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FOREWORD

United Technologies Corporation, Pratt & Whitney Aircraft Group, Government Prod-
ucts Division prepared this document for the Air Force Aero Propulsion Laboratory to meet
the requirements of a User's Manual under Contract F33615-79-C-2013, Research on Software
for Optimization of Vane and Bleed Settings in Multi-Stage Axial Compressors. This docu-
ment complies with the Contract Statement of Work Item 5.0. The work described in this

report was performed during the period 15 May 1979 to 15 May 1981. Efren Strain (1/Lt,
USAF) is the Air Force Program Manager.
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SECTION |
INTRODUCTION

Gas turbine engines for jet aircraft must maintain high performance over a wide range of
flight conditions. Thus, many of the components in these engines incorporate vari-
able-geometry configurations and bleed systems to meet the requirements of changing environ-
ments. The fan and compressor normally contain a combination of variable vane rows and
bleeds to accomplish this objective. Hence, optimization of variable vanes and bleeds or
selection of the best vane and bleed schedule plays a very important role in compression
system development. During initial development, most compressors are built with all vane
rows variable, even though only a few rows may be variable in the final design configuration.
Optimization objectives vary from configuration to configuration. However, typical examples of
parameters requiring optimization include overall efficiency, surge margin, airflow, and pres-
sure ratio.

Current optimization techniques generally consist of running a matrix of test points with
various geometry settings, shutting down the test article, reviewing the interstage aero-
dynamics, selecting a new series of test points using engineering judgement, and further
diagnostic testing. This process is very time-consuming and expensive and rarely achieves a
true optimum.

Compressor test facilities are often linked to large computers for online data feedback.
Experience in compressor development and system simulation indicates that utilizing a
software package through a logical series of iterations could guide decisions of the test engineer
and, thus, reduce the number of data points and test time required to achieve an optimum
performance goal. Ultimately, a system could conceivably be used to control the search for
optimum performance. This contract effort developed a computer program in FORTRAN IV
language capable of guiding the optimization of vane and bleed settings in multi-stage axial
cOmpressors.

——— R

The technical approach to the development of software for optimization of vane and

) bleed settings in multi-stage axial compressors involved definition of optimization goals,

’ development of the performance-seeking logic, creation of a computer program to complement
the logic, and demonstration of the function of the software.

' This user’s manual describes the vane and bleed optimization computer program (Cus-

i tomer Computer Deck CCD 1182). The program includes the capacity of handling four

variable vanes and one bleed. The basic goal-seeking algorithm is the COPES/CONMIN

g approximate optimization method described in Reference 1. The program includes a

: stage-by-stage compressor model that simulates an eleven-stage, four variable-vane compressor

f to demonstrate program capabilities. This document presents sample problems using the
compressor simulation to help the user become familiar with the program deck.

P
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SECTION N
PROGRAM DESCRIPTION

Computer program CCD 1182-0.0, developed on an IBM 3033 computer, is a FORTRAN
program capable of guiding the optimization of vane and bleed settings in multi-stage axial
compressors. Operated through an iterative terminal, the computer program is designed to be
used in a manual mode with real-time data reduction. Inputs include the optimization goal,
vane and bleed setting limits (e.g., + 10 deg about the base vane setting), vane and bleed initial
settings, performance constraints, and compressor rig measurements of overall performance.
The main element of the computer program consists of the COPES/CONMIN approximate
optimization algorithm that provides the test engineer with information required for the next
vane or bleed setting. Flow charts showing program logic appear in Figures 1 and 2

The vane optimization program primarily performs an information management task.
The program supplies the computer terminal with several successive information displays
based on stored data. The operator initially selects one of seventeen optimization goals
summarized on the display screen. This display alone is sufficient to describe required
operator actions and specific test goals.

The operator will then be prompted for the number of variable vanes and bleeds (N) to
be optimized, upper and lower bounds for vane angle and bleed flow, and the size of the
incremental vane and bleed variation used for the first N+1 test points. At this point, the
program will tell the operator to run the base condition from which the optimization will
begin. The operator is then prompted for the vane and bleed settings, and performance index
(and constraint values, if applicable). The performance index and constraint values are defined
based on the optimization goal selected. These may be efficiency, stall margin, corrected flow,
or pressure ratio, all of which are available from the compressor test facility. The first basis
vane angle and bleed perturbations are calculated and returned to the operator. The per-
formance index and constraint values are input to the terminal. Additional basis vane angle
and bleed perturbation cases are run until N+1 test points are run. The points run provide an
initial model of the performance index function. After the performance index model is created,
multiple optimization passes are made using this approximate design model. The approx-
imated optimum vane and bleed settings (as determined by this pass) are sent to the operator.
During the setting of new conditions, the operator monitors for external constraints, such as
flutter or blade strain. If and when these limits are reached, the performance index may be
modified to account for an aeromechanical constraint boundary. A convergence check and test
for maximum iterations is made. The program control will return to COPES/CONMIN with the
new data point. The COPES performance index model is updated and a new optimization
iteration proceeds.

Following a convergence at the optimum, a description of the convergence criteria wiil be
displayed and a complete documentation of the optimization path will be printed. The
following paragraphs describe the program elements in detail.

INITIALIZATION

Data initialization occurs in two ways: through block data and through operator input.
Block data is used to initialize the data which generally does not change from one test case to
another. The optimization program will ask the operator for any further information required
to complete the initialization for a given test case.

e B S Pa o
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Figure 2. COPES/CONMIN Approximate Optimization Interface
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COMPUTER TERMINAL DISPLAYS

The program title page, shown in Figure 3, will be automatically displayed on the
terminal once the program has been loaded into the computer and the program is operational.
Once the user initiates the program operation, a list of optimization goals will appear on the
terminal for selection of the specific goal desired. A sample of the second display appears in
Figure 4. Following selection of the desired goal, the interactive terminal will display the
choice for verification. Typical versions of this display 2 shown in Figures 5 and 6.

The displays that follow on the terminal perform four functions, as described below:

1. Generate reminders of compressor operating conditions which may need to
be held during the optimization process

2. Set upper and lower bounds for vane settings and performance constraints
3. Define the starting sequence of the test

4. Prompt the operator to make certain vane movements and perform effi-
ciency and/or stall margin calculations.

Data entry displays will always repeat the entered information and await an accuracy approval
or a correction command. Figures 7 through 16 show examples of how these functions are
performed.

DATA STORAGE (ERROR RECOVERY)

The internal logic of COPES/CONMIM is incapable of “backing out™ the previous input
data if an error has been incurred. To minimize errors, the terminal input data, as interpreted
by the computer, is redisplayed for verification prior to being stored. If an error is still made, a
complete restart of the optimization logic is required. However, the compressor (or compressor
model) need not be rerun. The computer program is reinitialized by the statement RFLAG=1.
and the data values are re-entered exactly as they were originally input. Operator prompting
will continue as during normal operation.

STARTING SEQUENCE OF TESTS

The basic aim of the COPES/CONMIM approximate optimization is to optimize an
approximate surface by Taylor series expansion. To provide an initial model of this surface, a
sequence of tests is performed wherein each vane and bleed setting is randomly varied. The
minimum number of tests is N+1. Figure 17 presents the suggested starting sequence for up to
four variable vanes and one bleed. Incremental vane and bleed settings are an operator input
and may be chosen based on the expected performance sensitivity to vane angle. For high
stage-loading compressors, a value between +1 and *2 deg is suggested. Note that to reduce
experimental error, vanes are not reset between tests in this sequence.

N——
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OPERATOR-IMPOSED CONSTRAINTS

During a test program, the operator will be monitoring a variety of strain gauge and blade
flutter monitors. Any of these sensors may allow the operator to conclude that the test point
vane settings may threaten the mechanical integrity of the compressor. Rejection of a test
point should not automatically bring about the conclusion of the optimization attempts. The
way to avoid this vane setting region (and discourage further movement in the hazardous
direction) is by the artificial creation of a performance index deterioration or a constraint
variable rise. A series of such actions by the operator will define to the program a wall or
barrier that should not be crossed due to the optimum-seeking or constraint-avoidance logic.
The technique employed in the vane optimization program is to change the performance index
of the hazardous point by a factor of two. This is enacted by indicating that flutter or excessive

vibration has occurred at the requested point.

STOPPING POINT

The stopping criteria used in this program include:

1.

[

A minimum relative change in the objective function to indicate con-
vergence

An absolute change in the objective function
A maximum number of iterations

Two consecutive approximate optimizations resulting in the same vane
angle settings.

[
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SECTION W
PROGRAM ORGANIZATION

GENERAL

The main program, as shown in Figure 18, consists simply of calls to the various
subroutines used to initialize the input into the COPES/CONMIN optimization subroutine
known as VOPT. Additionally, the main program contains logic for restarting the program at
any point during the optimization. A description of each subroutine appears in the following
paragraphs.

Subroutine PAGE1

Subroutine PAGE]1 writes the title page to the screen and to the printer. The subroutine
then waits until the operator depresses ENTER to go to subroutine GOAL.

Subroutine GOAL

Subroutine GOAL displays the listing of optimization goals and asks the operator to
enter the value of the desired goal. It should be noted here that the value of the desired goal
should be right adjusted in a two-column field. This means that numbers 1 through 9 should
be entered as 01 through 09. Subroutine GOAL then writes to the screen the goal which the
operator selected. When the operator is satisfied with the goal he has selected, subroutine
GOAL then returns to the main program with the value of the desired goal.

Subroutine OPTCON

Subroutine OPTCON takes the value of the desired goal and prompts the operator for
the necessary input to be used to write the COPES/CONMIN program input data.

Subroutine START

Subroutine START takes the initial X-vector and the number of design variables (NDV)
and then creates NDV+1 X-vectors by perturbating the vane angles and bleed flow by some
given amounts input by the operator. The subroutine writes these vectors into a file that will
be read by COPES/CONMIN.
Subroutine SCFILE

Subroutine SCFILE takes all of the block data and all of the input from subroutine
OPTCON and writes it into a file in right-adjusted fields of 10 columns each.
COPES/CONMIN then reads this file in its optimization process.
Subroutine VOPT

Subroutine VOPT is the COPES/CONMIN optimization program.
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SCFILE

!

Subroutine
VOPT
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Figure 18, Program Organization
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' Subroutine ANALIZ
N ' The COPES User's Manual (Reference 1) explains subroutine ANALIZ. An additional
" feature has been added to the usual ANALIZ output. When the program reaches a final
s solution, ANALIZ will write out the final results on the screen for the operator to see.
l Subroutine ANALIZ includes a restart signal enabling the operator to restart the
program without re-entering the data through subroutine OPTCON.
] INITIALIZING INPUT-OUTPUT FILES
Before executing the vane optimization program, the user must allocate the following
I files:
File No.  Program Name Use
i 5 ISCRX Contains initial NDV+1 X-vectors
i I 5 ISCRXF Contains X-F pairs on a continuous basis !
6 IPRINT Output to printer
11 ISC Scratch file which contains COPES/
Y CONMIN input data
- 12 ISCR1 Scratch file used by COPES/CONMIN
program
) 13 ISCR2 Scratch file used by COPES/CONMIN
program
15 IREAD Input from terminal
- 16 IWRITE Output from terminal
v All files, except File 13 (ISCR2) should contain the following attributes: Block size —
. 6160, logical record length — 80, and record format — fixed block. File 13 should contain the

b following: block size — 6160, logical record length — 85, and record format — variable block
’ span. Figure 19 shows a sample procedure for initializing these input-output files.
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ATTRIB WORK BLKSIZE(6160) LRECL(80) RECFM(F B)
ATTRIB WORT BLKSIZE(6160} LRECL(85) RECFINV B S)
/% ALLOCATE DATASETS

/%  FILE IREAD

ALLOC DD(FT15F001) DSH(%) REUSE

/%  FILE IWRITE

ALLCC DD(FT16F001) DSH(%*) REUSE

/% FILE ISC

ALLOC BD(FT11F001) DSN( ' XXXXXXX.FILE.F11.DATA') NEW SP(1,1) TRACKS
USIKG(WTAK) REUSE

/% FILE ISZR1

ALLCC OD(FT12F001) DSN(*XXXXXXX.FILE.F12.DATA') NEW SP(1,1) TRACKS
USING(HORK) FEUSE

/% FILE ISCR2

ALLOC DD(FT13F001) DSH( 'XXXXXXX.FILE.F13.DATA') NEW SP(1,1) TRACKS
USINS(RURT) KEUSE

/% FILE IFRINT

ALLCC DD{FTO6F091) SYSOUT(ACLASS) REUSE

/% FILES ISCRX AND ISCRXF

ALLCC CO(FTOSFGOY) DSHI*XXXXXMX.FILE.FO5.DATA') MEW SP(1,1) TRACKS
USING(WCRK) REUSE

Figure 19. Initialization Procedure
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00000030
00000032
0000040
00000050
0C002060
00000070
000600080
00000090C
00000160
00000110
00000115
00000120
00000130
00000135
00000140
00000150
0002155
00000160
00000170
00000160
00000190
00C00195
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SECTION IV
COPES/CONMIN DESCRIPTION

THEORY

CONMIN (Reference 2) represents a general purpose optimization program designed
primarily for the uptimization of constrained functions. The basic optimization algorithm used
in CONMIN employs a direct search technique based on the method of feasible directions
described in Reference 3. The algorithm has heen modified to impiove efficiency and
numerical stability and to solve optimization problems in which one or more constraints are
initially violated (Reference 4). In a subroutine format, CONMIN can be called by a
user-supplied main program. The user should supply a main program containing the analysis,
constraints, equations, and objective function. Therefore, if an existing analysis program is
used. the analysis portion may need some reorganization, and constraint equations must be
prepared in accordance with CONMIN requirements.

In order to eliminate this inconvenience, a control program known as COPES (a
FORTRAN Control Program for Engineering Synthesis) was developed by the same author
who developed CONMIN. COPES combined with CONMIN enables the use of CONMIN as a
“hlack box™ for vptimization in automated design synthesis. The user need only provide a i
FORTRAN analysis program for the particular problem being considered. COPES simply calls

el s ome o=y SR B 02D &

? the user-supplied program written according to a simple set of guidelines. The capabilities of
COPES/CONMIN include:
M 1. Simple analysis
. 2. Optimization
3. Sensitivity analysis
1 4. Two-variable function space generation
} 5. Optimum sensitivity analysis

6.  Approximate optimization,

Particularly, approximate optimization provides the most suitable technique for the
compressor vane optimization problem where the number of test points needed to perform the
optimizaton is a limiting factor. The basic idea of approximate optimization technique involves
sequentially optimizing an approximate design function surface generated from available
information. In this program, the design surface represents a function of efficiency and stall
margin. At the end of the optimization, the design surface is updated with information from a
precise analysis, or test, at a new set of design variables. This new approximate problem is
then optimized, tollowed by a new precise analysis. This process repeats until the solution has
converged.

COPES/CONMIN possesses the capability to do up to a second-order approximation. If
excessive data are available, the extra data are applied to a weighted least-square fit, rather
than in obtaining higher order approximations. If a quadratic design surface were assumed, the
second-order approximation would be precise. If the problem at hand can be approximated by
a quadratic function, this method becomes feasible.

An outline of the sequential approximation approach (Reference 5) appears below. The
second-order approximate form comes from a Taylor series expansion of any function, noted as

M=~ Tf. A%+ 12 AXT[H)AR n
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| n = number of design parameters
x' = nominal design analyzed to yield f".

Equation 1 holds for both objective and constraints. The unknowns are:
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for a total of (¢ = n + n (n+1)/2). Since one analysis is required for the nominal design, a total
of {(2+1) test points are required to determine the unknowns, (Vf) and [ H). If more than
(R+1) tests are available, a weighted least-square fit is used.

Since previous test data show that efficiency and stall margin can be closely approx-
imated locally in quadratic form in terms of the vane angle, quadratic approximation in the
compressor vane optimization is considered quite reasonable. The fact that analysis data
obtained in one optimization are used to improve the design surface for subsequent optimiza-
tion enables the test engineer to choose a new test point; i.e., the result obtained in one
optimization becomes the recommended test point and the test result obtained at this point is
added to the new approximate optimization problem.

Numerical experience shows that a full quadratic approximation is not necessarily
required even when the design function surface is quadratic. An approximation that includes
b up to the diagonal terms of the Hessian matrix in Equation 1 is quite accurate for a quadratic
surface. This approximation requires a minimum of 2n+1 test points (n tests for linear terms,
n tests for diagonal terms of the Hessian matrix, and one test for the initial design point). If
more than 2n+1 designs are available, they are used in a weighted least-square fit. The
COPES/CONMIN program provides the user with the option to use the approximate design
surface constructed using only up to the Hessian diagonal terms in the approximate optimiza-
. tion. Because this technique can significantly reduce the number of expensive test points
1 without losing the quality of the solution, it is used in the compressor vane optimization.




INTERFACING REQUIREMENTS

The COPES/CONMIN computer program is set up to make multiple passes through a
subroutine called ANALIZ. In the conventional design process, this subroutine will contain an
evaluation of the performance index being optimized and the constraint parameter for a given
set of vane angles. The vane optimization program logic will specify a new vane setting to the
operator and take care of recording new data from operator entries in the proper format.
Command will be transferred back to the program and execution will continue with the newly
supplied information. The method of interfacing described above required the absolute
minimum level of COPES/CONMIN  code change.

Another very important interfacing objective is to reformat operator input data to be
compatible with the existing COPES input handling routine COPEO1. Again, the driving force
behind this objective is the desire to retain as much of the original COPES code as possible.

The COPES User’s Manual (Reference 1) contains a detailed description of the complete
input file requirements for the full variety of deck options. Figure 20 presents a listing of the
card images of input data relevant to the COPES/CONMIN approximate optimization logic
within the compressor vane optimization program.

ISN 0002 BLOCK DATA ¢2001
_— c e e e e onne2
1SN 0003 COMMON /BDATA/ NCALC,NSV,NIVAR, IPHPUT,IFDDG, 05203
1 IPRNT s ITHAN,NCCAL , IT7I, LINCDD, MACHXY ,NFDG, 0c1C4

2 FDCH, FDCK,CT,CTHIN,CTL,CTLMIN, THETA, 05205

3 DELFUN.CABFUN, ALFHAX, ACCSJE, 0944

] HF XA, INCML IPLFDK, 5307

5 HEV A WV INTH, INYLCC L INFLOC , MAN TR cce3

1SN 0004 DATA NCALC KNSV, HIVAR, IFNFUT, IFD25, 00C09
1 IPFHT, ITHAN,NSCAL, ITFRM, LINODJ ,, HACHX] ,HFDG, . 0rd190

2 FCCH FOCH!1, CT CTHINLCTL,CTLHIN, THETA, 0:011

3 DELFUN,DACFU, ALPAX, AECDIL, conl2

L) HF L HYAL INTM, IPAFRX, 00513

5 NFHAN, JNDM, THVLOC, INFLOC , MAXTRM/ €291%

L] 6,0,0,1,0, ci%1s

1 5,20,0,3,0,0,0, 05¢16

2 .01..001.-.05..006.—.01..001.1.0: coc17

3 .001,0.0,.1,.1, ICEE

4 0,0,0,1, 0019

5 0,0,0,0,2/ 09120

ISN 0005 COMMON /UMIT/IREAD, INRITE,IFRINT, ISCRX, ISCRXF, ISC gcoll
ISH 0006 DATA IREAD,I'RAITE,IFRINY,ISCRX,ISCRXF,ISC/15,26:6,5,5,11/ . eec22
s 6007 COIMCN /NAMEZNANC(T) 02323
ISN 0003 c DATA NAME/4HRPHC,4HIC  ,4HFR  ,4HDVS ,4HOL  ,4HSM  ,4HEFF / 00024
coels

ISM 0009 END _ onccs

Figure 20. COPES/CONMIN Input Data Relevant to the Compressor Vane Optimization Program
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SECTION V

PROGRAM DEMONSTRATION

COMPRESSOR SIMULATION

In order to demonstrate the vane optimization software, a stage-by-stage compressor
model has been implemented into a computer program. The characteristics of normalized
pressure rise and temperature rise as functions of normalized airflow and vane angle are
representative of an eleven stage, four variable vane compressor. The stall line used to provide
the compressor performance appears in Figure 21. The illustrations shown in Figures 22
through 25 depict the efficiency and stall margin variations with vane angle computed at two
degree increments, while holding speed and discharge area constant.

It should be noted that efficiency and stall margin calculations have an accuracy of
+0.05%, which may be attributed to the following factors:

1. Stage characteristic modeling
2.  Interpolations between stage characteristics
3.  Flow balance iterations.

Thus, the performance calculations from this model can be considered to have an inherent
) +0.05% measurement error.

! Input to the stage-by-stage compressor model is read using a FORTRAN-NAMELIST
statement. Each input case must begin with $PWA punched starting in Column 2 to prepare
the program to read the input. The input then follows, punched in FORTRAN-NAMELIST
format, with each item separated with a comma and with the input list concluded by $END.
No input may be entered in Column 1. The SEND card initiates execution. The input
parameters are as follows:

Parameter Default Value Description
NIN 5 Input file number
NOUT 6 Output file number
. NOUTN 0 Optional output file number
CASE* 0 Case number
VANE!1 0 Vane angle 1
VANE2 0 Vane angle 2
VANE3 0 Vane angle 3
VANE4 0 Vane angle 4
STOP 0 Stop signal
WCINLT Converged 81.5 Inlet corrected airflow
GUES values from or M-line guess
previous 0.94
case

The converged values for the independent variables WCINLT and GUES from a
successfully closed point can be used as guesses for the next point. If no guess is supplied by
the user for the first run, the values 81.5 and 0.94 will be used as guesses for WCINLT and
GUES, respectively. On succeeding points, if no guesses are given, the converged values from
y the last point are used. The M-line guess should be approximately 1.0.

*CASE is automatically incremented with each set of input read, unless reloaded.

31 ; MBI MIE MANE-NE




Stall Line—
PRS-PRO
- x
o 6 ’ SM="pro '
-}
: d
o
3
@ Reterence Point
° N, = 85%
a
5 (20.8°, 17.2°, 14.1°, 14.1°)1
70 75 80 85 90

Corrected Flow
FD 181204

Figure 21. Compressor Model Performance Map
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All input is initially read and written to input files 5 and 6. However, the file number can
be changed by the user by changing the input variables NIN and NOUT. It is also possible to
direct the output to two different output files by specifying another file number NOUTN. If
this variable is omitted, output will be directed to only one file, specified by NOUT. A STOP
= —1.0 should be included in the last input case to terminate the program. If it is left out or
set to a value other than —1.0, the program will look for another input case to follow. The
output parameters are:

_Parameter _Description_
VANE1 Input vane angle 1
VANE2 Input vane angle 2
VANE3 Input vane angle 3
VANE4 Input vane angle 4

SM Surge margin
EFF Adiabatic efficiency
PR Pressure ratio
wC Corrected airflow

The following paragraphs detail the results for various optimization goals using the
optimization program on the stage-by-stage compressor simulation. A summary of the prob-
lems solved and the resulting solutions is presented in Table 1. Appendices A through I
contain output information for the sample problems.

UNCONSTRAINED OPTIMIZATION
Example 1:

The objective of this problem involves the optimization of four variable vanes for
maximum efficiency, while holding speed and discharge area constant (Optimization Goal 1).
The optimization problem can be formulated as

max na,0,a,a, N, AREA) 3
aua‘hamauN, AREA

subject to
a. o =a=a a . Ea=a,,

<o =a

<< <<
Smin Qi ~ A= Ay,

b. AREA = AREA, = 76.779
¢. N =N, = 5567.5 rpm (% Nc = 85)
The upper and lower bounds imposed on vane travel appear in Table 2.

With initial vane settings of (a),=29 deg, (a),=18 deg, (a),=15 deg, and (a),=11 deg,
and initial efficiency of 87.14%, convergence to the optimum efficiency of 87.53% occurs in 15
tests (10 iterations). Optimum vane angle settings become (a)= 25.59 deg,
(),=17.99 deg, (a),=12.17 deg, and (a),=7.47 deg. Note that the incremental vane angle
variation used for the initial sequence of 5 tests is —2 deg. Appendix A details the optimization
results for Example 1.
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TABLE 1. SUMMARY OF OPTIMIZATION EXAMPLES SOLVED

o Corrected Stall  Test Point
Example  Optimization Pressure Flow Efficiency Margin Number at
Number Goal a, ay ay a, Ratio (We) (%) (%) Optimum
1 Maximize » 25,59 17.99 12.17 7.47 — — 87.53 9.32 16
2 Mazximize » 2455 17718 1168 1.76 —_ -_ 87.52 9.45 16
3 Maximize SM 1894 1071 5.00 5.00 — — 86.73 10.30 22
4 Maximize » 23.73 1558 129 5.37 — — 87.39 10.00 10
with SM=100
5 Maximize » 2264 1472 9.24 5.00 —_ — 87.38 9.98 15
with SM=10.0
6 Maximize SM 2234 1454 887 5.00 - —_ 8732 10.09 21
with =873
7 Maximize We 20.08 1031 585 5.00 — 84.39 86.81 10.19 14
with n=>87.0
and SM=8.5 .
8 Minimize Wc¢ 2793 1992 1572 9.54 — 77.65 87.20 8.47 15
with »=>87.0
and SM=8.5
9 Maximize PR 21.06 10.17 501 5.01 6.105 — 86.82 10.15 15 ..
with »=87.0
and SM=>8.5
l TABLE 2. VANE TRAVEL LIMITS
’ @ a« L] ay :
Lower Bound 10 5 5 5
Upper Bound 35 25 25 25
Example 2:

This problem duplicates Example 1, except that the initial sequence is modified. Design
of the example evaluates the effect of randomly selecting the initial test points.

With initial vane angles set at («),=18 deg, («),=10 deg, («),=5 deg, and («),=5 deg, and

efficiency (n) = 86.60%, convergence occurs in 19 tests, although optimization was reached at -
the fifteenth test point. Optimum vane angles become («),=24.55 deg, («),=17.78 deg, .
(«),=11.68 deg, and («),=7.76 deg at an efficiency of 87.52%. A 2 deg incremental vane angle -

variation was used for the initial sequence of tests in this example. Appendix B lists the
optimization results for Example 2.

The fact that the optimum efficiency duplicates that found in the first example indicates
that the analysis is relatively insensitive to starting point. The optimum vane angle settings, 3
however, are slightly different for the two examples, although they are within 1 deg of each ! }
other. The compressor model exhibits a very flat region near the optimum with little gain in
efficiency. This fact also attributed to the additional tests required in the second example to
meet the convergence criteria after the optimum was reached.
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Example 3:

The objective of Example 3 is to maximize stall margin while holding speed and dlschargq
area constant (Optimization Goal 7). The problem can be expressed as

max SM

0y Wy Ny (4)

With the same initial vane settings and initial test sequence as in Example 1, the
optimum settings were obtained after 22 test points. The vane settings are («),=18.94 deg,
(«),=10.71 deg, («);=5.00 deg, and («),=5.00 deg with an optimum stall margin at 10.30%. The
efficiency at these vane settings is 86.73%. Results for this problem appear in Appendix C.

CONSTRAINED OPTIMIZATION
Example 4:
The function maximized in Examples 1 and 2 is now solved with stall margin constrained

above a given level (Optimization Goal 4). The stall margin at the optimum efficiency
conditions in the previous examples are 9.32 and 9.45%, respectively. Mathematically, this

1 problem can be stated as
max n subject to SM = 10.0%
. @y Oy O Q (5)
: With the same initial vane settings and initial test conditions as Example 1, a converged
o solution results in 14 tests at («),=23.73 deg, (a),=15.58 deg, (a),=7.29 deg, and (a),=5.37 deg
with an efficiency at 87.39% and stall margin of 10.00%. Note that the optimization algorithm
brought the efficiency down from the 87.5% values in Examples 1 and 2 to meet the stall
: . margin constraint. Appendix D presents the results for this example.
F Example 5:
| - The same problem as Example 4 is considered, ercept that the influence of measurement

error on convergence ability is examined. In addition to the +0.05% noise in the
stage-by-stage model, the random errors shown in Table 3 are added to the performance
values. The errors are normally distributed with a standard deviation of 0.05.

Appendix E details the results for this example. The optimum was reached in 15 tests
at (a),=22.64 deg, (a),=14.72 deg, (a),=9.24 deg, and (a),=5.00 deg with efficiency at 87.38%
and stall margin at 9.98%. The efficiency and stall margin are essentially the same as the
values obtained in Example 4 and the vane angles are within 2.0 deg.

Exampie 6:

This problem represents the constrained version of Example 3. Here, it is desired to
maximize stall margin while maintaining efficiency above a given level (Optimization Goal 10).
Mathematically, this can be represented as

max SM subject to n= 87.3%

]
]
]
1
I i ®
|
i

Appendix F details the results of this optimizaton with start settings for vane angle as
in Example 3. The optimum solution was reached after 21 tests at vane settings of (a),=22.34
deg, (a),=14.54 deg, (a),=8.87 deg, and (a),=5.00 deg with an optimum stall margin of 10.09%
and an efficiency of 87.32%. Here, the optimization algorithm brought the stall margin down
from 10.30% obtained in Example 3 to meet the efficiency constraint.
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TABLE 3. MEASUREMENT ER-
RORS FOR EXAMPLE 5

Test Point Efficiency  Stall Margin
Number Error (%) Error (%)

1 0.04 -0.04
2 -0.02 0.04
3 -0.03 0.09
4 0.03 -0.02
5 0.0 0.06
6 —-0.02 -0.08
7 0.00 0.04
8 -0.06 0.00
9 0.01 0.01
10 0.02 0.00
11 0.06 0.08
12 0.02 0.00
13 -0.23 0.07
14 —0.04 -0.02
15 0.02 0.07
16 0.11 -0.01
17 0.01 —0.03
18 0.07 -0.02
19 -0.04 -0.06
20 0.05 -0.05
21 0.08 0.03
22 -0.03 0.04

Example 7:

The next two examples establish the maximum and minimum flow points to provide the
maximum flow range. In addition to airflow requirements, performance constraints of min-
imum acceptable efficiency and stall margin also define the flow range. Thus, their evaluations
must be considered for each geometry setting. For this example, Optimization Goal 14 is
defined as

max We with 7= 87.0% uwad SM = 8.5%

Oy, Wy, G, O, 7N

subject to the conditions of holding speed constant at 5567.5 rpm and discharge valve area at
76.779.

Appendix G details the results. For the initial test sequence used in Examples 1 aid 3
through 6, the optimization algorithm converged to the maximum flow in 14 tests at a
corrected flow of 84.39 lbm/sec with an efficiency of 86.81% and stall margin of 10.19%.
Optimum vane settings are («),=20.08 deg, («),=10.31 deg, («),=5.85 deg, and (a),=5.00 deg.
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Example 8:

This example deals with minimizing corrected airflow (Optimization Goal 15),
mathematically formulated as

min We  with n= 87.0% and SM = 8.5%

)y gy ¥y, (Y (8)
subject to holding speed and discharge area constant.

Results for this example appear in Appendix H. With the same initial test sequence as in
Example 7, the minimum corrected airflow of 77.65 lbm/sec was reached in 15 tests at
{),=27.93 deg, («),=19.92 deg, («),=15.72 deg, and (a),=9.54 deg with an efficiency of 87.20%
and stall margin of 8.47%.

Example 9:

As a final example, the pressure ratio is maximized at constant speed and discharge area
while maintaining minimal acceptable values of efficiency and stall margin (Optimization Goal
17). The problem solution can be stated as

max PR with = 87.0% and SM = 8.5%

Oy, (Ygy (Y5, (¥ (9)

Results of performing the optimization appear in Appendix I. This example converged in
15 tests at a maximum pressure ratio of 6.105 with an efficiency of 86.82% and stall margin of
10.15%. The optimum vane settings are («),=21.06 deg, («),=10.17 deg, (a),=5.01 deg, and
{«),=5.01 deg.
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SECTION VI

IDENTIFICATION

Pratt & Whitney Aircraft Group, Government Products Division uses a “Customer
Computer Deck” identification system that appears on the outline sheet as

CCD XXXX-XX.X
DATE XX/XX/XX

The first four digits correspond to the compressor vane and bleed optimization program.
If another optimization method is developed or studied which does not replace or supercede
the original method, a new four-digit number will be used.

Changes in the demonstrator compressor model performance will be related in different
dash numbers. The dash number of the original deck will be zero.

The decimal number will be used to reflect all deck changes which do not affect the basic
optimization method or compressor model. This includes correcting any program errors.

Any deck change causing a change to the dash number or decimal part of the CCD
number will change the previous date of the deck.
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PLEASE HIT RETURN TO VIEW OPTIMIZAYICN GOAL MENU

- e o e e o e o 0 W B A W

I OPTIMIZATION CCHDITIONS I CONSTRAINTS I
NO I GCAL IRPMC KC FR DVS O.L. I S.M. I EFF I

B R tl Letitlaiatl it b b T L T SN U T SRR i, -

1I__EFF_I X - - X = I = I - 1
T 21 eFF I X - - - X T 1T 1 <1
31 €F I - X X - - I - I - 1
4I EFF I X - - X = IMIN I - I
__5I EFF_I X - - - X IMN_I_ - 1
6T EFF I - X X - - TIMIN I - 1
7I sM I X - - X - I - 1 - 1
8I SM. I X - - - X I - 1 - 1
91 SM_I - X X - - I - I -_ %
TT10I s.MT 1 X - - X - 1 - 1NN I
111 8. I X - - - X I - TIMN I
121 SM, I - X X - - I - IMIN I
131 S4/BB I X X - - I _-_ I - 1
16 THAX MC 1T X - = - % IMIN I HIN I
IBIMINKETI X - - - X TIMIN IMIN I
16T FR I X X - - = IMIN IMIN I
171 MR I X_ - - X IMIN IMIN_I
“—YoU HAVE SELECTED T0 OPTIMIZE EFFICIERCY HOLDINS

CCTRECTED SFEED (RPMC) AND DISCHARGE VALVE SETTING (DVS) CCNSTANT

T RITH HO CONSTRAINTS 0H SURGE FARGIN
HOLD RPHMC CCHSTANT AT  5557.5C0
HOLD DYS CONSTANT AT 76.779
___OPTIMIZING 6 VANE AMSLES

TTLCNER BOUND FCR VANE L IS 10.0048
DO YOU AGREE? (Y/N)

LC:ER BCD FOR VANE 2 IS 5.000
£ YCU ASREE? (Y/N)

T LCHER EQUND FOR VANETYX IS 5,000
DO YOU AGREE? (Y/N)
LOIZR EQUND FOR VANE 4 IS 5.000

D3 YOU AGREE? (Y/N)

= TTURFER BCUND FOR VAIEZ 1718 35000
DO YOU ACREE? (Y/N)
UPPER BOUND FOR VANE 2 IS 25.000
DO _YOU AGREE? (Y/N)

UPPER BOUND FOR VANE 3 IS 25.000
RO YOU AGREE? (Y/N)
UFPER BCUIYD FOR VAHE 4 IS 25.000
- DO YOU ACREE? (Y/N}_

INZRCHINTAL VANE AMSLE VALUE FOF INITIAL VANE SETTING IS  -2.00




TITLE:
80696 3063 26 3636 303626 38 36 36 36 6 06 6 360630 3608 00 3606 36-06 36 0638 36 6 D00 060 00-0636-0 -0 06-06 06 36636 36 36 96-96 -3¢

COMTROL PARAMETERS;
CALCULATION CONTROL, NCALC
HUI'SER_OF GLOBAL DESIGN VARIABLES, _ NOV_
T NUMBER OF SENSITIVITY VARIABLES, NSV
WISER OF FUNCTIONS IN TLIO-SPACE, N2VAR
NUNBER OF APFROXIHMATING VAR. NXAPRX
INPUT INFORMATION FRINT CODE, 1FHFUT
T DESU3 FRINT CODE, IPDES

nowouwonnuu
oru Soopo

CALCULATION CONTROL, NCALC
VALUE MEANIUG
1 SINSLE ANALYSIS
2 OPTIMIZATION
3 SENSITIVITY
4 TUO-VARIABLE FUNCTION SPACE
5
6

OPTIMUIY SENSITIVITY
APFROXIMATE OPTIMIZATION

____% % OPTIMIZATICN INFORMATION

GLOZAL VARIABLE NUMBER OF CBJECTIVE
FULTIPLIER (HEGATIVE IKDICATES MINIMIZATION)

7
0.1000E+01

T CCHMIN PARAMETERS (IF ZERO, CCHMIN DEFAULT WILL OVER-RIDE)

IFRINT ITHAX  ICHDIR  HSCAL  ITRM  LINO3J NACMX1  NFDG

5 20 5 o 3 0 10 0
FOC FOCHM cT CTMIN
0.10C02E-01 0.10000E-02 -0.50000E-01 0.40000E-02
cTL CTUIHIN THETA FHI
-0.10000E-01 0.10000E-02 6.10000E+01 0.0
DELFUN DASFUN ALPHAX ABCBJ1
T 0.100C02-027 0.0 T 0.10000E+00  0.100CC0E:00 :

DESIGH VARIABLE INFOSMATICN ]
NZH-ZERD INITIAL VALUZ WILL OVER-RIDE MODULE INPUT

B T LCHER T OUPFER T T T IMITIAL T
0. BCL:D E2UND VALUE SCALE
1 0.10C0CE+02 0.3500CE+02 0.27000E+02 0.0
2 0.50000E+01 6.25000£+402 0.1600CE+02 0.0
T3 0.C0000E+0L T 0.25000E402 7 0.13000€E+4027 0.0
4 0.500C0E+01 0.25000E+02 0.90000E+01 0.0

= TTDESIEN VARIABLES ™

0. V. GLOBAL  MULTIPLYING
I ro. VER. No. FACTCR
1 1 1 0.10000E+01




B U e

2 2 2 0.10000E+01
3 3 3 0.10000E+01
4 4 % 0.10000E+01

CONSTRAINT INFORMATION

THERE_ARE 0 CONSTRAINT SETS

% # APPROXIMATE_ANALYSIS/OPTIMIZATION INFCRMATION

NUI'SER OF FUNCTIONS APPROXIMATED, NF = 0
NU!'BER OF INRUT X-VECTORS, NPS = B
NUMZER OF INFUT X-F PAIRS, _ NPFS = 0
X~VECTOR FROM ANALIZ, NAA =70
NOMIMAL DESIGH, oM = 6
READ UNIT FCR X-VECTCRS, ISCRX = 5
____ READ UNIT FGR X-F_PAIRS, ISCRXF = &
FRINT CGNTRCL, IPAPEX =~ 1
MINIMJUM APFROXIMATING CYCLES, KMIN = 5
MAXIMUM APFIOXIMATING CYCLES,  KMAX = 17

T MAXINUM DESIGMS USTD IM FIT, | KRMAX = 28
EMINAL DESIGH PARAMETER, JHOM = 28
X~LOCATICN INFUT PIRANZTER, INXLOC = 0
__F-LCCATICN INPUT PARAMETER, _ INFLOC =___ 0
TAYLER SERIES I.D. CC2E, naxTEM 27 2

DELTA-X EOUNDS FCR APFROXIMATE OPTIMIZATION

0.2000E+¢0) 0.2000E+01 0.Z00CE+01 0.2000E+01

MULTIPLIER CH DELX, XFACT1

= 0.1500E+01
MULTIALICR G DELX, __ XFACT2 =

GLC2AL LCZATICHS OF X-VARIABLES
12 3 4

GLCEAL LCCATIONS CF FUNCTIONS
7

X-VECTCRS INPUT FROM UNIT 5

NMOER 1 CESIGN 1
0.29CCE+02 0.1800E+G2 0.1500E+02 0.1100E+02

NUMDER 2 DESIGN 2
0.2700E+02 0.1800Z+02 0.1500E+02 0.1100E+02

NUMBER 3 DESIGH 3
0.2700E+02 0.1600E+02 0.1500E402 0.1100E+02

47




NUMBER 4 DESICEN 4
0.2700E+02 0.160CE+02 0.1300E+02 0.1100E+02

NUNZER 5 DESISGN 5
0.2700E+02 0.1600E+02 0.1300E+402 0.9000E+01

% % ESTIMATED DATA STORAGE REGQUIREMENTS

REAL INTEGER
INPUT EXECUTION AVAILASLE INFUT EXECUTICN AVAILABLE
33 315 5000 a2 64 1000

T e

SET_VANE 1 TO__ 29.00 DEGREES

SET VANE 2 TO  18.00 DEGREES

CET VANE 3 TO 15.00 DEGREES

SET VAMNE 4 TO  11.00 DEGREES

HOLD RPMC CCHNSTANT AT A VALUE OF 5567.500
' HCLD DVS CCH3TANT AT A VALUE OF 76.779
EFFICIENCY= 87.1600

L2222 4222224222 122222 28223222221

B 36 30 36 36 6 36 N6 36 9 I B I I 3 22626 3 3¢ 3636 I 36 3 3 23

CET VANE 1 TO  27.00 DEGREES

SET VANE 2770~ 18.00 DEGREES

SET VANE 3 TO _ 15.00 DEGREES !

