ 882
+80C 50C 1.00 1.10
| Y+ 1,1 12 13
«E5C +EBC +88€ « 88¢
o £50 +EB3 P Hu 7 +88¢E
+«ES0 +EBa 887 ¢+ 8ES
N e ESC 87 o HUH6 y-1:1
: «#IC +€5C s 805 + 850
«S00 +S5C t.00 1.05
1.C 1s1 1.2 13
2 £5C «B8C 1882 N -¥a
e £50 464 886 + U0
+ £SO «E8¢C etab «HH0
+£EHC oFBC 882 « 380

« BH0

+ 400

HANM STD. VARIABLE PITCH FAN MAP #3PR%y A=1.Z45%FED=] PICH=0

~6,C0 CeC 5.0
¢50¢ «a55C 1.00C 1.C5
1C 1a1 | 1.3
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36.00
d8,70
40,60
41.82
42,80

1+6
+800
+808
+£810
+800
o THO



PR
PR
PR
PR
SPED

PR
PR
PR
PR
PR
SPED

PR
P

PR
EGT
3554
ANGL
SPE0

FLOW
FLOW
FLOW

FLG#
FLCW
FLCAW
FLOW
FLOW
EQT
3555

ANGL
SPED

EFF
EFF
EFF

EFF
EFF
EFF
EFF
EFF
eCr
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NNNNNNNNOOCONOD

TABLE B~4 (COAT.)

1.1&2 12159 1.144% 1,126 1107
1198 l«181 1168 1.148 1el23
leZiS 12204 e 187 1167 1.136
1e238 1e225 1.2048 1.184 11456
«E0C +50¢C 1.00 1.10 1.13
1.0 ts2 1.2 t.3 lsd
1.156¢ 1sl4e 1143 lel22 1110
IXE81-] tetat 1.170 1,161 1+ 150
te2a47 1233 1.220 1.2¢8 lel94
1264 la272 1257 1+243 1.226
1+210 li28é¢ 1.269 1+25% 1237
«S00 355¢C 1.0C 1,05
1.0 1el 1.2 Jed 1.4
1+2C9 1198 1.192 le188 1.174
1+238 LeZ28 1,220 1.212 1.195
o262 1.282 1.242 1.232 12213
1.252 Ve ETT 1.265 1,251 1,229
ALL ISCN HP CIMFRESSCR X&FLOWR S R=1 .3 +SPED=L
C.C
o7¢ «80 «85 «90 »95
t.1C _
1.9 1.1 1.2 1.3
24 4+5C 25 .20 26330 26490
1.C lel le2 1.3 Lo
 38.30 39 .70 404,40 41.00 41,20
10 1e1 1.2 13 1.4
47 .0C 48,30 49.10 49.90C S0.30
1.0 1.1 1.2 1.3 1.4
59.1C £5.9¢C €len0 €2.20 62 .60
77 .5¢ 79.10 £1.10 g2.6¢ 83.90
56 .80 §8.40 59.00 100+ C 100.3
10£.0 10%.5 106. 2 106.95 106.8
10S.90 110.¢C $10.0 110.0 110.0
ALLISCN HP CCMPRESSCR *sEFFE% R=1,3,SPEC=1
Ce0
+7C +8C «85 «9C +95
lel0
5.0 1.1 1.2 - 1ed
o708 2£50 + 650 500
| % | P § 1.2 1.3 Led
« 775 « 792 « 780 « 740 « 659
1.¢ tel 1s2 1+3 1.4
« 758 +£30 +830 «820 « 7860
1.0 | ¥ 1.2 1.3 14
«E2C Y 3 1+ 2834 +E33 8130
182% +£E3C Y- N1 + 837 + 830
sk22 «E30 st } « 885 o 430
o I'sd eti2l w827 « 829 s il
o 764 e EOC 10 +220 «310
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REPRODUCIETLITY OF i

1.078
1,085
L+093
1096

18
1090
14131
1+165
1192
1206

1.6
1.145
1158
o078
1.182

1+00

15
41,50

1.5
50.70

1.5
§63.40
85.00
100.5
107.0
110.0

1,00

L5
«H00

1.5
+ 700
l1eD
2800
«300
400
« 790
« 100

PRIEDNAL Pacs 1. -

I +6
1.071
1103
Lel127
lTela2
Lel52

105

1.6
S50.80

le?

€63.60
85.60
100.5
107 .0
110.0

105

1.6
+500

17
+650
«650
050
+650
2050

———————— k.

