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ABSTRACT

The purpose of this research was to develop a prototype
expert system built around the Diffuser Performance Program
written by Mr. Bob Bauer of Calspan Corporation. The Diffuser
Performance Program predicts the performance of the diffuser
section of a blowdown type wind tunnel. The expert system was
intended to have two main capabilities; assist the user in
understanding the program inputs and assigning correct values to
them, then execute the Diffuser Program and provide an
interpretation of the diffuser's performance in text and graphical
formats.

This thesis describes the components, structure and
capabilities of the Diffuser Expert Syétem. A brief synopsis of
the Diffuser Performance Program is included with complete
charts of the variables and equations. The structure of the expert
system is described with each of the component program's
function identified. And finally, the results of the expert system
and their potential value to a user are discussed.

A final section of this thesis outlines future work that
would be necessary to bring the expert system from the prototype

level to an actual operating system.
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. INTRODUCTION
Background

A FORTRAN computer program was developed by Mr. Bob
Bauer of Calspan Corporation for analyzing the general
performance and starting conditions of the diffuser section of
blowdown type aerodynamic test units. The Diffuser Performance
Program is used for predicting the performance of an existing
diffuser section with a proposed test article. It can also be used
in the design of a new diffuser. The program is complex and
requires an extensive set of inputs that include geometric,
thermodynamic and fluid mechanical parameters. Execution of
the program results in another large set of output variables. The
large amount of numerical information produced and required by
the program makes it difficult and tedious to use. A user of the
program must _fully understand the theory behind the program and
acquire a lot of background knowledge before he can use the
program effectively. Artificial Intelligence (Al) techniques was
used to provide some of the kn'owledge required to use the
Diffuser Program.

Artificial Intelligence is defined as behavior by a machine,
that if performed by a human being, would be called intelligent
[1]. The branch of Al applied in this project is Expert Systems.

Expert systems are defined as a computerized advisory program



that attempts to imitate or substitute the reasoning processes

and knowledge of human experts in solving specific types of
problems [1]. It was believed that developing an expert system to
substitute for the knowledge base required to use the Diffuser
Program would be beneficial. Such an expert system would allow
persons not familiar with the Diffuser Program to use it without
extensive consultation with human experts. The consultation is
time consuming and an expert is not always available. The
expert system could also be used as a training tool for a user not
familiar with diffuser characteristics. A final benefit in building
a Diffuser Expert System would be to preserve the human

expertise so that it would not be lost.
Objective

To better understand the requirements for a Diffuser Expert
System, a description of a typical session using the Diffuser
Performance Program was obtained. The user assembles a list
of the input parameter values and enters them into the program.
If the program is being used to check the performance of an
existing test unit and test article, the input values are those for
the existing equipment. If the program is being used to help
design a test unit, the input parameter values are picked as per
the test unit specifications. The program is run and the output

parameters are interpreted and evaluated. If necessary, the
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inputs are altered according to the output evaluation and the
program rerun. The process is repeated until usable answers are
obtained.

Figure 1.1 shows the proposed data path through the
Diffuser Expert System. The data path closely resembles the path
presently being used when the Diffuser Program is run. Expert
system programs are inserted at the steps where a human expert
would normally be. The expert system to assemble the inputs

would have the following functions:

Ask the user for the necessary inputs.

Ask questions and make decisions about the initial

diffuser configuration.

Set reasonable default values to input parameters not
needed from the user.

- Set limits to input parameters where required.

Explain each input parameter when requested.

Suggest reasonable values for parameters when requested.

Assemble input data in data files.

T Al figures may be found in Appendix A
3 .




The expert system to interpret the outputs would have the

following functions:

- Check that the inputs make sense with respect to the
outputs.

- Provide a general interpretation of the diffusers
performance.

- ldentify diffuser flow irregularities and suggest

remedies.
Approach

To develop a Diffuser Expert System, it was first necessary
to gain a working knowledge of the Diffuser Performance
Program.  Most of the literature found on the program dealt only
with the development of the eduations that describe the diffuser.
There is very little written information on the variable
definitions or the program's usége. A majority of the knowledge
was gained through interviews with the program's developer, Mr.
Bauer. Condensing a small part of the many years of Mr. Bauer's
experience into the expert system proved to be the major task of
this research. |

The second aspect to thg expert system was the
transformation of the knowledge gained into software. The

expert shell was the key to this transformation and it's selection
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was important. An expert shell was needed with a flexible
programming language and with the ability to call and share data
with external programs. The expert shell's flexibility would be
important in developing the user interface. The user interface
was desired to be menu driven, with all functions of the expert
system accessible from a central main menu. The expert shell
would have to interact with external programs easily because all
interaction with the Diffuser Program would be done through
external programs. The external programs would read the
Diffuser Program's input and output data files. This was
necessary because it was desilred that no modifications would be
made to the Diffuser Program. The Diffuser Program is mature
and has been used for many years by people who have gained
confidence in it's outputs. Any changes to the program would

shake that confidence.