SET VAMNE 4 TO 11.00 DEGREES
3
HJLD RFIC CONSTANT AT A VALUE OF 5567.500
HCLD DVS CCHSTANT AT A VALUE OF 76.779
— __EFFICIENCY=__ 67.3200 _
L2 RS2 122223222322 323 22232 ]
Y




SET_VANE_1 TO___27.00 DEGREES

SET VANE 2 70 16.00 DEGREES

SET VANE 3 TO 15.00 DEGREES

SET VANE 6 TO  11.00 DEGREES

HOLD RPMC CONSTANT AT A VALUE OF _ 5567.500
HOLD OVS CONSTANT AT A VALUE OF 76.779
EFFICIERCY= 87.2400

3638 36 36 36 36 26 36 6 36 I 36 36 36 26 36 36 36 36 36 36 I€ 96 36 36 36 3 3 6 e 36 3¢ 3¢

I 236 I3 IE I I I I I 3 36 3636 I I W I X3 3 I T I 3 36 I I 396

e

SET VAKE 1 TO  27.00 DEGREES

SET_VAE 3 TO__ 13.00 DEGREES

SET VANE 4 TO  11.00 DEGREES

HOLD RPMC CCM3TANT AT A VALUE OF 5567.500
HOLD DVS  CONSTANT AT A VALUE CF 76.779
EFFICIENCY= _ 87.2000

FE I3 3 F W I I 6363 I IE I I SE I I T I I I I N3¢ ¢

FERXRRRR AR IHH AR MR RHRH A RN HKAHERH

— _ SET VANE 1 70  27.00 DEGREES

SET VANE 2 TO  16.00 DEGREES

= SET VANE 3 TO  13.00 DEGREES

- SET VANE & 1O 9.00 DEGREES
HOLD RFMC CONSTANT AT A VALUE OF ___ 5567.500

HOLD OVS CONSTANT AT A VALUE OF 76.779
EFFICIENCY= 87.3300

FE 983636 JE 3o 3 36 3696 3696 36 J6 06 DI 96 636 6 47 596 96 3616 96 96 96 96 3¢
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APPROXIMATE OPTIMIZATION ITIRATION HISTORY

APPROXIMATING FUNCTION 1 THE CBJECTIVE

i
DESIGN VARIABLE NUM3ERS ASSOCIATED WITH APFROXIMATING VARIASLES
1 2 3 4
1
BEGIN ITERATION NUNMBER 1
NORIHAL DESIGN FliiScx = 6 {
iy
X=-VECTC:
___ 0.270C0E+02  0.16000E+02 0.13000E+02 0.90000E+0L ,
FUNCTION VALUES }‘
0.87330E+02
RESULTS OF APPROXIMATE OPTIMIZATION {
¥ . DELTA-X VECTOR __ _  _ _ __ _ _
-G.20003E+01 0.20000E+01 -0.20000E+01 -0.20000E+01 '
X-VECTOR k<
‘ 0.250005402  0.18000E+02  0.11000E+02 0.70000E+01 1
.3
AFFROXIMATE FUNCTICN VALUES [
: 0.37680E+02 L
] I AW NS HIE N IEIE I 636 96 I DI 6 36 N I 3F 36363 3¢
R
SET VANE 1 TO 25.00 OEGREES ‘
. [
SET VANE 2 TO 18.00 CEGREES
SEY VANZ 370 11.00 DEGREES
SET VAME 4 TO 7.00 DECREES

HOLD RFMC CONSTANT AT A VALUE OF 5567.500
. HOLD OVS CCI3TANT AT A VALUE OF 76.779
EFFICIENCY= "~ 87.5200

3 363636 36 36 3 36 36 3636 36 36 36 26 36 36 36 36 36 36 36 3 6 36 I 36 2 3 36 36 3¢ 3¢

PRECISE FUNCTION VALUES
0.37520E+02

BEGIN ITERATION NUMBER 2




- —

NCMINAL DESIGN NUMBER = 6

X=VECTOR

" 0.25000E402 0.18000E+02 0.11000£402 ©.70000E+01

FUNCTION VALUES
0.87520E+02

RESULTS OF APPROXIHMATE OPTIMIZATION

DELTA-X VECTOR
0.75337E+00 0.20000E+01 -0.20000E+01 -0.20000E+01
X-VECTOR

T 0.25753E402 0.20000E¢32” 0.90000E+01 0.50000E+01

AFFROXIMATE FUNCTION VALUES
__0.87701E+02

TER 350 7 5 265456 969850 69696 6 D30 96 6 3696 06 6 96 2 26

SET VANE 1 TO _ 25.75 DEGREES

SET VANE 2 TO 20.00 DEGREES

SET VAME 3 TO 9.00 DEGREES

T SETTVANE 4 10 §.00 DEGREES

HOLD RFI{C_CONSTANT AT A VALUE OF 5567.500
TTTTHOLD VS CONSTAMT AT AVALUETOF T 76.779
EFFICIENCY= 87.2890

353 K X036 76 I 3 3 36 3696 36 3 I 6 36 I6 I 3 96 I 3 3696 3 96 96 96

FRECISE FUNCTION VALUES

0.872380E402 "

' T BEGIN YTERATION NUMBER k3

NCMINAL DESIGN NUMBER = 7

R~VECTOR
0.25753E+02 0.20000E+02 0.90000E+01 ©0.50000E+01

FUNCTION VALUES

T T8.87230E402

RESULTS OF APPROXIMATE OPTIMIZATICN




DELTA-X VECTOR
-0.52557E-08 -0.10725E~04 ~0.77730E-06 -0.97167E-06

X-VECTOR
0.25753E402 0.20000E+02 0.90000E+01 0.50000E+01

APPROXIMATE FUNCTION VALUES

0.87250€+02
36362636 36 34 3636 36 36 6 36 9636 36 36 36 36 34 06 3 336 6 3636 6 36 96 3 3 08

SET VANE 1 T0  25.75 OEGREES

SET VANE 2 TO__20.00 DEGREES

SET VANE 3 TO 9.00 DEGREES

SET VANE 4 TO 5.00 DEGREES

T ROLD™RPMC CONSTANT AT A VALUE OF 5567.500
HOLD DVS CONSTANT AT A VALUE OF 76.779
EFFICIENCY= 87.2800

TN AT A I NI A AT PN K I KWW

T FRECISE FUNCTION VALUZS
0.87280E+02

BEGIN ITERATION NUICE 4

NCUIINAL DESIEN NUISER = 8

X-VECTCR
0.25753E+02 0.20000E+02 0.90000E+01 0.50000E+01

FUICTICH VALUES
0.8722CE+02

© TTRESULTS OF AFFROXIMATE OPTIMIZATION

DELTA-X VECTCR
-0.14435£+01 ~0.23921E+01 0.30000E+01 0.0

X-VECTOR
0.24309E+402 0.17608E+02 0.12000E+02 0.50000E+01

T APPRORIVATE FUNCTION VALUES™
0.87600E+402
369636363 6.3 3636 36 3696 56 696 34336 369856 36 136 3636 9 6 96 3¢
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. EFFICIENCY= _  87.4500 _

SET VANE 1 TO  24.31 DEGREES

SET VANE 2 70 17.61 DEGREES

SET_VANE 3 7O 12.00 DEGREES

SET VANE 4 TO 5.00 DEGREES

HOLD RPMC CONSTANT AT A VALUE OF 5567.500

HCLD COVS CONSTANT AT A VALUE OF

76.779

963636 36 3636 36 36 36 36 36 36 3 36 36 36 36 I 3¢ 36 36 36 3 ¢ 36 3 36 I 3¢ I 36 3¢ 3

PRECISE FUNCTION VALUES
0.87450E+02

BEGIN ITERATION NUMBER 5

T NOMINAL DESIGH NUMBER = 9

X-VECTOR

. 0.24309E402 0.17608£+402 0.12000E+02 0.50000E+01

FUNCTICN VALUES
0.87450E+02

RESULTS OF APPROXIMATE OPTIMIZATION

DELTA-X VECTCR

X-VECTOR

0.15765E+01 ~0.25826E+00 -0, 30000E+01 0.61882E+00

0.25806E402 0.17350E+02 0.90000E+01_0.56186E40L _

APPROXIMATE FUNCTICN VALUES
0.87683E+02
T I 063636 6 56 36 4 236 6 26 36 96 36 6 D666 46 36 36 36 6 96 3¢

SET VANE 1 TO  25.89 DEGREES

SET VANE 2 TO  17.35 DEGREES

— SETV VANE 370 9.00 DEGREES

SET VANE 4 TO _ 5.62 DEGREES

HOLD RPMC CONSTANT AT A VALUE OF 5567.500
__HOLD DVS CONSTANT AT A VALUE OF _76.779
EFFICIENCY= 87.3500

63636 35 96 36 369636 3 3696 3696 3636 2 2 3 6 ¢ 36 36 96 96 39636 3¢ 36 36 3¢ ¢




PRECISE FUNCTICN VALUES
0.87350E+02

____ BEGIN ITERATION NWBER 6
NOMINAL DESIGN NUMBER = 10

— X-VECTOR N o
0.25856E+02 0.17350E%02 0.50000E+01 0.56183E+01

FUNCTION VALUES
0.87390E+02

RESULTS OF APPROXIMATE OPTIMIZATION

T T DELTA-X VECTCR
-0.10000E+01 0.59856E+00 0.10000E+01 0.10000E+01

X-VECTOR 1

T 0.24386E%027 0.17948E402 0.10000E¥02 0.661886+01
AFPROXIMATE FUNCTICH VALUES

0.87507€E+02 R
B TP Je I 5 D55 P I 2636 T 566 9 56 I e 3 3¢ 36 36 96 6 36 2 3

SET VANE 1 TO  24.89 DEGREES

SET VANE 2 TO  17.95 DEGREES

SET VANE 3 TO 10.00 DEGREES

" TTSET VART 4 TOTT 4,62 DEGREES

HOLD RPMC CONSTANT AT A VALUE OF 5567.500
T HOLDDVS “CONSTANT AT A VALUE OF 76.779
EFFICIENCY= 87.5000

03636 26 26 36 366 36 36 36 36 36 96 I I I 3 26 36 36 36 3 I 3¢ I 36 I I I 3 %3¢

PRECISE FUNCTION VALUES

——




LY g [ ] [ ] 'l.l| .... [

0.87500E+02

BEGIN ITERATION NUMBER 7

NOMINAL DESIGN NUMBER = 11

X-VECTOR

0.248386E+02 0.17945E+02 0.10000E+02

FUNCTION VALUES

0.66188E+01

0.67500E+02

RESULTS_OF APPROXIMATE_OPTIMIZATION

DELTA-X VECTOR

-0.19008E+01 0.18232E-01 0.15271E+01

0.18999E+01

T X-VECTOR

0.22986E+02 0.17966E+02 0.11527E+02

ARFROXIMATE FUNCTIOMN VALUES

0.85188E+01

T 0.87574E402
363636 96 7 I K 3 3 36 I D I 96 36 3 36 I I I 56 36 36 36 I 3 3¢ 36 3¢ 3 3¢ 296

TSET VA1 TO 22.99 DEGREES

SET VAME 2 TO_ 17.97 DEGREES

SET VANE 3 TO 11.53 DECREES

SET VANE 4 TO 8.52 DEGREES

T HeLOTRFNCT CONSTANT TAT A VALUR™ OF 5567.5C0

HOLD GVS CCNSTANT AT A VALUZ OF
EFFICISNCY= 87.3600

76.779

T34 503K 0 o4 o0 98 363600 20 96 9 96 90 36 - 96 36 36 N 36 24 06 634 3¢

® TTPRECISE FUMCTION VALUES
0.87360E+02

BEGIN ITERATICN NUMBER 8
_NOMINAL DESIGN NUBER = 12

X-VECTOR
0.22986E+02 0.17966E+02 0.11527E+02

0.85188E+01




— Y
|

FUNCTION VALUES 'l
0.87360E+02

RESULTS OF APPROXIMATE OPTIMIZATION N

DELTA-X VECTOR
0.26762£401 0.27435E-01_ 0.74201E+00_-0.10959E401

X-VECTOR
0.25662E+402 0.17994E+02 0.12269E+02 0.74228E+01

,_<
SN S

T APFROYIMATE FUNCTION VALUES
0.87536E+02
0N BB 209 D60 00 606000 0 0

ey
[ WSy

SET VANE 1 TO 25.66 DEGREES

SET VAME 270 17.99 DEGREES

B aan B

SET VANE 3 T0  12.27 DEGREES

SET VANE 4 TO 7.42 DECREES J
HOLD RPNC CCMSTANT AT A VALUE OF 5567.500 3

_ HOLD DV3 CONSTANT AT A VALUE OF 76.779
' EFFICIENCY= 87.5300 L
— EFFICIENS 37.530 4
3636 36 36 36 36 36 36 36 J6 3¢ 2 36 36 36 36 36 36 3 I I I N 36 36 396 36 36 363 X 3¢ .44
g

PNECISE FUMCTICN VALUES

0.87530E+402 [

BEGIN ITERATICH KUICER 9

BoHINAU DESIGN KUNSER =™ 13

X-VECTOR
0.2566¢E 2 0.17954E+02  0.12269E+02  0.74228E+01

FUNCTICN VALUES
0.87530€E+4C2

RESULTS OF APPROXIMATE OPTIMIZATION

b DELTA-X VECTOR

e T =0.72962E-01 -0.20334E-037-0.945226-01 0.48150E-01

X-VECTOR
0.25539E+402  0.17994E+02  0.12175E402__ 0,74710E+01




AR A

APPROXIMATE FUNCTION VALUES

0.87530E+02
bttt LA L L

SET VANE 1 YO 25.59 DEGREES

SET VANE 2 TO  17.99 DEGREES

SET VANE 3 70 12.17 DEGREES

SET VANE 4 YO 7.47 DEGREES_

HOLD RPMC CONSTANT AT A VALUE OF 5567.500

HOLD DVS CCHSTANT AT A VALUE OF 76.779
EFFICIENCY= 87.5300

E3 3222323233232 32232 a2l gl sl

FRECISE FUNCTION VALUES
0.87530E+02

BZGIN ITERATION NTBER 10
HCMINAL DESICN NUM3ER = 14

X-veereR
0.25535E+02 0.17994E+02 O.

175E+027 0.7a710E+01

FLNCTION VALUES
0.87530E402

RECULTS OF APPROXIMATE OPTIMIZATION

DELTA-X VECTOR
0.27530E-02 -0.53158E-03 -0.88454E~03 0.12517E-02
X-VECTCR . e

0.2559LE+027 0.17993E+0Z 0.12174E+02 0.74722E+01

APPRONIMATE FUNCTION VALUES
0.87530E+02

T 51 54 34 34 5c 34 96 3 o6 36 76 50 96 H0 I 36 T 26 I NI 0 6 60 3 0

SET VANE 1 TO _25.59 DEGREES

SET VANE 2 YO  17.99 DEGREES

67




SET VANE 3 TO  12.17 DEGREES

SET VANE @ TO  7.47 DEGREES

HOLD_RPMC_CONSTANT AT A VALUE OF 5567.500
T HOLD DVS CONSTANT AT A VALUE OF 76.779
. EFFICIENCY= 87.5300

FE56 3696 36 56 I 36 26 36 396 36 T 36 36 J-36 36 38 36 36 36 36 36 6 9636 36 3 3¢ 3¢ 3¢

PRECISE FUNCTION VALUES
0.87530E+02

FINAL RESULT OF APPROXIMATE OPTIMIZATION

HOMINAL DESIGN KUMBER = 15

X-VECTCR
0.25591E402 0.17993E402 0.12174E+02 0.74722E+01

FUNCTICH VALUES

0.37530E402

RESULTS OF APFROXIMATE ANALYSIS/OPTIMIZATION

TITLE - o e e e .
LR L L L T T T e T e 2

GLCBAL LCCATIONS OF X-VARIABLES
1 2 3 4

T GLOBAL LOCATICHS OF FUNCTIONS, F(X)

{

3 APFIOXIMATION IS BASED OH 15 DESIGNS
{OMINAL DESIGH IS DESIGN NUMBER 15

T VALUES OF X-VARIABLES ~
0.2559E402  0.1799E402  0.1217E402  0.7472E+01

— VALUES OF FUNCTIONS, F(X)
0.8753E+02

CCEFFICIENTS OF TAYLOR SERIES EXPANSION

T PARAMETER 1 = GLCRAL VARIABLE 7

LINEAR TERMS, DEL F
0.1770E-03__-0.2815€-04_ -0.7172E-04__0.1071E-03

NOM-LINEAR TERMS, H, BEGINING WITH DIAGCNAL ELEMENT




‘VJ_Z!

RCH 1
-0.4383E-01

RCH 2
-0.6196E-01

RCH 3
-0.1688E-01

RCU 4
-0.1263E-01

OPTIMIZATION RESULTS

03JECTIVE FUNCTION —_ _— O
GLC3AL LCCATION 7 FUNCTION VALUE 0.87530E+02

DESIGN VARTABLES

S

D. V. GLOBAL LCUER UFPER
10 ro. VAR. NO. CCUND VALUE BCUND
1 1 1 0.10000E+02__ 0.25591E+02 _ 0,350C05+02 _
2 2 2 0.50060E401  0.17993E402  0.2500CE+02
3 3 3 0.50000E401 0.12174E402  0.25000E+02
4 4 4 6.S0000E+01  0.747228+401  0.2500DE+02

wEnxuNu®®  FINAL SOLUTION VALUES sedes5% %%

TTTOVS TWAS HELD CONSTART AT

VAHE ANGLE FCR VANE 1 IS

__VRUE_ANGLE FOR_VANE 2 IS

VAHE ANSLE FOR VANE 3 IS

___ VANE ANGLE FOR VANC 4 IS

EFFICIENCY= 87.5300

RFEC 1AS HELD CONSTANT AT

25.59 DEGREES

17.99_DEGREES

12.17 DEGREES

__7.47 DEGREES

5567.50

PRCGRAM CALLS TO ANALIZ

ICALC  CALLS
1 1

2 15
3 1

76.78




STATOR VANE OPTIMIZER
630 I 06906 1 96 36060 300660 4 2636 08
PROTOTYPE_SOFTWARE_CAPABLE OF GUIDING THE OPTIMIZATION OF __

STATOR VANE AND BLEED SETTINGS IN A MULTI-STAGE COMPRESSOR

FREPARED FOR THE AIR FCRCE AERO PROFULSION LABCRATORY

DER CONTRACT F33615-79-C-2C13

BY: PRATT & FHITHEY AIRCRAFT GROUP
GOVERNMEHT FRODUCTS DIVISICON

PLEASE HIT RETURN TO VIEW OPTIMIZATION GCAL MERY

I COTIMIZATICN CONDITIONS I CONSTRAINTS I
NO I €0AL IPRAIC NC FR DVS O.L. I S.M. IEFF I
Bt LR L et e temme——- tm—————- -
11 EFF I X - = X _ = I - I - I_
TT21T EFF ITX - = - X 1 - 1 - 12
31 EFF I - X X - - 1 - 1 - 1
41 EFF I X - - X IMIN I - I
§I EFF_I X - = = X IMIN I - I
T 61 EFF I - X - - IMIN I - 1
7I S.M, I X - - X - I - I - 1
8I S.M. I X - - - X 1 - 1 - 1
9 sn_I - X X - - I_ - 1 -_1
T I S.H. 1IN =T - = I - IHMIN I
11 I S.H. I X - - - X I - TIMIN I
121 s.M. I - S - -~ I -~ IMIN L
13 I /B0 1 _X_ X - ~ =-_ I - 1 - I
Tl riex Rt I X =T - - X IMIN ImMIN I
15 T HINKRC T X - - - X IMIN IMMN X
I FR I X % - - - INMIM OININ I
171 Ff2 I X - - = X IMN IHKNN_I o
T YcU HAVE SELTCTED TO OFTINIZE EFFICIENCY HOLDINS

CCUTCCTED SPEED (RPMC) AND DISCHARGE VALVE SETTIMG (DVS) CONSTAMT

T HITH T3 CCHSTRAINTS € sU™
HOLD RASC COUSTINT AT ES
HOLD CVS CCHSTANT AT
CRTINIZING 4 VAME AMNSLE(S)

TOLCUER BEDUND FCR VAMI 1 IST
DD YOU £SREE? (Y/M)

LNYVIR CCUND FOR YiuZ 2 IS
DO YOU AGCRCE? (Y/H)

TE HMARGIN
67.500
76.779

“T10.000

5.000

TTOLCMIR ECUID FOR VIANET3 IS
CO YCU AGREE? (Y/R)
LCI'ER BCUND FOR VANE 6 IS
DO YOU AGREE? (Y/N)

TTUFFER BCUND FCR VANE 1 IS 735,000

CO YCU AGREE? (Y/N)
UPFZIR DBCUND FOR VANE 2 IS
7DO_YOU ASREE?_(Y/M)

5.000

5.C00

25.000

UPPER BOUND FCR VANE 3 IS

DO YOU AZREE? (Y/M)

UFFER 22101 FC2 Vi 4 1S
DO YOU ATTEE? (YN

yiom

INTRTMENTAL VALT ANSLE VALUS FOR INITIAL VANE SETTIMG 1

25.000

¢5.0°0

P




TITLE:
60650 36 0 56 30 1606 22636 B0 6 3066 36 366 36 36 060636 00053006 136 00 30 36 36 36 6 36 06600 0036 36 066 36 0606 3600 0600000690 36 36 34

CCNTROL PARAMETERS;

CALCULATION CONTROL, NCALE = 6
NU:DER OF GLOBAL DESIGM VARIABLES, _NOV = 4
MUIZER OF SENSITIVITY VARIABLES, NSV = o
MUNSER OF FUICTICNS IN THO-SPACE, N2VAR = @
NUITSER OF APFROXIMATING VAR. NXAFRX = 4
INFUT IMFCRMATICH PRINT_CODE,  IFNPUT =__ 1
DECUS FRINT CODE, IFJBG = 0

CALCULATICN CCHTROL, NCALC
VALUZ  MEZANING
SIMGLE ANALYSIS
CPTINIZATICN
SENSITIVITY
TUI-VARIAELE FUNCTION SFACE
OPTINUM SEMZITIVITY
ATFRCNIMATE OPTIMIZATION

VDN

* % OFTIMIZATION INFCIMATION

GLCTAL VARIASLE MUNZER CF C3JECTIVE
MULTIPLIER (HEGATIVE INDICATES MINIMIZATION)

7
0.1000E+01

CCiiMIN PARAMETENS (IF ZERQ, CCNMIN DEFAULT WILL OVER-RIDE)

IFAINT  ITHMAX  ICNBIR  SCAL  ITRM  LIN33J NACMX1  NFDG
5 ) 5 0 3o 13 0
FDCH FOCHM cT CTHIN
0.1C290E-01 0.10GCCE-C2 -0.50000E~901 0.45200E-02
cTL (AsiD I TTYIHETA T FHI
-0.10000E-01 0.100005-~02 0.1C00CE+0) 0.0
DELFUN DABFUN CALPHAX  _ aPO3J1_
T 0.100CeE-02 0.0 0.1C020E330 6.1003CE+00
DESICY VANIABLE IMNFCRMATION
- NZU-7ZR0 INITIAL VALUE WILL OVER-RIDE_MCDULE INPUT
I R Leuzn 2FER INITIAL
Mo, BCU1D soun VALUE SCALE
1 0.10000E4+02 0.33002E+02 0.200C0E+02 0.0
0.3C0SCE+Cl  0.2I3CCE+02 0.12000Z402___ 0.0
3 0.E2CCOE+01 0.252905+02 0.70000E+01 0.0
4 0.500C0E+01 0.250C05402 0.700C0E+01 0.0
. TTOESIGN VARIABLES T T T
D. V. GLO2AL NMULTIPLYIN
10 N3. VAR, MO, FACTOR
11 1 0.100008¢01 _
2 2 2 0.100C0E+01
3 3 3 0.10000Z+01
'y 4 4 0.10533E+01
62




[y

CONSTRAINY INFCIMATICN

THERE_ARE__0 CCNSTRAINT SETS

* # AFPROXIMATE_ANALYSIS/OPTIMIZATICN INFORMATION

NUMBZR OF FUMCTIONS APFROXIMATED, NF = 0
NUNBER OF INFUT X-VECTCRS, NPS = 5
NUI'GER OF IMPUT X-F PAIRS, _ MNPFS = _ 0
X-VECTCR FROM ANALIZ, A =0
HCHINAL DESIGH, NeM =z 0
READ UHIT FCR X-VECTCPS, ISCAX = 5
____READ UMIT FOR X-F PAIRS, ___ ISCRXF =__ 5 _
T FRINT CouTROL, IPAPRX = 1
MINIMUM APFYOXIMATING CYCLES, KMIN= &
HAXTIUM APFROXIMATING CYCLES,  KMAX = 17
TTOMANINGG BESICHS USID IN FIT,  KENAX = 28
HIUINAL DESICH FANIMETER, Gtz 23
X-LEZATICN Y"UT PARANETER, IMXLOC = 0
__F-LCCATION INPUT PAPANETER, NFLOS = 0
TTTAYLER SIRIES I.D. CODE, MAXTRM =2

__ DELTA-X BCUMDS FCR APPROXIMATE OPTIMIZATION

1 2 3 4

T 0.20003+01 0.2020E+01 0.2G0CE+C1  0.2083E+01
MULTIPLYER OM CELX, XFACT1 = 0.1E90E+01
SULTIFLIER CN DELY, NFACT2 = 0.2C00E+01_
GLCTAL LOCATICHS CF X-VARIADLES

GLO3AL LCCATIC!'S CF FUNCTICHS
7

X-VECTONS INPUT FRCM UNIT 5

MULIDER 1 RTSICN 1
0.150CZ+02 0.1CCCZ+0C O0.5000E+01 O0.5000E+01
NUITER 2 DESICN 2

0.20CCE+02 ©0.10C3E+C2

0.500CE+01 0.5000E+01

HUNBER 3 DESIGN
0.2003E+02 0.1200Z+02

3
0.5000E+01 0.5000E+01

HUMBER 4 DESIGN
0.2C00E+02 0.1220E+02

KLNSER 5 DESIGN
0.2200E+02 0.123CE+02

[
0.70005+01 0.5020E+01

5
0.700CE+01 0.700CE+D1




# % ESTIMATED DATA_STORAGE REQUIREMENTS

REAL INTEGER
INFUT EXECUTION AVAILABLE INPUT EXECUTION AVAILABLE
33 315 5000 .22 64 1000 _

R L T

SET_VANE_1 TO _ 18,00 DSGREES
SET VANE 2 TO  10.00 DEGREE

SET VANE 3 TO__ 5.00 DEGREES __

SET VAKE 4 TO 5.00 DEGREES

____ HOLD RFMC CCHSTANT AT A VALUE OF 5567.500
HOLD BVS CONSTAMT AT A VALUE OF 76.779
EFFICIENCY= 85.6000

LAZ AR sad i AT Rt I NI s 22Tl s

S 36 D66 2 36 - 3 I I 6 2 DI 26 3¢ N6 372 H I KR KN MM

SET VANE 1 TO 20.00 DEGREES

— SET VANE C 7O 10,00 DECREES

SET VANT 3 TO £.00 DICREES

SET VINE 4 TO___ 5.00 DEGREES

HOLD RPNC CCUSTANT AT A VALUE OF 5567.500
HOLD DVS CCOUNSTANT AT A VALUE OF 76.779
EFFICIENCY=  g5.7400 e

S5 30 R P 3 3D I B I I 5% I NI NI o NN NN

HNEANAXNER D ONENR R AR NN R IR

__SET VANE 17O 20.00 DEGREES

SET VAHE 2 TO 12.00 DEGREES

SET VAME 3 TO 5.0 DECREES

SET VAKE 4 TO 5.C0 DEGREES

HOLD RPIC COMSTANT AT A VALUE OF 5567.500 ____
HOLD BYS CONHSTANT AT A VALUE OF 76.779
EFFICITNCY= £56.6000

¥¥¥X¥¥¥¥V§**¥¥#¥*K*¥*¥¥¥§xl***ﬁ**“

L2222 2321222 23Rt pR2 IR 2 s EEss )

SET VANE 1 TO  20.00 DECREES

SET VANE 2 TO _ 12.00 DEGREES

SET VANE 3 7O 7.00 DEGRLES

___STTVAMC 4 TO  5.00 CECREES
HOLD RFNC CONSTANT AT A VALUE OF 5567.500
HCLD DV3 CCHNSTANT AT A VALUE OF 76.779
EFFICIENCY= 26.9803

64




—SET VANE 1 7O 20.00 DEGREES
SET VANZ 2 TO  12.00 DEGREES

—_SET VANE 370  7.00 DEGREES

SET VAKE 4 TO 7.00 DEGREES

HOLD RFNC CONSTANT AT A VALUE OF 5567.500
TTHOLD VS T CONSTAMT AT A VALUEOF  76.779
EFFICIENCY= 87.0200

LI ST 2T 22 231 31 T Ao Lty
APFRONIMATE OPTIMIZATICH ITERATICN HISTCRY

APFROXIMATING FUNCTICH 1 IS THE CBJECTIVE

DESIGN VARIABLE NUNBERS ASSCCIATED HITH AFFROXIMATING VARIABLES
1 2 3 4

BEGIN ITERATICN NUMBER 1

{OMINAL DESIGH HUMBER = 5

X-VECTCR
0.20023E+02_ 0.12000E+402_ 0,70000E+01__0.7CO00Es0L___
FUHCTICH VALUES
0.87320€+02

RESULTS CF AFPROXIMATE OPTINIZATION

__ DELTA-X VECTCR e
0.290008+21 0.206000E+017 7 0.20000E+01 0.200008461
X-VECTCR
_ 0.220C0E402  0.16080E+02_ 0.S0000E+01__ 0.9J000E+01

APFROXIMATE FUNCTICH VALUES
CE+02
ittt Bl el L]

SET VANE 1 TO  22.00 DECREES

TTEEY VANE 2770 1n.00 DEGREES

SET VAME 3 TO 9.00 DECREES

SET VEHE 4 10

9,060 DEGREES

HOLD RPMC CONSTANT AT A VALUE OF 5567.500
HOLD DVS CCHLSTANT AT A VALUZ OF 76.779
TTTEFFICIZNCY= 87.200d

L2221 2322222232223 2222232222222t

PRECISE FUNCTICH VALUES
0.87200E+02

BEGIN ITERATICH NUMBER 2

NCMINAL DESIGH NUMBER = 6

X-VECTOR




- — - ————— o

0.2C000E+02 0.14000E+02 0.90000F+01 0.90000E+01

FURCTICN VALUES
0.87200E+C2

RESULTS OF APPROXIMATE OPTIMIZATION

T DELTASX VECTCR
-0.1715CE+01 0.20000E+01 0.2C000E+01 0.20000E+01

X-VECTOR . o
0.2C281E+02 0.16C00E+02 0.11000E+02 0.11000E+02

APFROXIMATE FUNCTION VALUES
_____  ©0.8758CEs02
EERIT A BT T e R T T PO T T 3

____SET VANE 1 TO__ 20.28 DEGREES___

SET VANE 2 TO  16.C0 DEGPEES

SET_VANE_3 TO___11.00 DEGREES _

SET VANZ 4 TO  11.00 DEGREES

____HOLD RFMC CO!STANT AT A VALUE OF ___ 5567.500
HOLD DVS CONST.AMT AT A VALUE CF 76.779
EFFICIZNGY= 87.0600

L2 I PRERE I RIS I XTI I 222222 3

riec

0.

_FUMCTICH VALUES

SCET+02

©> 4
~)

o

BEGIN ITERATICH MNUI3ZR 3

ROMINAL CESICH MUNTER = 7

—_—— —— s

T R-VECTORT
0.20281E+C2 0.135C005+02 0.11000E462 0.11600E+62

FURCTICH VALUZS

0.87CO0I+02

PESULTS OF APFROXIMATE OPTIMIZATION

DELTA-X VECTCR
0.3C000E+01 -0.30000E+01 0.20C00E+01 0.2C000E+0]1

X-VECTCR
C.23231E402 0.13000E+02 0.13000E202 0.13000E+402

APFROXIMATE FUNCTION VALUES P




0.87489E+02
309663636 336 33625 36 36 36 36 36 3 36 30 3036 1 30 3636 3696 36 36 96

SET VAHE 1 TO  23.25 DEGREES

- o WO wx Ve AR

SET VANE 2 TO  13.00 DEGREES

SET VANE 3 T0  13.00 OEGREES

SET VANE 4 TO  13.C0 DEGSREES

HOLD RPSC CCHETANT AT A VALUE OF £567.500
HOLD DVS CCHSTANT AT A VALUE OF 76.779
EFFICIENCY= 25.8100

e L LT T L LT

FRECISE FUMNCTION VALUES
0.56810E+02

BEGIN ITERATICH NUM3ER 4

i ____NOMIMAL DESIGN KNSR = 8

. X-VECTCR
] 0.23281E+C2 O0.12000E402 0.13C00E+02 0.13000E+02

T RUiicTICN VALLEs T
0.35310E+02

T

SULTS OF AFPROVINATE OPTINIZATION

DELTA-X VECTCR

X-VeCTCR
0.23532E402 0.160C9E+02 0.1000CE+02 0.1500CE+02

ATFIOMLIATE FUICTIOT VALLES
0.373175+02
3% 06 0 37 353 N N M I I35 2 06 36 I 36 06 I 36 €336 36 3 I

SET VANE 1 TO  23.53 DEGREES

__SET VANE 2 TO___16.00 DECREES

f SET VANE 3 TO  10.00 DEICRCES

. _ SEYT VANE 4 TO__ 15.00 DEGREES

HOLD RFMC CONSTANT AT A VALUE OF 5567.500
HOLD DVS CONSTANT AT A VAWUE OF 76.779
EFFICIENCY= £6.5400

67
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— __ BEGIN ITERATION NUMBER 6

PRECISE FUNCTION VALUES
0.86540E+02

BEGIN ITERATION NUMBER 5

T RCTOINAU DESIEN NUMSER = 9

X-VECTCR
0.23532E+02_ C.15000E402_ 0.100C0E+02__0,15000E402_

FUNCTION VALUES
0.9554%CE+02

RESULTS OF APPRCXIMATE OPTIMIZATION

__ DELTA-X VECTOR _
0.203376-01 0.5872CE+60 0.23¢84E+01 -0.30000E+01
X-VECTCR
0.23552E402_ 0.16587E+02__0.1234EE+02_ 0.12000E402___

APFRONIMATE FUNCTICHN VALUE
0.87035E+0C2
vkttt e ot it ik

SET VAME 1 TO  23.55 DEGREES

SET VAIKE 2 10 16.59 DECREES

SET VANE 3 TO  12.35 DECREES

SET VZHE 4 T0” 12,80 TICREZs

HOLD R7MC CCHBTAMT AT A VALUE OF £567.5C0
HOLD DVS CCLET.AN ALUE CF 76.779

EFFICIENCY=

P63 3735 36 3 6 36 36 3636 I 56 30 I 34 3 I 36 38 3T I 36 36 26 36 26 N X W66 3

FPECISE FUNCTICN VALUES
0.571805+02

NONINAL DESIGN NUMRER = 10

X-VECTOR

0.23552E402 0.16587E+02 0.12348E+02 0.12000€+02

FUNCTICN VALES

_0.57120E+22___

RESULTS OF APPROXIMATE OPTIMIZATIOCN

T DELTA-X vocrer
0.3C000E+01 €.20070E+31 0.30C20E401 -0.30009E401

X-vZCT07?

0.26332E402 0.153E7E+C2 0.153482402 0.90000E+01

AFFROXIMATE FUNCTION VALUZS
__._._b.sva13ce02 .
P Pt T T 2 T R T e T

. —

-
Sl

Boomsio
v b




| ]

SET VANE 1 T0__ 26,55 DEGREES

SET VANE 2 TO  19.59 DEGREES

' SET VANE 3 TO _ 15.35_DEGREES

SET VANE 4 TO 9.00 DEGREES

HOLD RFMC CONSTANT AT A VALUE_OF 5567.500
HOLD DVS CONSTAMT AT A VALUE OF 76.779
EFFICIEICY= £7.3200

P66 36 3636 36 36 36 76 N I I 3636 I8 26 I 6 36 36 2 96 6 36 3¢ I D6 23636 3¢ 2 W

PRECISE FUNCTION VALUES
6.57320E+02

BEGIN ITERATICHN NUNZER 7

NOMIMNAL DESIGH MUMBER = 11

K=VEL

“CTOR
0.2

6552E+02 0.19587E+02 0.15348E+02 0.90000E+01

| - FUNCTICN VALUES
0.37320E+C2

__RESULTS CF APPROXIMATE OPTIMIZATION

DELTA-X VECTOR

E -0.300005+91 -0.37551E+00 -0.57353E+00 -0,22680E+01

. X-vectca ™ A
0.23550E402 0.19212E+02 0.14775E402 0.67320E+01

APFROXIMATE FUNCTICN VALUES

0.87493E+02
696 36 35 3 56 3K 5 N6 2

SET VANE 1 TO  23.55 DEGREES

SET VANE 2 TO  19.21 DECNCES

" SET VAME 3 7O~ 14.77 DECIEES

E SET VIMZ 4 TO  6.73 DZCIEES
HOLD PriiC CONSTANT AT A VALLE OF 5567.500
HOLD OVS CCHSTANT AT A VALUE OF 76.779
EFFICIEICY= £7.2700

[T T TP D DR g Vv Do

TTFRECISS FUNCTION VALUES
0.87270E+02

’
e
.87




BEGIN ITERATION KUMBER 8

___ NOMIMAL DESIGN NUMSCR = _ 12 -

X-VECTOR
0.23552E+402 0.19212E+02 0.14775E+02 0.67320E+01 }

T FUNCTICON VALUES
0.87270E+02

T RESULTS OF APFROXIMATE OPTIAIZATION

DELTA-X VECTCR
0.13900E+01 -0.10C00E+01 -0.10000E401 0.69491E+00

X-VECTCR
6.24552E+402 £.18212E+4C2 0.13775E+02 0.7426%c+01

ApEaCXYPATE FUNSTION VALUES
0.87332E+02
W W3 025G W B e I 6NN I 36 36 I 2 I 6 W

SET VAHNE 1 TO Z24.E5 DEGREES

SET VINE 2 TO_ 18.21 DEGREES

SET VAME 3 7O 13.77 DEGREES

__SET VAME 4 TO___7.43 DEGREES

HOLD RSC CCHSTAMT AT A VALUE OF 5567.500
HOLD DVS CONSTANT AT A VALUE OF 76.779
EFFICIZICY: __ 67.4700

FRECISE FUNCTION VALUES
0.87370E+02

Z'
[
=
P
=z
=
i
(=)
b
w
I
(28
pra
z.‘
C
e
o
&
ke ]
"
-
w
.