AN




3456
ANGL 1
SPED 8
R a
PR 4
R 6
PR 6
R 7
PR 7
R 7
PR 7
PR 7
PR 7
PR [ 4
PR 7
EOT
9011

AREA 1
SPED §
PR 14
FLOW 14
PR 14
FLOW 14
PR 14
FLOW 14
PR 14
FLOW 14
PR 14
FLOK 14
€07

9012

AREA |
SPED &
PR 14
EFF 1a
Pk 14
EFF 14
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TABLE B-4 (CONTs)

ALLISCN HP CCMPRESSCR #&PR¥% R=l,3.$FED=|

0.0 .
.e?70 «80 245 +«+90 «95 - 1 .00
1.10
S U1 I tsel 1.2 f3
3.48¢ 2-26¢ 2.8590 2.29C :
‘loo. | P 1.2 1.3 ) Led " 1eS
5790 £.28¢ 4.900 4,300 3,050 34000
t.0 1ol 1.2 1.3 La4 1.5
T 35¢C €+$80 €+ 650 €+4250 5.540 4.630
l-o ‘.! 102 l03 ‘C‘ I.S
9,550 §.35¢ €.780 84300 T 790 7000
13,000 1Z.£7C 12,200 11650 11.000 9+900
17,000 1€ 400 1£.00¢C 15,000 13.600 12.340
18,730 |, 17.%00 17,040 16,180 14,800 13,500
19500 L1E. (00 17.600 16+ 750 15400 13.500
"ALLISCN HP TURBINE MAF SPEO=10000,PR=4,74 #aFLOWHE
1.0000
a000.0 900¢C.0 1¢CG0.0 11C00.C 12000.0
13242 1+3732 t.49138 1.6531 1.9437 2:1366
JaE187 J+ 7205 39202 A.1110 A.27HA 48,4459
o 76554 « 79203 +E450% «8980C4A +95104 » 97754
1.0148 1.0148 t.Cla8 1.0148 1.0148 1.0148
13038 144210 15778 t.8CH4 1e32d68 2.,2696
2.6%56 3.0236 3.,6108 32,4431 4.0653 A,2777
s 7€554 «BL1ESA «ET1H54 WG24548 95104 *VTTS54
99741 tsCCAC 10043 1.0083 10083 1.0083
1.2680 12567 t.572% 18407 24,0540 2.4006
39224 A4 ,.1E49 8 ,8254 A4.6384 44,783% 4,922%
oTHESA «E1E54 +ET154 *G2454 «95104 « 97754
1.0022 1.€C22 ts0C22 10022 1.0022 1.0022
12156 1+355€ 15492 1.8564 241053 245587
4,032  4A,217% 4 ,5902 4.8316 44,9926 541539
o 78%ES +B1£E54 + 87154 252454 95104 «YTTSA
+99S828 055588 1YY +95588 +99588 +99588
1.217C 1.3506€ 16510 2.1447 2.3701 2.7279
4.115¢ A.4414 44,7489 %,0202 Z.2011 $.,3819
«79202 +BAL0A «E9804 +55104 «Sha2y « 97754
«99C2¢ «85G2¢ «S%02 < 255902¢C «99020 «99020

ALLISCN HP TURBINE MAF SPED=1CCO%:PREQe74 SSEFFea
1.0¢C¢C
8000.0 9cecC. ¢ 1¢600.0 11000.0 12000.0

1232413 143223 L1+5515 1.6859 18386 20127
24363 F¥Y-11:14 £ +9%56 23813 J.7432 3:9053
«B1E57 «BI42¢ +E402A o£5243 +8544]) 05365
+HAS7E «EAEAY 2E4 262 +BI870 MN-ELLYY + 83009
Le3C2 labl881 1.58¢3 L3y 1434206 aQOJJJ
2«34l Z2.7€07 2.0819 2,4528 280906 4. 1521
78271 eE12%4E «E3.389 + 84667 YL Y Y « 845939
286214 «EL IAS o £608 8 «ESHG 1 sdbude 85208
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1.08

1.6
4+000
1.7
5.250
7.820
10300
11,600
£2:100

2.6013
4.,6134
1:0040
laOlQB
25127
#8064
+99079
1.0083
3.6816
5.0645
1.0022
1.0022
3.7495
Se.3145
+ 949588
»99588

3.8026-

5.+5028
+99020
+ 99020

2.2105
4.2784
+85223
B2233
22429
8+.8045
+H61T1
2450629
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PR

EFF

PR

EFF

PR

EFF

ECT

9013

AREA
SPED

PR

FLOGA

PR

FLGw

PR

FLGwW

PR

FLO#»