Il. DIFFUSER PERFORMANCE PROGRAM

Diffuser Flow Development

A blowdown type wind tunnel is defined for this thesis as
one that exhausts to atmosphere, either directly or through an
exhauster plant. Blowdown wind tunnels are used primarily to
allow testing of larger models than is possible in a closed loop
wind tunnel and in testing of engines where products of
combustion must be exhausted. Figure 2. shows a sketch of a
representative blowdown wind tunnel. The major components
include: the free jet nozzle where the process flow is
accelerated to supersonic speeds, the test chamber where the
model is mounted, and the diffuser section where deceleration of
the process gas and pressure recovery is performed. Other
components can include: a jet pump which provides an extra stage
of compression in the process flow and a jet stretcher which is
an aerodynamically tailored device which replaces a known
streamline with a boundary layer corrected wall and provides
interference free flow at the engine inlets [2]. A jet stretcher is
typically used with a model where the engine inlet is far
downstream of the nose.

Blowdown type wind tunnels are used to simulate high

altitude conditions at supersonic speeds. The wind tunnel



achieves these conditions by accelerating the process gas from
stagnation conditions to supersonic flow through the
converging/diverging nozzle. The resulting free jet entrains
surrounding gas in the test chamber through turbulent mixing
along the boundary layer, and transports it to the diffuser exit.
The action of removing gas from the test chamber causes the
chamber pressure to decrease, thereby simulating a higher
altitude. The amount of chamber gas entrainment is a function of
the momentum of the free jet which is also directly related to
the pressure ratio across the test unit.

Figure 3. illustrates the flow development in a blowdown
wind tunnel. The curve shown in the illustration is a standard
format for representing a diffuser's performance. The
performance curve is typically on a log-log scale of Pg/Pyy vs.
Pg/Pin, where Py is the nozzle total pressure, Pc is the test unit
chamber pressure, and Pg is the diffuser discharge pressure. The
performance curve shows the relationship of the overall test unit
pressure ratio'with the nondimensional chamber pressure. The
curve shown is representative of a diffuser with good
performance. The curve initially lies along the line where P =
Pg, showing very little pump down of the test chamber. As test
unit pressure ratio increases the curve acquires a near vertical
slope, showing large drops in chamber pressure for small

changes in test unit pressure ratio.



To discuss the flow development of a blowdown test unit,
four operating points were selected on the performance curve for
illustration in Fig. 3. For simplification, a basic test unit was
used with only a nozzle, a test chamber and a diffuser. A
pressure profile is also shown in Fig. 3. for each operating point.
The pressure profile was produced by assuming no friction in the
diffuser, adiabatic flow, and Pg is held constant while Pyy is
increased to move down the perfbrmance curve.

Point A was selected high on the curve at Pg/Pyy equal to
.528 and where the chamber pressure is essentially equal to the
diffuser discharge pressure. At this point the the flow has
reached sonic velocity in the throat, but the chamber pressure is
high enough to cause the flow to separate from the nozzle wall as
shown in Fig. 3. Since the sonic flow is not expanding, supersonic
flow is not achieved and pressure in the diffuser is equal to the
exit pressure. As Pyy is increased and the diffuser operating
point moves down the curve, the flow begins to attach to the
nozzle wall and shocks form in: the nozzle.

Point B is selected at the labeled Diffuser Started region of
the curve. Diffuser Started is defined as the point where there
are no disturbances from the nozzle exit which influence the test
body flow field of interest [3]. At this operating point the flow
reaches supersonic speeds but the chamber pressure is still
greater than the nozzle exit pressure. Oblique shocks form at the

nozzle exit to compress the flow. Pressure recovery in the
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diffuser section is achieved by the free jet "shocking down" to
reach subsonic speeds and match pressure at the exit. Model
aerodynamic testing can be performed with the diffuser operating
near the labeled starting point. In this region the test rhombus is
shortened by the oblique shocks originating at the nozzle exit, but
the diffuser will operate with the smallest value of nozzle total
pressure for a given constant diffuser exit pressure. Increasing
Pin moves the diffuser operating point further down the curve,
lengthens the test rhombus and moves the "shocking down"
process further down the duct.