X-VECTCR
_ 0.24552E+02_ 0.13212E402_ 0,.13775E+02_ 0.74269E+01

FUNCTICH VALUES
0.87470C+02

RESULTS CF APFROXINATE OPTIMIZATION

_ DbELTA-X VECTCR e
0.300002+401 -0.22538E+01 -0.2721GE+40]1 -0.1133SE+01

X-VECTOR
__0.27SS2E+02 0.15958E+02_ 0.11053Z402_ 0.62931E+401

APPROXIMATE FUMCTICN VALUSS
0.87773E+02
ieitiietinbbdhial tadd i 2 AL L AR L T2

SET VANE 1 TO 27.55 DECNEES

VRAIE"2 TO  "15.95 DECREES

T &g

- 70-




R e T

SET VANE 3 TO 11.05 DECREES
SET VA E 4 10

6.29 DEGREES

HOLD RFMC CONSTANT AT A VALUE OF 5567.500
HOLD OVS CCHSTANT AT A_VALUE_OF 76.779
TTTEFFICIENTYE 872300

6363636 36 36 36 36 36 2 36 6 36 36 36 2636 6 JE I 26 36 36 I 96 3¢ I I 3¢ 3¢ 34 34 ¢

PRECISE FUNCTION VALUES
0.87233E+02

BEGIN ITERATION NUMBER 10

NOMIMAL DESIGN NUMBER = 14

X~VECTOR

0.27552€+02 0.15958E+02 0.11053E+02 0.62931E+01 é

FLMCTION VALUES
0.87230£402 _

RESULTS OF APPROXIHMATE OPTIMIZATION

"DELTA-X VECTOR
~0.30000E+01 0.18264E+01 0.62902E400 0.14670E+01

___ M~VECTCR R . . . o
0.245%2E+02 0.177333+02 0.11632E+02 0.77601E+01

APFROXIMATE FUNTTION VALUES
0.87334£402 o
TTURR N W € NN WA ST N 365 K MR

____SET VANEZ 1 TO 24.55 DgGREES

SET VANE 2 TO 17.78 DEGREES

SET VANE 3 TG 11.68 DEGREES

SET VAME 4 TO 7.76 DEGREES

HOLD RFIC COMSTANT AT A VALUE OF __5567.500 _ —_—
KEOLD DVS CIUSTANT AT A VALUZ GF 76.779
EFFICIZNCY= 87.5200

66 I I 3 U 3 I N6 I6 I 33 I I D35 B 3 IS I IE I 3696 96 3¢

PRECISE FUMCTION VALUES
0.87520E+02

— BEGIN ITERATION MUIDER T 11

NIMINAL DESIGN NUNIJER = 15

"REVCCTCR
0.24552E+402 0.17784E+402 0.11682E+02 0.77601E+C]

FUNCTION VALUES
T 0.87520E4¢2

T




24
!
RESULTS OF APPROXIMATE GPTIMIZATION f :

DELTA-X VECTOR T
-0.15094E+00 0.I0000E+01 -0.27914E+01 0.12013E+00 :

« T X-VECTCR
0.24402E+02 0.20784E+02 0.83905E+01 0.78802E+01

APPROXINATE FUNCTION VALUES

j
1

0.87778E+02
AU 36.36.9636 309606 6 96 3654 96 06 06 36 3¢ 0696 96 96 6 36.96 36 3606 26 ¢

5ﬂ£§€

SET VANE 1 7O 24.40 DEGREES

SET VAKE 2 TO 20.78 DEGREES

T SET VANE 3'Tu 8.89 DECREES

SET VANE 4 TO 7.88 DEGREES

Smemwb_ e

HOLD RFVE COMSTANT AT A VALUE OF 5567.500
HOLD DVS CCHSTANT AT A VALUE OF 76.779 .
EFFICIENCY= 87.3000 ]
T T L TP T IR ey -4
4 3
! ~
. PRECISE FUNCTICH VALUES
0.87300E+02
N
BEGIN ITERATION NUNBER 12 -4
NOMINAL DESIGN NUISER = 16 Y
X~-VECTOR < d
0.24%C2E+02 0.20734E+02 0.58905E+01 0.78802E+01
. R - -—
TTTTFURCTION VALUES i
0.87300E+02 !
-
T RESULTS OF "APFROKINATE "OPTIHIZATICN

DELTA-X VECTOR
-0.122742+00 -0.30000E+01 0,13476E+01 -0.17194E400

X-VECTCR
0.24279E+02 0.17784E+02 0.10238E+02 0.77583E+01

T APFROXINATE FUNCTICT VALUES
0.874028E+02
36363 3 WAL AL D56 3 ¢ 5 3 W I DE I I VLN I I I 266 6 96 3¢ 3¢

SET VANE 1 TO  2%.28 DEGRZES

SET VAME 2 TO_ 17.78 DEGREES

SET VANE 3 TO  10.24 DEGREES

*

SET VAME 4 TO _ 7.76 DEZCREES

HOLD RPMC CO!STANT AT A VALUE OF 5567.500
HOLD DVS CONWSTANT AT A VALUE OF 76.779
EFFICIELCY: _ 87.4300

72




PRECISE FUNCTION VALUES
0.87490E+02

'
!
!

BEGIN ITERATION NUMBER 13

T NOHIMAL DESIGH NUMBER =~ 17

X-VECTOR
0.264279E+02_ 0.1778GE+02_ 0.10238E+402_ 0.77583E401 _

FUNCTICH VALUES
0.87490E+02

RESULTS OF APFROXIMATE OPTIMIZATION

__ _DELTA-X VECTOR___ e .
~0.13256E-01 -0.74511E+00 ~0.18030E+01 -0.28726E+00

X~VECTCR
.24266E402__0.170392+402_ 0.84351E401 _0.74710E40) _

. ) -— -— - an -

APPROXIMATE FUNCTICH VALUES
N 0.875256E+02
P Y L PR T T T 2 T2 )

. SET VAME 1 TO  2%.27 DEGREES

SEY VAHE 2 7O 17.04 DEGREES

SET VANE 3 TO 8.44% DZGIEES

T SETVANE T4 TOT 7.47 DSGRELS

HCLD PFMC CCHSTANT AT A VALUZ CF 5567.500
. HOLD OVS COI'STANT AT A VALUZ OF 76,779
TTTEFFICIGNCYE T 87.40007

L2 it 2222 RS2 2323222222222 2 22227 )

. PPECISE FUICTION VALUES
0.87493E+02

BEGIN ITERATION NUDER _ 16 4

NOMINAL DESIGN NUMBER = 18

P |

X-VEC.OR

0.26266E+02 0.17039E+02 0.84351E+01 0.74710E+01

FUNCTICH VALUZS
0.87492E402

RESULTS OF AFPROMIMATE CPTIMIZATICN

T DELTA-X VECTGR - T -
0.13585E400 0.15656E-01 ~0.10000E+01 0.26333E+C0

X-VECTOR . e
0.244C5E402  0.170558¢02 0.74351E+01° 0.77344E+01

APFROVIMATE FUNCTICH VALUES
0.87302E402 o
TTHRRB R L NN AR R E RN N AW
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SET VANE 1 TO _ 26.41 DEGREES _
SET VANE 2 TO  17.C5 DEGREES

SEY _VANE_3 TO___7.4% DEGREES

SET VANE 4 TO 7.73 DEGREES

____HOLD RFC_CONSTAMT AT A VALUE OF 5567.500___
HOLD D¥S CClSTANT AT A VALUE OF 76.779
EFFICIZHCYS 87.4300

L2 2223222122223 222 a 2232223228222

PPECISE FUNCTICH VALUES
0.87430E+02

FINAL RESULT CF APPROXIMATE OPTIMIZATION

NOIINAL DESIGN NUNBER = 15

TTX-VECTCR T
0.245525+402 0.17784E+02 0.116S2E¢02 0.77601E+01

__FUNCTION VALUES
0.37520E+02

RESULTS OF AFPROXIMATE ANALYSIS/CPTIMIZATICH

TITLE ,
B R R L S L D e e T S T T ST PP s

T GLODAL LOZATICUS OF X-VARIACLES T
12z 3 4

T GLEBAL LCSATIONS OF FUNCTIONS, F(X)
7

APRICNTMATION IS CASED O 19 DESIGHS

1OMINAL DESIGN IS DZSIGN NUIBTR 15
TVALUES CF X-VAZIABLES R
0.2475%¢02  0.1778E+02  0.1168E+02  0.7760E+01

TTTTVALUZS CF FUUCTICHNS, F(K) T ot T T T
0.8752E+02

COEFFICIENTS OF TAYLOR SERIES EXFANSION

TTOPSRAMETER T U172 GLOBAL VARIASLE T 7

LINErO TEPMS, DIL F
~0.1274E-01_ -0.1145E-01 _ -0.3592E-02_ -0.2156E-01__

RO-LINEAR TERMS, H, BEGINING WITH DIAGONAL ELENENT
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L'
-0.2531E-01

—_RO4_ 2
20.14018-61

RON 3
-0.9645E-02

ROW 4
-0.3166E-01

OPTIMIZATION RESULTS

' _ O3JECTIVE FUNCTICN_____ . .. oo
GLOSAL LOCATICH 7 FUNCTION VALUE 0.87520E+02

DESIGH VARIABLES

0. V. GLOCAL LOuER UPPER
1 N9, ViR, KC. BCUND VALUE BOULID
1 1 1 0.100C0E+02 _ 0.24552E402 _ 0.35000E+02 _
2 2 2 0.50000E+01  0.17784Z402 0.25000E+02
3 3 3 0.5000PE+01  0.116S25+402  0.25000E+02
; 4 4 4 0.50030C+01  0.77501E401  0.25000E+02

wxan¥Ndd®  FINAL SOLUTICH VALUES #*¥%%ix

VANE ANGLE FOR VANE 1 IS 24.55 DEGREES
____VAMT 2VMGLE FOR VANZ 2 IS 17.78 DECREES _
VAME AISLE FOR VANZ 3 IS 11.68 DEGREES
____ VANE NTLE FCR VAKE & IS 7.76 DEGREES
EFFICIENCY= 57.5200
____RPEC UAS HELD CONSTANT AT 5567.50
DVS W3 HELD CCTIISTANT AT 76.78

PROGRAM CALLS TO ANALIZ

ICALC  CALLS
_ 1
19
1

Wi
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STATCR VANE OPTIMIZER
030 3050 3620 30 00606 0036 6.6 3 36 4 94

————PROTOTYPE -SOFTWARE CAPABLE OF GUIDING THE OPTIMIZATION OF — -

STATOR VANE AND BLEED SETTINGS IN A MULTI-STAGE COMPRESSOR

PREPARED FOR THE AIR FORCE AERO PROPULSION LABORATORY

UNDER CONTRACT F33615-79-C-~2013

BY: PRATT & WHITNEY AIRCRAFT GROUP
GOVERNMENT PRODUCTS DIVISION

FLEASE HIT RETUPN TO VIEW CPTIMIZATICN GOAL MENU

. e e e e e e - =

o I OPTIMIZATICN COMDITICNS I CONSTRAINTS 1
NO I GOAL I RPMC KC PR OVS O0.L. I S.M. I EFF I

P SRR D et c—————— fom——— bommm——— :
1 XI__EFF_I . X __ - __~__ X - I - _I -—-1I_ ——
21 EFF I X - - - X I - I - I
31 EFF I - X X - - I - I - I
41 EFF I X - - X - IMIN T - I
5.1 _EFF_XI X - o~ = X I MIN_I. -1 —
61 EFF I - X X - - IMIN I - I
71 s.M. I X - - X - I - I - I
8I s, I X - - - X I - I - I
— 91 _S5M._I -__X X - - I _~-__.1 -__1
10I S.M. I X - - X - I - I MIN I
111 s.M. I X - - - X I - IMIN I
2I sm I - X X - - I - INMIN I
JED & B Q2 7 { X 1 5 GUND SIND. SEN S SN S SENE SN SIS 4
14 T HAX KC I X - - - X I HI‘J I MIN I
15 T I C I X - - - X I MIN I MIN I
16 I FR I X - - - IMIN IHIN I
— 17 I__FR I X.. - ..-...~ X INM.IMN_I -

YOU HAVE SELECTED TO OPT"HIZE SURCE MARGIN HOLDING

CORRCCTCD SPEED (RPMC) AND DISCHARGE VALVE SETTING (DVS) CONSTANT

WITH KQ CCHSTRAINY ON EFY T IENCY
HOLD RFNC CCHSTANT AT 5367.500
HOLD OVS CONSTANT AT 76.779

___OPTINTZING 4 VAME ANGLE(S) __ .
LOUCR BCUID FCR VANE 1 IS 10.000
DO YCU AGREE? (Y/N)

LCIER DOWID FOR VARE 2 IS 5.000
__LO YCU 2GREE? (Y/N) U
LO::ZR EQUMD FGR VANE 3 IS 5.000
DO YCU ATCREE? (Y/N)

LOUER ECULD FOR VANE 4 IS 5.000

__DO YOU AGREE? (Y/N) ___ ___ ... .
UPPER BOURD FCR VANE 1 IS 35.000
BO YCU AGREE? (Y/N)

UPPER CCUND FOR VAME 2 IS 25.000
DO _YOU_AGREE? (VY/N)

UPPER S2CUKD FOR VAME 3 IS 25,000
DO YCU AGREE? (Y/N)
UPFEDP E0UWD FOR VAME 6 IS 25.¢00
- PO YOU ACREE? (Y/N) [
IHCRENINTAL VANE ANGLE VALUE FOR INITIAL VAhE SETTING IS -2.00
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TITLE:
63636 369636 36 338 96 36 36 36 36 03636 38 36 36 336 3 34 36 36 3 36 3434 334

FEFEEIE U2 I 3 36 3696 36 36 36 36 36 3 36 36 36 I 36 3690 36 36 3¢ 3¢ 3¢

CONTROL PARAMETERS;
CALCULATION CONTROL,

HUNMZER OF SENSITIVITY VARIABLES,
SUNHZER OF FULNCTICNS IN THO-SPACE
NUNBER CF APFIOXIMATING VAR.

BEBUS FRINT CCDE,

VALUE HEANINS

1 SIKGLE ANALYSIS
2 OPTIMIZATICON
3 SENSITIVITY e e
4 THO~VARTIATLE FUMCTICN SP
5
6

CPTINUM SENSITIVITY
APPROXIMATE CPTIMIZATION

—— % % OPTIMIZATICH INFORMATION - _

GLCBAL VARIABLE NUNDER CF C3JECT
RULTIFLIER (NIGATIVE INDICATES M

COHMIM PAPANSTERS (IF ZERO, €O

IPRINT ITHAX  ICN3IR NSCAL

DESIGH VARIABLE INFORMATION
__ NTH-ZERD INITIAL VALUT HILL OVER

= D. V. LMIER UPRIR
Lo. £OL0 poutD
1 0.160625402 0.3500CE+
2 ___0.50000E+01 ___ 0.250P0F+
3 0.500C0E+01 9.25000E+
4 0.5000CE+01 )

= DESIGN VARIABLES

0.10020

CONSTRAINT INFORMATION

__THERE ARE .. 0 COM3TRAINT SETS .. ..

— NUMZER OF GLC3AL DESIGN VARIABLES,_ . 1V.

— - IRPUT INFOSMATION PRINT COTE, - .. IFNFUT

— CALCULATICN CCHTROL, NCALC... ..

.25C3L0E402 0.930C0CE+0L

NCALC

NSV
»  HMN2VAR
NXAFRX

IPOLG

ACE

IVE
INIMIZATION)

6
0.1000E+01

IN DEFAULT WILL CVER-RIDE)

ITRit  LINCDJ HACHXI  NFRG

5. 20 .5 __ _ 0....3 0 . 10 . ... 0 .
Foc! Foom cr CTHIN
0.18920E-01 0.1C000E-02  -0.5S000CE-01  0.30COGE-02
et T T TTemer T T mwETa 0 mr
-0.10020E-01  0.100992-02 0.1C000E+01 0.0

— CELFUN _  ____ DASFUM __ ___ ALFMAX  _ ____ AEOBJL . . __.__
0.10000E-02 0.0 0.10000E400  0.1000CE+CO

-RIDE MCODULE INPUT .. _ .
INITIAL
VALUE S
02 0.270%0E402 0.0
02 ___0.14G00E+02 __0.0. _____
o2 0.13000E+02 0.0
0.0

0. V. GLCBAL MULTIPLYING
10 H3. VAR. NKO. FACTCOR
.1 .l 0.10C00E+Q1 __ ———
2 2 2 0.10000E+01
3 3 3 0.100CCE+0)
4 L 4 0Z+01
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#_#_APPROXIMATE ANALYSIS/OPTIMIZATION. INFORMATION

NUNMBER OF FUNCTICNS APPROXIMATED, NF = 0
KUMBER OF INFUT X-VECTCRS, NFS = s
—_NUMTER OF INPUT X-F PAIRS,. .. NPFS =____0_
X-VECTOR FROH AMALIZ, HPA = 0
NCHINAL DESIGH, INOM = 0
READ UNIT FOR X-VECTORS, ISCRX = 5
— _READ UHIT FOR X-F.PAIRS,.. JECRXF.=__ 5
PRINT CONTROL, IPAPRX = 1
MININUM APPROXIMATING CYCLES, KMIN = 5
——MAXIIST APPROXIMATING CYCLES,..  KMAX.= ___17
MAXIIN DESICHS USED IN FIT, NPMAX = 2
NONMINAL DESIGH PARAMETER, JKCh = 2
X-LOCATICN IKFUT PARANCTER, INXLOC = [}
e E-LCZATICH INFUT PARAMETER, __INFLOC =__ 0 —
TAYLER SERIES I.D. CCOE, PAXTRM = 2

___ _DELTA-X BOUNDS_ FOR AFFROXIMATE OPTIMIZATION _
0.2000E+401 O0.ZCCOE+01  0.2000t+01 0.2000E+01

MULTIPLIER CM LELX, XFACT1 = 0.1500E+01
—_ __MULTIPLIER_ ON DELX, .  XFACT2 =_0.2000E+01 ___

GLODAL LCCATICHS CF X-VARTIABLES
A2 34 .

GLOBAL LCCATIONS OF FUNCTICHS
6

X-VECTO?S INPUT FRCM UNIT 5

NUNBER 1 DESICH 1
0.23005+402 0.18CCE+C2 0.1500E+402 ©0.1100E+02

NUIIBER 2 DESIGN 2
0.27CCE+02 0.18C0CE+02 0.1506:t+02 O0.110CE+0C

NUMBER 3 DESIGN 3
0.2700E+02 0.1600E+02 0 .15CCE+02 0.1100E+02

RUMOER 4 DESIGN 4
0.2700E+02 O0.160CE+02 0©.130CE+02 O0.110CE+02

KUNBER 5 DESIGN 5
0.2700E+402 0.16CCE+C2 O0.13C0E+02 O0.9000E+01

—_ » % ESTIMATED DATA STCRAGE REQUIREMENYS .. __ . .

REAL INTEGER
INPUT EXECUTICH AVAILABLE INPUT  EXECUTION AVAILABLE
__. .33 315 _ _ BT0O - 22 ... 6% 1000 _ L.

FEI6M SN NI R NI R N2 N
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_ SET_VAME. 1 TO__29.00_DEGREES __ _ ____. -
SET VARE 2 TO 18.00 DEGREES
o SET_VANE_3_TO___15.00_DECGREES
SET VAKE 4 TO 11.00 DEGREES
. HOLD RFNMC COMSTANT AT_A VALUE OF 5567.500
HOLD CVS CONSTANT AT A VALUE OF 76.779
SURGE MARGIN= 8.2600
L IINK RN I KN IIEH NI ENN NN
PRI IR I I NI I I RIH IR
SET VAHNE 1 TO 27.00 DEGREES
. SET_VANE 2 TO___18.00_DEGPEES —
SET VARE 3 TO 15.00 CECREES
. SET VANE 4_TO___11.00 DEGREES
HOLD RPMC CONSTANT AT A VALUE OF 5567.500 ‘
. HOLD BYS CCHNSTANT AT A VALUE CF 76.779
| « —_SURGE MARGIN= __ 8,75C0 __ __
B PN T DT DDA 1
'
eI D ST TR TV }
. —_SET VANE_ 1 TO__ 27.00 DEGREES _______ . :
SET VANZ 2 TO 16.00 DEGREES %
_.SET_VANE_3 TO__ 15.00 _ DEGREES !
SET VANE 4 TO 11.00 DEGREES 'E
— HOLD RPMC CONMSTANT AT A VALUE OF _..___.5567.500 ... o
HOLD DV3 CCNSTANT AT A VALUE OF 76.779
SURGE MARGIN= 8.837C0 -y
CBERRRRNNEAEREERANRFENRERENRNNIN N

L3232 022222223233 322 3232223323222 2 3

SET VAHE 1 TO  27.00 DEGREES

— SET.VA'E 2 70 _ 16.00 DEGREES _ . _ . _ _ . .

SET VANE 3 7O  13.00 DEGREES

—-SET._VANE 4 TO __.11.00 DCGREES __ __ .

HOLD RFHC CCHSTANT AT A VALUE OF 5567.500
HOLD OVS CONSTANT AT A VALUE QF 76.779
_SUPGE M2RGIN= 9.1200 e e




- N e — —

_SET_VANE 1 _TO___27.00_DEGREES

SET VANE 2 TO

— . SET_VANE_3_TO___13,00_DEGREES

SET VANE 4 TO

—— HOLD RPMC CONSTANT AT_A VALUE OF

16.00 DECREF%:

9.00 DEGREES

5567.500 ____

HOLD DVS COKNSTAMT AT A VALUE OF 76.779

SURGE MARGIN=

9.1800

APPROXIMATE OPTIMIZATION ITERATION HISTORY

APPROXIMATING FUNCTION 1 IS THE OBJECTIVE

DESIGN VARIABLE KUMBERS ASSOCTATED WITH APPROXIMATING VARIABLES
1 2 3 4

BEGIN ITERATION NUMEER 1

NOMINAL DESIGN HUMZER = 5

X-VECTCR
— . _0.27CQ0E+02. 0.16000E+02. 0.13C0CE+02 _0.90000E+01 __ _______ __ .

FUNCTION VALUES
0.91200E+01

RESULTS OF APPROXIMATE OPTIMIZATION

—DELTA-X VECTCR . . __ . e —————
~0.2CC0CE+01 -0.20C00C+01 -0,200CCE+01 -0.20000E+01

X-VECTCR
. 0.2570CE+02 C.1400CE+402. 0,11000Z+402. 0.70000E+01

APPROXINMATE FUNCTION VALUES

0.101C0E+02
f I TIPS I 23RS S AR 22T 22 3 2 22

SET VANE 1 TO  25.00 DECREES

SET VAVE 2 TO  14.00 DZGREES

SET VANE 3 TO  11.00 DECREES

T SET VAUE 4 TO 7.00 DIGREES

HOLD RPIMC CCHSTANT AT A VALUE OF 5567.500
HOLD BVS CCHUSTANT_ AT A VALUE OF ______ _76.779__ ——
SURGE MARGIN= 9.6309

F6 3636 96 36 96 36 36 JE3 J6 96 D2 N 3 36 I 3 26 IE 3 36 M3 9 3¢ 37 3% 34 36 9%

FAECISE FUNCTICH VALUES
. 0.96300E+01 .

___BEGIN ITERATION NUMBER __ 2

NOMINAL DESIGN NUM3ER = 6

__X-VECTOR
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0.25000E+02 0.14000E+02 0.11000E+02 0.70000E+01

FUNCTION VALUES
—_—0.96300E40L . .

RESULTS OF APFROXIMATE OPTIMIZATION
T DELTA-x vectoR
0.91473E+00 -0.200005401 -0.20000E+01 -0.20000E+01

— X-VECTCR _ . L i i e i e
0.25915E+02 0.120CCE+02 0.90000E+01 0.50000E+01

AFPROXIMATE FUNCTICN VALUES
-..0.10109E402 . _ . . . . ..
0600034200546 I 63 K

— SET.VANE 1.TO.._ 25.91 DEGREES ___ —

SET VAME 2 YO 12.00 DEGREES
———SET_VANE_3.7TO _._9.00 DEGREES __ _ ____ ____
SET VANE 4 TO 5.00 DECREES

——HOLD RFIIC CONSTANT AT A VALUE OF __. __5567.500 ..
HOLD DV3 CONSTANT AT A VALUE CF 76.779
SURGE MARGIN= 9.6500

R 2222122222222 2222 d bl sl L s SN

———-PRECIZE FUNCTICN VALVES. _
0.95500E+01

BEGIN ITERATICH NUMIER 3

HOMIMAL DESICH NUMBER = 7

X-VECTCR
0.25515E+402 0.12000E+02 0.90000E+01 0.50000E+01

—FUNCTION VALUES _ __
0.95500E+01

___RESULTS OF APPROXIMATE OPTIMIZATION _ ___

DELTA-X VECTOR
-0.12697E+01 0.30000E+01 -0.20000E+01 ~-0.19073E-05

T X-VECTOR
0.24645E+02 0.1500CE+02 0.70000E+01 0.50000E+01

__APPROXIMATE FUNCTION VALUES
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0.10246E+02
U D 3636 366 06 36 36 6D DI 0696 36 00 00 3 0 96 34

SET VANE 1 TO  24.65 DEGREES

SET VANE 2 TO 15.00 DEGREES

SET VANE 3 T0  7.00 DEGREES

SET VANE 4 TO 5.00 DEGREES

HOLD CVS CONSTANT AT A VALUE OF
SURGE MARGIN= 9.8100

HOLD RFHC CONSTANT AT A VALUE OF 5567.500

76.779

363836 96 3 I 3636 12 X 36 36 36 3636 36 e 3 I 2 I I 3 36 3¢ 2E Je 36 I I 36 W3

T PRECIST FUMCTION VALUES
0.93100E+01

BEGIN ITERATICN NUMBER 4

—— NOMINAL DESIGN NUMRER = ___8 . ...

X-VECTOR

0.24645E+02 0.15000E+02 0.700005+401 0.500005+01

T RuwcTion vawes
0.35100E+01

T RESULTS OF APFROXIMATE OPTIMIZATICH

DELTA-X VECTOR

X-VECTCR

-0.33%15E-03 -0.38695E+20__ 0.54003E+00.__0.10737E-06______

0.235G6E+402 0.16613E402 0.7540CE+01 0.500CCE+O01

APFROXIMATE FULICTION VALUES
0.93143E+01
636 6 26 I N N 3¢ 36 3 56 D 36 36 I I 266 3 I 36 36 I N 2 269 3 M

SET VANE 1 TQ  24.64 DEGFEES

SET_vAMNE 2 TO ___ 14.61 DEGREES _.
SET VANE 3 TO 7.54 DEGREES

SET _VANE 4_TO

HOLD RPMC CONMSTAHT AT A VALUE OF 5567.500

HOLD CVS COMSTANT AT A VALUE CF
_SURGE MiRGTIN= = _9.7300 _

76.779

s




PRECISE FUNCTICN VALUES
0.97300E+01

BEGIN ITERATION NUMBER 5

HOMINAL DESIGM WUMBER = 9

X-VECTOR
—  0.24646E+02_ 0.14613E+02..0.75400E+01__0.50000E+01 _

FURCTICN VALUES
0.97300E+01

RESULTS OF APFROXIMATE OPTIMIZATION

— DELTA-X.VECTOR .._ e e s e e
0.10392E-02 -0.300C0E+01 -0.25400E+01 0.30000E+01

X-VECTOR
— 0.29545E+02__0.116135+02__0.5000CE+01__0.80000E+01

APFROXIMATE FUNCTION VALUES

0.11230E+02
6369696 .36 3690 36 9 36 3 26 3696 3630 36 3636 36 3 36 96 3 36 36 430 303¢

NZE 1 TO 26.65 DICREES

SET VAME 2 TO  11.61 DUCREES

SET VANE 3 TO 5.00 DEGREES

SET VANE 4 TO  5.00 CECNEES

HOLD RPHNC CONSTANT AT A VALUE OF 55567.500
HOLD .OBVS  COMSTAMT. AT A VALUE_OF ______ _76.779
SURGE HARGIN= 9.8600

6 D66 I b 3 I V6 26 363 I I 36 I I I I 362 W I W I I I 3 I 3696 3¢

PRECISE FUNCTION VALUES
0.58600E+01

o —BEGIN ITERATION NUMBER____ 6

NOMINAL DESIGN NUMBER = 10

X-VECTOR

0.24645E+02 0.11613E+02 0.50000E+01 0.8000CE+01

FUNCTICH VALUES
—- 0.93600E+01 .. — — e e e

RESULTS OF APFROXIMATE OPTIMIZATION
T DELTA-X VECTOR o
0.1783CE+00 0.16957E+01 0.0 -0.21006E+00

e XeVECTOR . .. o el e e m e e e
0.24824E+02 O0.1330%E+C2 0.50000E+01 0.77899E+01

APFROXIMATE FUNCTION VALUES
—.- 0.95910E+01 . . . - SR ——
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——SET_VANE .1_T0.._24.82 DEGREES

- a=g

SET VANE 2 TO  13.31 DECREES

! — SET VANE_3.70___5.00_DEGREES
SET VAME 4 TO 7.79 DEGREES

"
i
!
—— HOLD RF!C CONSTANT AT.A VALUE OF 5567.500 — — z
HOLD BVS COMNSTANT AT A VALUE OF 76.779 i

]

H

SURGE MARGIN= 9.7100

6636 3696 3 3 3 36 3 36 3 36 36 35-36.36 35 36 636 36 36 36 36 33636 3¢ 3 36

—PRETISE FUNLCTION.VALUES
0.97100E+01

BEGIN ITEPATION NUVMBER 7

HOMIMAL DESIGN MUMGDER = 11
X-VECTC?
0.24524E402 0.1330SE+02 0.50000E+01 0.7789SE+01

. ——FUNCTICH VALUES
0.971C0E+01

—RESULTS OF. APPROXIMATE .CPTIMIZATION

DELTA-X VECTOR
-0.2C304E+01 -0.30000E+401 0.30000E+01 0.17858E+01
x-veetea
1 0.22243E402 0.10309E+02 0.80000E+01 0.95708E+01

—APFROXIMATE FUHCTION VALUES _ .

0.10101E+02
0066066 06 3656 3650 06 36 06 06 069636 3363 9030 3 98 3 36 3636

SET VANE 1 TO 22,24 CIGRLES

T MR

SET VANE 2 TO  10.31 DEGREES

SET VAE 3 70 8.00 DEGREES

SET VALE 4 TO  9.57 DEGREES

HOLD RFHC CONSTANT AT A VALUE OF 5567.500
KOLD DVS CCHSTANT AT A VALUE OF 76.779
SURGE MARGIN=  9.5000

U606 36 50 1635 06 26 36 16 36 36 36 36 36 36 36 36 36 36 3636 36 3 2 Ju % 96 36 236 36 3

PRECICT FUNCTION VALUES
0.95000E4C1




ik ot

BEGIN ITERATION NUMBER 8

——NOMINAL DESICN NUMBER =._l12.

X-VECTCR
0.22243E+02 0.10309E+02 0.800005+01 0.95798E+01

FUNCTION VALUES
0.95000E+01

RESULTS OF APFROXIMATE OPTIMIZATICN

DELTA-X VECTCR
—  0.11(315+01.-0.30000E+01 -0.59621E+00_-0.80193E+00___ .

X-VECTCR
0.22307E+402 0.73083E+01 0.74038E+01 0.87689E+01

APFRGXIMATE FUNCTICH VALUES
0.95535E+01
E3 TS S I AT R T S A 22 2 2

SET VANE 1 TO  23.41 DECREES

—— SET_VANZ .2 .TO ___ 7.31_DESREES__.

SET VAKE 3 TO 7.40 DEGREES

— ——SET.VANC 4. TO __ 8.77 DEGREES ._._ _ .
HOLD RFMC COHSTANT AT A VALUE OF 5567.500
HOLD DVS CONSTANT AT A VALUE CF 76.779

—SURGE MARGIN= 9.8500 _ __ ____.

PRECISE FUNCTION VALUES
0.50500E+01

BEGIN ITERATION NUMIER 9

HOHMINAL DESIGH HUMBER = 13

X-YECTCR
—-0.23407E402 . 0.73028Z+01_ 0.740355+401..0.8768%E+01.

FUNCTION VALUES
0.935C0E+01

RESULTS OF AFPROXIMATE OPTIMIZATION

—DELTA-X VECTOR. . _. M
© -0,29393E+400 0.30C30E+01 -0.74344E-01 0.21583E+00

X-VECTCR
— 0.23113E402. 0.1030GE+02_ .0.73294E+01..0.8%047E+01_____

APPRONIMATE FUNCTION VALUES
0.97191E+01
OO RN N REREN RN KRR RNRE

SET VANE 1 TO  23.11 DECREES

SET VANE 2 7O 10.31 DIGTEES

SET VANE 3 TO 7.33 DECREES

Y

TSET VANE 4 TO | 8.58 DUGREES




——

— .. SET.VAME 1 .70 __23.21 DEGREES___

SET_VAME 3. TO___7.29_DECREES__ _

6N I 56 I3 2696 36 I 36 6 369636 36 I e 36 3¢ I6 36 3696 36 36 36 36 96 38

_PNECTISE FUNCTIOM_VALUES

HOLD RPMC CONSTANT AT A VALUE OF 5567.500
HOLD DVS  CONSTANT_AT_A VALUE OF __  _ 76.779_
SURGE MARGIH= 9.9000

FEIE I3 36 36 3696 36 36 36 I 36 36 36 X 36 3¢ 6 3636 36 3¢ 96 I e 3 36 36 36 ¢

PRECISE FUNCTION VALUES
0.95000E+01

BEGIN_ITERATION_NUMBER___10

HOMINAL DESIGN NUMBER = 14

__X~VECTCR

0.23113E402 O0.10309E+02 0.73294E+01 0.89847E+01

FUNCTIONM VALUES
—0.950C0E+01

RESULTS OF APFROXIMATE OPTIMIZATICN

DELTA- < VECTOR
0.99G33E-01 0.64460E+00 -0.39840E-01 -0.61202E+00

—X-VECTOR . . ——— [

0.23012E402 0.109532402 0.72896E+01 0.83727E+01

APPROXINATE FUNCTION VALUES
_.0.99032E+01 .. __ . .. [,

223 RS2 2228222 222 2222222l

SET VANE 2 TO  10.65 DIGREES

SET VANE ¢ TO 8.37 DEGREES

_ _HOLD RFMC CONSTANT AT A VALUE OF ____ 5567.500.
ACLD DVS CCWSTANT AT A VALUE OF 76.779
SURGE MARGIN= 9.6500

0.00500E401

BEGIN ITERATICH NUMBER 11

NOMIMAL DESIGM NUMBER = 15

X-VECTCR -
0.23212E402 0.10953E402 0.72896E+01 0.83727E+01

___FUNZTIOM VALUES

8.9C520E+01




RESULTS OF APPROXIMATE_OPTIMIZATION

DELTA-X VECTOR
0.47319E+00 -0.14892E+01 -0.22697E+00 0.30000E+01

.~ X-VECTOR
0.23685E+02 0.94642E+01 0.70626E+01 0.11373E+02

.—— APPROXIMATE FUNCTION_YALUES

0.99059E+01
63060636 3036 3 363 6 26 36 6 36 36 6 36.36 36 36 30 34 36 36 38 3406 3636 36 38

SET VARE 1 TO  23.69 DEGREES

SET VAME 2 TO 9.46 DEGREES

SET VANE 3 TO  7.06 DEGREES
SET VANE ¢ TO  11.37 DEGREES

HCLD RFIC CONSTANT AT A VALUE OF 5567.500
HOLD DVS CCHSTANT AT A VALUE CF 76.779
SURSE MARGIN:=  9.6600

P66 336 36 96 B D DI 3 I I I MW IR I N W

" FRECISS FUNCTICN VALUES
0.96C00E +01

BEGIN ITERATION NUMBER 12

NOMIMNAL DESICH MUNSBER = _ 16

X-VECTCR
0.23435E+402 0.94642E+C1  0.70626E+01 0.11373E+02

FUNZTIC! VALUES
0.94800E+01

RESULTS OF APPROXIMATE GPTIMIZATION

DELTA-X VECTOR ‘
-0.11755E401__0.10876E+01_ 0.06895E+00_~0.30000E+01 _

X-VECTCR
.22510E+402 0.10554E+02 0.73316E+01 0.83727E+01

APFRGUINATE FUNCTION VALUES
0.99175E+01
(32332302 2T 222282233232 22282 222227

SET VAME 1 TO 22.51 DECREES

SET_VSME_2_TO__ 10.55_ DECTEES
SET VANE 3 TO  7.33 DEGREES

__SET VANEZ 4 YO __ 8.37 DEGREES_ _

HOLD RFMC COMSTANT AT A VALUE OF 5567.500
HOLD DVS COMSTANT AT A VALUE CF 76.779
SURCE MARGIM= _ 9.9500




e e

PRECISE FUNCTION VALUES
0.99500E+01

BEGT TTERATION NMUMBER 13

NOHINAL DESIGN NUMBER = 17

X-VECTCR
0.2251CE+02 _ 0.105545+02_ 0.73316E+401_ 0.83727€+01

FUNCTICH VALUES
0.95500E+01

RESULTS OF APPROXIMATE OPTIMIZATION

— DELTA-X VECYOR . ... e e e e
-0.645T5E+00  0.45083E+00 ~0 100475‘00 ~0.17918E+01

X-VECTCR
0.21C51E402.. 0.110%5E+402_.0.72311E+01 - 0.6530GE+01

APPRONIMATE FURCTION VALUES
0.GG370E+01
MR MR TN W NN KWW RN NS R R NN

SET VANE 1 YO  21.86 DICREES

SET VIME 2 TO  11.04 DECREES

SET VANE 3 TO 7.23 DEZTEES

SET VAHE 4 TO  §.53 CEGREES

HOLD RFMC CCHNSTANT AT A VALUE OF 5567.500
—_ HOLB OVS  COUSTANT AT A VALVEOF ___ __ _76.779

SURGE MARGIN= 10.6700

L3332 2222022 222222233222 2 2]

FRECISE FURCTICH VALUES
0.10070€E+02

— DEGIN_ITERATION NUMBER _ 14 __ . . . . __
NOMINAL DESIGN NUMBER = 18

X-VECTOR - —

0.21861E+02 0.11045E+402 0.72311E+01 0.65809E+01

FUNCTICN VALUES
0.10070E+02 -

RESULTS OF APFROXIMATE OPTIMIZATIOM

T DELTA-X VECTCR .
-0.16622E+01 -0.20345E+00 <0.76704E+00 -0.15809E+01

—_— X-VECTC® .. . —_—— .
0.20219E+02 0. 108»1E602 0.64633 ‘01 °. 500005001

APFROXIMATE FUNCTION VALUES
. 0.10127E+02 . e e
B R RN NI
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——SET.VANE 1.70__20.22 DEGREES .____.
SET VANE 2 TO  10.84 DEGREES

e SET_VANE_3_TO___6.46_DEGREES

SET VANE 4 TO 5.00 DEGREES

—HOLD RPMC CONSTANT AT. A VALUE OF

5567.500

HOLD OVS COKSTANT AT A VALUE OF
SURGE MARGIN= 10.2200

36309096636 3636 3 30 30 36 36 .36 3 30 636 36 3030336 636 06 9606 06 690 0

76.779

___ PRECISE FUNCTICH VALUES

0.10220E+02

BEGIN ITERPATICM HUMBER 15

HOMINAL DESIGH NUMSBER = 19

X-VECTCR
0.20219E+02 0.10841E+02

FUNCTICHN VALUES

0.64633E+01

0.50000E+01

0.1C220E+02

___PESULTS OF AFFROXIMATE OPTIMIZATION

DELTA-X VECTOR

-0.1536G3E+01 ~0.1905CE+00 -0.14633%+01 0.0

X-VECTZR

0.15734E+02 0.10051E+02

___ APPROXINATE_FUNCTION VALUES

0.10249E+02
BRI U AR U 36 K 636 3696 36

TUTSET vANE 1 TO 13.73 DEGREES

SET VANE 2 TO  10.65 DZCREES

TSET VA'E 3 T0  5.00 CEGUZES

4 70 5.00

TGREES
"HOLD RiIC CCHSTANT AT A VALUE CF
HOLD DS CONSTAMT AT A VALUE OF
SURCZ MRGIN:  10.2500

FE I W I6 N 36 30 96 26 6 36 I 2 I 333K 63 W3 I B u 3K I X W

T PRECISET FUNCTION VALUES
0.10250E+02

0.500C0E+01

0.50000E+01

‘sss7.500
76.779




' BEGIN ITERATION NUMBER 16

—_— NOMINAL DESIGN NUMBER. = __20. . _

‘ X-VECTCR
0.18734E+02 0.10651E+02 0.50000E+01 0.5000G0E+O1

FUMCTICN VALUES o o T
0.19250E+02

RESULTS OF AFPROXIMATE OPTIMIZATION
DELTA-X VECTOR
-0.30376E+00 . 0.76676E-01 0.0 ______ -0.13762E-06___

X-VECTCR
0.16331E+02 0.10727E+02 0.50000E+01 0.50000E+01
T APFICXIMATE FUNCTION VALSES T
0.1C251E+02
L 22 S T Y P TR T 3222222222 T 3

SET VANE 1 TO  13.43 DEGREES

SET VANE 2_70  _10.73 DEGREES __

) SET VANE 3 TO 5.00 DECTEES

SET_VANE 6 TO_ _ 5.00 DEGREES __

HOLD RF!IC CONSTANT AT A VALUE Of 5567.500
HOLD DVS CO!STANT AT A VALUE CF 76.779
_ SUSGE MARGINE _10.2200 .. _
PRICISE FUNCTIOM VALUZS
C.100205402

BEGIN ITERATICH MUMBER 17

HOMINZL DESIGH HUMDER = 21

X-VECTCR
~0.18431E+402 0.10727E+02. 0.500005+01_ 0.50000E+01

FUNCTION VALUES
0.1022CE+C2

RESULTS OF APFROXIMATE OPTIMIZATION

DELTA-X. VECTOR. . . . . .. e
0.50583E+00 -0.12565E-01 0,.3195%E-02 0.0

X-VECTCR
_0.18337€E+02 .. 0.10715E+02._0,5C032E+01_._0.5000CE+01 __

APFROXIMATE FUNCTICH VALUES
0.10223E£+02
L EMFEHRELRANNAUARANRURRG N AR NN NN

SET VANT 1 TO  18.94% DECREES

SET WANZ 2 70 19.71 DICUEES
SET VAUE 3 TO  5.00 DEGPZES

\ TTEET VANT 4 10 5.00 DECRTES
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HOLD RPMC COHSTANT AT A VALUE OF 5567.500
HOLD DVS_ COMSTANT_AT A VALUE_OF 76.779
SURGE MARGIN= 10.3000

3606 30 30 D 36 36 3 2E 36 36 36 3636 3 36 6 6 36 U 3 36 9 I 36 0 0 3 2 6 04

PRECISE FUNCTION VALUES
__ 0.10300E+02

FINAL RESULY OF APPROXIMATE OPTIMIZATION

NOMINAL DESIGH NUMBER = 22

X-VECT0R

0.18337E+02 0.10715E+02 0.50032E+01 0.50000E+C1
—FUNCTIZN VALUZS - o o e o e
0.103C0E+02

RESULTS OF APPROXIMATE ANALYSIS/OFTIMIZATION

~TITLE... ... ol e . . - R -
N NI IR B T I I A 636943636 9834 3¢9

T TGLOBAL LCCATICHS OF X-VARIABLES
. 1 2 3 &

"GLOSAL LOCATIONS OF FUNCTIONS, F(X)
6

TAPFRCXINATION IS BASED €M 02 DESIGHS

HOMIMAL DESIGM IS CESIGH NUMSER 22
TTTVALUTS OF X-VARIAGLES
0.1853E+02 0.1071E+02  0.50033+01  0.50C0E+01

TTUVALUCS OF FUICTIONS, F(X) '
0.1030E+02

COEFFICIENTS OF TAYLOR SERIES EXPANSION

PARAMZTER 1 = GLCOAL VARIABLE 6

LINEAR TERMS, DIL F
-0.1099C-01 -0.C02EC-C2._ -0.1383E-01 _ -0.263CE-01 _ __

NCH-LINZAR TEFMS, H, REGINING WITH DIAGONAL ELEMENT

RCAH 1
-0.12,5€-01

_ R0y 2 e e o i
-0.1172CE-01

RCU 3
-0.1810€E-02 | . e e e

RG:! G
-0.46C12

cE-00
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OPTIMIZATION RESULTS

e OBJECTIVE. FUNCTION - ——
GLOBAL LOCATION [ FUNCTION VALUE 0.10300E+02

———DESIGN_VARLABLES

0. V. GLOBAL LOWER UPPER
b1} NO. VER. NO. BOUID VALUE BOUND
1 1 1 0.10000E+02__ 0.18937E+02.—_0.35000E 402 .
2 2 2 0.50000E+01  0.10715E¢02  0,25000€¢02
3 3 3 0.500005401  0.50032E+01  0.25000E+02
4 o 4

0.5000CE+C1l  0.50000E+01 0.25000E+02

*nunaunnn  FINAL SOLUTION VALUES i s

VANE ANGLE FOR VANE 1 IS 18.94 DEGREES
— VAHE_ANGLE_FOR_VANE 2.IS____.___._10.7) DEGREES
VANE ANGLE FOR VANE 3 IS 5.00 DEGREES

——VANE_ANGLE FCR VANE 4. 1S .~ 5.00_DEGREES

SURGE MARGIN=  10.3000

— RPHC HAS HELD CONSTANT AT 5567.50
DVS KAS HELD CONSTANT AT 76.78
PROGRAM CALLS T4 ANALIZ
ICALC  CALLS
— : ....__,.22 [
3 1
93
5 S —— -




STATOR VANE OPTIMIZER
TR UK NI DR M

PROTOTYPE SOFTWARE CAPABLE OF GUIDING THE OPTIMIZATION OF _.