PR

FLO#

PR

FLGw

Pk

FLGa

PR

FLGw

pH

FLOw

1a
14
14
1a
1A

14

1

14
ia
14
14
1a
14
ta
14
14
14

14

s
is
14

14

12630
25027
« 73317
861721
le2iS5¢
25032
«84G32
«86351
12170
2454174
+60CaS
«85€510

ALLISCN LP {PCWER.) TURBINE

1.0000
DEEL.E
13333.2
111321
1+45CH
255649
+ 90950
16871
15224
2 55E49
«90450
10658
Ls+S426
+«S5E49
290650
Lel23C%
L9175
+ESETR
«HBATL
113948
2:3426
o T08Y2
L.CC58
11553
Js15E2
« 759C7
1.0187
118686
3snEQC
«80S21
1+01E12
1e22€3
Jalle74
« 85635
1:01E€8
Le20G2
Ao2822
+ 406450

TABLE 8-4 (CONT.)

1.3€7¢
27619
+7EATS
«+87(38
1.3398
2.8C41
273882
«8T7(68
1.343¢
2.E57C
+7248¢C
+EL459

1.13.7. 79
14444,4A
1.1458
1.6214
+ECELY
+95964
1,0322
te6791
+ECEGH
«55664
1.16498
1.7Z18
+ELEEA
»S5€64
Fel791
242503
«7CE92
1.C0¢98
1.2C84
240853
+ 75507
1.0202
1:.2483
2.51C7
+HCSZ L
1.0187
Ve2577
2e431 9
+EESIE
1.0181
1:3726C
AL2472
+5C85C
1.C138
le%19C
ALEZEE
1 5LSH4

L9213
2.t308
+£1350
+ETLIS2
1447786
3.1587
78211
s ET492
1 +986S
32,2189
+ 7157545
+E7166

T177.7
LSE55. 5
1.1808
1.8757
«£E5878
1.0098
11737
£.0161
«£E5378
1,098
11547
Z£.1817
+E5878
1.0098
1+2651
2.0274
« 75907
1.0228
129 &
25012
«E0921
1.0203
Led3543
3,85633
+ES%35
10167
t 4508
42100
«S0959)
1.01b1
16160
AsCal2
a 9204
10108
Lel2??
EsClun)
YL YE
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1,.6720
32,5295
+ 83231
87113
L.6337
2.587a
227565
1.6483
2.6628
+79101
+B1348

££86,.8

1.2219
2.6344%
+ 70892
1.0377
§.2200
2.8740
« 10892
1.031¢&
1.2086¢
2+9961
« 70892
1.0265
1.3220
2.3307
«80021
1.0228
1.3950
2:7460
«+E5835
1.02¢3
$1.5031
4.2450
+509%0
1.0187
1,68390
£.6041
«95965
1.0181
1.8346
L.0248
SHa7i
l.ClHE
Z.1811
Esllan
LsCOSE

[.8413
44,0072
+ 84588
« 3548482
k.a8121
A 1176
« 823489
«+87286s8
183245
4,2323
81322
«86920

18C00.0

1+2699
£+8159
« 75907
1.0377
1.2739
2el727
e 75907
1+3316
12058
3.3036
733907
1+0205
14186
32,6740
« 85235
1+0228
1.5305
4.1225
« 90950
1.0203
1a7348
A.5405
+93764
19187
14077
449906
2944 7L
1,011
Eed2J9
.l ins
1.039n
fediia
2.2093
S.21C0
1eddCH

2.,0336
44,2971
«85H527
s 86522
2+C126
844426
+ 843586
« 863857
2:0415
4 +5359
«82981
86426

MAP SPED=1000C+PR=3.69 3FLOWSS

11111.1

13274
4.,0000
«8092|
1.0377
1+3383
&, 00060
80921
140316
13373
4. 0000
+ 80321
L0265
15495
4.0000
+ 90950

t.0228

1.7537
5.0000
« 95964
1.0203
t+9328
S.0000
98571
10187
2:3671
540000
1.0098
10181
32032
55000
le0lbl
1.0188
325137
2+ 5000
10200

2.25295
& 46385
286217
«85921
22409
4,;8316
«85493
186164
2.2770
5.0202
+84400
+ 85562

12222 .2

13583
60000
+ 895935
1.0377
18182
6+0000
+ 85935
1s0316
14254
60000
+ 85935
1.02€5
1.7468
66,0000
+95964
1.0228
19435
6.0000
+ 98471
1.0203
28000
66,0000
1 .0098
L0187
31730
6+0000
10181
1.0181
3:51¢8
60000
10148
1.9188
J8040
6:.0000
10208