The sketch for Point C illustrates the flow at the nozzle
design point where the chamber pressure and nozzle exit pressure
are equal. At this point, the free jet comes straight out of the
nozzle and there are no shocks at the nozzle exit. Again, the free
jet "shocks down" further down in the diffuser to match

pressures at the exit.

Point D illustrates an operating point where the chamber
pressure is less than the nozzlg exit pressure. Expansion waves
form to expand the flow and match the static and chamber
pressures. Increasing Pyy moves the diffuser operating point
down the performance curve until the labeled Base Pressure Limit
is reached. This pressure limit is the lowest theoretical value
for the chamber pressure and is found by assuming an isentropic
expansion of the flow from the nozzle throat area to the diffuser

area. Typically rocket testing is performed near this operating



point because it represents the highest altitude simulation

possible for a given diffuser configuration.
Diffuser Performance Program Overview

The equations describing the performance of a diffuser was
developed by Mr. R.C. Bauer by applying fluid mechanics
conservation laws to the control volumes shown in Figure 2. The
Diffuser Performance Program is based on these equations and is
programmed in Fortran for use on IBM compatible personal
computers. The diffuser analysis is divided into two parts 1)
general performance and 2) diffuser starting conditions. The
general performance analysis determines the relationship
between the nozzle total pressure Py the chamber pressure Pg,
and the exhaust pressure Pg. The starting conditions analysis
relates the nozzle total pressure to the maximum chamber
pressure at which the system will operate in a steady state
started condifion [3].

The calculations of diffuser performance can be made with
the diffuser in a variety of configurations. A sketch of a diffuser
system with the major configuration components is shown in
Figure 2. The basic diffuser modeled consists of a nozzle, a test
chamber and a diffuser ducting section. A test article can be
inserted into the test chamber and the effects of drag and

blockage can be simulated. An engine can be added to the test
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article and the effects of thermal and momentum additions to the
flow can be simulated. Another configuration is the addition of a
jet pump and jet pump diffuser that are used to increase the
performance of a diffuser. A jet stretcher can also be added to
provide an interference free flow field over the model [2].
Miscellaneous additions to the diffuser simulation can be
included, such as a cooling water spray, a test chamber leak from
atmosphere, and cooler coils between the free jet diffuser and
jet pump regions. The possible configurations of the diffuser are
specified by the values of the Diffuser Program inputs. The
inputs are set to default values to simulate the absence of a
configuration structure, or specified a value depending on the
configuration desired.

The diffuser performance equations were developed in the
early seventies to model a jetr stretcher system. The analysis
was subsequently expanded to model Control Volume | shown in
Fig. 2. The equations were first transformed into FORTRAN code
to run on IBM mainframe computers by Wilbur Armstrong,
formerly of Calspan Corp. The equations and computer code for
Control Volumes Il and Ill (Fig. 2) were added in later years .
Other minor additions, such as fuel afterburning, were also added.
The resulting Diffuser Performance Program was then converted
to run on a desktop personal computer during the middie 1980's,
also by Wilbur Armstrong. A menu driven interface to enter the

input variables was also added by John Felderman of Calspan Corp.
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in 1988. The evolution of the equations and computer code over
many years is mostly responsible for the sometimes confusing
nomenclature. As a reference aid the Diffuser Program variables
and their definitions are included in Appendix B and a complete

listing of the equations are in Appendix C.
Definition of Diffuser Starting Conditions

A definition and method for calculating the diffuser
starting condition can be found in Reference 4. A diffuser and jet
stretcher system is defined to be operating in a started condition
when there are no disturbances from the nozzle and jet stretcher
exits which influence the test body flow field of interest. These
disturbances are produced by a chamber pressure, Pg, that is
different from either the nozzle or jet stretcher exit static
pressure, excessive blockage in the diffuser preventing the
establishment of supersonic flo'w, or a nozzle exit boundary layer
thickness that. exceeds the radial distance between the nozzle
exit and the jet stretcher inlet. The later two disturbances can
be eliminated by properly designing the jet stretcher for blockage
and the range of test Reynolds numbers. The first distur a8 e is
eliminated by reducing the chamber pressure to a sufficiently low
level for starting.