-

STATOR VANE AND BLEED SETTINGS IN A MULTI-STAGE COMPRESSOR

PREPARED FOR THE AIR FORCE AERO PROPULSION LABORATORY
UNDER CONTRACT F33615-79-C-2013

BY: FRATT & WHITNEY AIRCRAFT GROUP
GOVERIMENT FRCOUCTS BIVISION

PLEASE HIT RETURN TO VIEW OPTIMIZATION GOAL MZNV

T 7 1 OPTIMIZATICH CO.DITIONS I CONSTRAINTS I
NO I GOAL I RENC §C PR DVS O.L. I S.M. I EFF. I

R 'S

1I_EFF_ I X - _ -__X .- I - _ Y - I
2ITEFF I X STSTTS T ST

3I ZFF I -~ X X - = I = 1 - 1

4TI EFF I X = = X =~ IHNIN I - I
5I_EFF I X - = __ = _X__IMIN_I _~-__I_ -
61 EFF Y - XX TTLTToTTrMIN - x

7I SM. I X - - X - I - I - 1

81 8M. I ¥ - - - X I - 1 - 1I

9I SM._I - X _X__ - - I -~ Y - _I_____
for s 1% - - x T 1 < TrmiN I

11I SH. I X - - = X I = TIHMIN I

121 SM. I - X X - = I = TIHN I
IBIESMBLDI X X - = - I - Y = I ____
W6 I e T X - =TT T N T HINT T
ISIHINHCT X - - = X ININ IMIN I

16 PR I X X = = - THIN IMIN I

17I R I X _ - = = X IMIN IMIN_I

YOU HAVE SELECTED TO CRTIHIZZ EFFICIENIY HOLDING

CORRCCTED SPEELD (RFYC) AND DISCHARGE VALVE SETTING (DVS) CONSTANT

1T LE COUSTRATNING SURSE MARGIN TO A MININUM VALUE
KOLD RfiiZ CCLSTANT AT 5567.500 -
HOLD CVS  CCHMSTANT AT 76.779
OPTINIZING 6 VANI AMSLE(S)

LCL:ZR BOUND FOR VANE 1 IS5~ 10.000
DO YCY AGREE? (Y/N)
LCUTR EQUND FCR VANE 2 IS 5.000
DO YOU AGCREE? (Y/H)

LCWER BCUID FCR VANE 315 ~ 5.000
C3 YOU AGREE? (Y/N)
LC.{ER BOUND FCR VAMNE 6 IS 5.000

DO YQU AGREE? (Y/N)

URPER BEOUND FUR VAHE 1718~ 35.000
CO YOU AGREE? (Y/i)

UPER BOUND FOR VANE 2 IS 25.000
£O YCU AGREE? (Y/N) __

URPER BOUND FOR VANE 3 IS 25.000
00 YZU AGREE? (Y/N)
UFPER ECUND FOR V/NE & IS 25.000
DO YOU AGREE? (Y/N3} . e cemers e o et e et A e
LCHER BCULD VALUE FOR SM IS 10.000
POER COUIMD VALUE FOR €M IS 1003.C00
INCRENEHTAL VANE ANSLE VALUE FOR INITIAL VANE SETTING IS -2.00




TITLE:
FEIIK 903600 6 000069696 0636 06 300 D636 063606 AU DD D030 06 DI DI 6 UG 06 DD 0D 106 6 0000 0 DI M

C = —— e ——— e —— o bt s = " %5 W et ememte e e mans an o —

CCNTROL PARAMETERS;
CALCULATICH CONTROL, MCALC =
; NUMDER OF GLCIAL DESIGN VARIABLES, NOV
i NUIDER OF SENCITIVITY VARIASLES, NSV
NUNDER OF FUMCTIONS IN TUHO-SPACE, N2VAR

t MUIDIR OF APFROXIMATIMG VAR. NXAPRX
THPUT INFORMATION PRINT CODE._ _ IPHPUT
DCEUS FRINT CCDE, IFDES

___ CALCULATION CCNTROL, NCALC
VALUE  MEANING

1 SINGLE ANALYSIS

2 CPTINIZATION

3 SENSITIVITY .

4 THO-VARIABLE FUNCTION SPACE

5

6

CPTINUN SENSITIVITY
APFIOXIMATE OPTIMIZATION

% % CPTIMIZATION INFORMATION

GLO3AL VARIABLE NUMSER OF CBJUECTIVE =

7
MULTISLIER (NTSATIVE INDICATES MINIMIZATICN) 0.1000E+01

| T CONMIN PARAMETERS (IF ZERO, CCNiMIN DEFAULT WILL OVER-RIDE)
IFRINT ITMAX ICNDIR NSCAL  ITRM  LINCBJ NACMX1  NFDG

5 _..._2 ____ S5 __..0 3 __ 0 __ 1 __0 __
: FOCH FOCiiM cT CTHIN
s 0.10002E-01 0.1630CE~02  -0.50000E-01 0.40C00E-02
Tt T T T Termn T T theTA T T T T T
-0.1C9S0E-01 0.10000E~02 0.10000E+01 0.0
r DELFUN DABFUN ALFHAX ABOBJL
T 0.103C0E-02 0.0 0.10000E+00 0.10000E+60

DESICH VARIASLE INFORMATION
K3I-ZERO_IHITIAL VALUE KILL OVER-RIDE MODULE INPUT

TTD. V. T LeER T UPPER INITIAL
NO. BOLMD BSUND VALUE SCALE
1 1 0.10000E+02 0.350CCE+02 0.27000E+02

0.0
2 0.500C05+01 _ 0.25000E+02 _ 0.16000E+02__ 0.0
3 " 0.5000CE+01™  0.25000E+02 0.13000E+02 0.0
4 0.50000E+01 0.25000E+02 0.90030E+01 0.0

" TTDESIGN VARIABLES
D. V. GLODAL  MULTIPLYING

I NO. VAR. NO. FACTOR

1 1 1 _0.10000e+0} =~~~
2 2 2 0.10000E+01

3 3 3 0.10000E+01

4 4 4 0.10000E+01

—— e e e . m em — - e e e © e erm—— e s e e mee

COMSTRAINT INFORMATION

THERE ARE 1 CONSTRAINT SETS

GLOBAL GLOBAL LIMEAR ~ LOWER ~ NORMALIZATION — UPPER  NORMALIZATION
ID VAR. 1 VAR. 2 ID BOUHD FACTOR BOUND FACTOR
1 6 6 0 0.10000E+02  0.1C000E+02  ©0.10000E+04  0.10000E+04
T TOTAL KUMBER OF COMSTRAIMZD PARAMETERS =~ § ~~ 7~ 77— oo o




T % % APPROXIMATE ANALYSIS/OPTIMIZATION INFORMATION

et ey oy GEE WR

NUMBER OF FUNCTIONS APPROXIMATED, NF = 0
MUMDER OF INPUT X-VECYCRS, _ NPS = __ 5 _
T NUMZER OF INPUT X-F PAIRS, NPFS =~ 0
X-VECTOR FRCH ANALIZ, NPA = 0
OMIMAL DESIGN, MmWoM = o
READ UNIT FOR X-VECTORS, ___ ISCRX = __§
TTREAD UMIT FOR X-F PAIRS, ISCRXF =~ §
FRINT CONTROL, IPARRX = 1
____MINIMUM APPRCXIMATING CYCLES, KMIN=__ 6 __
NAXINL AFFROXIMATING CYCLES,  KMAX =~ 17
MAXINMUM DESICH3 USED IN FIT, NFMAX = 28
NOMINAL DESIGN PARAMETZR, JNOM = 28
X~LCCATICH INPUT PARAMETER, INXLCC = __ 0 _
TTF-LOCATICH INFUT PARAMETER, ~ INFLOC = 0
ﬂ TAYLER SERIES I.D. CCDE, MAXTRM = 2

TTDELTA-X BOUNDS FOP APFROXIMATE OPTIMIZATION
0.2000E+01 0.2000E+01 0.2000E+01 0.2000E+01

MULTIPLIER ON DELX, __ XFACTL = 0.1S00E+0L _
: T MULTIPLIER ON DELX, XFACT2 = 7 0.2000£+01

—

GLOBAL LOCATIONS OF X-VARIABLES __
17 2 37 e

[ o——
- ——

GLOBAL LOCATIONS OF FUNCTIONS
—— 77 6 g B -

X-VECTORS INFUT FROM UNIT _ 5

HUNSER 1 DESIGN 1
0.29CCE+02 _0,1300E+02_ 0.1500E+02 0.1100E+02 _

H L]

NEZER 2 DESIGN 2
0.270CE+02_  0.1800E+82 0.1500E+02 0.11005402

=

NUMCER 3 DESIGN 3
_..0.27G0E+02 0.1600E+02 _0.1500E+02 _0.1100E+02__ _

-

r—1

NUNZER 4 CESIGN 4
0.2700E+402 _0.1600E+02  0.1300E+02 0,1100E+02

NUHEZR 5 DESIGN 5
0.27005+02 _0.1600E+02 0.1300E402 0,9000E+0L

T % % ESTIMATED DATA STCRASE REQUIREMINTS ~~—

REAL INTEGER
INPUT__ EXECUTION AVAILABLE ___ IMPUT EXECUTION _AVAILABLE _
37 335 5000 26 n 1090
300065 ¢ 26 436 30606 0636 363630 JEIG-HH06 336 36 6 136 434 968

SET viZ T 70~ 29.00 OLGREES
SET VANE 2 TO  18.00 DEGREES

[
I
I
I
i
i




S

TSET VANE 3 TO 15.00 DEGREES

: i SET VANE 6 TO 11.00 OEGREES
“TTHOLO RFAC CONSTANT AT A VALUE OF —  5567.500 .
HOLD DVS CONSTANT AT A VALUE OF 76.779

EFFICIZICY= 87.1400

TTTSURGE HARBINS 82600 \

FEIIEIE 3 266 36 3¢ I6IE 6 36 36 36 36 36 3636 66 3636 36 30 X6 36 JE 36 34 36 36

FEIE I IEIE I 26 3G e e T 3626 3 34 36 2 36 36 2 36 3 36 3 36 3626 36 26 36 3696

; SETVAVE I 70~ 27.00 DECREES

SET VARE 2 TO  18.C0 DEGREES

' TTEET vaNE T3 70T 716,00 DEGREES

SET VANE 4 TO  11.00 DEGREES

TTTHOLD REHCT CONSTANT AT A VALUE OF T~ 7 '5567.500
HOLD C\'S CCHSTANT AT A VALUE OF 76.779
EFFICIENCY= 87.3200

T SURGE MARGIN= 8.75C0
63656 2 I 3K 50 2 3636 26 36 36 36 I Ik 36 Iy 3 56 6 I6 6 I I 36 I 2 36 3¢ 6 3¢

“8ET VANE 1 YO  27.00 DEGREES

SET VAMZ 2 TO  16.00 DEGREES
TUSETVANT 3 TO  15.00 DECREES

SET VANE 4 TO  11.00 DEGREES

TTTHOLD PRC CGHSTANT AT A VALUE OF 7 5567.500
HOLD DV3 CON3STAMT AT A VALUE CF 76.779
EFFICIENCY= 87.2400

TTUSURGE MARGINZ T 8.8700

P62 TE3E 63 I 2 26 396 36 3696 3 JEIEIE O 36 353096 96 3 M 33 6 3636 38

3 B6 3636 3 36 36 36 236 34 36 36 30 3 3¢ 6 35 3634 36 36 e 3 3 2 D6 36 3¢ 3€ 36 3¢ 3¢ 3¢

TTUSET VANS 1 TQ T 27.00 DEGREES T T
SET VAMZ 2 TO  16.00 DEGREES

3 - T SET VANE 370 T '13.00 CIGREES
SET VANZ 4 TO  11.00 DEGREES
TTTHOLD RFMC CONSTAHT AT A VALUE OF ~ ™~ 5567.500

HOLD DVS CONSTANT AT A VALUZ OF 76.779
EFFICIENCY= 87.2800

TTTTSUACE MARGIN=T T §.12¢0 T

P36 20 369636 36 36 96 2630 336 3730 D396 36 336 36 3¢ 3 0143 26 3 34 3¢

F6TEIE 3636 36 0 16 36 26 3 DH3E D636 2636 36 36 3 36 36 36 36 16 D6 34 3 34 3¢ 26 3¢

P R SRR - SRR




TEETVANETL TOT 27.00 DEGREES”
SET VANE 2 TO  16.00 DEGREES

" TTSETTVAHE3 TO T T13.00 DEGREES
SET VANE 4 TO 9.00 DEGREES
“TTHOLD RPMC CONSTANT AT 'A VALUE OF” '5567.500

HOLD DVS CONSTANY AT A VALUE OF 76.779
EFFICIENCY= 87.3300

TSURGE MARGINZ T 9.1800

APPROXIMATE OPTIMIZATION ITERATION HISTORY
APPRONIMATING FUNCTION 1 1S THE O3JECTIVE

"APPROXIMATING FUNCTIONS ASSCCIATED WITH CONSTRAINTS
2

DESIGN VARIABLE NUM3ERS ASSOCIATED WITH APPROXIMATING VARIABLES
1 2 3 6

ESIN ITERATION NUMBER 1

L. e ——— oo

_NOMINAL DESISN HUIMBER = §

X-VECTCR
0.27220E+02 0©,.16000E+02 0.13000E+02 ©.90000E+01

T TRUNCTION VALUES
0.87330E+02 0.91800E+01

RESULTS OF APIROXIMATE OPTIMIZATION

promf  Fy

DELTA-X VECTCR
____-0.20300E+0) ~0.303435+00 -0.20000E+01 _~0.20000E+01 _ __

X-VECTOR
0.25000E+02 0.15697E+02 0.11000E+02 0.70000E+01

AFFROXIMATE FUNCTICH VALUES
0.87556E402  0.997062E+01
FEIE T I6 3636 52 37 26 26 D605 06 J6 34 16 D6 D 36 696 96 32 0 X3¢ 96 J6 3 36 3

SET VARE 1 7O  25.00 DEGREES

SET VAME 2 TO __15.70 DIGREES _

e s e -

SET VANE 3 TO  11.00 DISREES
SET_VANE 4_TO___ 7.00_ DEGREES _

ROLD RPHMC COHSTANT AT A VALUE OF 5567.500
HOLD DVS COWSTANT AT a VALUE OF 76.779
- __ EFFICIEXCY=  87.5100 :

SURGE MARGIN= 9.6100

FEIEN I I I I 3606 200 36 3 0TI I 060606 06 I IEIEIE 06 0 e 06 00

PRECISE FUNCTION VALUES
0.87310E402 0.961C0Z+0%

1
[
[
|
I
|
1
i




K-VECTCR

FUNCTION VALUES

RESULTS OF APPROXIMATE OPTIMIZATION

APFROXIMATE FUNCTION VALUES

SET VANE 17TO ~ 24.53 DEGREES

T SET VANE 37TO  9.00 CECREES

TTTTHOLO REVIC COMSTANT AT A VALUE OF  5567.500

T LURSE MARGIN=T  9.800C

BEGIN ITERATION NUMBER 2
NOMINAL OESIGN NUMBER = 6

0.25000E402 0.15697E+402 0.11000E+02 0.70000E+01

0.87510E+02 0.96100E+01

DELTA-X VECTCR
-0.46831E+400 ~0.20000E+01 -0.20000E+01 -0.17435E+01

0.264531E402 0.13697C+02 0.90000E+01 0.52565E+01

0.87526E+02 0.1CC032+02

U IE D6 3o 159 36 026 3 U 96 36 I DE I 6T 6 E I e 36 3696 I 6

SET VANE 2 TO 13.70 DECREES

SET VANE 6 TO 5.26 DEGREES

HOLD OV3 CONSTANT AT A VALUE OF 76.779
EFFICIENCY= 87.34C0

FEIEIEH I 3636 3 3630 I3 96 I HE 3634 3 D6 I 366 690 3 WD 2636 34 2 06 36

___0.87340E402 0. 9300CE+01

PRECISE FUNCTICN VALUES

0.87340E+02__C.9800CE+OL

. ___BEGIN ITERATION MUV3ER___ 3

NOMINAL DESIGN NUMBER = 7

#-VECTCR

T 0.24331E4027 9.13897E402  0.90000E+61™ 0.52565E+01

FUNTTION VALUES

RESULTS OF APPROXIMATE OPTIMIZATION
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St—y Pet——gy
. . . .

DELTA-X VECTOR
-0.97002€E+00 0.30000E+01 -0.20000E+01 -0.25652E+00

——_X-VECTOR e .- e e
0.23551E+402 0.16697E+02 0.70000E+01 0.50000E+01
APPROXIMATE FUNCTION VALUES

_ 0.87758E+D2 0.999952+01
36 DO 34 6 36 546 06 98 36 36 36 D636 76 030 0 3 38 D636 D 636 36 36 3 34 96 36 -0

_SET_VANE 1 TO__23.56 DEGREES

SEY VANE 2 TO  16.70 DEGREES

SET_VAME 3 TO _ 7.00 DEGREES

SET VANE 4 TO 5.00 DEGREES

HOLD RPFIIC CCNSTANT AT A VALUE OF _ __ 5567.500
HOLD CYS COMSTANT AT A VALUE OF 76.779
EFFICIENCY= 87.3500

——

____SURGE MARGIN= _ 9.8300

P63 336 996 T D63 B 3¢ 6 3IEIE X W56 -IE 26 I 2 F e 96 I 96 36 36 26 3

PRECISE FURCTIQH VALUES
0.87350E+402 0.93300Z+401

s B e

BEGIN ITEZRATICH KUMDER 4

TTUMCHINAL DESICH MUMZER =T 8

X=VECTIR
o _0.223TL1E402  0..6697E402 C.70000E+01 0.50000E+01_

FULCTICH VALUZS
0.873505+4C2 0.582005+01

———— 4+ s o e o = T s s e e o e e - v a——

RESULTS OF APPRCXIMATE OPTIMIZATION

___BELTA-X VECTCR o . e
T 0.11039E+401 -0.11585E+01 -0.41264E+00 0.18275E-06

X-VECTOR

____C.20%67E+02 0.15532E402 0,65874E+01l_ 0.50000E401
» "FROXIMATE FUNCTION VALUES
*.87100E+02 0.99307E+401

.ﬂ“f\‘%!?ll!'!&‘l!wm#iﬁl**li!&* A

SET VANE 1 TO  264.67 DEGREES

e mn 4 vm e e % —em = - ca—aiii t AR e e e o s ————— e
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SET VANE 2 TO 15.54 DEGREES
SET VANE 3 TO 6.59 DEGREES

SET VANZ ' TO ~ 5.00 DEGREES

HOLD PFMC COMSTAN: AT A VALUE OF 5567.500
HOLD DV3 CONSTANT AT A VALUE OF ___ 76.779__ __ _
T EFFICIENCY= 87.2900

SURGE MARGIN= 9.8300

FTET T DPIS DI P P PV

FRECISE FUNCTICON VALUES
0.57250E+02 0.93300E+01

BEGIN ITERATION MUMBER 5
KOMIMAL DESIGN NUMBER = 9 _

X-VECTIR
0.24567E+02 0.15533E+02 0.65374E+01 0.50000E+01

TTTTRUICTICN VALUTS
0.87290E+02 0.9830CE+01

~ RESULTS OF AFFROXIMATE GPTIMIZATICN

DELTA-X VECTC?
=0.93231E+00 0.40022E-01 _0.70299E+03 0.37014E+30  _

X-VECTC?
0.23733E+02 0,1557CE+02 0.72904Z+01 0.53701E+01
TTTAPPROXKIMATE FUNCTICN VALUZs  — T T o T
0.871C2E402 C.18033E+402
FEII P I3 n ¥ 26D MBI O I I 14 2 358 226 K U 0636 X M 63

SET VANE 1 TO  23.73 DEGREES

___SET VAME 2 TO__15.58 CIGREES

SET VANE 3 TO 7.29 DEGREES

__ SET VANE & TO__ 5.37 DEGREES

HOLD PFNC COMSTANT AT A VALUE OF 5567.500
HOLD DVS CONSTANT AT A VALUE OF 76.779
EFFICIENCY= __ 87.3900 _

SURGE MARGIMN=  10.0000

BHHRIE DT M 6 3696036 I6 I 36 2 D336 I 336 2566 W NN W
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PRECISE FUNCTION VALUES
0.873S50E+402 0.1000CE+02

~ BEGIM ITERATION NMUMBER 6
NOMINAL DESIGN NUMBER = 10

T X-VECTOR
0.23734E+02 0.15578%+402 0.72904E+01 0.53701E+01

FUNCTION VALUES e
0.87390E402 0.10009E+02

_RESULTS COF APPROXIMATE OPTIMIZATION

DELTA-X VECTOR

-0.30000E+01 0.3000CE+0) 0.18914E+01 0.30000E+01
——yvECIgR T T T e e QS e
0.20735E+402 0.18578E+92 0.91812E+01 0.83701E+01

__AFPROXIMATE FUNCTICN VALUES
0.87247E+02 0.1C566E+(2
26 336 K 0055958 06 06 K 36060 06 9k 56 N 263654303 WU 1 Mk

T SET VANE 1 TO ™ 20.73 DEGREES
SET VANT 2 TO , 18.58 DESREES

SET VAME '3 T80 9.18 DEIGREES

SET VANE 4 TO 8.37 DSGRLES
T HOLD RS COHSTANT AT A VALUE OF T BBG7.500 T T
HOLD CVS CONSTANT AT A VALUE OF 76.779
EFFT Lo 2z 37.2260

TTTEURGE MARGINE T 9.7209

9696 3696 36 9 X34 6 163 I 2 636 36 3 3634 e 34 3¢ 3 36 30 363 98 3 I 36

PRECISE FUNCTION VALUES I
0.872C0E402 _ 0.97203E+01 .

. __ BEGIN ITERATICH NUMBER 7

NOHINAL DESIGN NUM3ER = 11

. X-VECTOR

0.20734E+402 0.18578E+02 0.91818E+01 0.83701E+01

FUNCTIOM VALLES
_0.87220£+02 ©0.97200E4+01

RESULTS OF APPROXIMATE OPTI!IZATION

T 'DELTA-X VECTCR
0.13337E401 -0.30000E+01 -0.45003€+00 ~0.17061€+01

_ X-VECTCR ,
0.22233E+02 0.155780+92 0.87317E+01 0.66640C+01
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APPROXIMATE FUNCTION VALUES C
L 0.87309E+02 0.99692E+01 !
U0 2T AT B 06 D636 6 U 02 I I 3% 96 B3 35 56 06 IEIE 96 26 3¢ 34

SET_VANE 1 TO_ 22.09 DEGREES

SET VANE 2 TO 15.58 DEGREES

SET_VANE 3 TO __ 8.73 DTGREES _

SET VANE 4 TO 6.66 DEGREES

____HCLD RFMC CCNSTANT AT A VALUE OF 5567.500
HOLD DVS CCHSTANT AT A VALUE OF 76.779
EFFICIENCYS 87.4000

____SURCE MARGIN= __ 9.8100

I 2636 3 30 36 36 626 36 36 3 I8 36 3¢ 36 36 JE 36 36 36 3¢ 3 36 36T 6 30 36 3 3

PRECISE FUNCTICN VALUES
| 0.87400E+02 0.53109E+01

BEGIN ITERATIC' HNDER 8

T NCHINAL DESIGH NUNDER = " 12

! X-VECTCR
___ 0.20028E+2  0.15570E402  0.87317E+01 _ 0.66640E+01
FUMCTICH VALUES

0.57400E402 0,.93100E+01

RESULTS CF APFROXIMATE OPTIMIZATION

. DELTA-X VECTOR

« T 0.93308E+00 T 0.56411E+00 -0.31326E+00  0.64617E+00
X-VECTCR

____0.23331E+02 0.16142E+02  0.84184E+01 0.73102E+01

APPRONINATE FUNCTION VALUES

0.87233E+402 0.99564E+01
PN NI 1154 I M NI YK H W X NN

SET VANE 1 TO I3.03 DEGREES

TTTTSET VANE 2 TO  16.14 DEGREES

SET VAME 3 TO 8.42 DEGREES

T SET'VANE 4 TO ~ 7.31 pEgnEES T Tttt
HOLD RFMC COMSTANT AT A VALUE OF 5567.500
} ___ HOLD DVS CONSTANT AT A VALUE OF . 76.779
EFFICIENCY= 87.45C0 —

[ SURGE tARGIN= 9.9109

1 TR R LR INIOK MR INNR N

“TTPRECISE FUMCTION VALUZS T
0.87950E402 0.991002+01




BEGIN ITERATICN NUMBER 9

NOMINAL DESIGN HUMBER =__ 13

X-VECTOR
0.23331E+402 0.16142E+02 0.84184E+01 0.73102E+01

T FUNCTICH VALUES T T
0.87450E402 0.99100E+01 !

T RESULYS CF TAPEROXIMATE OPTIMIZATION

DELTA-X VECTOR :
_ 0.66303E+30 -0.73410E400 -G.100C0E+01 _ 0.93294E+00 .
X-VECTCR
0.23556E402 0.15403E+02 0.74124E+01 0.82431E+401

* APPRINIMATE FUICTICN VALUSS '
0.875Z5E+402 0.1C303E+02
00303696358 58 5 56 5600 0 6 5632 K 060 0 96376 4 3% 96 34 30

SET VANE 1 TO  23.70 DEGREES

[ — e -— [ ] ay L] [ ]

. __SET VANE 2 TO__ 15.41 DEGREES

{ SET VANE 3 TO 7.42 DECREES

SET VANE ¢ TO _ 8.24 CECREES oo

HOLD RPMC CCNSTANT AT A VALUE OF 5567.500
HOLD CYS COHSTANT AT A VALUE OF 76.779
_ EFFICIEICY= 87.3500

SURGT MARGINH= 9.5G00

- MW RRAE e FRER SV RRLLH WL IR EENR

___PRECISE FUMCTICH VALUES
~.37390E402  0.95000E+01

FINAL RESULT OF APPNOXIMATE OPTIMIZATICH

NOHIMNAL CESIGH MUNOIR = 10

y . Ce e e = - - -

T X-VECT™T
0.23734E4C2 0.15578E+J2 0.72904E+01 0.53701E+01

b 4
___FUNCTICH VALUES } ; .
0.87370E+492 0.1000CE+02
!
1 REZULTS OF APPROKIMATE ANALYSIS/CPTIMIZATION

TITLE .. .. .. . . - [P
3636 30 0616 ¢ D000 36 260636 Y656 300 30 3636 06 JEUNE 260006 30 36 30 JE 30 D6 3006 330 I I3 9636 HHHCH NI U

“GLO2ALU LOCATICHS OF X-VARIABLES
1 2 3 4

“~"GLOBAL LOCATICHS OF FUNCTIONS, F(X)

1
I
. e
i




T APFROXIMATION IS BASZD ON 14 DESIGNS ) [
NOMIMAL DESIGN IS DESIGN NUMBER 10

7.

VALUZS OF X-VARIADLES
0.2373E402 0.1558E402 0.7290E+01 0.5370E+01

T VALUES OF FUNCTIONS, F(X)
0.8739E402  0.10005+02

COEFFICIENTS OF TAYLOR SERIES EXPANSION

N et DI S

TPARAMETER ~ 1 = GLOJAL VARIABLE 7

LINEAR TERMS, CEL F
8.1275€-01 _ 0.2707E-0% _ 0.3280E-01__ 0.2149E-01

NOH-LINZAR TERMS, H, BIGINING WITH DIAGONAL ELEMEMT

RO T
-0.25%2E-01

— Row 2
©-0.2431E-01

o f—y gy

RCU 3
—70:4392E-02

RCH 4
~0.1624E-01

PARAMETER 2 = GLCCAL VARIABLE 6

LINEAR TERNS, DEL ¥ L . ) L
"~0.5497E-01 ~-0.9764E-02 -0.2890E-01 -~0.2387E-0C1 1

___NGN-LINEAR TERMS, H, BEGINING WITH DIASONAL ELEMEWT

RCU 1
~-0.4194E-01
It T T e
~0.3137g-01

_epoy 3
-9.143CE-01

R &
_0.5455E-02_ _
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OPTIMIZATION RESULTS

- OBJCCTIVE FUNCTION __ . e R
GLCBAL LOCATION 7 FUNCTION VALUE 0.87390E+02

DESIGN VARIABLES

D. V. GLOBAL LOKER UPPER
10 NO. VAR. MO. BCLID VALUE £OUS

1 1 _..1 __ 0.100002402 _ 0.23734E+02 _0.35000E+02 _

2 2 2 0.500805+01  0.155T8E+02  0.25000E+02 ‘
3 3 3 0.50000E+01  0.72904E+01  0.Z5000E+02 ;
4 4 4 C.50005E+01  0.53701€401 ~ 0.25000E¢02 :

DESICH CONSTRAINTS

TTTTTTTTeweRAL T T LOWER T T T T usper
10 VAR. KO. CUND VALUE BOUND
1 3 0.10000E+02 ©0.1000CE+02 0.10000E+04
axenrxuk  FIMAL SOLUTICON VALUES s %%
VANHE AlGLE FCR VAMNE 1 IS 23.73 DEGREES ¥
VAME ANGLE FCR VANE 2 IS~ 15.B8 DEGRZES __
VANE ANGLE FOR VARE 3 IS 7.29 DEGREES

VANE AMNGLE FCR VANE 6 IS 5,37 DEGREES

EFFICIENCY= 87.3%900

SUNSE NMIRGIN=  10.00C0

PPIC NAS HELD CCHNSTANT AT 5567.50
DVS WAS HELD CCHSTANT AT 76.78

PROGRAM CALLS TO ANALIZ

ICALC  CALLS

2 p
i 3 1
' 1107
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STATOR VANE OPTIMIZER
P P00 300 03 SN IE N 0 20

PROTOTYPE. SOFTRARE CAPABLE OF GUIDIKS THE OPTIMIZATION OF ——

STATOR VANE AND BLEED SETTINGS IN A MULTI-STAGE COMPRESSOR

PREPARED FOR THE AIR FO?CE AEROC PROPULSION LABORATORY

UNDER CONTRACT F33615-79-C-2013
EY: PRATT & WHITNEY AIRCRAFT GROUP ‘
GOVERNMENT PRODUCTS DIVISION |

PLEASE HIT RETURN TO VIEW OPTIMIZATION GOAL MENU

"1 OPTIMIZATICH COMDITIONS I CONSTRAINTS I :
NO I GOAL IRPNC KC FR DVS O.L. I S.M. IEFF I

3

——— -

<

—_— 1 1__ EFF__ 1 X - - X - X~ X -_ X 0000

21 EFF I X - - - X I - I - I

31 EFF 1 - X X - - 1@ - 1- 1

41 EFF I X - - X - IMINI - I )
— 51 EFF_I_ _Xo—mo- - X IMIN_XI_-__X_

61 EFF I - X X - -~ IMINI - I i

71 S.M. I X - - X - I - 1 - 1 ;

81 S.M. I X - - - X 1 - 1 - I ‘
—_— 9 I _ S M. I - ___X__X___-~ -l = I _-_1% :

10 S.M. I X - - X - I - TIHMIN I ;

111 aM. I X - - - X I - TIMIN I ;

121 S.H. I - X X - - I - IMIN I !
314D Y X__ X - =~ Y - X _ - Y% i

16 T X HC I X - - - X I MIN IMIN I i

IS T H™M W I X - - - X IMIN IMIN I ;

161 R I X X - - - IMIN IHMIN I ;

A7 PRI X_ - - - _ X IMIN_IMIN_I _— i

YCU HAVZ SELECTED TO OPTIHMIZE EFFICIENCY HOLDING L

CORRECTED SPEED (RPMC) AND DISCHARGE VALVE SETTING (DVS) CONSTANT
WAILE CONSTRAINING SURGE MARGIN T0o A HINII'W 'VALUE
HOLD RTHC CCHSTANT AT 5567.500
HOLD CVS CONSTANTY AT 76.779
0"TT’1‘I’ZTI“G & VANE ANGLE(S).

OMER GCUND FOR VANE 1 IS 10.000
UO YCU AGREE? (Y/N)

LOMER 3CUHD FOR VANE 2 IS 5.000
___00_YOU AGREE? (Y/N)_ ____ 1
LONED BOUND FOR VANE 3 IS 5.000
DO YOU AGREE? (Y/M)
LOXER BOUND FOR VANE & IS $.000

DO YOU AGREE? (Y/N) . —_
UPPER BCUND FCR VANE 1 IS 35.000
DO YOU AGREE? (Y/N)

UPPER BOUND FOR VAKE 2 IS 25.000
_DO_YOU_AGREE?_(Y/N)

UPPER BOUND FOR VANE 3 IS 25.000

00 YOU AGREE? (Y/N)

UFPER ECUND FOR VANE 4 IS 25.000
—DO YOU AGREE? (YV/M) .. — . ... -

LCER BCUND VALUE FCR SH IS 10.000

UPPER TOUND VALUE FOR SM IS 1000.000

INCREMENTAL VANE ANSLE VALUE FOR INITIAL VANE SETTING IS -2.00
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TITLE:
60366 26 06D V00600 3000 06T 0030000 0O I000 06 06 U0 SO SIS SN S I 06 0 e e

—— — o - i

CONTROL PARAMETERS;

CALCULATION CONTROL, NCALC = 6

~— NUM2ZR OF GLOSAL DESIGN VARIABLES,.. NIV .= 6
RUM3ER OF SENSITIVITY VARIABLES, NSV = 0 )_
HUNBER OF FUNCTIONS IN TWO-SPACE, N2VAR = 0
{UNDZR OF APFROXIMATING VAR. NXAPRX = L

—— INFUT INFORMATION.PRINT CODE, . IPNPUT.=—__1) ‘
CETUS FRINT CODE, IPDBG = 0 :

——CALZULATION CONTROL,.-HCALC
VALUZ  MEANILS

1 SINGLE ANALYSIS

2 OPTIMIZATION

-3 SENSITIVITY .. . ol
4 THO-VARIARLE FUNCTION SPACE
5 OPTIMUM SENSITIVITY

6

APPROXIMATE OPTIMIZATION

———%_%_OPTIMIZATICN INFCRMATICN

GLC2AL VARIABLE NUMBER OF OSJECTIVE = 7 ;
MULTIPLIER (NEGATIVE INDICATES MINIMIZATION) = 0.1000E4+01 4

——rs e+ eemmae. — e . e ——

COUT! PARAMETERS (IF ZERO, COMMIN DEFAULT WILL OVER-RIDE)

IFPRINT ITMAX  ICKDIR  NSCAL  ITRM  LINOBJ NACHMXY NFDG :

5 20 5 0 3 0. 10 —. 0. b
FOCH FOCHM cT CTHIN .
0.10C%9E-01 0.10CCOE-02  ~0.50000E-01 0.40000E-02
e e . i
cTL CTLMIN THETA PHI
-0.16700E-01 0.10000E-02 0.10000E+01 0.0
— __DELFUN ___ DABFUN..______ ALPHAX.____ ABOBJL ‘;
0.12C00E-C2 0.0 0.10000E+00 0.10000E+00 !