PR 14
FLOW 14
ECT
9014
AREA 1
SFPED 10
PR 14
EFF 14
PR 14

" EFF 14
PR 14
EFF 14
PR 14
EFF i%
PR 14
EFF 14
Pk 14
EFF 14
PR 14
EFF 14
Pl 14
EFF 14
PR 14
EFF 14
PR 14
EFF 14
EcT

1e02cC8
1.4024
N.5E71
+ IS YES
1:023€

1.C2CE
1.,5¢€2
4.G708&
58471
12368

1.0208
1494906
£20558
1 ,0098
140236

ALL ISCh LP {(PCWER) TULRBINE

1+0CGC
S5E5€.S
13332.3
fe1121
2.0C%3
81330
2 7TH3I96
105671
200380
+B6T7T13E
+83867
140699
2.0383
34733
87422
1.1235
2.15%2
252690
+83£25
1+1364a
2+2349
«A5EZ1
+91043
11593
2.3189
250092
«917ES
1,1E686
243EL2
368 3¢
« 91852
Le2282
2:9€4AC
0 37C5 A
o21791
1 +2E%3
2,5531
«BL1ESC
« 91579
14034
2e6E2C
«51€17
sYl 182

GEELLE
14044,4
1.1¢54
E.2€85
+E717C
« 75609
11754
Z.2625
«E2€91
v£2018
1.0£21
2.,3C06
«7238¢
+86254
12171
2.4E8%
« 74513
+ EEEH0
12377
2.£234
+ESTLE
+SCT21
12642
2.6202
5483
+SZ2C0OC
1.2%41
2.6892
oELEST
e G2 ELE
1.340¢&
27758
o565 7AE
«S2ET2
1+8121
Z2.ET1E
+25€57
+9271E%
15206
2eG5¢CHA
«+£2%20
52421

TIT77
LEESS. S
1 .269%
24640475
«EHCAT?
271646
12654
2 .6863
2 E7451
« 78084
l.2478
26676
+»BI2HS
« £3589
1.3234
2.5038
«E3293
2E6Q28
1.34HS
£+¢9091
+£01 81
+E9289
1.3819
2.0219
«17254
«50985
1+.418%
J.0900
«74297
«G2195
1.4083
2esl828
« 12072
252771
L5030
A427%58
« 70975
+ 930055
1 .6LYS
2.3839
272100
+ 58048
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TABLE B~=4 (CONT,)

1.0208
J.1628
€.1411
1.0236
1.023¢

MAP EPED=1000CC.PR=3.69

£EB88. 8

1.3699
Jd.2892
+ET7C65
«E5727
1.3700
3.332¢&
«88817
+ 72318
1.356€
2.2832
+BT684
« 78809
1+.448¢0
3.5435
«R7803
+81813
1.4748
2.4795
25686
+E6178
1.517¢
2+6015
«83645
+£BAOG
15602
2,6504
+£1 356
+50426
1.6169
22,7355
15327
+51575
1.656%
2.46100
+78006
* 923862
1.8284
2.885%53
«779US
L2788

1.0208
J+0721
Se2263
1.0236
1.0236

1C000,0

1.4883
37587

«85259 .

+ 62599
14932
3.7878
« 88572
+69280
1.4828
2,65662
+894 34
« 76033
2+5066
2.9826

«83533

+ 79406
1.6216
38639
«83640
«84220
1.6730
249369
+87411
286855
17225
44,0176
« 85793
+BIL28
174857
4.0925
284200
290576
1e8731
A,1491
282773
»91 650
2.0088
4,1950
285418
+ 52350

1.0208
J.48187
S$+5000
1,0236
1.0236

*IEFF 8

11kl

1.63C4
Ne 3128
+83010
«5967A
1 .6405
443536
«87400
266347
1.6328
5401823
« 89650
« 73230
L7531
44,5251
290365
+T0H4A6
17918
44,3324
« 920300
« 82147
1.8535
4.4535
+ 89762

«85070

1.90%9
4,.58572
+48212
« 87673
19310
4.5156
87506
59014
2.0725
e 5300
«35637H
«OT?7
2419845
4.5531
sB0270L
«JL 753

1.0208
4.1652
6.,0000
1.0236
1.02386

12222,.2

1.80z8
49983
+ 80524
+ 55548
148243
5.0543
« 85275
«653533
1.8160
4+3276
«BUTSHS
« 70455
1.9520
SclS78
+502A3
+ 794060
19927
4,9C82
« 31043
« 79975
2+08663
5.0242
«91091
83151
2.1294
4.,99056
«90593
«860%1
2+:2004
5.0248
«89889
«38069
242950
S.0188
«H935S
+89718
20297
4 ,9706
aHYL 73
+9C995
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