DESICN VARIABLE INFORMATICN
— NCOH-ZEP0 INITIAL. VALUZ WILL OVER-RIDE MCDULE INPUT . __

v —

0. V. LONER UPPER INITIAL

RI. BOUN BOUND VALUE SCALE
1 0.10000E+02 0.35000E+02 0.27000E+02 0.0
2_____0.50000E+01___0.25000E+02 ___0.16990E+02._.__ 0.0 :
3 0.50000E+01 0.25000E+02 0.13000E+C2 0.0 i
4 0.50000E+01 0.2500CE+02 0.90000E+01 0.0 :

= DESICN VARIABLES

o m—
st

D. V. GLOBAL  MULTIPLYING

10 NO. VAR. NO. FACTCR

1 1 1 0.1C000E+01

2 2 2 0.10000E+01 y:
3 3 3 0.10000E401 ;
4 4 4 .-

0.10000E+01

CONSTRAINT INFORMATION

e
b et

~— THERE ARE..1 CONSTRAINT SETS ... . . e . J

GLODAL GLOBAL LIKZAR LCKER NORMALIZATION UPPER NORMALIZATION
I0 VAR. 1 VAR. 2 10 BOUND FACTOR BOUND FACTOR
1 6 6 0 0.10000E+02 0.10000E+02 0.10000E+04 0.10000E+04

TYOTAL HUMIER OF CONSTRAINED PARAMETERS = 1

,'W
)
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g % % APFROXIMATE ANALYSIS/OPTIMIZATION INFORMATION

§ NUMBER OF FUNCTIONS APFROXIMATED, NF = 0

§ I ._:..mza OF. INPUT X-VECTCRS,.....—_NPS =.___ 5 ____
p WIBER OF INPUT X-F PAIRS, NPFS = °
1 x-v:cron FROM ANALIZ, NPA = 0
_ NOMINAL DESIGH, INOM = 0
~——READ. \NIT. FOR. X-VECTORSy. . ISCRX =___§
READ LMIT FOR X-F PAIRS, ISCRXF = [
e PRINT COMTROL, IPAPRX = 1
-- —MINIMUM APPRONIMATING CYCLES, _KMIN.=____5
4 MAXIINUM APPROXIMATING CYCLES, KMAX = 17
.« nAxn M DESIGHS USED IM FIT, NPMaX = 28
NOMINSL DESIGN PARAMETER, JNOM = 28
i —__X=LCCATION INFUT PARAMETER, __ INXLOC 5___. 0
; F-LCZATION INRUT PARAMETER, INFLCOC = 0
! TAYLZR SERIES I1.D. CODE, MAXTRM = 2

: DELTA-X BOUNDS FCR APPROXIHATE OPTIHIZATION
| 0.2000E+01 0.2000E+01 0.2000E+01 0.2000E+0L

— MULTIPLYER ON OELX. _ . _ . XFACT1l =._0.1500Z+01 .
MULTIRLIER CN DELX, XFACT2 = 0.2000E+0)

i i —_GLOZAL _LOCATIC'!S OF. _X-VARIABLES
1 2 3 4

— GLOJAL_LOCATIONS _OF _FUNCTIONS
7 6

— X-VECTORS INPUT_FROM_UNIT. S

J ; NUMDER 1 DESIGN 1
1 ; __B.2900E+02__0.1800E+02__0.1500E+02 _ 0,1100E+02.

NUMBER 2 DESIGN 2
_0.2700E+402 _0.1800E+02__ 0.1500E+02__0.1100E+02 _____

NUMBER 3 DESIGHN

NUMCER 4 DESIGN

: NUMIER 5 DESIGH
: : - 0.2700E+02.. 0.1600E+02

REAL
- INPUT .

37 335

[y st g PO

— - .0.27Q2CE+02 .. 0.1600E+C2 ..

— -0.2700E+402 _ 0.1600E+02 .

* » ESTIHATEb DATA STO‘?AGE REQUIPEHEHTS

3
0.1500E+02 - 0.1100E+02 -

4
0.1300E+02. 0.1100E+02..

5
--0.1300E+02.-0.9000E40) . — o

INTEGER

EXECUTION . AVAILABLE ... INPUT _EXECUTICN. AVAILABLE.
5000 26 71
IS5 I TIN5 BTN NI N I

1000
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SET VANE 1 TO  29.00 DEGREES

SET VANE 2 TO  18.00 DEGREES

SET VAME 3 TO  15.00 DEGREES
SET VANE 6 TO  11.00 DEGREES

HOLD RF:IC CONSTANT AT A VALUE OF 5567.500
HOLD DVS CONSTANT AT A VALUE OF 76.779
EFFICICNCY= 87.1200

SUTGE MARGIN=  8.2200

66336 I8 36 35 36 26 JEIE 66 36 20 26 3606 36 36 36 96 36 26 3F 36 3¢ 26 2 8 36 3¢ 3¢

3630 36 36 36 36 3 36 36 36 36 34 3636 I 3¢ 363636 36 336 36 3 36 36 30 3 3 30 36 3¢

SET VANZ 1 TO  27.00 DEGREES

SET VANE 2 TO 18.00 DEGREES

= TTSET VANE 3 TO  15.00 DEGREES

SET VANE 4 TO 11.00 DEGREES

" HOLD RFIC CONSTAHT AT A VALUE OF 5567.500
HOLD DVS CONSTAMT AT A VALUE OF 76.779
EFFICIENCY=  87.3000

= T SURGE HARGIN®  8.7900 ) T
“ 3036 36 36 30 36 36 36 36 36 36 36 36 36 J6 36 D6 36 3 36 36 36 36 36 3¢ 36 3¢ 36 36 36 06

T szT vanz 1 10 27.00 bEcREES

SET VANZ 2 TU  16.00 DEGREES
TCET vaNE 3TO 15.00 DEGREES
SET VANE 4 TO  11.00 DEGREES

T NOLD RFMC CONSTANT AT A VALUE OF  5567.500
HOLD CVS CONSTANT AT A VALUE OF 76.779
EFFICIENCY:  87.2100

T SURGE MARGIN=  a.e600 7T

F636 2636 96 56 36 3636 369636 36 36 36 38 36 36 36 36 96 36 3¢ 36 3 3¢ 36 36 36 36 96 3¢ 36
D636 36 38 36 36 34 3 6 36 D6 36 3¢ 638 26 8 3¢ 3¢ 3 36 30 36 36 3% 26 6 I 3¢ 3¢ 3¢
SCT VANE 1 TO  27.00 DEGREES
SET VAME 2 TO  16.00 DEGREES
SET VANE 370 13.00 DEGREES
SET VAKE 4 TO  11.00 DECTEES
"7 HOLD RPC CONSTANT AT A VALUE OF 5567.500
HOLD CVS CONSTANT AT A VALUE OF 76.779
CFFICIENCY=  §7.3100
T SURGE MARGIN®  9.1000
30300 D3 06 3 3030 3636 38 36 3 36 36 36 3696 2696 3 € 6 36 9 36 3¢ -
112

r o

A




e

[ .

P— & wise §

ey

B OGN g b pesq e ey

FEEIEE 6 3636 30 26 00 06 06 D D6 3 D 9 36 2636 0 26 D634 2 D02 IE 06 3¢ 3¢ 2036

SET VANZ 1 TO  27.00 DEGREES
SET VANE 2 TO  16.00 DEGREES

SET VAHE 3 TO  13.00 DEGREES

SET VANE 4 TO 9.00 DEGREES

HOLD RPMC CONSTANT AT A VALUE OF 5567.500
HOLD DVS CONSTANT AT A VALUL OF 76.779
EFFICIENCYS 87.4200

SURGE MARGIN=  9.2400
AFPROXIMATE OPTIMIZATION ITERATION HISTORY
APPROXIMATING FUNCTION 1 IS THE O3JECTIVE

"7 AFPRONIMATING FUNCTIONS ASSOCIATED WITH CCHSTRAINTS
2

DESICH VARIABLE NUHB"RS ASSQCIATED InITH A”PROXIHATING VARIABLES
1 2 3 4

BEGIM ITERATION NUMBER 1

- NCHINAL DESIGH NUMBER = __ 5 _ __

N=VECTOR
0.27300E+02 0.16000E+02 0.13000E402 0.90000E+01

FUNSTION VALUES
0.57420E402 0.92400E+01

RESULTS OF APPROXIMATE OPTIMIZATION

DELTA-X VECTCR
——~C.2CCCO0E+01 ._0.11166E401_-0.20000E+01.-0.2C000E+01

X-VECTCR

0.23C00E402 0.17117E402 0.11000E+02 0.70000E+01
APPRCKIMATE FUNCTION VALUES o
0.07200E+402 0.99951E+01
JEIEFEIE U566 57 25 36 96 36 36 3636 36 36 36 36 3% 36 36 \E 36 I 36 96 3¢ 36 I 3¢ 96

SET VANE 1 YO  25.00 DEGREES

——SET_VANE 2_70___17.12 DEGREES

SET VAYE 3 TO  11.00 DEGREES

—SET _VAYE_ 6 TO____ 7.00. DEGREES

HOLD RPMC CONSTANT AT A VALUE OF 5567.500
HOLO DVS CONSTANT AT A VALUE OF 76.779
—EFFICIENCY=___  _87.5100_ _ _

SURGE MARGIN= 9.4400

il N A L R It

__PRECISE FUMCTION VALUES : —

0.87510E402 0.94400E+01
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BEGIN ITERATION NUMBER 2
NOMINAL DESIGN NUMBER = 6

T x-vecreR ) o
0.25000E402 0.17117E€+02 0.11000E+02 0.70000E+01

—FUNCTICN VALUES .. .. o e e el
0.87510E402 0.94400E+01

RESULTS OF. APPROXIMATE OPTIMIZATION —

DELTA-X VECTOR
- 0.9732%E+00 -0.20000E+01 ~0.20000E401 -0.20000E+01

x-veerer 7 T T
0.25973E+402 0.15117E+02 0.90900E+01 0.50000E+01

APPROXIMATE FUNCTYION VALUES ... .. —

0.37749E+402 C.99521E+901
636066062255 51 06 V3696 00 I6 0C 36 5496 3696065696 96 4636 96 060696 06

T SET VANE 1 TO  25.97 DESREES

SET VANE 2 TO  15.12 DEGREES

SET VANE 3 TO  9.00 DEGREES

SET V/NE 4 TO 5.00 DEZGREES

T HOLD RTC COMSTANT AT A VALUE OF 5567.500
HOLD DV3 CONSTANT AT A VALUE OF 76.779
EFFICIEHCY= 387.2800

SUTZZ MARGIN=  9.6600

D6 F XCXTE W66 3 062608 3636 06 36 3636 36 36 6 36 36 6 36 3 36 36 3¢

FRECISE FUNCTICN VALUES
—.0.87230E+02 .. 0,966CCE+01

, -—BZGIN ITERATION HUNBER 3

HCMINAL DESIGN NUMBER = 7

_X-VECTCR ... o ————
0.25973E+02 0.15117E402 ©.90000E+01 0.50000E+01

FURCTICN VALUES
. _0.872B0E+02__0.96600E+01 _

RESULTS OF APPROXIMATE OPTIMIZATION
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DELTA-X VECTOR
0.55595E+400 0.16977E+01 -0.20000E+01 -0,.13585E-05

NN 2L/ { of £ooc FN R ce i mmme s e e e
0.265C9E+02 0.16814E+02 0.70000E+01 0.50000E+01

APPRCXIMATE FUMCTION VALUES
- 0.8C3S4E+02 .0.10006E402 - ...
05066 26369006 55 26 3036 6 40606 002036 HEIE D 3696 06 36 6 0 0490

——SET_VANE.1.7TO . 26.53 DEGREES -

SET VAKE 2 TO  16.81 DEGREES

—SET_V/NE 3 TO_.. .. 7.00 DESREES ... —

SET VANE 6 10 5.00 DEGREES

-—— HOLD RFIC CCNSTANT AT A VALUE OF _.____ 5567.500. .
HCOLD DVS COCNSTANT AT A VALUE CF 76.779
EFFICIC:CY= 87.0029

.SURGE MARGIN= __ _9.4600. .. . _. .

B0 336 36 36 38 6 36 36 26 36 3¢ 36303 D6 36 JE 36 36 36 36 36 3 3036 3 36 36 36 34

FRECISE FUNCTICN VALUES
0.37C50E+02 0.9460025+01

BEGIN ITERATICH KUMDER 4

NOMI'NAL DESIGN NUMBER = 8

X-VECTZs
0.C45509E+402 __C.16814E+02. . 0.70000E+01_. 0.50000E+01

FUNCTICSH VALUES
0.87230E+02 0.94600E401

RESULTS OF APFROXIMATE OPTIMIZATION

o — DELTA=X VECTCR _. __ e e e e
~0.803246E+400 -0.14797E301 0©.30000E+401 0.43284E-06

X-VECTCR
0.25726E+02 _0,15335E+02__ 0.10000E+02 __0.50000E+01

APPROXIMATE FUNCTION VALUES
0.87424E+02 0.96890CE+0)
OEIIR I 06 000 D00 0606 0636 96 36 3636 0 00 D

SET VANE 1 TO  25.73 DEGREES
SET VAME 2 YO  15.33 DEGREES
SCT VANE I YO  10.00 DEGREES
SET VANZ & 70 5.00 DIGREES
HOLD RPMC COMSTANT AT A VALUE OF 5567.500
___ MOLD U5 . CONSTANT AT A VALUE OF ... 76.779 — —nrr
EFFICIZNCYE 87,3300

SURSGE MARGIN= 9.6600
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PRECISE FUNCTICN VALUES /
0.87330E+402 0.96600E+01

BEGIN ITERATION NUMBER 5

——NOMINAL DESIGH NUMBER =__ 9

X-VECTCR -
0.25726E+02 0.15335€+02 0.10000E+02 0.50000E+01

FUNCTICH VALUES f
0.37330E+02 0.96609E+01 :

RESULTS OF APPROXIMATE OPTIMIZATION

DELTA-X VECTCR sl
~0.31097E+00 -0.20260E+01_-0.34839E+00__0.29043E-06—

X-VvECTS? ;
0.25415E+402 O0.13209E+02 0.96516E+01 0.50000E+01 H

APPRONIMATE FUCTION VALUES .,
0.376494E402 0.97115%+01 —
AU 060035 20 08 55 0 00 00 306 6 6 36 D6 36 M 3 306 3 3436 36 3 XM

SEY VANZ 1 TO  25.42 DEGREES 1)
. -
i . __SET_VANE_2_TO __13.31 DEGREES. .}A
SEY VANE 3 TO 9.65 DEGREES

;
-

SET_VAYE 4. TO

!
5.00 DEGREES ‘

Soemee

HOLD RAMC CCHSTANT AT A VALUE OF 5567.500
HCLO DV3 COMSTANT AT A VALUE OF 76.779
. — EFFICIZNCY= ___ _87.2200 . . . -

SURGE MARGIN= 9.6900

| 4 gt b 24 U360 3636 36 36 36 TEIE I 6 H A6 N MWW

——FRECZST FUNCTICON VALUES - .
0.67220E+492 0.96900E+01

TTTBEGIN ITERATICN MUIBER 6

HOMINAL DESICH NUMBER = 10

T X-VECTCR

0.25515€402 0.13309E+02 0.96516E+01 0.50000E+01

- FUNCTION VALUZS e e e —
0.87220E+02 0.96900E+01

——RESULTS OF APFROXIMATE OPTIMIZATION

DELTA-X VECTCR
0.10068E+00 0.648789E+00 0.45310E-01 0.64493E-06

X-VECTCR ’
0.25516E402 0.13796E402 0.96974E+01 0.50000E+01
— APPROXIMATE FU''CTICN VALUES.

0.87249E+02 C.96945E+01
600036 0636 00 6 3056 2630 106 3309626 90090 3036 200 F-E 06 00 0008
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SET VANE 1 TO  25.52 DEGREES
SET VANE 2 YO  13.80 DEGREES

SET VANE 3 T0  9.70 DEGREES
SET VANE 4 TO  5.00 DEGREES

HOLD RFilC CONSTANT AT A VALU-E OF 5567.500
HOLD DVS CONSTANT AT A VALUE OF 76.779
EFFICIENCY= 87.2920

SURGE MARGIN= 9.7700

2336 36 2 363 36 2 36 36 3% 36 36 36 I 36 3 26 36 36 36 36 26 36 36 396 3 36 ¢ 38

FRECISE FUNCTICH VALUES
— . 0.87293E+02 _0.97700E+01

et beed emed e N GE T

—EBEGIN_ITERATION_NUMBER 7

b NOMINAL DESIGH MUMBER = 11

\ ’ __X=VECTOR
- 0.25516E+402 0.13796E+402 0.96974E+01 0.50000E+01

- FUNCTICH VALUES
.. 0.372C2E402 0.97700C+01. .

DELTA-X VICTCR
-0.63330E-01 -0.10000Z+61 0.11300E-01 0.0

. —X-VEL T e o — .
0.25420E+402 0.12796E402 0.97087E+01 0.50000E+0)

A AFFRONIMATE FUNCTION V.ILUTS
——. . 0.07C60C+C2 . 0.97947E431 . .. ..
353365 N 36 36 319636 06 16 3366 363006 3 36 360 34 0 56 690 20 34 6

—SET V/HE_.1.TO.._25.42 DIGREES.

SET VANE 2 TO  12.83 DEGREES

— SET_VANE.3.TO___9.71 DEGREES

. RESULTS OF AFPROXIMATE OFTIMIZATION

SET VANE 4 TO 5.00 DEGREES
I
1

——.HOLD PFMC CONSTAMT AT A VALUE CF _ ___5567.500.
HOLD DV3 CONSTANT AT A VALUE OF 76.779
EFFICIENCY= 87.1590

—-SURGE, MARGIN=____9.6100

F636 36 360 5 363 35 26 06 00038 36 00 36 36 36 38 36 306 36 3436 99636 3¢ 96 3¢ ¢

PRECISE FUNCTICN VALUES
0.37190E+02 0.961002+01

Pt
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'i‘ BEGIN ITERATION NUMBER 8

NOMIHAL DESIGN NUMBER = 12

X-VECTOR :
—0.25420E402__0.12796E+02__0.97087E+01__0,50000E¢0 ______

FUNCTION VALUES
0.87190E+02 0.96100E+01

RESULTS OF AFPROXIMATE OPTIMIZATION

PELTA-X_VECTCR .-
~0.17329E+00 0.20423E+01 0.27320E+00 0.23133E-06

X-VECTOR
0.25247E402__0.14839E+402__0.99819E+01 _ 0.50000E+01 ____

APFRONIMATE FURCTION VALUES
0.87334E+402 0.97163£401
ORI T NNN W NN RNMNNIN

SET VANE 1 TO 25.25 DEGREES
i - N

T SET VAME 2 TO  16.86 DEGREES -

SET VAKkE 3 TO 9.93 DEGREES

; SET VAME & TO  5.00 DEGREES .
HOLD RFMC CCNSTANT AT A VALUE OF 5567.500 .
____HOLD VS COMSTANT AT A VALUE OF. . 76.779 ... __
EFFICTENCY= 87.3100

SURZE MARGIN= 9.3100

FEUE 233 I WKL I I I IE I IE 36 I N IE I 636 -

T TPRECIST FUNCTICM VALUZS T
0.87310E402 0.98100E+01

BEGIN ITERATICN NUMBER 9

— NOMIMAL DESIGH NUMBER =__ 13

«
»

X-VECTCR
0.25247€402 0.14839E+02 0.99819E+01 0.50000E+01

. d

T RUNCTION vALUES T T TTTT
0.87310E402 §.93100E+01

[y
o

T RESULTS OF ARPRCXIMATE CPTIMIZATICN
DELTA-X VECTOR
_-0.22920E+01 _ 0.81894E-02_ 0.26147E+00.. 0,24356E~06___

[ERe—.
oo

: X-VECTOR
0.22555E402 0.14347E+02 0.10243E+02 0.50000E401 1
| —_— . - S
AFFRONIVATE FUNCTION VALUES l

0.87189E+02 0.99417E+0L
TR0 00630 HEOE IO 3TN N A I
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SET VANE 1 TO 22.96 DEGREES

__SET_VANE 2_T0__ 14.85_DEGREES

SET VANE 3 TO  10.24 DEGREES

HOLD RPMC CCHSTANT AT A VALUE OF 5567.500
HOLD CVS CONSTANT AT A VALUE OF 76.779
—EFFICIENCY= .. . 87.3200  _ _ o e e e

SURGE !MARGIN= 9.9200 ‘

6069 I 6 369 0 36 66 I 36 I IEIEIEI6 I W 65606 KW IN

—— PPECISE FUNCTION VALVES _ _  _ . _
0.87320E+02 0.99200E+01

T BEGIM ITERATION MMssR 10
HOMINAL DESIGN MUMBER = 14

' _SET_VANE_6 _TO___ 5.00_DEGREES

T T X-vECTOR
0.22955E+02 0.14847E+02 0.16243E+02 0.50000E+01
CFUMCTION VALUES . . o oo oo o
0.67320E+02 0.99200E+01
- — __RESULTS OF AFFROXIMATE OPTIMIZATIOM __ _ _ . . _ ____ ;
- DELTA-X VECTCR ;
: -0.31324E400 <0,12231E+00 -C.10000E+01 0.10213E-06 '
» “—_'"X-VECTC:? e AR R . e e e T T mmm—— e ST emes .
0.226%2E+402 0.16725E+402 0.92434E+01 0.50000E+01 _‘
1 APFROXTMATE FUNCTION VALUES . !
. 0.87239E+02 0.993462E+01 '
3696 36 3 3¢ 2 I n D I I I M A I I I W I 36 3¢ 26 I I: K I 3 eI I WK
A [N T - ———— . —— ——
. SET VIMZ 1 10 22.64 BEGREES
-
SET VINE 2 TO0  14.72 DECREES
LY
f ——— e . = o v — A i otmm— e - - N N
1 SET VANE 3 70 9.24 DEGREES
SET VANE 6 TO  5.00 DEGREES
> ® TTHOLD KFIC COMSTANT AT A VALUE OF  5567.500
3_ HOLD DVS CONSTANT AT A VALUE OF 76.779
EFFICIENCYS 87.32800
TTEURGE MARGINT | 9.8800 - -

6 I N 6 9 23 36 36 I J6 6 I6 3 2 630 I 6 36 36 I I 3 363626 36 3 3 ¢

PRECISE FUNCTION VALUES
 0.37330E402_ 0.99300E+01___




FINAL RESULT OF APPROXIMATE OPTIMIZATION

NCHINAL DESIGN NUMBER = 15
T xevecre T TTTmommTw
0.23642E402 0.14725E402 0.92¢34E+01 0.50000E+01

— FUNCTION.VALUES . . . __ .
0.87Z30E+02 0.99800E+01

RESULTS OF APPROXIMATE ANALYSIS/OPTIMIZATION

JEEEI & & o -V T T T e i
u.nsﬂununnuuu“xwu*mu“nm““u*nm***"*"un

e et e o - —_— — s e - )

GLOSAL LOCATICHS OF X-VARIABLES
1 2 3 A i

GLOB.L LOC:&TIC‘ S CF FU‘\CTIONS’ F(X-) )
7 6

Q- IR

i AFPROXIMATICN I3 BASED OM 15 DESIGNS

| NCMINAL DESICN IS DESICHN NUMBER 15

VALU s OF X-VARIA BLES
' 0.2264E+C2 0.1472E+02 0.9243E+01 0.5000E+01

VALUZS OF FUNITIONS, FIX}
0.573CE+02  0.938CE+01

COEFFICIENTS CF TAYLOR SERIES EXPANSION

PARAIETZR | 1 = GLCBAL VARIABLE 7

LINE’R TERMS, DEL F
-0.3583E-01. 0.3550E-01.__0.5171E-01__ 0.7911E-01 ___

NCN-LINEAR TERNS, H, BEGINING WITH DIAGONAL ELEMENT
o LT U U
0.6557E-03
_ ReW_. 2. e e e
-0.8TO5E-02

RO 3
-0.2149E-01

ROY 4
-0.2644%0E-01

PARANETER 2 = GLCSAL VARIABLE 6

___LINE’® TERMS, DEL F_ _ e e e ol
-0.2371E-01 -0.7583E-0" -0.1890E-01 -0.3544E-01

NCN-LTMEAR TERMS, H, BEGINING WITH DIAGONAL ELEMENT_
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ROW 1
-0.3965E-01

ROW 2
~0.6535E-01

—ROA___3____
-0.3313E-02

ROR 4
—— =0.1871E-03__

OPTIMIZATION RESULTS

——C3JECTIVE FUNCYION o o e e e
GLCBAL LOCATICH 7 FUNCTION VALUE 0.87330E+02
——-DESIGH VARIABLES ___ . __ . . .- ————
B. V. GLOBAL LOMER UPPER
I0 HO. VAR. NO. BOLUND VALUE ECUND
le ) - 0.10000E#02_ .. D.22692E5402 ... 0.35000E+02 .
2 2 ad 0.5C000E+01 0.14725E '@ 0.250C0E+02
3 3 3 0.50000E+01  0.92434E+01  0.25000E+02
4 4 4

0.50000E+401  0.5C000E+01  0.25300E+02

DESICH CONSTRAINTS

GLECDAL | LCHER UPPER
ID  VAR. NO. POLHD VALUE BOUND

1 6 0.10C00E+02  D.99800E+D1  0.10000E+04

®uwuxes%  FINAL SOLUTICH VALUES sesxisexsn

VAKE ANGLE FOR VANE 1 1S .64 DEGREES

___VANE AMGLE FOR VANE 2.IS .__ 14.72 DECREES -

VANE ANGLE FOR VANE 3 IS .24 DEGREES

— VIME_ANGLE _FCR VANE 4 I5. e --5.00 DEGREES

EFFICIENCY= 87.3800

. SURGE MARGIN=____9.9800 ____

THC WAS HELD CONSTANT AT 5567.50
DVS 1IAS HELD CONSTANT AT 76.78

PRCGRAM CALLS TO ANALIZ
ICALC  CALLS

————— Ll

2 15
3 1
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STATOR VANE OPTIMIZER
3626 D699 3630006 06 HEIEIE 9623634 4 8

PROTOTYPE_SOFTWARE CAPABLE OF GUIDING.THE OPTIMIZATION OF ———-

STATOR VANE AND BLEED SETTINGS IN A MULTI-STAGE COMPRESSOR

PREPARED FOR THE AIR FORCE AERO PROPULSION LABORATORY

UNDER CONTRACT F33615-79-C-2013
BY: PRATT & WHITNEY AIRCRAFT GROUP
GOVERMMENT FRODUCTS DIVISION

PLEASE HIT RETURN TO VIEW OPTIHIZATION GOAL MENU
_____ I OPTIHIZATION COP‘DITIONS I CONSTRA!HTS I‘—_ )
NO I GCAL IRPIC WC PR DVS O.L. Y S.M. I EFF I

e pmvm————— L T P Tt T P

1Y _EFF_I. X =~ - X . ~-__Y - I - T
21 EFF I X - - - X I - I - 1
31 EFF I ~ X X - - 1 = I - I
4 I EFF I X - - X - IMNMIN I - I
_ S5 I _EFF.XI. . X~ m X IMIN_. I -~__1
61 EFF I ~ X X - - IMIN I - I
7I S.M. I X - - X - I - I - I
8I S.M. 1 X - - - X I - I -~ I
—_— I _SHM._ X -~ X X - -_I - Y ~_1
10I S.M. I X - - X - I - IMIN I
11 I sS.M. I X - - - X I - IMIN I
121 s.M. I ~ X X - - I - IMIN I
—— 13T sMB0.I_X X -~ - I - I -1
16 I RAX WC T X ~ - - X IMIN IMIN I
15 T MINKC I X - - - X IMNIN IMIN I
16 I FR I X X - - - IMIN THMIN I
—_17.1_ .7 I X - == _ X _IMIN.IMNMIN_ I

YOU HAVE SELECTED TO OPTIMIZE SURGE MARGIN HOLDING

CCRRECTED SPEED (RPMC) AND DISCHARGE VALVE SETTING (OVS) CONSTANT

IHILE COK STRAINI? EFF'C"EP\CY To A MINIHU“I VALUE
HOLD RTMC CONSTANT AT 5567.500
HOLD DVS CCHSTANT AT 76.779
. OPTIMIZING 4 VANE ANGLE(S) -
LCUER ECUND FOR VANE 1 IS 10.000
DO YCU AGREE? (Y/N)

LCIER EQUND FOR VANE 2 IS 5.000
DO YOU 2GREE? (Y/N)____ . [

LCWER EQUND FOR VANE 3 IS 5.000

RO YOU AGREE? (Y/N)

LCYER BCUND FOR VANE 4 IS 5.000

__DO_YOU_AGREE? (Y/N) _ .

UPPER BOUND FOR VANE 1 IS  35.000

00 “OU AGREE? (Y/N)

UPPER BCUND FOR VANE 2 IS  25.000
__DO_YOU AGREE? (Y/N)

UPPER BOUND FCR VANE 3 IS 25.000
0O YOU AGREE? (Y/N)
UPPER E£OULD FCR VANE 4 IS 25.000
— DO YCU AGREE? (Y/H) - . . e e e -
LCUER BOUKD VALUE FOR EFF IS 87. 300
UPPER BOUWD VALUE FCR EFF IS  1000.000
IHCREMINTAL VAUE AHNGLE VALUE FOR INITIAL VANE SETTING IS ~2.00
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TITLE:
66336 06 0 06606 0060620036 36 06 D606 3636 36 26 06 06 30 D60 600 H 06 00 M DI I HHHHHHHH N

CONTROL PARAMETERS;

CALCULATION CONTROL, NCALC = [
——NUIBER. OF GLOBAL DESIGN.VARIABLES,... NOV.z____6&
NUIBER OF SENSITIVITY VARIABLES, NSV = 0
HUNBER OF FUNCTIONS IN TI0-SPACE, N2VAR = ]
NUMBER OF APFRCXIMATING VAR. NXAPRX = 4
— INPUT IMFORMATION PRINT CODE, _____ IPNPUT =__1 —
DEBUG PRINT CODE, IFDBG = 0

— CALCULATION CONTROL, NCALC _ —
VALUE  MEANING

1 SINGLE ANALYSIS

2 OPTIMIZATION

3 SENSITIVITY . .
4 TLO-VARIABLE FUNCTION SPACE
5
6

OPTIMUA SENSITIVITY
APPROXIMATE OPTINIZATION

—— % % OPTIMIZATION INFORMATION

GLC2AL VARIABLE NUMBER OF OBJECTIVE
MULTIPLIER (NEGATIVE INDICATES MINIMIZATICN)

6
0.1000E+01
CCMIIIN PARAMETERS (IF ZERO, CONMIN DEFAULT WILL OVER-RIDE)

IPRINT [THMAX  ICNDIR NSCAL ITRM  LINCBJ NACHMX1  NFDG

&1
Qpe—it

[N

— 5 ____ 20 _____5 __..0. 3 0. 10 0 ]
FOCH FOCHM cr CTHIN
0.10000E-01 0.10C00E-02  -0.50000E-01 0.40000E-02 ﬂ
cre CTLIIN  THETA PHI -
-0.10000E-01 ©.10000E-02 0.1C000E+01 0.0
-
____DELFUN _ ______DABFUN ___ ALPHAX  __ . ABOBJY ______ _ }
0.10C90E-02 0.0 0.10000E400 0.10000E+00 iy
DESIGH VARTABLE IMFORMATION B
. __ NCY-ZERO INITIAL VALUE HILL OVER-RIDE MODULE INPUT ___ !
0. V. LCI:TR UPPER INITIAL !
NO. Bou! BOLLD VALUE SCALE L
1 0.10000E+02  0.35000E402  0.27000E+02 0.0 -
2 _0.50000E+01 __ 0.25000E+02 __ 0.16000E+02____ 0.0 .
3 6.500005401  0.25000E+02  0.13600E+G2 0.0 t
4 0.50000E+01  0.25000E+02  0.90000E+01 0.0 e
DESIGN VARIABLES - -
D. V. GLOBAL  MULTIPLYING .
10 Mo, VAR. HO. FACTCR
1 1 _ .1 ___0.10000E+01 _ .
2 2 2 0.10009€+01 [
3 3 3 0.10000E+01
4 o 4 0.10000E+01
CONSTRAINT INFORMATION |
—__THERE_APE. 1.CONSTRAINT SETS ... .o . o oo e . e e e
GLCBAL GLOBAL LINEAR LOWER NORMALIZATION - UPPER NORMALTZATION
ID VAR. 1 VAR. 2 1D BoLID FACTOR BOUND FACTOR
1 7 7 0 0.87300E402  0.87300E+02  0.10000E+04  0.10000E+04
TOTAL NUNDER OF CONSTRAINED PARAMETERS * 1 ) B
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5 . % % APPROXIMATE ANALYSIS/OPTIMIZATION INFORMATION
: NUMSER OF FUNCTIONS APPROXIMATED, NF = 0
——_MJNBER OF. INFUT X-VECTCRSs.... ... NPS 5__§
NUM3ER OF INPUT X-F PAIRS, NPFS = O
X-VECTOR FROM ANALIZ, NPA = 0
NGHIMAL DESIGH, ™MoM = 0
—___READ.UMIT FGR X-VECTORS., ISCRX.=__5
READ UNIT FOR X-F PAIRS, ISCRXF = 5
PRINT CONTROL, IPARRX = 1
—___MINIMUM APFROXIMATIMG CYCLES,__KMIN =___§
‘ MAXIMUM APFROXINMATINS CYCLES, KMAX = 17
MAXIMUM DESIGNS USED IN FIT, NFMAX = 28
NCMINAL DESIGM PARAMETER, oM = 28
__¥-LOCATIOH IMPUT PABANETER, _ INXLOC.=___0
F-LOCATION INFUT PARANZTER, INFLOC = 0
TAYLER SERIES I.D. CODE, MAXTRM = 2
DELTA-X BOUNDS FOR APFROXIMATE OPTIMIZATION
I 0.2000E401 0.2000E+01 0.2000E+01 0.2000E+01
—__ MULTIPLIZR ON DELX,___ . XFACTI_ = _0.1500E+01 _
1 MULTIPLIER ON DELX, XFACT2 = 0.2000E+01
i —__ GLOBAL_LOCATIONS_OF_ X-VARIABLES
1 2 3 o
R <
oL ___GLORAL_LGCATIONS OF_FUNCTIONS
6 7
'i X-VECTORS INPUT_FROM UNIT___S
- NUMBER 1 DESIGN 1
: 0.2900£402__0.1800E+02__0.1500E402 _0.1100E+02
NUMOER 2 DESIGN 2
1 _0.2700E+02__0.1800E+02. 0.1500€+02 _0.1100£+02_.
o

NUMSER 3 DESIGN 3
—.0.2700E+02 -0.1600E+02 ._0.1500E+02 . 0.1100€+02 - . ——

NUNM3ER 4 DESIGN 4
—-0.2700E402 . 0.1600E+02..0.1300E+02  0.1100Es02.. - - — — .

NUH2ER 5 DESIGN 5
—0.27005+402 .. 0.1600E+02 _ 0.130CE+02 _ 0.9000E+01

"% % ESTIMATED DATA STORAGE REQUIREMENTS

REAL INTEGER
INPUT .. EXECUTION . AVAILABLE . .. INPUT__EXECUTION. AVAILASLE..
37 338 5000 26 7 1000

BESH A0 2363036 20U 0000000 e 06 I P 00.99 90 30 36 34 1 036 343430 04 0 38

TTSETVAME 110 29.00 DEGREES
SET VAME 2 TO  18.00 DEGREES
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SET VANE 3 TO  15.00 DEGREES
SET VANE ¢ TO  11.00 DEGREES

HOLD RPMC COMSTANT AT A VALUE OF 5567.500
HOLD OVS COMSTANT AT A VALUE OF 76.779
SURGE MARGIN=  8.2600
EFFICIEHCY:  87.1400
63606 56 36 36 36 6 D€ 36 36 JE 36 96 36 36 96 D6 96 6 36 3 36 98 36 96 26 36 9€ 3¢ ¥ 3¢ 3¢
3636 3 36 2 36 I€ 36 36 30 36 D D6 3 36 36 36 36 3 26 3¢ 6 36 3¢ I I 36 36 3¢ 36 3¢ 3¢
SET VANE 1 TO  27.00 DEGREES
SET VAHE 2 TO  18.00 DEGREES
TTSET VANE 3 TO  15.00 DEGREES
SET VANZ 4 TO  11.00 DEGREES
T HOLC RPMC CONSTANT AT A VALUE OF 5567.500
HOLD DVS CONSTANT AT A VALUE OF 76.779
SURGE M:PGIN=  8.7500
T EFFICIENCY=  67.3200
636 36 3 36 36 36 36 3 36 36 3¢ 26 3636 366 DI I6 D0 36 36 36 3¢ 3 I 36 3 6 26 9% W
SET VANZ 1 YO  27.00 DCGREES T
SET VANZ 2 TO  16.00 DEGREES
T SET VANZ 3 TO  15.00 DEGREES T
SET VAHE & TO  11.00 DEGREES
T HOLD RRHC CCHSTANT AT A VALUE OF  6567.500
HOLD DVS COHSTANT AT A VALUE OF 76.779
SURGE MARGIN=  8.8709
T erFrcrsmncy=  e7.2400
636 3608 3 36 36 26 34 36 3% 36 6 36 A6 36 D6 I 36 36 26 36 36 36 I 3¢ 36 36 I ¢ 9 36 3%
(2223322233222 333332332223 33223232 23
SET VANE 1 TO  27.00 DEGREES
SET VAME 2 TO  16.00 DECREES
SET VAME 3 TO  13.00 DEGREES
SET VANE 4 TO  11.00 DEGREES
HOLD PPNC COMSTANT AT A VALUE OF 5567.500
HOLD DVS CONSTANT AT A VALUE OF 76.779
SURGE MARGIN=  9.1200
EFFICIENCY= 87.2800
363636 06 36 36 36 36 36 1036 36 36 06 36 36 36 3E I DE 3696 36 3¢ 36 696 3 3 96 96 3 3¢
36009636 36 36 3130 36 38 34 36 08 36 3600 31 3695 34 0094 36 3096 96 3096 98 3¢ 3¢ 9% 20
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SET VANE 1 TO  27.00 DEGREES

SET VANE 2 TO 16.00 DEGREES

SET VANE 3 T0  13.00 DEGREES
SET VANE 6 TO  9.00 DEGREES

HOLD RPMC CONSTANT AT A VALUE OF 5567.500
HOLD DVS COMSTANT AT A VALUE OF 76.779
SURGE MARGIN=  9.1800

" T EFFICIENCY= 87.3300

00300036 1300606 06 30 000 3036 06 06 60000 36 360040 4 000006 36 20 0
APPROXIMATE OPTIMIZATION ITERATICN HISTORY

APFROXIMATING FUNCTION 1 IS THE OBJECTIVE
T APPROXIMATING FUNCTIONS ASSOCIATED WITH CONSTRAINTS
2

DESYGN VARIABLE NUMBERS ASSOCIATED WITH APPROXIMATING VARIABLES
1 2 3 4

BEGIN ITERATION HUMBER 1

o NOMINAL DESIGH NUMBER = __ S5 __ _ .. ..

X-VECTOR
0.27000E402 0.16000E402 0.13000E402 0.9C000E+01
T Funcrron vawes '
0.91300E+01 0.87330Z+02

RESULTS OF APFROXIMATE OPTIMIZATION

DELTA-X VECTOR
~0.20000E+01 __0.82847E+00 ~0.20000E+01_-0.20000E+01

X-VECTOR
0.25C00E+02 0.16828E+02 0.11000E+02 0,70000E+01

T APPROXIMATE FUNCTICN VALUZS
0.99303E¢01 0.87633E+02
620303635 30 o 36 36 3% 30 3 36 36 35 3 36 36 36 0 W 36 36 3 3 N I 3 36 96 96 3k

SET VANE 1 TO 25.00 DEGREES

— SET_VANE_2_.T0 __16.83 DEGREES

SET VANE 3 TO  11.00 DEGREES

—__SET_VANE_4 _TO____7.00 CCGREES

HOLO RPMC COMSTANT AT A VALUE OF 5567.500
HOLD OY3 COKRSTANT AT A VALUE OF 76.779
__SUNGE _MARGIN= ____9.4800 _

EFFICIENCY= 87.5400

__BERIEI 0N 003606 600 000026 010 00 0610 0 0 0 01003006001 2020000

_PRECISE FUNCTION VALUES
0.94800E+01 0.87540E+02
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BEGIN ITERATION NUMBER 2
NOMINAL OESIGN NUMBER = )

T X-VECTCR )
0.25000E+02 0.16828E+402 0.11000E402 0.70000£¢01

—FUNCTION VALUES. . ___ ...
0.94300E+01 0.87540E+02

DELTA-X VECTOR {

|

i

—RESULTS .OF. APPROXIMATE OPTIMIZATION . s
|

0.642508E400 0.847466E+00 -0.2000CE+01 ~0.20000E+01 1

R R —_ o
X-VECTOR L
0.25425E402 0.17676E+02 0.90000E+01 0.50000E+01 C

——APPRONMIMATE. FUNCTION VALUES ‘
0.97684E+01 0.87653E+02 i3

|

.i

SEIEIIEIE D636 30 336 o 30 2B I 36 636 3¢ 36 6 9630 6 55 36 36 36 3¢ 36 98 3¢ !

SET VANE 1 TO  25.43 DEGREES

SET VANE 2 TO 17.68 DEGREES

SET VANZ 3 TO  9.00 DEGREES

SET VANE 4 TO 5.00 DEGREES

. HOLD RPNC COMSTAMT AT A VALUE OF  5567.500
HOLD DVS CCHSTANT AT A VALUE OF 76.779
SUNGE M'RGIN=  9.6500
e Nt
EFFICIENCY= 87.3700

B63 26 30 350636 36 36 38 D 636 36 35 06 I 26 6 366 6 2 36 36 636 36 36 36 36 ¢

PRECISE FUNCTION VALUES
0.96500E+01__0.87370E+02

. _BEGIN_ITERATION NUMBER____3

ROMINAL DESIGN NUMBER = 7

X=VECTOR _ _ .
0.25425€E+02 0.17676E+02 0.90000E+01 0.50000E+01

FUMCTICH VALUES
0.96500E+01 _0.87370E+02

RESULTS OF APFROXIMATE OPTIMIZATION
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TTTUSET VAMZ 4 TO 5.00 DECREES

DELTA-X VECTOR
0.18055E+01 ~0.71106E+00 -0.20000E+01 -0.28566E-05

—~——X-VECTCR C e e s - . — e e
0.27231E+02 0.16965E+02 0.70000E+401 0.50000E+01

APPROXIMATE FUNCTION VALUES

— o 0.10846E+02  0.89697E¢02. .. .. . . .
PRI D006 306N D60 D 06 0600 3 03960 3600

—SET.VAHE_ 1 TO..._27.23 DEGREES ——

SET VANE 2 TO  16.96 DEGREES

—SET VAME 3 TO. .. 7.00 DEGREES ... _ ———

SET VAME 4 TO 5.C0 DEGREES

——HOLD RPMC CONSTANT AT A VALUE OF __ __ 5567.500 ———
HOLD DVS CCHSTANT AT A VALUE OF 76.779
SUNGE M2RGIN= 9.4500
EFFICIENCY= _ _87.05€0 _ et

F6 36363630 7 36 36 36 36 26 36 96 U6 36 36 36 3 36 3636 36 36 2 W 36 36 3636 36 34 34 3¢

PRECISE FUHCTION VALUES
0.94500E+01 0.87050E+02

BEGIN ITERATICH AUMBER 4

MOMINAL DFSICH NUMBER = 8

X-VECTOR
0.27231E+402 0.16965E+C2 0.70000E+01 _ 0.500005401. __ __

FUHCTION VALUES
0.94500E+01 0.8705CE+02

RESULTS OF APPROXIMATE OPTIMIZATION

__DELTA-X VECTCR _  _ . - . e e e e
-0..6999E+01 -0.10753E+01 0.30000E+01 0.0

X-VECTCR
_____0.24531E+402 _0.15889E+02_ _0.10000E+02_ __0.50000E+01

AFFROXIMATE FUNCTION VALUES
0.98537E+01 0.87274E+02
R aata it 2dl il e an it il ettt s

SET VANE 1 TO  24.53 DEGREES

SET VANE 2 TO 15.89 DEGREES

SEY VANE 3 TO  10.00 DEGREES

HOLD PPHNC CONSTANT AT A VALUE OF $567.500
. HOLD VS CONSTAHT AT A VALUE OF .. . .. 76.779..
SUAGE MARGIN= 9.7900

EFFICIENCY= 87.4300
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PRECISE FUNCTION VALUES
0.97900E¢01 0.87430E+02

BEGIN ITERATION NUMBER 5

— NOMINAL OESIGN NWMBER = 9

X-VECTOR
0.24531E+02 0.15889E+02 0.10000E+02 0.50000E+01

FUNCTION VALUES
0.97900E+01 0.87430E+02

RESULTS OF APPROXIMATE OPTIMIZATION
DELTA-X VECTOR
=0.13557E401 ~0.30000E+01_-0.12498E+00__0.716046E+00__

X-VECTCR
0.23165E+402 0.12889E+02 0.98750E+401 0.57160E+01

T APFROXIMATE FUNCTION VALUES
0.10994E402 0.87442E+02
(LR E T e e ad F a2 P Rt Attty

SET VANE 1 TO  23.16 DIGREES

o — SET_VANE 2 TO _ 12.89 DEGREES

SET VANE 3 TO 9.88 DEGREES

SET VANE 4 7O ___ 5.72 DEGREES

HOLD RFMC CONSTANT AT A VALUZ OF 5567.590
HOLD DVS COMSTANT AT A VALUE OF 76.779
___SURGE MAPGIN=___ 9.9800 _
EFFICIENCY= 87.2700

BE3026.36 38 06 36 0 066 303056 36 26 36 36 3 365496 06 06 6 36 36 36 36 36 36 36 3¢ 3¢

——_PRECISE FUNCTION VALUES . _ . __
0.993800E+01 0.87270E+02

BEGIN ITERATICH NUMDER 6

NCMIMNAL DESIGH NUMBER = 10

x-vector
0.23165E402 0.12889E+02 0.98750E+01 0.57160E+401

— FUNCTION VALUES . _ . C——
0.99300E+01 0.07270E+02

—RESULTS OF APPROXIMATE OPTIMIZATION

DELTA-X VECTOR
0.524640E+00 0.58893E+00 0.98662E+00 -0.71604E+00

T X-VECTCR
0.22689E+02 0.13478E+402 0.10862E402 0.50000E401

—._APPROXTMATE FUMCTION VALUES . _ ___ __  ____
0.10C25€+02 0.87293E+02
200096 36 30 6 366 96363006 9836 3 963636 6.3 636964 36 36 36 0369606 1038
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SET VANE 1 TO

SET VANE 2 TO

23.69 DEGREES

13.48 DEGREES

SET VANE 3 TO

SET VAME 4 TO

10.86 DEGREES
5.00 DEGREES

: HOLD RPHC CONSTANT AT A VALUE OF 5567.500
» HOLD DVS CONSTANT AT A VALUE OF 76.779
' SUTGE MiRGIN=  9.8400

EFFICIENCY= 87.3000

3626 36 36 36 3% 34 3636 36 34 6 3090 06 36 -3¢ 3 38 98 36 3% 3¢ 3 3¢ 3 4 96 3 96 3¢ ¢

sy o ond oug R OB O

X-VECTOR

PRECISE FUNCTION VALUES
0.98400E401_ 0.87300E+02

. BEGIN_ITERATION NUMBER 7

NOMINAL DESIGH NUMBER = 11

vy

T DELTA-X VECTOR

0.23689E+402 0.13478E+02 0.10862E+02 0.50000E+01

FUNCTIOMN VALUES

——- D.93400E20)1 0.87300E402 . _ .. . o

RESULTS OF APPROXIMATE CPTIMIZATION

~0.14401E+01

PR |

—X-VECTOR _.
0.22249E+02

—. 0.99222E+01

— SET VANE 1 TO

SET VANE 2 TO
— SET_VvAME 3 70

SET VANE 4 TO

0.74872E400 -0.29438E+01 0.29881E+01

0.16227€492 0.79178E+401 0.79881E401

APFPOXINATE FURCTION VALUES

0.87495E+02 e e e e

P U 000 B DRI P60 3 e MW RN

.. 22.25 DEGREES _ _ __ ___

14.23 DEGREES

~.7.92 DEGREES _ ___ —

7.99 DEGREES

——. HOLO RFHMC CONSTANT AT A VALUE OF ____ 5567.500 __
HOLD CvS COLSTANT AT A VALUE OF 76.779
SURGE MARGIH= 9.9000
EFFICIENCY= _ 87,3000 _ _

EREIEIE 30360035 05 3636 30 JE06 36.36 00 06 96 36 3036 36 36 36 30 36 0608 3¢ 3¢ 30 %

0.99000E+01

ong G ool el ad bed eed e

PRECISE FUNCTION VALUES

0.8730CE+02

131

eyt e

5!




BEGIN ITERATION NUMBER 8

NOHINAL DESIGN NUMBER = 12
X-VECTCR
0.22249E402__0.16227€+02__0.79178E401__0. 79881E+0L_______

FUNCTION VALUES
0.99000E+0) 0.87300E+02

RESULTS OF APPROXIMATE OPTIMIZATION

__DELTA-X VECTOR _ _ . . . o
0.31456E400 0.25967E+00 0.62168E+00 -0.27062E+01

X-VECTOR
0.22564E402  0.144%86€E+02__0.85395E+01__ 0.52819E+01

APPROXIMATE FUNCTION VALUES
0.9S291E+01 0.87331E+02
L MRRNEN SRR SRNNN AN NN NN NNNNN

SET VANE 1 TO  22.56 DCGREES

SET VANE 2 TO  14.49 DZGREES

SET VAME 3 TO 8.54 DEGREES

"SET VANE 4 TO  5.28 DEGREES

HOLD RFMC CCHSTANT AT A VALUE OF 5567.500

_ _HOLD DVS CCHSTANT AT A VALUE OF . ... 76.779 . — .
SURGE MARGIN= 9.9700
EFFICIENCY= 87.3600

(1212223322203 8 323223 222023222 dll s

PRECISE FUNCTION VALUES
0.99700E+01 0.87360E+02

BEGIN ITERATION HUMBER 9

———_NOMINAL DESIGN HUMBER = _._.13

X-VECTOR
0.22554E+02 0.14486E+02 0,85395E+01 0.52819E+01

FUHCTICH VALUES
0.99700E401 0.87360E+02

RESULTS OF APFROXIMATE CPTIMIZATION
DELTA-X VECTOR
-0.26179E+00 -0.694602E-01 . 0.10623E+400_-0.28189E+00 ____

X-VECTCR
0.22302E+02 0.14417E+02 0.86457E+01 0.50000E+01

* TTAPFRCYIMATE FUNCTIOM vawes
0.99761E+01 0.87370E+02
U636 06 00336 36 06 36003 06 D -2 06 06 36 26 36 ¥ 6 69 M6 90 30 38

132




S et el et Sm s v e et e el - ars e et et vt Eeag S o A ke - e oA 8 e 5 Ftn e+ < . ey

SET VANE 1 TO 22.30 DEGREES

—SET_VANE 2 TO___14.42 DEGREES

SET VANE 3 TO 8.65 DEGREES

__SET_VANE_&_TYO 5.00 DEGREES

HOLD RPMC CONSTANT AT A VALUE OF 5567.500

HOLD DVS CONSTANT AT A VALUE OF 76.779
——SURGE MARGIN= 10.0100 . o .

EFFICIEHCY= 87.3200

o BN 152663636 069696 366 3636 96 3636203635 3696 3600 96 96 98 36

bt oeow oo N O G T e

— PRECISE FUNCTION VALUES .. _ .. __
0.10J10E+02 0.87320E+02

]
1 T BfGIN ITERATION WUMBER 10 |
; |
E NOMINAL DESIGN NUNDER = 14 ;

i T wvecicr T T !

- 0.22302E+402 0.14417E+02 0.86457E+01 0.50000E+01
' — FUMCTION VALUES.. . .. e e e e

0.10010E+02 €.87320E+02

— RESULTS OF APPROXIMATE OPTIMIZATION _ .. __ .

DELTA-X VECTCR
. -0.14139E+00 -0.50324E-01 0.14963E-0L 0.58275E-06
x-vecter 0 T o
0.22160E402 0.14367E+02 0.86607E+01 0.50000E+01

° APPPOXIMATE FUNCTION VALUES
0.10010E402 0.87321E+02
. 00066 0054 36 36 7 -3 B3890 3636 306 -0 366 556 6 26 36 3436

SET VANE 1 TO  22.16 DECREES

e e
LI

SET VANE 2 TO  14.37 DEIGREES

! TRV

SET VAME 3 70 8.66 DEGREES

S

SET VAME 4 TO 5.00 DEGREES

HOLD RPMC CONSTANT AT A VALUE OF 5567,500
HOLD DVS CONSTANT AT A VALUE OF 76.779
SURCE MARGIN=  10.€C00

T EFFICIENCYs  87.3100

FEI606 3606 36 635 30 3436 3636 34 36 36 20 9630 2636 36 36 96 30 33636 36 56 2 3 3¢

0.1C020E+02  0.87310E+02
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— BEGIN_ITERATION NUMBER. .11 oo e
NOMINAL DESIGN NUMBER = 15

e X=VECTOR o e e e e
0.22160E+02 0.14367E+02 0.86607E+01 0.50000E+01

FUNCTION VALUES
0.10020E+02._ 0.87310E+02

RESULTS OF APPROXIMATE OPTIMIZATION

T DELTA-X VECTGR
-0.92877E-01 -0.16467E-01 0.23182€-02 0.0

—  X-VECTOR . . . . PR S S

0.22067€402  0.14350E402 0.86630E+01 0.50000E+01

APFROXIMATE FUNCTION VALUES
_.0.10220E+402 0.87310E+02. . .. . ..__
96206 36 36330 96 696 0600 236 3636 6 U6 36 N Sk 5650 690 30

——SET_VANE_1 TO . 22.07 DEGREES

SET VANE 2 TO  14.35 DEGREES

—— _SET.VANE_3 TO ___ 8.66 DEGREES ———

SET VANE 4 TO 5.00 DECREES

HOLD RPMC COHSTANT AT A VALUE OF 5567.500
HOLD DVS COM3TANT AT A VALUE OF 76.779

SUTGE MARGIN= ?.0200

EFFICIENCY= 87,3200 __ _ __ .

6330636 36 3 36 3 34 36 2 36 30 3 6 I8 36 36 3 36 36 36 36 3 36 33 36 3 96 08

PRECISE FUNCTION VALUES
0.93200E+01 0.87320E+02

BEGIN ITERATION NUMBER 12

" T NOMINAL DESIGN NUNMDER = 16
X-VECTOR
0.22067E402 __0.14350E+02 _0.86630E+01 _0.50000E+01

FUNCTION VALUES
0.99200E+01 0.87320E+02

RESULTS OF APPROXIMATE OPTIMIZATION

—— DELTA-X VECTOR . .. . - = o —
0.90472E+400 0.24113E+00 O0.33393E+00 0.76387E-01

X-VECTCR
o 0.22972E402 .0.14591E+02 . 0.89970E401 _ 0.50764E¢0) ..

AFFROXIMATE FUNCTION VALUES
0.99321E+01 0.87341E+02
RIS R SR R 2 P S P Ao
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SET VANE 1 TO  22.97 DEGREES

SET VANE

2 T0  14.59 DEGREES

SET VANE 3 TO 9.00 DEGREES

SET VANE ¢ TO  5.08 DEGREES

HOLD RPMC CONSTANT AT A VALUE OF 5567.500
— HOLD DVS CONSTANT AT_A VALUE OF —-.76.779

SURGE MARGIN= 9.9000

EFFICIENCY= 87.35900

(222323222222 232 3222332223232 228

' T PRECISE FUNCTICN VALUES
0.99000E+01 0.87390E+02

BEGIN ITEPATION NUMBER 13

. NOMINAL DESIGN NUMBER = __17

X-VECTOR
0.22972E+02 0.14591E+402 0.89970E+01 0.50764E+01

T FUNCTICN VALUES -
0.99C00E+01 0.87350E+02

~ T RESULTS OF AFPROXIMATE OPTINIZATION
DELTA-X VECTCR
_ _~0.5I203E400 -0.10465E400_ 0.26495Z-01 -0.76386E-01 ___

X-VECTOR
0.22434E+02 0.14437E+02 0.90215E+01 0.50000E+01

T APPRONIMATE FUMCTIOM VALUES
0.95036E+01 0.87397E+02
FEIEI W DN e o NI eI DI DI M6 I D I 26 3 3% I I W M

SET VANE 1 TO  22.43
—~SET VAME 2 TO ..-264.49
SET VANE 3 7O 9.02
——-SET.VAME 4 .TO ... 5.00
HOLD RPNC CONSTANT AT
BOLD CVS CCHSTANT AT

— . SURCE MARGIN=

EFFICIENCY=

HCMINAL DESIGH MUMBER

9.9500 . . . -~

L1222 332 22222222 22l i 2d sl el 2 By

BEGIN ITERATION NUMIER

DEGREES

DZCREES ... .-~

DECNEES

DECREES . .. - -

A VALUE OF
A VALUE OF

§567.500
76.779

87.3400

———_PNECISE FUNCTION VALUES ... .
0.955C0E+8)1 0.87340E+402

14

= 18
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X-VECTCR
0.22434E+¥02 0.14487E+02 0.90215E+01 0.50000E+01

— FUNCTICN VALUES . ___ _ __
0.95500E+01 0.87340E+02

— RESULTS_OF_APPROXIMATE OPTIMIZATION

DELTA-X VECTOR
0.10636E+00 0.82121E-01 -0.61548E-01 0.20496E-06

X-VECTCR
0.22590E+402 0.14569E+02 0.89599E+01 0.50000E+01

—— APTPOXIMATE FUNCTION VALUES

0.99502E+01 0.87340E+02
96 2636 269 3 36 36 969656 6 6 3696 K 06 066 36 3 3600 36 260 0

SET VAME 1 T0  22.54 DEGREES

SET VAHE 2 TO  14.57 DEGREES

SET VAME 3 TO  8.96 DEGREES

SET VANE 4 TO  5.00 DEGREES

HOLD RPNMC CONSTANT AT A VALUE OF 5567.500
HOLD DVS CONSTANT AT A VALUE OF 76.779
SURGE MARGIN=  10.0300

EFFICIENCY= 87.3400
6636 36 36 5 36 3 3 36 36936 96 0036 36 9 36 D e e e -3 36 36 36K 36 96 3¢

PRECISE FUNCTION VALUES
— . 0.1CQ230E+02 0.87340E402 . .. . . . e i o mm e o

——  BEGIN YTERATIOHM MUMBER 18 . . o
NOMINAL DESIGH NUIMBER = 19

— X=VECTOR .. . . .. . e e
0.22540E+402 0.14569E+402 0.89599E+401 0.50000E+01

FURCTICH VALUES
- 0.10030E+C2 0J.87360E+402 .. . ... — .

RESULTS OF APPROXIMATE OPTIMIZATION

DELTA-X VECTCR
-0.65381E+00 0.13942E400 -0.15637E400 0.37472E-06

e X=VECTOR . . ... . e e e
0.21826E+02 0.14708E+02 0.88035E401 0.50000E+01

APFRCXIMATE FUNCTION VALUES
_ 0.107355+02 0.8735CE+02 . _
96365696 56 36 6 3 063 56 D606 2600 3 30 3 636 5496 3¢ D6 396 36 JEA6 00 4

—SEYT VANE 1.T0..._21.89 DEGREES.

SET VANE 2 TO  14.71 DEGREES
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—SET.VANE 3.TO ___8.80 DEGREES

SET VANE 4 TO 5.00 DEGREES

——HOLD RPMC CONSTANT AT A VALUE OF _____ §567.500 __
HOLD DVS COMSTANT AT A VALUE OF 76.779
SURGE MARGIN= 9.9500

o —EFFICIENCY= 87.3100

63 33 26 HEIEIE I 36 2636 D I B 6 I 3606 3636 36 36 36 36 36 3 K 0636 3 9

PRECISE FUNCTION VALUES
0.99900E+01 0.87310E402

BEGIN ITERATION NUMBER 16
HOMINAL DESIGN HUMBER = 20

X-VECTOR

—— . 0.21286E+02 ._0.14708E+02 . 0.88035E+401.- 0.50000E+01 —

FUNCTICH VALUZS
0.99900E+01 0.87310E+02

RESULTS OF APFROXIMATE OPTIMIZATION

———DELTA-X VECTOR ... . . . il o i ct v e
0.45081€E+00 ~0.16517E+400 0.65177E-01 0.81630E-06

X-VECTOR

— 0.22337E+02 O©.14543E+02 0.88687E+01_.0.50000E+01

APPROXIMATE FUNCTIOM VALUES
0.99325€E+01 0.87315E+02
ORI e B K TN N NN MMM

SET VANE 1 TO  22.34 DECREES

SET VAME 2 TO  14.56 DEGREES
SET VAME 3 TO  8.87 DECREES

"7 SET VANE 4 TO  5.00 DEGREES

HOLD RPHC CCHOTANT AT A VALVUE OF 5567.500
—HOLD DVS CONSTANT AT A VALUE OF ___ ___. 76.779
SURCE HARGIN= 10.0900

EFFICIENCY= 87.3200

P66 3636 36 2 X 2636 36 36 36 I3 I 36 3¢ B 3t 3 DE B D6 36 3¢ 36 I 3636 36 36 I ¥

PRECISE FUNCTION VALUES
0.10090E+02 0.87320E+02

BEGIN ITERATIOH NUMBZR 17

—_HOMINAL DESIGN NUM3ER = _ 21

X-VECTCR
0.22337E402 0.14543E+02 0.88687E+01 0.50000E+01
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TFUNCTICH VALUES
0.10090E+02 0.87320E+02

RESULTS OF APPROXIMATE OPTIMIZATION

DELTA-X VECTOR

-0.15458E+01__0.61068E+00__0.32988€+00__0,.50180E-06____

X-VECTOR
0.20751E402 0.15154E+02 0.91986E+01 0.50000E+01
AnponiﬁiTE“m‘cuon VALUES
0.10122E+02 0.87355E402
69636 I3 35 36 3 26 36 3k 6 D6 TE 36 36 36 36 J6 3 I 36 I 56 B W6 36 696 36 I I I

SET VANE 1 TO  20.79 DEGREES

——SET.VANE .2 TO__ 15.15 DEGREES

SET VANE 3 TO 9.20 DEGREES

— .SET.VANE 4 .TO___5.00 DEGREES

HOLD RFMC CONSTANT AT A VALUE OF 5567.500
HOLD BVS CCHSTANT AT A VALUE OF 76.779
: — SURNCE MARGIN= ._10.0900 _

EFFICIENCY= 87.2600

FE3E 36 36 3 36 36 3636 36 36 36 363 96 6 26 3636 36 563636 336 3 36 3 36 3 HE M

_PRECISE FUNCTION VALUES _

0.1C000E+C2 0.87260E+02

FINAL RESULT OF APPROXIMATE OPTIMIZATION

HOMIMAL DESIGN NUMBER = 21

Y VECTOR
0.22337E+402 0.14543E+02 0.83687E+01 0.50000E+0)

—FUMCTION VALUES ... . e e e s et e e e
0.100%0E+02 0. 873205‘02

RESULTS OF APPROXIMATE ANALYSIS/OPTIMIZATION

RN, 5 4 4 -3 O
**********li!&*l**l*i&***!*I***N**!***li**&lli**&lllﬂl

GLOBAL LCCATIONS OF X VARIABLES
1 2 3 4

GLO2AL LOCATIONS OF FUanIONS’ FiX)
6 7

APPROXIMATION IS BASED CN 22 DESIGNS

NOMINAL DESIGN IS DESIGN NUMBER 21

VALUES OF X-VARIABLES
0.2234E402  0.1454E+02 0.8869E+01 0.5000E+0)
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VALUES OF FUNCTIONS, F(X)
0.1CC9E+02  0.8732E+02

COEFFICIENTS OF TAYLOR SERIES EXPANSION

PARA;ET-ER 1 = GLOBAL VARIABLE 6

LINEAR TERMS, DEL F
~0.2489E-01_ -0.1656E-01 _~0.3135E~01 __~0.1033E+00

NON-LINEAR TERMS, H, BEGINING WITH DIAGONAL ELEMENT

ROW 1
-0.3420E-01

ROMW____ 2.
-0.3243E-01

ROW 3
___ _<0.1605€-01

ROH 4
0.2657E-01

7 PARAMETER 2 = GLOBAL VARIABLE 7 i
é . LINEAR TERMS, DEL F__ _ . . -
) 0.1970E-01 0.6028E-01 0.4993E-01 0.4308E~01
I -
! . _NOH-LINEAR TERMS, _H, BEGINING WITH DIAGONAL _ELEMENT__
- ROW 1
~0.2774E-01
‘ e r
~0.1114E~-01

—RON_. 3 .-
~0.1144E-01

RCH! 4
——~0.1471E-01 _

OPTIMIZATION RESULTS

—C8JECTIVE FUNCTION — — s -
GLODAL LOCATICH 6 FUNCTION VALUE 0.10090E+02

—— DESIGH_VARIABLES ____.

D. V. GLCBAL LOWER UPPER e
NO. VAR. NO. EOUN! VALUE BOUND
1 vl -~ 0,10000E402..0.22337E402.—0.35000E+02 .
2 2 0.50000E+01 0,14543E+02 0.25000E+02
3 3 0.50000E+01  0.88687E+0%F 0.25000€+02
4 4 0.5000CE+01  0.50000E401  0.25000E+02
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DESIGN CONSTRAINTS

GLOBAL LOWER UPPER
D VAR. NO. BOUND VALUE BOUND
1 7 0.87300E+02 0.87320E+02 0.10000E+04

Wi FINAL SOLUTION VALUES #wsn

VANE ANGLE FOR VANE 1 IS 22.34 DEGREES
— VAME_ANSLE_FOR _VANE 2. IS___ ______14.54 DEGREES
VANE ANGLE FOR VANE 3 IS 8.87 DEGREES

— VAMNE ANGLE FOR_VANE ¢ XS __5.00.DEGREES

SURGE MARGIN=  10.0900

EFFICIENCY=___ 87.3200
RPMC WAS HELD CONSTANT AT 5567.50
DVS WAS HELD COHSTANT AT 76.78

FROGRAM CALLS TO ANALIZ

ICALC  CALLS

—_—) Y
2 22
3 1
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UNDER CONTRACT F33615-79-C-2013

GOVERNMENT PRODUCTS DIVISICN

"FREPARED FOR THE AIR FORCE AERO PROPULSION LABORATORY

TTBY: PRATT & WHITNZY AIRCRAFT GROUP

STATOR VANE OPTIMIZER
0606560 00 0 000 D000 0633006 16 30 1 0606 00 08

PROTOTYPE SOFTWARE CAPABLE OF GUIDING THE OPTIMIZATICON OF __ _
STATOR VANE AND BLEED SETTINGS IN A MULTI-STAGE COMFRESSOR

PLEASE HIT RETURN TO VIEW OPTIMIZATION GOAL MENU

YCJ HAYE SELECTED TO MANIMIZE CORRECTED

HOLD RFIC CONSTANT AT 5567.500
HCOLD OL  CCHMSTANT AT 76.779
OPTIMITING & VA.E ANGLE(S)

- I CPTIMIZATION CCHDITIC!S I CONSTRAINTS I
MO I GOAL I RFHMC KC FR ODVS O.L. I S.M. I EFF I
e pmm——— B ettt DL LSS + +
11 _EFF I X __ - = X = Y = I - Y. ____ . .
- 2T EFF I X - - - X I - 1 - 1
31 EF I - X X - - I - I - I
I EFF I X - = X - IMIN I - I
__STI_EFF_ I X___ - = _ = X _IMN T_-_Y____ ______
T 6T EFF I - X X - - IMIN I - I
71 8M. I X - - X - I - I - 1
81 SM. I X - - - X I - 1 - I
91 SM._I - X _X_ - - 1 - % - T_ . __
1917sM.71 X777 T T 12T HIN
111 SM. I X - - - X I - IMIN I
121 SM. I - X X -« - @I - TIMIN I
IBYSVEWT X X_ - -~ 1 - I - Y ___ -
TG IHAXMC D X T =T 2TTTaTTTXT I MIN T MIN I
ISIHMUCI X - = = % IMM IMIN I
161 FR I X X = - = IMIN IMIN I
171 PR I X - = = X TIHMIN IMIN I

FLCW HOLDING

CONRECTED SPEED (RPMC) AND OPERATINSG LINE (OL) CCNSTANT

TTTTUMILE CCHSTRAINING SURGE MARGIN AMD EFFICIEMCY TO MINIMUM VALUES ~

LCI'ER DOUMD FCR VENE 1 IS 7 10.000
DO YCU AGREE? (Y/N)

LOLER BCUID FOR VANE 2 IS 5.000
DO YOU AGREE? (Y/H)

TTTLCMER TOUND FCR VAHE 3 15T T 5.000
DO YCU ACREE? (Y/N)
LOUER B2UND FOR VANE 4 IS 5.000

DO YOU AGREE? (Y/N)
TUPPER BCUND FOR VAME 1 IS~  35.000

DO YCU AGREE? (Y/N)

UPPER BOUND FOR VANE 2 IS 25.000
_DO YOU AGREE? (Y/N)

UFPER BCUND FOR VANE 3 IS 25.000
02 YCY AGREE? (Y/N)
UPPER BCOUND FOR VANE 4 IS 25.000
DO YCJ AGREE? (Y/N)

LOUER EOUHD VALUE FCR SM IS 8.500
UPPER SOUND VALUE FOR SM IS 100.000
LCIIZR EOUND VALUE FCR EFF IS 87.000
_UPPER EOUND VALUE FOR EFF IS 1000.000 Ll e e e
INCREIMTHNTAL VANE ANGLE VALUE FOR INITIAL VANE SETTING IS -2.00
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TITLE:
6060000360 38636 06000636 3606064600 0600060606606 060006 0606 0606 060006 3600 0606 00 HHEHHHEHEHHEN HEHI

COHTROL PARAMETERS;

CALCULATION CONTROL, NCALC =

MUM3ER OF GLOBAL DESIGN VARIABLES, _ NOV =
T MUSER OF SEMSITIVITY VARIABLES, NSV =

NUMCER OF FUNCTIOHS IN TKO-SPACE, N2VAR =

MUMBER OF APFROXIMATING VAR. NXAPRX =

INFUT INFORMATION PRINT CODE, _ _ IFNPUT =
T DEBUS PRINT CCIE, IPDBG =

CALCULATION CCHTROL, HCALC
TTVALUE  MEANING
1 SINGLE ANALYSIS
OPTIMIZATION
_ SENSITIVITY _ _
THO-VARIABLE FUNCTION SPACE
OPTIMUM SENSITIVITY
APFZOXIMATE OPTIMIZATION

2
3
4
5
6

GLCTAL VARIABLE NUMBER OF OBJECTIVE = 8
HULTIPLIER (KZGATIVE INDICATES MINIMIZATION) = 0.1000E+01

CONMIN PARAMETERS (IF ZERO, CONMIN DEFAULT WILL OVER-RIDE) -

IPRINT ITMAX  ICHDIR NSCAL ITRM  LIMCR} NACMXY NFDG

5 @2 __ s . 6____ 3 6 __1 o0 __

FDCH FDCHM cT CTMIN

0.10300E-01 0.10COCE-02 ~0.50000E-01 0.40000E-02

cTy T 7 TTerdmN T TTTTTTUTMETAT T T T ey T T

-0.100P%E-01 0.10000E-02 0.10000E+01 0.0

DELFUN ___DABFUN_ ALFHA,. ___. ABCBJL
T 0.19900E-02 0.0 TT70.10000E+00 0.10000€+00

DESIGM VARIABLE INFORMATION
NONH-ZERQ IMITIAL VALUE WILL OVER-RIDE MODULE INPUT

TP. V. T LOUER UPPER " INITIAL
Ho. BcuNo EOUtD VALUE SCALE
1 0.10000E+02 0.35CC0E+02 0.27090E+02 0.0
2 0.5000CE+01 0.25000E+02 _ 0.16000E+02 0.0 o
T 37T 0.50000Ee01 0.250C02+02 ~ 0.13000E+02 0.0°
'y 0.50000E+01 0.25000E+02 0.90000E+01 0.0 !
* TTBESIGN VARIABLES ~~TUTTTTT T T T mmrmmee—s e 1
0. V. GLOBAL MULTIPLYING
10 NO. VAR. NO. FACTOR
1 1 1 ®.aoogoEe0
2 2 2 0.10000E+01
3 3 3 0.10000E+01
4 4 4 0.10000E+01
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= TTTGLOSAL LCCATICHS OF FUNCTICNS ~

COHSTRAINT INFORMATION

THERE_ ARE 2 COMSTRAINT SETS

GLCBAL GLCBAL LINEAR LOHER ~ NORMALIZATION ~ UPPER
I0 VAR. 1 VAR. 2 ID BOUND FACTOR BOUND
1 6 6 0 0.85000E+01  0.85000E+01  0.10000E+03
3 7 . 7_____O____ 0.87000E+02___0.87000E+02___0.100COE+0%
TOTAL NUMBER OF CONSTRAINED PARAMETERS = 2

* % APPROXIMATE ANALYSIS/OPTIMIZATION INFORMATION

" NORMALIZATION

FACTCR
0.10000E+03
0.10000E+04 _

NUMBER OF FUNCTIONS APFROXIMATED, NF = 0 L _
MUITER OF INFUT X-VECTCRS, NPS = 5
NUHMSER OF INPUT X-F PAIRS, NPFS = 0
X-VECTC? FRCM AMALIZ, HOA = (]
NOMIMAL DESIGH, o INSM=_ 0 .
T READ UNIY FCR X-VECTCRS, ISCRX = 5
READ UMIT FCR X-F PAIRS, ISCRXF = 5
PRINT CONTROL, IPAFRX = 1
T MIMIDU AFPPOXIMATING CYCLES,  KMIN = 5
MAXIMIS APFROYIMATING CYCLES, KMAX = 17
MAMINUM DESICHS USED IN FIT, NRIAX = 23
HOMINAL DESIC!! PARAMETER,  JuCM = 28
T X=-LCZATION INFUT PARANMITER,  INXLCC = 0
F-LCZATICN INTUT PARANETER,  INFLCC = )
TAYLER SERIES 1.D. CODE, MAXTRM = 2

DELTA-X EJUNDS FOR AFPROXIMATE OPTIMIZATICN
0.2C00C+01 0.2C00E+01 0.2CJ0E+01 0,2020E4+0)

"XFACT1 = “0.15902+01

T HULTINLIER CN CELX. =
%FACT2 = 0.200CE+0L

MULTIPLIER ON DELX,

T GLCTAL LOCATICNS OF X-VARIABLES —
1 2 3 4

] 6 7

X-VECTCRS INPUT FROM UNIT 5

NUMBER 1 DESIGN 1

T 0.2500E402 T0.1800E+02 T 0.1500E+02  0,1100E402

NUMBER 2 DESIGN 2

0.2700E+02 0.1800E+02 0.1500E+02 0.1100E+02

__NuMoER 3 DESIGN 3 .. —-
0.27022+02 0.1600E402 0.1500€402 0.1100E+02

__NUM3ER 4 DESIGN & :
0.27C0E+02 0.1600E402 0.1300E402 0.1100E+02

__NuncR 5 ODESIGN 5 .. R
0.27002+02 0.1600E+02 0.1300€+402 0,.9000E+01
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® # ESTIMATED DATA STORAGE REQUIREMENTS .

— ... . REAL e _ INTEGER ___ = __
INPUT EXECUTICN AVAILABLE INPUT EXECUTION AVAILABLE
41 355 5000 30 78 1000

636383636 3 34 36 3 06 06 9636 36 36 36 36 3036203036 36 6 3¢ 26 36 36 34 38 34 36 3¢

SET VAME 1 TO  29.00 DECREES

SET VANE 2 TO _ 18.00 DEGREES

SET VANE 3 TO 15.00 DECREES

SET VANE 4 TO _11.00 DEGREES

HOLD RPMC COMSTANT AT A VALUE OF 5567.500
HOLD OL  CONSTANT AT A VALUE OF 76.779
CCRRECTED FLO= 77.5200

SUNGE MARGIN= 8.2800 ]

EFFICIENCY= 87,1400

FEVEIEIET6 I 3 36 6 6 6 D6 36 36 3636 3 3636 36 36 36 96 3 X I 36 36 3 96 36363

06 36 360630 630 36 3606 630 3 .00 96 3 N D606 9006 6 30 36 0636 0006 0 06 ;

- SET VAME 1 TO 27.00 DEGREES y
. —.ok7 LAY e i
SET VANE 2 TO  18.00 OEGREES
SET VANE 3 TO  15.00 DEGRIES o -;
i
SET VANE ¢ TO 11.00 DEGREES
. HOLD RPMC CONSTANT AT A VALUE OF  5567.500 -
. T HOLD OL  CONSTANT AT A VALUE OF 76.779 .
CORPECTED FLOW= 78.64100 -
___SURGE MARGIN=__ 8,7700 -
EFFICIENCY= 87.3200 d
__!!fy!*l*ﬁ&y*?&lil‘#lllﬁﬁlﬁ**lﬂil* —
D630 36 3 3636 36 36 36 3636 € 26 3¢ 36 26 D66 D D 3 V6 D36 3¢ 3¢ 36 W06 36 3¢ 3¢ *
SET V/ME 1 TO  27.00 DEGREES i

SET_VANE 2 TO__16.00 DECREES__

SET VANE 3 TO 15.00 DECREES

__ SET VANE 4 TO _11.00 DEGREES
MOLE RPMC CCHSTANY AT A VALUE OF 5567.500
HOLD OL  CCMSTANT AT A VALUE OF 76.779
COANECTED FLON= 78,7600

SURGE MARGIN= 8.8100
__EFFICIENCY= =~ 87,2500

FE3E0 3 JE I 63 230 20 D6 F0I6 36 36 26 26 36 690 36 30 38 05 36 28 36 96 36 3% 363
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___SET VANE 1 TO _27.00 DEGREES

SET VARE 2 TO  16.00 DEGREES

SET_VANZ 3 TO _ 13.00 DEGREES

SET VANE 4 TO  11.00 DEGREES

HCLD RPIC CONSTANT AT A VALUE OF 5567.500
THOLD CL ~ COMSTAHT AT A VALUE CF 76.779

CORRECTED FLCH= 79.1900

SURGE MARGIN= _ 8.9700

EFFICIENCY= 87.3000

3636 3636 36 26 3 I 56 636 I 3638 IF D I 2 3 6 2t 3¢ 36 I 36 D6 I JE I 36 36 24 3

P36 36 36 38 I 56 36 26 36 26 36 36 I 26 36 3 3 6 3624 2 2 3¢ D 3¢ I B 36 3 3636

SET VANE 1 TO 27.00 DEGREES

__SET VANE 2 TO__16.00 DEGREES

SET VANE 3 TO 13.00 DEGREES

SET VANE 4 YO 9.00 DEGREES _

HCLD RPMC COMSTANT AT A VALUE OF 5567.500
HOLD CL  CONSTANT AT A VALUE OF 76.779
___CCTnRECTED FLCW= 79.4900 _ _

SURGE MARGIN= 9.2000

_EFFICIENCY= __ 87.3300 ___

3636 D66 36 960690 06 36 3 163600 3636 36 36 2 066 60636 .06 3636 34
APPROXIMATE OPTIMIZATION ITERATION HISTORY

APFRCXIHATING FUNCTION 1 IS THE OBJECTIVE

AFFROXIMATING FUNCTIONS ASSOCIATED WITH CONSTRAINTS
e 3

DESI(IEN“VARIABLE HUMBERS ASSCCIATED WITH APPROXIMATING VARIABLES
2 3

BEGIN ITERATION NUMBER 1
NOIIMNAL DESIGN NUMBER = §

X-VECTOR
0.27000E+02 0.16000E+02 0.13000E+402 0.90000E+¢01

FUNZTICH VALUES
0.75493E+02 0.92000S401 0.87330E+02

TTRESULTS OF APFROXIMATE OPTIMIZATION =~

DELTA-X VECTOR
—_.~0.20000€+01 -0.20000E+01 ~0.20000E+01 -0.20000E+01
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X-VECTCR

0.25000€+02 0.14000E+02 0.11000E+02 0.70000E+01

T APFROXIVATE FUNCTION VALUES™
0.81960E¢02 0.10120E+02 0.87520E+02
60696 36 36 36 3f N 36 36 36 2 36 36 36 3¢ 26 30 36 36 36 2 36 36 3¢ 36 36 3¢ 3¢ 33 3¢ M

SET VANE 1 TO 25.00 DEGREES

SET VANE 2 TO__ 14,00 DEGREES

SET VAMC 3 TO 11.00 DEIGREES

HOLD RFMC COMSTANT AT A VALUE
HOLD CL  CCHSTANT AT A VALUE
. ___CCRRECTED FLOM= 81.2800

OF
OF

5667.500
76.779

SUTGE MARGIN= 9.6700

EFFICICHCY= ~ 87.4000

U HE 36 36 26 96 26 I 2 361 6 2 3636 36 36 0636 2 DI I T 3 N 136 3636 36 36 9

FRECISE FUNCTION VALUES

0.8128CE+02 0.96700E+401 0.87400E+02

BEGIN ITERATIOM MUMRER 2
“THCHINAL DESICN NUMBER = 6

X-VECTCR

0.C5300E+02 0.14000E+02  0.11000E+02 0.70C00E+01 _

FUNCTICN VALUES

0.312C0E+02 0.96700E+401 0.87400E+402

RESULTS OF APFROXIMATE OPTIMIZATICN

____BELTA-X VECTOR

-0.19352E+01 -0.1217CE+01 -0.20030E+401 -0.20000E+01

X-VECTOR

_0.23C65E+02 0.12783E+02 _0.90000E+01__0.5000CE+01 _

AFFROXIMATE FUNCTION VALUES

0.82731E+402 0.95947E+01 0.87381E+02
_HIHESOEN IR MM NI LRI N

SET VAHE 1 TO  23.06 DEGREES
T TTSET VAME 2 TO 12.78 DEGREES
SET VANZ 3 TO  9.00 DEGREES
SET VANE 4 'TO  ~ 5.00 DEGREES
HOLD RFUC CONSTANT AT A VALUE
HILD OL  CCH3TANT AT A VALUE
CCINECTED FLC:!= 82.7400
SURGE MARGIN= 9.9500

TTEFFICIENCY=T T B7.2500

OF

oF

5567.590
76.779
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L6036 3006 38 3036 3 36 38 38 96 36 8 36 38 200 6 36 9% 20 30 96 36 36 36 3% 34 3¢

PRECISE FUNCTICH VALUES
0.32740E+02 _ 0.99900E+01 _0.87250£402

BEGIN ITERATION NUMBER 3

KOIMINAL DESIGH NUMBER = 7

__ X-VECTOR o _ L R
0.23065E402 0.127683E+402 0.90000E+01 ©.50000E+01

FUNCTION VALUES
0.82740E402  0.99900E+91 0.87250E402

RESULTS OF APPROXIMATE CFTIMIZATION

OPTIMIZATION HAS PRCCUCED AN X-VECTOR WHICH IS THE SAME AS A PREVICUS DESIGN

DELTA-X VECTOR _ e e
T 0.24780E-06 -9.56196E-05 -0.G0702E~05 ~0.29159E-05

X-VECTCR

 0.23065E402  0.12783E+02 0.9000DE+01__ 0.50000E401

THE FOLLOWING DESIGN IS MOV THE APPROXIMATE OPTIMUM

DELTA-X VECTOR o ) L
0.60C01E-01 0.5999GE-01 0.39996E-01 0.19997E-01

X-VECTZR?
0.23125E402  0.12843E+02  0.50400E+01 _0.50200E401 __ N
AFPROXIMATE FUMCTION VALUSS
0.827C4E+02  0.9997CE+01 0.87256E+02
““Kl&rﬁ’i‘ﬁ_‘!**%ﬂl"*&I'l*?§t¥l*¥§¥*¥§*

SET VAHNE 1 TO  23.12 DEGREES

"SET VANE 2 TO 7T 12.84 DECREES

SET VANE 3 TO 9.04 DECPEES

T SET VANE 4 TO T 5.02 DIGREES

HOLD RIHMC COMSTANT AT A VALUE OF 5567.500
_HOLD CL  CONSTANT AT A VALUE OF 76.779
CUIRECTED FLCH= £2.7100

SUTGT MARGIN= 9.9700

TTRFFICITLICYS 87.2600

36036 96 3820 36 36 52 369 78 36 38 3% 3 33636 36 D6 3 D6 98 3696 3 3¢ 3630 N ¢

FRECISE FUNCTION VALUES
_0.20710E+02  0.99700Z+01 _0.87260E+02
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__BEGIN ITERATICN NUIBER ¢

NOMINAL DESIGH NUMBER = 8

X-VECTOR
0.23125E+02™ 0,12843E+02 0.90400E+01

0.50200E+01

FUNCTION VALUES
0.82710E402_ 0.99700E+01 _0.87260+02

RESULTS OF APPROXIMATE OPTIMIZATION

DELTA-X VECTOR
0.27535E400 -0.10000E+01 -0.49622E+00 -0.20002E-01

X-VECTCR . A .
0.23400E+02 0.11843E+02 0.85638E401 ©.50000E+01

APFRIOXINATE FUNCTION VALUES
_ . 0.33101E+02 0.85726E+01 0.87614E+02
B 5 e JER 5 A o e N 0625654 S 00 N

____SET VANE 1 TO _ 23.40 DEGREES

SET VAME 2 TO  11.8% DEGREES
___SET VANE 3 TO___ 8.54 DEGREES

SET VANE 4 TO 5.00 DEGREES

HOLD PFiC COMSTANT AT A VALUE OF _ _ 5567.500
HOLD OL  CCHSTANT AT A VALUE OF 76.779
CORRTCTED FLCH= 62.8800
__ SURGE MARGIN= 10,1000 : ~'
EFFICIZHCY= 87.2000

363636 D6 3 J6 I W T I 6T IE 3636 36 0 36 06 36 96 3606 36 36 36 3696 2 3 2

PRECISE FUNCTION VALUES -
0.82350E+02 0.10100E+02  0.87200E+02 "

T BEGLII ITERATICN NUMBER ' 5

NOHINAL DESIGN NUMBER = 9

[RSmSeNYY

X-VECTCR™
0.23500E402 0.113¢3E+02 0.85433C+01 0.50000E+01 T

FUNCTICH VALUES o .
" 0.32650E+c2 0.10100E+027 0.87200E+02

——i

___RESULTS OF APPROXIMATE OPTIMIZATION

DELTA-X VECTOR
-0.67223E+09 -0.30000E+01 0.35910E+00 0.48671E+00

TX-VECTCR
L 0.22720E402 0.88430E+01 0.85029E+01 ©.54367E+01

APPROXIMATE FUNCTION VALUES
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0.83304E+02 0.85G9GE+01 0.87775E+02
069630 36 9636 I 7696 e D6 26 5 363616 3696 36 36 36 3436 36 30 2696 3490 3 3¢

SET VAME 1 TO  22.73 DEGREES

SET VAME 2 TO 8.84 DEGREES

SET VAIE 3 TO  ~ 8.90 DEGREES

SET VAHE 4 TO 5.49 DEGREES

HOLD RPIC CCHSTANT AT A VALUE OF  5567.500
HOLD OL  CCHSTANT AT A VALUE OF 76.779
CGRAICTED FLCW= 83,3600

‘SURGZ MARGIN= ~ 9.9100 T
EFFICIZNCY= 87.0000

T 00 3 RN RN M KM N NI NN IRN NN

TTTTRRECISIT FUNCTICM VALLES T T T T T
0.833605402 0.991002+01 0.87000E+02

EEGIN ITERATICH NUMBER 6
NOMIMAL DESICH NUMSER = __ 10

X-VECTCR
0.20728E+02 0.83430E+01 0.89029E+02 0.54867E+01

T FUCTICH VALUSS T
0.83350E+402 0.99100E+01 0.37000E+02

"RECULTS OF APPROXIMATE OPTINIZATICHN

DELTA-X VECTOR
0.33735E400 -0,12495E401 -0.82012E-01 -0.48670E+00

X-VECTCR
0.23116Z2+4C2 0.75931E+01 0,3820°E+01 0.50000E+01
APFROXINATE FUNCTICH VALUES ~ 7 o o '_-
0.83616E+02 0.855635+401 0,.87663E+402
B I K B2 KRS NN NN M KI5 M I

SET VANE 1 TO  23.12 DEGRLES

SET VANE 2 TO  7.59 DEGREES
SET VAKE 3 TO 8.82 DEGREES

SET VAME 4 TO  5.00 DEGREES

HOLD RFMC COMSTANT AT A VALUE OF 5567.500
HOLD OL  CCMSTANT AT A VALUE COF 76.779
__CCRRECTID FLONH= 83,4300
SURSE MARGIN=  10.0300
_ EFFICIENCY=  86.9200

36303 36 36 36 36 . 36 36 36 6 36 36 T 36 I6 36 36 36 6 36 36 3 3 3 36 3 33 M 38 38
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PRECISE FUNCTICN VALUES
0.83%80E+07 0.10030E+02 0.86920E+402

BEGIN ITERATION NUMBER 7

NOHINAL DESIGN NUMBER = 11

X-VECTCR
| 0.23116E402 _0.75931E+01 0.88209E+01__0.50000E+01

FUNCTICZH VALUES
0.83520E+02 0.10030E+02 0.86920E+02

RESULTS OF APPROXIMATE CPTIMIZATION

DELTA-X VECTOR i L
T -0.20352E401 0.21607E+0) -0.30000E+01 0.0

X-VECTOR
0.20531E+02 _0.97537E+01__0.58209E+01 _0.50000E401

AFFROAIMATE FURCTION VALUES
0.85%24E+02 0.98653Z+01 0,.86752E+02
WHHN KNI HMRS RRAUKNARNRERNNNMNN

SET VAME 1 TO  20.63 DEGREES

SET VAL 2 T0 "7 9.75 DEGREES

SET V/NE 3 TO 5.82 DEGREES

TTUSET VALZ 4 TOT 5.00 DECREES

HOLD RFNC CONSTANT AT A VALUE OF 5567.500
HOLD CL  CCHSTANT AT A VALUE OF _  76.779
T CURRECTED FLOW= 8%.3100

SURGE MARGIN= 10.0500

T EFFICIENCY=™ 86.8000

FREC
0

ISE FUNCTION VALUES
.853

10E+02 O.10C50E+02 0.86800E+02 =

BEGIN ITERATICN NUMBER __ 8

HOMINAL DESIGN RUM3ER = 12

X=-VECTOR , v n .
0.20531E+02  0.97537E401 0.56205E401  0.50000E+01

FUNCTICH VALUES
0.84310E+C2 O0,1005CE+02 0.56800E+02

RESULTS OF APFROXIMATE OPTIMIZATION

T DELTA-X VECTCR o e ey
0.35357E+00 0,21365C+00 -0,82088E+00 0.53036E-07

____ X-VECTCR ] = ) . L
0.20%05E402 0.99674E+01 0.50000E+01 ©.50000E+01

APFROXIMATE FUHCTION VALUES
___ 0.04331E+02 0.10335E+02 0.86806E+02
[ I I PRI 2 P S S Tt 2 S T 1)
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SET V. 370 __ 5.00 DEGREES

SURGE_ MARGIN= _ 10.1400

FITTIITIRISTEI IR 222322222 2222 2 s s s

T 0.64310E+02  0.10140E4027 0.86780E+02

TBEGIN ITERATION NUMBER ~— 9

__ FUNCTICH VALUES

BWRR AR N AN I MM NIIEN N MNNNHN

T PRECISE FUNCTION VALUES

SET VANE 1 TO_ 20.99 DEGREES

SET VAHE 2 TO 9.97 DEGREES

SET VANE 4 TO 5.00 DEGREES

HOLD RPMC CCNSTANT AT A VALUF OF 5567.500

HOLD CL ~ COMSTAMT AT A V.LUE OF 76.779

CCRRECTED FLCR= & 31C0

EFFICIERCY= 86.7800

PRECISE FUMCTION VALUES

NOMINAL DESIGN NUNDER = 13

X-VECTCR
0.00936E+02 0.99674E+01 0.50000E+01 C.5000CE+C1

0.24310E+02 0.10160E+02 0,8578DE+02

RESULTS OF APFROXIMATE OPTIMIZATICN

DELTA-X VECTCR
-0.90349E+00 0.34120E+00 0.8541FE+00 0.12793E-05

X-VECTCR
0.203C1E+02 0.10309E402 0.58542E+01 0.50000E+01

APPRONIUATE FUNCTION VALUES o
0.€4334E402 0.98981€+C1 0.85785E402

12222332 230 222223322222ttt idyt)

SET VAI'Z 1 70  20.08 DECREES

SET VANE 2 TO  10.31 DECREES

SET VANE 3 70~ 5,85 DTGREES

SET VANE 4 TO 5.00 DECREES

TTTTHOLD PTNC CCUSTANT AT A VALUE OF ~ T 8867.500

HOLD CL  CCNSTANT AT A VALUE OF 76.779
CCANECTED FLCU= 84.3900

SURSE MARGIN= ~10.1900

EFFICIENCY= 86.8100

0.84390£+02 0.10190€+02 0.8681CE+02
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FINAL RESULY OF APPROXIMATE OPTIMIZATION -1

NCMINAL DESIGN NUMBER = 14 .

VECTER T T T e e e e — e ‘
0.20081E+02 0.10309E+02 0.58542E+01 0.50000E+01

__FUNCTION VALUES
0.8043G0E+02 0.10190E+02  0.86810E4+02

RESULTS OF APPROXIMATE ANALYSIS/OPTIMIZATION

[,

TV o e e -
A6 03066 6269699659906 06 6 6 6 96 60363060 3 3

e e ot e e A
GLOZAL LOCATICNS OF X-VARIABLES -
1 2 3 4

‘GLOBAL LOCATIONS OF FUNCTIONS, F(X)
8 6 7

T APPRONIMATION IS BASED ON~ 14 DESIGNS

[

i NOMINAL DESIGN IS DESIGN NUMBER 16 .
T TVALUTS OF X-VARIABLES E
; 0.2008E+02 0.1031E+02 0.5854E+01 0.5000E+01 :

T VALUES ©F FCTIONS, F(X) T T
0.843%E+02 0.1019E+02  0.868lE+02

COEFFICIENTS OF TAYLOR SERIES EXPANSION

T PARAMETER 1 = GLOBAL VARIABLE 8

LINEAR TEPMS, DiL F
1 -0.2423E+00 _ -0.1381E+00

NON-LINZAR TERMS, H, BEGINING WITH DIAGONAL ELEMENT

fod T 1 ’
-0.264381E-01

4 ROM 2
-0.7563E-02

ROW 3
. =0.1002g-01

ROW 4
-0.1176E-02

r —
! PARAMETER 2 = GLOBAL VARIABLE 6

3 LINEAR TERMS, DEL F e e
b T T-0.2136E-017 T 0.1367E-01°  0.1433E-01 -0.9647E-02

NCN-LINEAR TERMS, H, EEGINING WITH DIAGONAL ELEMENT
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ROUW 1
! -0.2248E-01
1 ————-
RO B
-0.5767€-02
‘ ROW 3 .
-0.1213E-01
RO 4

_-0.1417€-01

PARAMETER 3 = GLOBAL VARIABLE 7

LINEAR TERMS, DEL F )
0.7552E-01 0.6521E-01 0.7303E-01 0.2221E-01

HOH-LIMEAR TER{S, H, BEGINING WITH DIAGOMAL ELEMENT

ROH 1
~0.2104E-51

RON 2
-0.45645E-02

et ey wwn AN O U B e

RO 3T -
-0.1203E-01

RO 4

- T -0.9592E-02

- OPTIMIZATION RESULTS

_ CBDJECTIVE FLNMITION _ e
GLO3AL LOCATICH 8 FUNCTION VALUE 0.84390E+02

DESIGM VARIABLES __

D. V. GLOBAL LOKER UPPER
10 HO. VAR. MO. cou'D VALUE BCUND
11 _ 1 ____ ©.10C00Es02 _ 0.20081E+02 _ 0.35000E402 _
2 2 2 0.500002¢01 0.10309E+02  0.25000E+02
. 3 3 3 0.50000-¢01 0.58542E401  0.25000E+02
4 4 4 0.590C0Z401 0.50000E+061  0.25000E+02
- DESIGN COMSTPAINTS
. T 7T guesAl T T LCiER T OTTTT TweepesR T T T
10 VAR. ND. eouo VALUE ecuND
. 1 6 0.85003€401 0.1C190E+02  0.1C09CE+03
37 ___0.870005402 0.86010E+02  0.10000E+046
- ___ usmeswwses FINAL SOLUTION VALUES wwwnwswms =
VAME AMSLE FOR VANE 1 IS 20.08 DEGREES
'l' TTVAME ANSLE FOR VANE 2 I3 T 10.31 oEeRzes
VANE AMSLE FCI VANE 3 IS $.05 DEGREES
TTVAME PHSLE FCY VAUE @ 18 """ 5.00 DEGREES ~
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CORRECTED FiCW= 84.3500

TTTEFFICIENCYS 86.8100

SURGE MARGIN=  10.1900

TRPMCTIAS HELD COHSTANT AT 5567.50
OL  WAS HELD CONSTANT AT 76.78

PROGRAM CALLS TO ANALIZ

JCALC  CALLS

——y
2 14
3 1
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STATOR VANE OPTIMIZER
6263036900630 36 1630169606 06 00 3696 00 36 06

PROTOTYPE _SOFTWARE CAPABLE OF GUIDING_.THE OPTIMIZATION OF __
STATOR VANE AND BLEED SETTINGS IN A MULTI-STAGE COMPRESSOR

PREPARED FOR THE AIR FORCE AERO PROPULSION LABORATORY
UMDER CONTRACT F33615-79-C-2013

BY: FRATT & LMITNEY AIRCRAFT GROUP
GOVERNMENT FTODUCTS DIVISION

TVHILE CONSTRAINING SURGE MARGIN AND EFFICIENCY TO MINIMUM VALUES

TLCLER CCUND FOR VANE 3°IS 5.000

T UPRER BOUND FOR VANE 1 IS 35.000

PLEASE HIT RETURN TO VIEW OPTIMIZATION GOAL MENU

- o s D e T e D e e S e e A

- " I OPTIMIZATION CCNDITICNS I CONSTRAINTS I

NOI GOAL I RFMC WC PR DVS O.L. I S.M. I EFF I
- dommee PP cmeemeeme= S — ———
11 EFF_I X __ - - X__ - I - T = 1
21T EFF T X - - - T xTrTI T
31 EFF I -~ X X = = 1 - 1 - 1
41 EFF I X =~ - X = IWMINTI - I
51 EFF I X_ _~ -~ - X_IMIN_I_- I
61 EFF T - XX ITT-TIMIN T - 1
71 sM. T X - - X = I - I - I
8I S.M. I X =~ = - X I = I - 1
9T_SM_ X - X_X__ -~ I - 1 -_1
10178 M. 1 X - - X - 1 - IMIN I ;
111 s.M. I X - - - X I - IMIN I !
121 SM. I - X X - = 1 - TIMIN I ‘
1I3ISMBIDT X X _ - - < T - I - I
TR 32 17X e ST XTI HIN I OHIN I
ISIHINKCT X - - - X TIMIN IMIN I
161 FR I X X = = = IMIN IMIN I
71 PR T X__ - - - _ X _TMIN IMN_I

TTYCU HAVE SELECTID TO MIMIIIZE CORRECTED FLOW HOLBING

CORRECTED SPEED (RFPNC) AND OPERATING LINE (OL) CONSTANT

HOLD RPMC CCHSTANT AT  5567.500
HOLD OL  CCNSTANT AT 76.779
___GPTINIZING 4 VANE ANSLE(S)_
TTTLONER BOUID FOR VAME 1 IS 10.000
DO YOU AGREE? (Y/N)

LOER BOUND FOR VANE 2 IS 5.000
CO YOU AGREE? (Y/N)

DO YOU AGREE? (Y/N)
LO/ER BCUID FCR VAHE 4 IS 5.000
DO YOU AGREE? (Y/N)

DO YOU AGREE? (Y/N)
UPPER BOUND FOR VANE 2 IS 25.000
DO _YOU AGREE? (Y/N)

UPFER BOUND FOR VANE 3 IS 25.000
D0 YOU ACREE? (Y/H)
UPPER BCUID FCR VANE 4 IS 25.000
DO YOU AGREE? (Y/N)

LGSR BCUND VALUE FOR St 1S 8.500
UPPER ECUND VALUE FOR sM IS 100.000
LCLIR BOUND VALUE FOR EFF IS 87.000
UPPEQ BOL‘ " VALUE FOR EFF IS  1002.000__ e
T IMCRENZNTAL VANE ANGLE VALUE FCR INITIAL VANE SETTING I8  -2,00
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TITLE:
63616 5630 36 D030 JE D630 3636630 1636 3630 36 16 36 36 0 06 3008 06 30006 063636 DI DE NI DESEIEIE I DHE *

CONTROL PARAMETERS;

CALCULATION CONTROL, NCALC = 6
NUIBER OF GLOBAL DESIGN VARIABLES, NDV = &

T NUIBER OF SENSITIVITY VARIABLES, NSV o
NUNBER OF FUNCTIONS IN TWO-SPACE, N2VAR = 0
MUIBER OF APPROXIMATING VAR. NXAPRX = &
_IMPUT INFORMATION PRINT_CCDE, IPNPUT = 1
T DEBUG FRINT CCDE, IPDBS = 0

CALCULATICN CONTROL, NCALC
TTVALUE MEANING

1 SINGLE AMALYSIS
2 OPTIMIZATION
3 SEMSITIVITY
A THS-VARIABLE FUHCTICN SPACE
5
6

CPTIMUM SENSITIVITY
APFROXIMATE OPTIMIZATION

# % OPTIMIZATICN INFORMATICN

GLCBAL VARIABLE NUMBER OF OBJECTIVE = 8
HULTIPLIER (NEIGATIVE INDICATES MINIMIZATICN) = -0.1000E+01

T COMMIN PARAMETERS (1F ZERO, CONMIN DEFAULT WILL OVER-RIDE)

IFRINT ITHMAX  ICHNDIR  NSCAL ITRM  LINOBJ NACMX1  NFDG

DESIGN VARIAELE INFCRMATION

5 20 5 __ (] 3 0 10 0
FOCH FOCHU cT CTMIN
0.100C0E-01 0.10000E-02 -0.50000E-01 0.40000E-02
(o (N ’ CTLMIN ™ T THEYAT PHI
-0.10000E-01 0.10CC9E-02 0.10000E+01 0.0
DELFUN DABFUN ALPHAX ABOBJL
T 0.10000%-02 0.0 0.10000E+00 0.10000E+00

NCN-ZERO INITIAL VALUE WILL OVER-RIDE MODULE INPUT

"ol V. T wieEr T UPPER TOINITIALS
HO. couin BCUND VALUE
1 0.1000CE+02 0.35300E+02 0.27000E+02
2 0.5000CE+01 0.25200E+02 0.16000E+402
‘377 T0.50000E401°  0.25600E402  0.13000E+02
4 0.50000E+01 0.25000E+02 0.90000E+01

+ T DESIEI VARIABLES '
D. V. GLOBAL MULTIPLYING

10 Ko VAR. NO. FACTOR
1 1 1 0.10000E+01
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2 2 2 0.10000E+01
3 3 3 0.10000E+01
4 4 4 0.10000E+01

CONSTRAINT INFORMATION
THERE_ARE__2_CONSTRAINT SETS

GLOBAL GLOBSAL LINEAR LOKER NORMALIZATION UPPER NORMALIZATION
I0 VAR. 1 VAR. 2 0 BOUND FACTOR BOUND FACTCR
1 6 ] 0 0.85000E+01 0.85000E+01 0.10000E+03 0.10000E+03
3 7 7 0 0.87000E+402 0.87000E+02 0.10000€+04 0.10000E+04 __

TOTAL NUNSER OF CONSTRAINED PARAMETERS = 2

% % APFROXIMATE ANALYSIS/OPTIMIZATION INFORMATION

NUM3ER OF FUNCTIONS APFRONIMATED, NF = 6
TTTNUGEER OF INFUT X-VECTCRS, NPS = 5
WHBER GF INFUT X-F PAIRS, NPES = 0
X-VECTOR FRCM ANALIZ, NPA = ¢
MOMINAL BESIGN, INCM = 0
b RED CHIT FCR X-VECTORS, ISCRX = 5
! READ UNIT FC? X-F PAIRS, ISCRXF = 5
i ‘ FRINT CONTROL, IPAPRY = 1
- T MINIFUH APrRONIHATING CYCLES, KMIN = 5
, HAXIHUM APPROXIMATING CYCLES, KMAX = 17
. MAXIi?LM DESICNS USED IN FIT, NPMAX = 2
NOUINAL DESICN PARAIETER,  JNOM =__ 28
TTTTX-LOCATION IHEUT PARANETER,  INXLCC = i}
) F-LOCATICH IHUT PARAMETER,  INFLOC = 0
TAYLER SERIES I.D. CCDE, MAXTRH = 2

- DELTA-X BOUNDS FOR APFROXIMATE OPTIMIZATION
0.203CE+01 0.2000E+401 0.26C0E+01l 0.20C0E+01

TTNULTIPLIER CNODELXY  XFACTY =7 0.1500E+01
MULTIPLIER ON DELYX, YFACT2 = 0.2000E+01

GLO3AL LOCATIOHS ¢¥ X-vARIABLES
1 2 3 4

= —BLOZACTOCATIONS OF FUNCTIONS
8 6 7

X-VECTORS "IRPUT FROM UNIT 5

.""*

: NUMSER 1 DESIGN 1
; I 9.2900E+02 ~ 0.1800E+02~ 0.1500E402  0.1i00E+G2
I NUIBER 2 DESIGN 2

- R R e
.-




0.2700E+02 0.1800E+02 ©.1500E+02 0.1100E+02

___NUMBER 3 DESIGN__ _ 3

0.2700E+02 0.1600E+02 0.1500E402 0.1100E+02

___NUMBER__ 4 'DESIGN_ &
0.2700E+02 0.1600E+02 0.1300E+402 0.1100E+02

NUNCER 5 DESIGN___ 5

T 0.27G0E+02 0.1600E+02 0.1300E+02 0.9000E+01

* % ESTIMATED DATA STORAGE REGQUIREMENTS

- .. _REAL . _ INTEGER_ e
INFUT EXECUTION AVAILABLE INFUT EXECUTICN AVAILABLE
41 355 5000 30 78 1000

FEIEIE 2 B 3 36 33036 6 D37 I 353626 3 36 3 636 36 30 636 96 2 36 36 ¢

SET VANE 1 TO 29.00 DEGREES

SET VANE 2 TO__ 18.00 DEGREES

SET VAHE 3 TO 15.00 DEGREES

SET VANE 4 TO__ 11.00 DEGREES

HOLD RFIC CCHSTANT AT A VALUE OF 5567.500
HOLD OL  CCISTANT AT A VALUE CF 76.779
CCRRECTED FLCW= 77.5300
SUPGE MARGIN:  8.3600

__ EFFICIENCY= 87.1800

F 363 e 2 o6 36336 36 3636 30 36 36 3 D 6 2 D636 2696 36 30 96 3600 0% 3¢ 98 3¢

~ __SET VANE 1 TO_ 27.00 DEGREES

SET VAME 2 TO  18.00 DEGREES

SET VANE 3 TO__15.00 DEGREES

SET VANE ¢ TO  11.00 DECREES

HOLD RFMC CONSTANT AT A VALUE OF 5567.500
THULD 'OL™ "7 CCNSTANT ‘AT A VALUE OF 76.779

CCRRECTED FLOW= 78.4200

SURGE MARGIN:  6.8300
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EFFICIENCY= 87.3100

leieb bbbl el Lt Lokttt el LU

363636 6 36 3 3 36 26 3¢ 3 D6 36 363636 38 36 36 200 96 3 D6 3698 26 36 3636 3¢ ¢

SET VANE 1 TO 27.00 DEGREES

SET_VANE 2 TO___16.00 DEGREES

SET VANE 3 TO 15.00 DEGREES

— e wae G BB

SET_VAME 4 TO__ 11,00 DEGREES

HOLD RPMC CONSTANT AT A VALUE OF 5567.500
HOLD CL  CCMSTANT AT A VALUE OF 76.779
CCRECTED_FLC4=_78,7€00
SURZE MARGIN=  8.8300
EFFICIENCY= 87.2500

F6 336 2 3 36 74 6 30 36 26 36 JE 6 36 D DI I I6 36 I I 36 I 3¢ 36 I I 636 36 3

T T30 538 26K 33600626 0 D6 6 96 2D 2 0636 2 M I B

SET VANZ 1 TO__27.00_DEGREES

SET VANE 2 TO  16.00 DEGREES

SET_VANE 3 TO___13.00 DECREES.

SET V)NE 4 TO 11.00 DEGCREES

HOLD RFHC CCHSTAMT AT A VALUE OF
FULD 0L  ~ CCUSTANT AT A VALUE OF
CCRRECTED FLON= 79.1900

5567.500
76.779

___SURGE M:RGIN:=___8.9700

EFFICIENCY= 87.3000

36336 3 36 3 2 36 36 I 6 269 T8 36 36 3 I I e I3 36 M IE K

D6 JEEIE I3 I 3636363 6 36 T 3 36 36 3 36 I IE T 36 I IEIE 3638 30 3¢

SET VANE 1 TO

SET VANE 2 TO

27.00 DEGREES

16.00 DEGREES

SET VANE 3 TO

SET VANE 4 TO

13.00 DECREES

9.00 DEGREES

- HOLD RPMC CCNSTANT AT A VALUE OF 5567.500
' HOLD Ol  CCNSTANT AT & VALUE OF 76.779
__.CCRRECTED FLCH= 79.4%00 = _ . _

SURGE MARGIN= 9.2100

] __EFFICIENCY= ___ 87.3300 __

€ 303038 36 36 D 36 JE36 3636 I 3 36 36 36 96 36 3 08 3 20 36 36 3¢ 0808 36 2 36 9698




APPROXIMATE OPTIMIZATICN ITERATION HISTORY
APFROXIMATING FUNCTION 1 IS THE OBJECTIVE
TTTTAPPROXINATING FUMCTIONS ASSOCIATED WITH CONSTRAINTS
2 3

DESIGH VARIAGLE NUMBERS ASSOCIATED WITH APPROXIMATING VARIABLES
1 2 3 4

BEGIN ITERATION NUMBER 1

MCMIMAL DESICN NUMBER = 2

X-VECTOR
0.270C2E+02 0.18000E+02 0.15000E+¢02 0.11000E+02

T FUNCTION VAWES T
0.76420E402 0.88300E401 0,87310E+402

RESULTS OF APFROXIMATE OPTINIZATION

DELTA-X VECTCR
-0.48537E+400 _0.20000E+01__ 0.20000E+01__0.20000E+01

X-VECTCR
0.26515E+02 0.20000E+02 ©0.17000E402 0.13000E+02

APPROKINATE FURCTION VALUES
0.77556E+¢02 Q.856441E+01 0.87322E402
P IS vk XN I N6 I I I 2

SET VANE 1 TO  26.51 DEGREES

SET_VANE 2 TO__ 20.00 DEGREES

SET VANE 3 T0O  17.00 DEGREES

SET_VANE 6 TO 13,00 DEGREES

HOLD RFIC CONSTANT AT A VALUE OF 5567.500
SLD OL  CONSTAMT AT A VALUE CF 76.779
= — CCRRECTED FLONZ 77.2500
SURGE MARGIN=  8.2100
— EFFICIENCYS 86,9400

$6 363636 36 36 3¢ 25 36 36 36 36 3 6 26 36 D6 36 36 3 6 3¢ 36 98 36 P 3636 36 3¢ 3¢ ¥4 3¢

PRECISE FUNCTICN VALUES
0.77250E+402 0.82100E+401 0.86940E+02
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BEGIN ITERATION NUMBER 2

HOMIMAL DESIGN NUMBER = 6
X-VECTCR
0.26515E+02__0.20000E+02__0.17000£+02_ 0.13000E402___

FUNCTICN VALUES
0.77250E+02 0.82100E+01 0.86940E+02

RESULTS OF APPROXIMATE OPTIMIZATION

DELTA-X VECTOR

0.17665E+01 0.20000E+01 0.20000E+01 -0,18405E+01

X-VECTOR

0.28231E402_ 0.22000E+02__0.19000€402_ 0.11159E+02

AFFROXIMATE FUNCTION VALUES
0.76327E+02 0.8500CE+01 0.87535E+02

Lid At RAR SR TR IR LA 2 i1 22T )

SET VANE 1 TO  28.28 DEGREES

TTTSEY VANE 2'TO 22.00 DEGREES

SET VANE 3 TO  19.00 DEGREES

T TSET VAUE 4 TO T 11.16 DTGTEES

HOLD RFIIC CCHSTANT AT A VALUE OF £567.500
HOLO OL _ CCHSTANT AT A VALUE OF 76.779
CCRRECTED FLCH= 75.8809
SURGE HARGIN= 7.5700
EFFICIEICYS  €6.6700

FEI0TE B 3636 3 3006 I I I 6 36 3¢ I35 36 9636 36 36 3¢ 3 3¢ 30 2026 96 M 24 28

PRECISE FUNCTION VALUES
0.75830E+02 _ 0.75700E+01 _0.86670E+02

__BEGIN ITERATION NUMBER 3

NOMINAL DESIGN NUIMBER = 7

X~VECTOR =~ e
0.26201E+402 0.22000E+402 0.19C00E+02 0.11159E+02

FULICTION VALUES
0.75€30E402_ 0.75700E+01 _ 0.86670E+02
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RESULTS OF APPROXIMATE OPTIMIZATION

e e 1
DELTA-X VECTOR .
-0.83365E+00 -0.29508E401 0.20000E+01 ~0.20000E+01
-8
X-VECTOR __ r

0.27447E402  0.19049E+02 0.21000E+02 0.91595E+01

APFROXINATE FUNCTION VALUES

0.77092E402 0.84882E+01__0.87185E+402
ok e eI 00 3% 236 IE I 3 3 W 36 6 I DE W 2 3636

EX ]

SET VANE 1 TO __ 27.45_DEGREES e

SET VANE 2 TO 19.05 DEGREES -

SET_VAME 3 TO__21.00 DEGREES

SET VANE 4 TO 9.16 DEGREES

HCLD RFMC CCHNSTANT AT A VALUE OF ___ 5567.500

HOLD OL  ~CCNSTANT AT A VALUE OF 76.779 .
COTRECTED FLCN= 76.2900

SURGE_MARGIN=___ 7.5500

EFFICIENCY= 86.1500

I Je 35 02600 6 M 3 26 36 26 30 06 36 36 D6 36 2636 36 96 36 3 36 36 3 36 36 36 36 6 X

FRECISE FUNCTICN VALUES ___
0.76290E+02 0.755005+01 0.86150E+02

BEGIN ITERATICN HUMBER 4

HOMINAL DESIGN NUMBER = 8

X-VECTOR
0.27447E+02 0.19049E+02 0.21000E+02 0.91595E+01

FUNCTICH VALUES

T 0.762G0E+062 0.75500E40) 0.85150E+02

__RESULTS OF APPROXIMATE OPTIMIZATICN

DELTA-X VECTOR
0.31427E-01 0.30000E+01 -0.30000E+01 -0.20000E+01L

. X-VECTCR T
0.27479E402 0.22049E402 0.18000E+02 0.71555E+01

AFPROXINATE_FUNCTION VALUES
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0.77170E+02 0.84750E+01 0.86989E+02
U DI I T 630309 0 N 2 20 3¢

SET VAME 1 TO  27.48 DEGREES

SET VANE 2 TO  22.05 DEGREES

T SET VANE 3 TO  18.00 DEGREES
SET VAKE 4 TO  7.16 DEGREES

HOLD RPIC CONSTANT AT A VALUE OF 5567.500

HOLD CL  CONSTANT AT A VALUE OF
CCIRECTED FLCH= 76.8800

76.779

SURGE LARGIN=  8.0260

EFFICIENCY= £6.8000

D e T

T PRECISE FUILTICH VALUES
0.7688CE+02 0.89200E+01 0.E6300E+02

BEGIN ITERATICH NUMBER 5

PCHINAL DESIGH NUMBER = 9

X-VECTCR
0.274793402 0.2204GE+02 0,18000E+02

0.71595E+01

FUICTICH VALUES T
0.76550E+02  0.00200E+01  0.86800E+02

RESULTS OF AFFRONIMATE DATIMIZATION

DELTA-X VECTCR
—70.633%6%

X-VECTOR
0.26850E+402 0.25000E402 0,19234E+02

465408 0.295C3E+01_ 0,12337E+01 _0.30000E+01

0.10159E+02

T ARFIOAINATE FUNCTION VALUES T
0.75410E+02 O0.8500CE+01 0.86861E+02
oI U3 50 % X e 036 9 3w U6 T 36 D6 I e 36 I 36 5 5T W 26 I

SET VANE 1 TO  26.8% DEGREES

SET VANE 2 TO__ 25.00 DEGPZES

SET VANE 3 TO  19.23 DEGREES

_SET VANE 4 TO__10.16 DEGOEES
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HOLD RPMC CONSTANT AT A VALUE OF £557.500
HOLD OL  CONSTANT AT A VALUE OF 76.779
CCNRECTED FLCW= 75.1800 _ __

SURGE MARGIN= 7.0000

EFFICIENCY= ___ 86.1100

363 36 36 36 I T 6 J6 36 JE 3 6 36 6 36 36 36 3 6 36 36 3 36 396 3¢ ¢ 96 3¢ 3¢

PRECISE FUNCTION VALUES
0.75180E+402 0.700005+401 0.86110E+02

BEGIN ITERATICN NUMBER [

T NCMIMAL DESIGH NUEBER = 10

X-VECTOR
.26840E+02_ 0.25000E402 0.19234E«02_ 0.10159E+02

FUNCTIGN VALUES
0.75180E+52 0.70000E+01 0.86110E+02

RESULTS COF APPROXIMATE OPTIMIZATION

___DELTA-X VECTCR L e
0.51091E+00 -0.30000E+01 -0.30000E+01 -0.1453%E+01

X-VECTCR
0.27551E+02  0.22000E+02 _ 0,16234E+02 _0.87060E+01

APPROMNIMATE FUNCTION VALUES
0.772555+02 O0.83505Z+01 0,.87146E+02
FEEH AR ATHHE ARG TR ERR AR HSHIA NN SN

SET VANE 1 TO 27.65 DIGRELS

SET VAMNZ 2 TO ™ 22.00 CCGREES

SET VANE 3 10 16.23 DEGREES

TTUSET VANE 4 TOT '8.71 DEGREES

HOLD RPHC CONSTANT AT A VALUE OF 5567.500
HOLD OL  CONSTANT AT A VALUE OF 76.779
T CU<RECTED FLOX= 77.1800

SURGE MARGIN= 8.2300

TEFFICIENCY= ‘87.0700
123 33T Y2322 3323222222323 2223 232223

FRECISE FUNCTTON VALUES
__.0.77180E+C2 0©.82300E+01 0.87070E+02

__. DEGIN JTERATION NUMBER 7

HOMINAL DESICH WURIBER = 1

X-VECTCR . L L. e
0.27¢31E+02 0.220C0E402 0.16234E+02 0.87060E+01

FUNCITICH VALUES
0.7718C:+02 0.82300E+01 0.87070E¢02
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TTTHN U e 9 KRN N K DI

SET VINE 1 TO_ 27.59 OEGREES _

B 2 N W 36 36 36 6 D2 I 36 9 I 3636 3 DI T 3 3 3 N 3 3606 36 36 436 36 36

AFPROKIMATE FUNCTION VALUES

TTUSET VANE 3 70T T 15.19 CEGREES

RESULTS OF APPROXIMATE OPTIMIZATION

DELTA-X vECTOR ~~~~ T T T
-0.62297E-0L -0.86176E+00 -0.83577E+00 -0.12166E+00

X~VECTCR _ .. R,
0.27589E+402 0.21133E+02 0.15398E+02 0.85843E+0)

APFIORINATE FUNCTION VALUES
0.77582E+402 0.84913E+01 0.87205E+02 __

SEY VANE 2 TO  21.14 DEGREES

_SET _VANE 3 TO__ 15.40 DEGREES_

SET VANE 4 TO 8.53 CEGREES

HOLD RFIC COMNSTANT AT A VALUE OF 5567.500 _
HOLD OL ~ CCISTANT AT A VALUE OF 76.779
CCRRECTED FLCM= 77.6800

SURCE MARGIM= _ 8.,4500 _ .
EFFICIENCY= 87.2200

PRECISE FUNCTION VALUES

0.77660E+02 0.845C0E4+01 0.87220E+02

"BEGIN ITERATIOM HUIBER ~ ~ 8

NOMINAL DESICH NUMBER = 12

X-VECTCR
0.27539E+02 0.21138E+02 0.15398E+02 0.85343E+01

FUNCTICH VALUES L. PR
0.776C0E+C2  0.84500E+01L 0,.&7220E+02

_RESULTS OF APFROXIMATE OPTIMIZATION

GELTA-X VECTCR

0.24845E+00 -0.36500E+00 -0.20615E400 ~0.47718E-01
X-vecTtor - T T S T
0.27338E+402 0.20773E+02 0.15192E+02 0.85366E+01

0.777¢6E+02 C.849352+01 0.87271E402

L3232 Y2 RN SIS of Tl RS LS e

SET VALE 1 TO ~ 27.84 DECREES

SET VAME 2 TO  20.77 QBEGREES

SET VANE 4 TO 8.54 DEGREES
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“THOLD RFME CCHSTANT AT A VALUE OF 5567.500
HOLD CL  CCHSTANT AT A VALUE OF 76.779
CCRRECTED FLOM= 77.7300

SURGE MARGIN= 8.4800

EFFICIENCY= 87.2300

TN TR D56 0N T DE I 20 00 TR0 A6 00 2 3

T PRECISE FUNCTICN VALUES
0.77730E+02 0.84800E+01 0.87230E+02

BEGIN ITERATION NUMBER 9

. __NOMINAL DESIGN MUMBER =__ 13

X-VECTCR
0.27838E+02 ©0.20773E+02 0.15192E+02 0.85366E+01

T FUNCTICN VALUES
0.77730E+02 0.84800E+01 0.87230E+02

TTRESULTS "OF "APFROXIMATE OPTIMIZATION

DELTA-X VECTCR
0.87766E-01 -0.85184E+00 0.52813E+400  0.10000E+01

X-VECTCR
0.27325E402 0.19921E402 0.15720E+02 0.95366E+01

TARPROXIVATE FUNCTION VALUES
0.77677E402 0.84583C+C1 0.87235E+02
t3 2222 AR SIS SIS L2 22T

SET VANE 1 TO  27.93 DEGREES

__ SET VAME 2 TO _ 19.92 DEGEES _

SET VANE 3 TO  15.72 CECGREES

__ _SET VANE 4 TO 9.54 DEGREES . _ . _ o
HOLD RFIC CONSTANT AT A VALUE OF 5567.500
HOLD OL  CCNSTANT AT A VALUE OF 76.779
CORRECTED FLCH= 77.6500

SUNGE MARGIMN= 8.4700

____EFFICIENCY= __ 87.2000

9676 38 36 30 3 3 7 6 36 36K S 2 3 3 I 36 36 36 36 38 I I 2 3636 36 235 36 34 3¢

PRECISE FUNCTION VALUES
0.77650E+02 0.84700E+01 0.87200E+02

BEGIN ITERATION NUMBER 10

T THOHINAL DESIGN MUNBER = 14
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X-VECTOR
0.27925E402 _ 0,19921E+402  0.15720E+02__ 0.95366€+01

FUMCTION VALUES
0.77650E+402 0.84700E+01 0.87200E+02

RESULTS OF APFROXIMATE OPTIMIZATION

< ___DELTA-X VECTOR ) - o ]
-0.23842E~06 -0.28610E-05  0.28610€E-05 ~0.28610E-05
X-VECTOR
0.27925E402 _0.19921E+02 _0.15720E+02_ 0.95366E+01

APFROXIMATE FUNCTION VALUES
0.77650E+02 0.847C0E+01 0.87200E+02

SET VANE 1 TO  27.93 DEGREES

SET VANE 2 TO  19.92 DEGREES

SET VANE 3 TO 15.72 DECREES

TSET VANE 4 TO  9.54 DEGREES

HOLD RFMC CCNSTANT AT A VALUE OF 5567.500
__MDLD OL _ CCHSTANT AT A VALUE OF __ 76,779 ____ .
COIRECTED FLCUz 77.6500
SUPGE MARGIN=  8.4700
T EFFICIENCY= | §7.2000 . —T B

L3222 EL ARSI NS R2 22022282222

FRECISE FUNCTION VALUES
_0.776595+02 0.£4700E+01  0,87200E+02

___BEGIN ITERATICN MUMZER _ 11

NOMINAL DESIGH NUMBER = 15

X-VECTCR

T 0.27925E+02 T 0.19921E+402  0.15720E+02  0.9535654+01

FUNCTION VALUES

0.77650E+C2 _ 0.84700E+01_  0.87200E+02 _

RESULTS OF AFPROXIMATE OPTIMIZATION

‘BELTA-X VECTCR
-0.11921€-06 ~0.17881E-06 0.0 -0.17881E-06

X-VECTOR

T T 0.27935€402 0.19921E+02 7 0.15720E+402 0.S5366E+01

APPROXIMATE FUMCTICH VALUES
_0.77550C+02 0.84700E+01 0,87200E+62 _

TWRO CONCECUTIVE APPROXIMATE OPTIMIZATIONS MAVE FRODUCED THE SAME DESIGN

TTOPTINIZATICH TERMIMATED
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X-VECTOR

___FUNCTION VALUES

GLOJAL LOCATICHS OF X-VARIABLES

GLCBAL LOCATICHS OF FUNCTIONS, F(X)

T APPROXIMATION IS BASED ON 15 DESIGNS

VALUES OF X-VARIABLES

VALUES OF FUNCTIONS, F(X)

FINAL RESULT OF APPROXIMATE OPTIMIZATION
{CMINAL DESIGN NUMBER = 15

0.27925E+402 0.19921E+02 0.15720€+02 0.95366E+01

0.77653E402 0.84700E+01 0.87200E+02

RESULTS OF APPROXIMATE ANALYSIS/OPTIMIZATION

TITLE R

U 3636 3 36 3 D 2 U JE 36 I 2 36 36 36 2636 36 263636 36 36 36 I 336 36 36 34 36 36 26 36 36 36 36 3436 36 36 36 3 3 3636 9 F 36 34 3¢ 3¢

1 2 3 4

8 6 7

NCMINAL DESIGN IS DESIGN NUM2ER 15

0.2793E+02 0.1992E+02 0.1572€E+402 0.9537E+01

0.7763E402  0.8470E+01 0.8720E+02

COEFFICIENTS OF TAYLOR SERIES EXPANSICN

PARAMETER 1 = GLOBAL VARIABLE 8

LINEAR TERMS, DEL F
-0.38%0Z+00_ ~0.2487E+00 _ -0.2766E+00  -0.1046E+00

HOM-LIREAR TERMS, H, BEGINING WITH DIAGONAL ELEMENT

RON 1
-0.4113E400
ROM 2
-0.1455E-01
RCH 3
— =0.1573e-01
RCH &

0.3927E-01

PARAMETER 2 = GLOBAL VARIABLE 6

LIMEAR TERMS, DEL F

-0.175CE+00 -0.11I3E+00 -0.1378E+00 -0.4375E-01

HON-LINEAR_TER!S, W, BEGINING WITH DIAGONAL ELEMENT
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ROW 1
-0.2323E+00
RCA 2

-0.2114€-01

RO

0H___ 3
-0.2346€E-01

RO4 6
0.16256-01

PARANETER 3 = GLOBAL VARIABLE 7

T LINEAR TERMS, DEL F
-0.9254E-02 -0.3304E-01

RO 1

-0.1099E+00 0.9230E-02

WON-LTHNEAR TERMS, H, BEGINING WITH DIAGONAL ELEMENT

-0,2990€E+00

ROU 2
~0.1134E-01

RO!! 3
-0.3256E-01

_Rou_ &

0.3116€-01

OPTIMIZATION RESULTS

___OBJECTIVE_ FUHCTION _

GLCSAL LOCATICH 8 FUNCTION VALUE 0.77650E402

DESIGH_VARIABLES

D. V. GLOBAL LOKER UPPER
10 Ka. VAR. HO. BOUND VALUE BOUKD
1 1 1 0.10000E+02 __ 0.279255402__ 0.3500C£402_
2 2 2 0.50000E+01  0.19521E+02  0.25000E+02
3 3 3 0.50000E+01  0.15720E402  0.25000E+02
4 4 4 0.50000E+01  0.95366E+01  0.25000E+02

DESIGN CONSTRAINTS

GLOSAL LOWER UPPER
I0  VaR. HO. BOUMD VALUE BOUND
1 6 0.85000Z401  0.84700E+01  0.10000E+03
3 _ 7_____0.870CCE+02 _ 0.872002+02__ 0.10000E+04

wxmuannn FINAL SOLUTION VALUES Mwssusmin

VANE AMGLE FOR VANE 1 IS

T VANETANGLE FCR VANE 2 IsT

VAHE ANGLE FCR VANE 3 IS
T VAHE AN3LE FCR VENE 4 IS

CORRECTED FLCW= 77.6500

27.93 DEGREES

T 19.92 DEGREES

15.72 DEGREES

"9.54 DEGREES
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TTEFFICIENCYS 87.2000
SUNGE MARGIN= 8.4700

e L e gy

T RFNC UAS HELD CCHSTANT AT 5567.50
OL  WAS HELD CONSTANT AT 76.78
FROGRAM CALLS TO ANALIZ

ICALC  CALLS
1 1
2 15
3 1
170
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STATCR VANE OPTIMIZER
63630 E0H 10 0036 366 96 9636 26 .35 6 96 2 3¢
__PROTOTYPE _SOFTWARE CAPABLE OF GUIDING THE OPTIMIZATION OF __

STATOR VANE AND BLEED SETTINGS IN A MULTI-STAGE COMPRESSCR

FREPARED FOR THE AIR FORCE AERO FROFULSION LABORATORY

IMOER CONTRACT F33615-79-C-2013

TBY? PRATT & WHITHEY AIRCRAFT GROUP
GOVERIMENT PRODUCTS DIVISION

PLEASE HIT RETURN TO VIEW OPTIMIZATION GOAL MENU

"1 OPTIMIZATICH CCHDITICHS I CONSTRAINTS I
NO I GOAL I RFMC WC PR DVS O.L. I S.M. I EFF I

cmmpmeem———— b B P prmmm———
1I_EFF_1 X _ =~ = X = I = T -__1_ S
21T Err D X T ST x-S
31 EFF I - X X = -~ I - 1 - 1
41 EFF I X = =- X ~« IMIN I - I
51 EFF I _X_ -~ - - X _ IMIN_I_-_ I____ _
S S 7 A S S S O 1P (YR S
71 sM. I X - = X - 1 -~ 1 1
81 S.M. I X - - - X 1 I 1
91 S$M. Y - X X -~ = I ~_ I - _1__.
1001 s ¥ X - - P S 1T ¢
111 sM. I X - = - X I ~ TIMN I ]
121 sM. I - X X - - I = TIHMIN I
1IISwBdOI X X - - - I - T - Y1__ .
TR InX e IUX T =T ST T T T e T HINT T
ISTNIHKCI X - - = X IHMIN IMIN I
16 FR I X X - - - TIMNIN INN I
171 PR I X - = = % IMIN IMN I

~TTvol itive SELCCTED TO OPTIMIZE FRESCUTE RATIO HOLOING
CCRRECTED SPCED (RPNC) AMD CFERATING LIME (OL) CONSTANT

TTTUTEIILE CCHSTRAINING SURGE MARGIM AND EFFICIENCY TG MININUN VALUES
HOLD Rr:iC CCHUSTANT AT  5557.500
HOLD OL  CCMSTANT AT 76.779
OPTINIZING & VANE ANSLE(S)

TTTLCUER TOUD FOR VANE 1 IS T 10.000
CO YCU ACREE? (Y/N)

LCiZR? DOUND FOR VANE 2 IS 5.000
€O YCU ACREE? (Y/H)

TTTLONER TCUMD FCR VAME 3'IS 5.000
CO YOU AGREE? (Y/H)
LCHER ECU:HD FOR VANE ¢ IS 5.000

DO YQU AGREE? (Y/N)

TTTUFPIR BSUND FOR VANE 1718 35,000
DO YCU ASEZE? (Y/N)
UPFER ESUND FOR VANE 2 IS 25.000

UPPER BCLMD FOR VANE 3 IS 25.000

DO YCU AGREE? (Y/N)

UPFER DSUND FOR VANE 4 IS 25.000

€9 YOU /GREE? (Y/N) B e e e e e e e

LCUER EOULD VALUE FOR S IS 8.500
UPPER COLND VALLE FOR &t IS 109.0C0
LCUCR EOUND VALUE FOR EFF IS £67.000

__ _UDFEN COLID VALUE FOR EFF IS 1000.CC0 L. e e e
INCRINENTAL VANE ANSLE VALUE FCR INITIAL VANE SETTING IS -2.00
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TITLE:
03083696 0630 30IE-3E3I00E 006 36 0606 3406 36 366 30300060030 3 36 30 D000 0006 690 3600 06 966 36-30 34 06 06 06 90 36 060600 34 3¢ W .

CONTROL PARAMETERS;

CALCULATICN CCHTROL, NCALC = 6

MUMCER OF GLOBAL DESIGN VARIABLES, NOV =6 __

NUNRER OF SENCITIVITY VARIABLES, NSV = o

NUMDER OF FLUICTIONS IN THO-SPACE, N2VAR = 0 i
NUNHCER OF APFROXIMATIMG VAR, NXAPRX = &

INPUT INFORMATION PRINT CODE, ___ IPNPUT = __ 1 _ R

TZUS FRINT CODE, IFD38 = 0

____ CALCULATICN CONTROL, NCALC_
VALUZ  MEANISS

SINGLE ANALYSIS
GATIMIZATICH
SENSITIVITY L
Ti:0-VARIABLE FUHCTICN SPACE
OPTINUI SENSITIVITY
APFRCXIMATE OPTIHIZATION

WV LW

_____#% ® OPFTIMIZATION INFORMATION

GLCTAL VARIABLE NUMSER OF OBJECTIVE
MULTIPLIER (REGATIVE IMNDICATES MINIMIZATION)

9
0.1C000E+01
"CCiHYIN PARAMETERS (IF ZERO, COMNMIN DEFAULT WILL OVER-RIDE)

IFRINT ITMAX  ICHOIR  MNSCAL  ITRM  LINCBJ NACMX1  NFDG

5 __ 20 8 _ 0 ____3 _ 0 ___ 10 __ 0 __
FocH FCCHY cT CTHIN
0.10000E-01 0.1C300E-02 -0.50000E-01 0.4000CE-02
[ (A erwmIn T 7T T  weTA T T T e T T T
~0.10000E-01 0.10000E-02 0.10090E+01 0.0

____ DELRN _ DABFUN___  ALPHAX  ___ ABCBJYL
0.10C00E-02 0.0 0.10000E+00 0.1C00CE+00

DESIGH VARIAELE INFORMATICN
NON-ZERD INITIAL VALUE KWILL OVER-RIDE MCDULE INPUT _

~D. V. LOIR UFFIR INITIAL
Mo, cou BCUND VALUE SCALE .
1 0.10000E+02 0.35200E+02 0.27000E+02 0.0
2 0.50CCCE+01  0.2500CE+02 __ 0,15000E+02 __ 0.0
37 7 0.5CcclE+0L 0.25000E402 0.13000E+02 0.0
4 0.503C0E+01 0.25000E+92 0.90000E+01 0.0

DESIGN VARIABLES

D. V. GLOBAL MULTIPLYING
10 RO. VAR. NO. FACTOR
1 0 o1 . 0b.0ocCEs0)}
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2 2 2 0.10000E+01
t 3 3 3 0.100005+01
4 4 L) 0.100C0E+01

CCHSTRAINT INFORMATION

THERE ARE 2 CONSTRAINT SETS

b mend — — domnd

GLOBAL GLOBAL LINEA LCRER NOIMALIZATION UPPER NORMALIZATION
ID VIR. 1 VAR, 2 ID BouN! FACTCR BOUND FACTOR
1 6 6 ] 0.85000E+01 0.85009E+01 0.10000E+03 0.10C00E+03
3 7 7 _ 0 ____ _0.87000E+02 __0.87000E+4+02____0.10000E+04 ___ 0.10000E+04 _

TOTAL NUMBER OF CONSTRAIMED PARAMETERS = 2

* % AFFROXIMATE ANALYSIS/OPTIMIZATION INFORMATION

____ NUMDER OF FUNCTIONS APPROXIMATED, NF =_ _ 0
NUNDIR OF IHFUT X-VECTCRS, NFS = 5
NUNPER OF IHPUT X-F PAIRS, HPFS = °
X-VZCTCR FRCM AMALIZ, MPA = 0
HCIINAL DESICHM, o IMcM=_ 90
READ UIIT FOR X-VECTCRS, ISCRX = 5
RE*D UHIT FOR X-F PAIRS, ISCRXF = 5
FRINT CONTROL, IPAFARX = 1

TT T MININGY APRRONIMATING CYCLES, KEMIN = 5
MAXIHUM ARFOXIMATING CYCLES, KMAX = 17
MAKXTIZN DESICHS USED IH FIT, NFMAX = 2

___ NOUTNCL DESIGN PARAMETER, M = 28
K-LOTATION INTUT PARAMETER,  IHXLCC = 0
F-LOTATICH INTUT PARAMETER,  INFLOC = 0
TAYLER SCRIES I.D. CCDE, MAXTRNM = 2

DELTA-X BOUNCS FOR APFROXIMATE OPTIMIZATICN

0.203CE+01 0.2CCOE+01 0.2000E+01 0.2000E+01
T HMULTIFLIER ON CELX, XFACT1 = 0.15005+01
HMULTIPLIER ON DELX, XFACT2 = 0.2000E+01

"GLOZAL LBCATIC!S OF X-VARIADLES
1 2 3 4

T GLCBAL LCCATICHS OF FUNCTICHS
9 6 7

TTXIVECTCIS INPUT FRCM UNIT S

MUMIER 1 DESIGN 1 S
T 0.2900E+02 0.1800E+02 ~ 0.15C0E+02 0.1100E+02

_NUBER | 2

___DESIGN 2
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0.2700E+02 0.1800E+02 0.1500E+02 0.1100E+02

RUMBER 3_ . DESIGN_ 3

0.2700E402 0.1600E+02 0.1500E+02 0.1100E+02

NUMRER 4 DESIGN __ 4 .
0.27CCE+02 0.1600E+402 0.1300E¢02 0.1100E+02

__ KUMDER_ 5  DESIGN__ 5  _ __ . __
0.2700Z+402 0.1600E+02 0.1300E+02 0.9000E+01

# % ESTIMATED DATA STORAGE REQUIREMENTS

. REAL L C__ INTEGER _ . . . .
INPUT EXECUTICH AVAILABLE INFUT EXECUTICN AVAILABLE
a4l 335 5000 30 78 1000

(232321202222 22232232222 322 2222 2]

SET VAKRE )} TC  29.C0 CECGREES

___SET VANE 2 TO __18.00 DEGREES

SET VAME 3 TO  15.00 DEGREES
____SET V!ME 6 TO_ 11,00 DEGREES _

HOLD PFRIIC CONSTANT AT A VALUE OF 5567.509
HOLD OL  CCUSTANT AT A VALUE OF 76.779
__ FDPEGSUNRE RATIO®  B.5330

SURCE IMARGIN= 8.3000

EFFICIENCY=  87.14C0

6 DEIE 3T NI I I IS I IE TN I NN

T30 0 30 00 3656 06 00 96003656 e e 36 T3 696 00 26 3¢ 302696 06 36 ¢

SCT VANE 1 TO _ 27.00 DEGREES

3 -

€T VANE 2 TO  18.00 DEGREES

___SET VANZ 3 7O __ 15.00 DEGFEES _

SET VANE ¢ TO  11.00 DEGREES

. __HOLD RP!C CONSTANT AT A VALUE OF _ 5567.500 _
“THCLD OL  CCHSTANT AT A VALUE OF 76.779
FRCSCURE RATIO= 5.5970

__SURGE MARGINT _ 8.7400 _
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EFFICIENCY= 87.3200

MMRIEINCEN IS I I NI NNMNNNNN

3 200 06 30 6 06 30 36 36 30 2 36 36 30 36 2 I 36 30 006 36 06 366 35 36 96 36 3 3¢ ¢

SET VAHE 1 TO 27.00 DEGREES

SET_VAME 2 TO __16.00 DEGREES _

SET VANE 3 TO  15.00 DEGREES

SET VANE & TO_ 11.00 DIGREES

HOLD RFMC CONSTAMT AT A VALUE OF
HOLD OL  CCNSTANT AT A VALUE OF

FRESSUTE RATIC= 5.6290

SURGE MARGIN= 8.8700

EFFICIENCYS  87.2400 _

3626 36 2236 5 W IE I 066 D6 TE 3 20 T I IE I W26 2 96

TR NN N0 506 D

SET VAME 1 TO  27.00 DEGREES

SIT VANE 2 TO  16.00 DECREES
_SET_Y2NE 3 TG 13.00 DECREES

SET V:NT & T3 11.C0 DEGREES
HOLD 27T CCHSTANT AT A VALUE OF
BCLD OL  CLU3TANT AT A VALUE CF
FRECCLIE PATIOZ 5.6530

SUNCE MARGEN=  9,1400

EFFICIENCY= 87.2700

0603 N NI IEAE 66 OF I I N6 0633660602 W M

BN WX D626 I I I NI 22NN

5267.500
76.779

5567.500
76.779

SET VARE 1 TO

. ___SET VANE 2 TO _ 16.00 DEGREES

SET VANE 3 TO

27.00 DCGRCES

13.00 DEGREES

SET VAMZ 4 TO _ 9.00 DESREES _ _

HOLD RFENMC CONSTANT AT A VALUE OF

FOLD OL  CCHSTAIT AT A VALUE OF
_ PPLSSURE RATIO= 5.6830

SURGZ MARGIM= 9,200
__EFFICIENCY= _ _ 87.3200

A I I TN I IEI6 0 NI DI 0

5567.500
76.779
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APPROXIMATE OPTIMIZATION ITERATION
APPROXIMATING FUMCTICN 1 IS THE
APFRONIMATING FUNCTIONS ASSCCIATED

2 3

DESIGH VARIABLE NUMBERS ASSOCIATED
1 2 3 4

HISTCRY
OBJECTIVE

WITH CONSTRAINTS

WITH APPROXIMATING VARIABLES

BEGIN ITERATICN NUNBER 1

_ NCHMINAL DESIGN NUMBER 5

X-VZCTOR

0.27300E+02 0.16000E+02 ©0.13000E+02 0.90000E+01

TTTRUNCTION VALVES
0.54530E+C1  0.92000E+01

RLSULTS OF APFROXIMATE OPTIMIZATICN

DELTA-X VECTGR

X-VZZTCR
0.23000E+02 0.14000E+02
PIOCNIMATE FUNCTICH VALUZS
0.53330E+01 90.10100E+02
F 2 et D 2 A I I T 2 22 21 ]

-3.262COE+01 -0.20000E+0) -0.20000E+01 -0.20000E+01

0.87320E+02

0.11000E+02 0.70000E+01

0.87500E+C2

SET VAME 1 TO  25.00 DECREES
SET VAME 2 TO _14.00 DIGREES
SET V£ME 3 TO  11.00 DEGREES
SET VANE 4 TO _ 7.00 DEGREES

HOLD RFMC CONSTANT AT A VALUE OF
HCLD GL  CCHSTAMT AT A VALUE CF
FISSURE RATIO= 5.8390

[y SRR

r ,

SURGCE MARGIN=

9.6400

87.4000

5567.500
76.779

66136 I 0326126 I6 I 63636 36 I B 3 06 3 66 2 2 26 303636 36 36 6 3

PRECISE FUNCTION VALUES

0.533¢CE+01 0.96400Z+401 0.87400E+02
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BEGIN ITERATION NUMBER 2
“hHoMINAL DESIGN NUN3ER = 6

X-VECTOR
_ 0.25300E+02 0.14000E402 _0.11000E+02 _0.70000E+01 _

FUNCTION VALUES
0.55390E+401 0.96400E+01 0.87400E+02

CSULTS OF APFROXIMATE OFTIMIZATICN

, _DELTA-X VECTCR o R
-0.32000E+01 0.80461E+C0 ~0.20000E+01 -0.20000E+01

X-VECTCR
. 0.22C005+02  0.14805E+02 0.50000E+01_ 0.500D0E+0)
APFROYIMATE FUNCTIOM VALUES
0.59704E401 0.G0052C+01 0.87445E+02
*Nfb&ﬁKK¥h&¥¥l‘§l**¥¥ii¥‘¥¥¥i¥¥**

SET VvAHE 1 TO ¢2.00 DEGREES

SIT V/ME 2 TO © 14.80 DEGREES

\ SET VARE 3 TO 9.00 DECREES

SET vANT 4 TO 5.00 DEGREES

HOLD PFIIC CCHSTANT AT A VALUE CF 5557.500
_HCLD OL  CCMSTAMT AT A VALUE OF  76.779
FRLSILNE RATIC=  5.9530

SURCC MURCINE 10.0209
IFFICIStcY=: T 87.3100

EREAUR R L LN ECRNREE N R EF NN WY

PRECISE FUNCTICN VALUES
0.59580C+01 0.10020E+02  0.87310E+02

__ SEGIN ITERATION KUMBER 3

HIHMINAL DESIGH KUMBIR = 7

X-VECTOR ) _
T 0.22000E402 T0.14805E402° 0.90000E+01 0.50000E401

FUNCTICH VALUES
_ 0.0SS30E+01  0.10020E402 0.87310E+02
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RESULTS OF APPROXIMATE OPTIMIZATION

CPTIMIZATION HAS FROOBUCED AN X-VECTOR WHICH IS THE SAME AS A PREVIOUS DESIGN

DELTA-X VECTOR = __ o e
0.36198E-06 -0.73096E-06 -0.92256E-06 -0.97167E-06
X-VECTOR
_ 0.2200CE+02 _0.14805E+C2_ 0.90000E+01_ 0.50000E401

THE FOLLOWING DESIGH IS NOT THE APFROXIMATE OPTIMUM

 DELTA-X VECTOR ) o
0.60C00E-01 0.59999E-01 0.39995E-01 0.19999E-01

X-VECTCR
_0.20060C+02 0.14855E402  0.9C4G00E+0L__0.50200E+01 e
APFROXIMATE FUNCTION VALUES
0.59353E401 0.10024E+02 0.87317E+02
‘**k’i:?&:4l;ii'ﬂl}*?ﬁf‘i***ﬁ*i**i’*ﬁﬁ****_

SET VANE 1 TO 22.06 DECREES

SET VANE 2 7O 14.86 DESREES

SET VANE 3 TO 9.04 DEGPEES

SET VAUME 4 TG 5,02 DECREES

ROLD RFIC CONMSTANT AT A VALUE OF 5Z67.500
LD OL  CCHSTANT AT A VALUE OF 75 779
T PRESSLIE RATIO® 5. S550

SUTGE MARGIN= 9.9930

EFFICIENCY=  &7.3220

FTECICT FUNCTICH VALUZS
9.53552C+401 0.9990CE+01 0.87320E+02

.-

CIGIN ITERATION MUMBER 4

RCHINAL DESIGH NUM3ER = 8
X-VICTCR n B } e
T 0.22C%0E+02 7 0.14865E402 7 0.90400E+C1l  0.50200E+01

FUNCTION VALUES
C.35Z50E+01  0.99900E+01 0.87320E‘0;7___
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RESULTS OF APPROXIMATE OPTIMIZATION
"BELTA-X VECTCR e T
0.69780E+00 ~0.99378E+00 -0.46939E+00 -0.20000E-01

____X-VECTOR . . . . ——
LC2T58E+0C 0.13871E+02 0.85706E+01 0.50000E+01

APFROXIMATE FUNCTION VALUES
 0.59593E+01 0.85006E+01 0.87510E+02
N NI BEE N K 3NN N 2 I I I I Sk I I I 6 I I MM

_SET VAKE 1 TO_ 22.76 DEGREES
SET VAME 2 TO  13.87 DEGREES

_SET VANE 3 70 _ 8.57 DEGREES _

SET VANE 4 TO 5.00 DEGREES

____HOLD RFNC CONSTANT AT A VALUE OF  5567.500
HOLD OL CCLSTANT AT A VALUE Of 76.779
FRESSURE RATIO= 5.5630

_SUTGT MARGINS | 9.9900
EFFICIENCY= 87.3200

(I3 3822422220232 32222 832222222

TREZCISE FUNTTICN VALUES .
C.5%53CE+Cl  0.999CCE+0Y 0.87320E402

BCGIN ITERATICH KUMZER & 8§

OMINAL DESICH HUMBER = 9

TM-VECTC?

0.227Z3E+02 0.138S71E+02 0.85796E+01 0.50000E+01

FUNCTIC
o 355

X3
"
9.3553¢C

VALUES ~
E+C1  0.99300E+01  0.87320C+02

RISULTS OF APPROXIMATE OPTIMIZATICH

DTLTA-X VECTCR
-0.26599E+01 -0.30000E+01 O0.19486E+01 0.0

TTUX-VECTICR T o ' T ’ oo
0.C2COCCE+02 0.10871E+02 0.105195+02 0.50000E+01

_ APFROXIMATE FUNCTION VALUES
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0.60790E+01 0.10146E+02 0.8712.E+02
00 000006 000036 060 030200006063 0B B 06000 006

SET VANE 1 TO  20.09 DEGREES

SET vaNZ 2 TO 10.87 DEGREES

SET V2HEZ 3 TO  10.52 DEGREES

SET VALZ 4 TO 5.00 DEGREES

FOLD RFNC COSTANT AT A VALUE OF T 5567.500 —
HCLD OL  CCNSTANT AT A VALUE OF 76.779
RESSUDE RATIO= 6.0260

SUIGE MARGINE 10.0890

EFFICIENCY= 86.2100

P IE L L T LIS ey

TTUTPRECICE FUNCTION VAtues 0 TTTTTOTTTTT T
0.6036CE+01 0.1C0S0E+02 0.66910E+02

BTGIN ITERATICHN HUMBER 6

NOMINAL DESIGN NUMDER = 10

X-VECTCR
0.2¢333E+02 0.10871E+02 0.10519E+02 0.50000E+0L
FlrcTIon valuis T e Tm e
0.60350E+01 0.1008CE+CY  C.86910E+02

TRCEULTE OF APENOXIMATE OPTIMIZATICH
BILTA-X VICTCR
0.15720E+01 -0.3C000E+01  0.10358E461 0.0

X-VECTOR
0.21250E+02 O0.787C8E+01 0.11606E+02 0.50000E+01

APTICUIIATE FUHCTION VALUES
0.610C3C+01 0.06785E+401  0.87345E+02
1’222 AR I 2232 ST S IR T2 232 2 )

SET VANE 1 TO  21.66 DEGREES

_SET VANE 2 TO__ 7.87 DEGREES

SET VANE 3 TO 11.61 DECGREES

[
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HOLD RFEMC CONSTANT AT A VALUE OF 5567.500
HOLD OL  CONSTANT AT A VALUE OF 76.779
__FRESSURE RATIO= 6.0270 _

SURGE MARGIN= 9.9100

EFFICIENCY= __ 86.8300 __

Ve 6236 I 76 36 3606 96 6 36 36 36 6 6 36 96 06 9 6 36 3¢ 30 96 36 3 3 3 3¢

PRECISE FUNCTICN VALUES
0.6027GE+C1 0.99100E+01 0.8683DE+02

BEGIN ITERATION NUMBER 7

HOMINAL DESIZH NUMBER = 11

X-VECTCR
0.21€€0E+02_ 0.76703E+01__0.11606E+02 _0.50000E+01

FULCTION VALUES
0.60270E401 0.99100E+0L 0.86830E+02

RESULTS OF APPROXIMATE OPTIMIZATION
__ DELTA-X VECTOR L
0.410676~01 0.73487E-01 -0.3000CE+01 -0.35763E-06
X-VECTCR
0.21TO01E402_ 0.79443E401_ 0.86060E+01 _0,5000CE+01__

APTPONINMATE FUNCTION VALUTS
LLCC17E4C) 0.100235+432  0.86931E+02
P R R s 1 121

SET VARE 1 TO  21.70 DECREES

CETVILZT2"107 7.4 DECTEES

SET V/ME 3 70 8.61 DEGREES

TTTGET VANITG TOT O 5.00 DEGREES

HOLD RFIC CONSTANT AT A VALUE OF 5567.500
NOLD DL CCHSTANT AT A VALUS OF 76.779
TTURNECCURE RATIOR 6,0699

SURGE MARGIN= 10.19¢9

TTEFFICIENCYS 86,8800

V63662 X3 W I WU I 6 DI I NI I I I 36 I3
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PRECISE FUNCTION VALUES
0.60590E+01 _ 0.10190E+02_ _0.86880E+02 __

BEGIN ITERATION NUMBER___ 8

NCMINAL DESIGN NUMBER = 12

X=VECTOR ol
0.21701E+02 0.79443E+01 0.86060E+01 0.50000E+01

FUNCTION VALUES

_0.605$0Z+01  0.10190E+02  0.86880E+02_

____ % % CCNMIN DETECTS THITIAL X{I).LT.VLB(I)
X(I) = 0.0 VLB(I) = 0.9537E-06
X(X) IS SET ECQUAL TO VLB(I) FCR I = 4

RESULTS OF APFROXIMATE OPTIMIZATION

DELTA-X VECTOR
_=6.11016E+01 _0.26208E+01_-0.3000CE+01 _ 0.21580E-05__

X-VECTCR
0.225900E+02 0.103655+402 0.56060C+01 0.50000E+01

TTTTAPRCOXIMATE FUNCTION VALUES Tt T
0.61052E401 0.10623E+02 0.86997E+02
36 B 3 5E 16 3 I X I I 3 bW X 5E 3 6 W T TN S K e 25 63 e N

SCT VAHE 1 7O 20.60 DEGREES

__ SET VaME 2 TO_ 10.37 DEGTEES

SET VANE 3 70 5.61 DEGREES

SEY VANE 4 TO __ 5.00_DEGREES

HOLD RFiiC CONSTANT AT A VALUE OF 5567.500
HOLD OL  CONSTANT AT A VALUE OF 76.779
___PRICSURE RATIOS 6.1030

CURGE MARGIN= 10.1800

EFTICIENCY= _ __86.8200

P63 36 3696 36 36 X IE 36 36 36 36 36 36 I JE I 36 I 6 36 I6 36 I 26 3¢ 3¢ 36 36 36

PRECISE FUNCTICMN VALUES
0.61030E+01 O0.1018CE+C2 0.85820E+02
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BEGIN ITERATICN NUMBER 9

T HCHMINAL DESIGN NU'BER = 13
X-VECTOR
0.20500€402_0.10365€402 _ 0.56060E+01_ 0.5000CE+01____

FUNCTION VALUES
0.61030E+01 0.1018CE+02 0.86320E+02

RESULTS OF APFROXIMATE OPTIMIZATION

— e oau G0 OB

__ DELTA-X VECTCR _ L i .
0.45074E+00 -0.211782+00 -0.60590E+00 0.0

’ X-VECTCR
_0.21040E+02 _ 0.10153E402__0.50000E401_ 0,50000E+01_

AFPROIMATE FUNTTION VALUES
0.61052E+01 0.10132Z+02 0.85828E+02
RN R NGRS K RN IIN T RA RN

SET VANT 1 TO  21.04 DEGREES

TTTTSET VFNT 2 100 10.15 DECNEES

SET VANE 3 TO 5.00 CICREES

SET VANZ 4 TO ~ '5.00 DEGTEES
HOLD RFI‘C CCUSTANT AT A VALUE OF 5567.500

____HOLD OL  CCUSTANT AT A VALUE OF ____ _ 76.779__
FUESSURE RATIOS 6.1020

SUNZE MARGIM= 10.21909

TTUTERFICICNCY=ETT 86,2000

T B o I M e 33 T4 I NI WP I I NI H I XN

PRECISZ FUNCTICN VALLZS
0.61020Z+C1  0.1021CE+02 _0.86800E+02

___BEGIN ITERATION NUNSER 10

HOMINAL DESIGN NUMBER = 14

___X-vectgr e
0.210490E+402 0.10153E+02 0.50000E+01 0.50000E+01

- FUNCTION VALUES
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RESULTS OF APPROXIMATE OPTIMIZATION

OPTIHIZATION HAS PRODUCED AN X-VECTOR WHICH IS THE SAME AS A PREVIOUS DESIGN

DELTA-X VECTOR R e — —
-0.53784E-07 0.0 0.0 0.0

X~VECTOR
0.21040E+#02__0.10153E+02__ 0.50000E+01 _ 0.50000E+01

THE FCLLOWING DESIGN IS NOT THE APFROXIMATE OPTIMUM

___ DELTA-X VECTCR __ === = e en .
0.290C00E-01 0.20000E-01 0.10000E-01 0.1000CE-01

X-VECTOR
0.21060E402 _ 0.10173E+02 __0.50100E+01__0.50100E+01

APFRONIMATE FUNCTION VALUES

0.61010E401 0.102105+32 0.86804E+02
i e L

SET VANE 1 TO  21.06 DEGREES

SET VANE 2 TO  10.17 DEGREES

SET VANE 3 70 5.01 DECREES

TTTSET VANZ 4 TO 5.01 DECREES

' HOLD RFC COMSTAMT AT A VALUE OF 5567.500
HOLD OL_ CCUSTANT AT A VALUE OF__ ___ 76.779
prE3sURE RATIOS  6.1050

GUIGE MARGIN= 10.1500

T EFFICIENCYS T T8s.8c00

NANRFPRAE AR FRFENENREAN AP EERNNRRAN N

FRECISE FUNCTICH VALUES
0.61C505401  0.10150E+402_ 0.86320E+02

FINAL RESULT OF APPROXIMATE OPTIMIZATION

NOMINAL DESISH KUMBER = 15

TTR-VECTC?
0.21C60E+02 0.10173E402 0.50100E+01 0.501C00E+01

FULCTICH VALUES . R
0.61333E+0) 0.10150E+02 0.84£20E+02
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 -0.2049E-01 -0.1362E-01_ -0.1451€-01 _-0.1750E-01 __

RESULTS OF APPROXIMATE ANALYSIS/OPTIMIZATICN

TITLE e e e e . B
TN 26T I IEI 606 I DD DT 623K I 336 96 6 D966 6 369636 06 36 3 3 06 96 3

T TGLOBAL LCCATICNS OF X-VARIABLES
1 2 3 4

"6LO3AL LOCATIONS OF FUNCTIONS, F(X)
9 6 7

777 APPROXIMATION IS BASED ON 15 DESIGNS

HOMIMAL DESIGN IS DESIGN NUMBER 15

TVALUZS OF X-VARIABLES
0.2106E+02 0.1017E+02 0.5010E+01  0.5010E+01

TVALUZS OF FUNCTIONS, F(X)
0.61058+01 0.1015E+02 0.8682E+02

CCEFFICIENTS OF TAYLOR SERIES EXPANSION

T PARAMETER T 71 = GLO3AL VARIABLE 9
LINSAR TER!S, DEL F

NCH~LINZAR TINNS, H, BEGINING WITH DIAGCNAL ELEMENT

TTTTred T 1T T TTh e TmTm Tt T T

-0.1648E-02

RO4 2
T 77 -0.5373E-03

ROM 3
 0.3333E-064

RCA 4
0.6555E-03

PARAMETER 2 = GLCBAL VARIASLE 6

LINEAR TERMS, DEL F _ N L
T -0.4636E-01 7 -0.1312E-01 7 0.4856E-01 ~ 0.771SE-01

NON-LINEAR TERMS, H, BEGINING WITH DIAGONAL ELEMENT

ROU 1
-0.2460E-01

T Rou 2 ) ’ ) CoT T T e e
~0.3261€E-02

__ROX 3 o R
-8.23348-01

RCY o
_-0,1294E-01

S e ety i e s




PARAMETER 3 = GLOBAL VARIABLE 7

LINEAR TERMS, DEL F
0.1044E+00 0.6735E~01 0.5G74E-01 -0.4966E-02

HOH-LINZAR TERUS, H, BEGINING WITH DIAGCNAL ELEMENT

RON 1
-0.2775€-01

ROM 2
-0.3713E-02
TREa T 3T
-0.9915E-02

__ROH &

-0.43432-02

OPTIMIZATICN RESULTS

. CBJECTIVE FUMCTION __ _ _ . e
GLC3AL LCCATICN 9 FUNCTION VALUE 0.61050E+01

_DESIGH VARIABLES _

D. V. GLCBAL LONER UPPER
I0 NO. VAR. KO. BEOUND VALUE BCUND
1 1 ...l __ 0.1C000E+02 _ 0.210405402 _0.35C00E+02
2 4 2 0.E03005+01 0.10173E+02 0.C5000E+02
3 3 3 0.50C0CE+0} 0.53100E+01 0.250C0E+02
4 G 4 0.50039E+01 0.50100E+01 0.2530CE+Q2

DESIG!H CCHGTRAINTS

GLOBAL Lons UPPER
10 AR, KO, EOUTD VALUE EoUND
1 6 0.87CCCE+01  0.10150E402  0.100C0E+03
3 7_____0.87000E+C2 _ 0.86820E+02 _ 0.10000E+04

& wxx FINAL SOLUTION VALUES sxswssus

VAMNE 4NGLE FOR VAHE 1 IS 21.06 DEGREES

"VARE ANSLE FCR VAME 2 IS~ 10.17 DEGREES

VAKE ANGLE FOR VANE 3 IS 5.01 DEGREES

TTUVANE TRIISLE FCD VAME 6 IS 77 5.01 DEGREES

FRESSUREZ RATIN=: 6.1050

TTEFFICITNCY= T 86.8200

SURCZ MARGIN=  10.15909

“RENC 1AS HELD CCHSTANT AT "B557.50 - D
OL  LAS HELD CCHSTANT AT 76.78

PRCGRAM CALLS TO ANALIZ

ICALC  CALLS

_—y Y
2 15
3 1
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