An unstarted flowfield ex:_ists when the chamber pressure is

greater than the maximum allowable chamber pressure required
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for the boundary layer to be attached at the nozzle exit. At some
point in the steady-state starting process the chamber pressure
will become equal to this maximum allowable chamber pressure.
At this point, both the nozzle and jet stretcher are flowing full.
However, the system is unstarted because of the upstream
feedback of the chamber pressure in the nozzle boundary layer
caused by an adverse pressure gradient. For the system to be
started, all of the compression waves produced by the high-
pressure feedback must be intercepted by the jet stretcher. This
will occur at a chamber pressure that is less than that for
boundary layer separation. ,

To quantitatively determine the chamber pressure for
starting, (P¢)start, it is neceséary tolanalytically represent;
1)boundary layer separation pressure rétio, 2)high-pressure
feedback in a boundary layer at the nozzile and jet stretcher exits,
and 3)allowable feedback distaﬁce in the nozzle boundary layer
where disturbances can originate and still be intercepted by the
jet stretcher .  The above analytical relations are produced with
experimental data, nozzle geohetry, and linear relationships.
Their combination produces the following equation [4] for

starting chamber to nozzle exit pressure ratio:

TN IN
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Pc
Which applies in the following range: MNZ(P—,;)SZ 1.0

Pc Pc
For | =] >Mx, the starting value is {5~ | =Mx
PNJs PNJs

Pe
For (—) <1.0 | the system will not start since the allowable
S

feedbalc):ll: distance is less than zero.

A diffuser without a jet stretcher is a simplified subset of
the starting analysis. If no jet stretcher is needed, default
values are picked for the geometry variables so that the right

side of the starting pressure equation is equal to My.
Diffuser General Performance

The Diffuser Performance Program can be used to predict
problems with a diffuser's performance. The overriding concern
is if the minimum attainable chamber pressure is reached before
the diffuser has reached the chamber pressure for starting. The
minimum chamber pressure is determined by either diffuser
choking, free jet pluming or base flow phenomena [4]. Diffuser
choking can occur on control volume surfaces 3, 5, B, and B1 as
shown in Fig. 2. and can be caused by excess drag of the model and
support surfaces, excessive chamber inleakage, area restrictions
in the diffuser, etc. The jet plume limit is reached at a chamber

pressure, less than the nozzle exit pressure, where the nozzle
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free jet plumes to a diameter:larger than the diffuser diameter

and pump down of the test chamber has stopped. The base flow

limit occurs when a nozzle plume is attaching to the inside of the

diffuser sufficiently downstream of the diffuser entrance so as
not to interfere with the recompression process. Of the above
limits, only diffuser choking is predictable by the control volume

analysis used to develop the performance equations.
Data Files

Inputs for the Diffuser Performance Program are stored in
a data file called BAUER.DOC. A BASIC program MENU.BAS was
provided with the Diffuser Program to allow for changes to the
input data file BAUER.DOC. The program divides the inputs into
six categories such as engine ‘variables, jet pump variables, etc.
The variables are accessed through a menu driven user interface.
The variables are displayed on the screen along with a definition
and a field on. the same line for accepting keyboard value inputs.
An example of a MENU.BAS input screen is provided in Figure 4.

Several problems were seen with the MENU.BAS program.
The definitions are very sketchy and even omitted in some cases.
Many of the variables were not placed under the correct
categories. All variables werej left in the non-dimensional form
used by Mr. Bauer during development of the equations. In some

cases, such as a ratio of chamber pressure to nozzle total
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pressure, non-dimensional variables makes sense. However, it
was felt that the non-dimensional variables caused some
unnecessary calculations on the program users part. Also, the
number of decimal places accepted and saved by MENU.BAS were
not appropriate in many cases to the type of variable. Another
problem is caused by limitations in the BASIC program language.
The limitation will not allow zero to be entered as a variable
value. Entering zero will cause the variable to be left unchanged.
This problem can be circumvented by entering a very small
number, on the order of 1 x 10-6.

The Diffuser Program outputs are saved in two ASCIl data
files; PRIN6.DOC and PRIN8.DOC. PRIN6.DOC contains the results
for the test chamber and free jet diffuser regions. PRIN8.DOC
contains the results for the jet pump and jet pump diffuser
region. PRIN8.DOC is only created if a jet pump has been included
in the diffuser configuration. Examples of the PRIN6.DOC and
PRIN8.DOC files are included in Figures 5. and 6. The output data
files are dividéd into three sections. The input variable names
and values are relisted in the first section. The second section
contains miscellaneous calculated parameters such as mass
flows, Mach numbers etc. for different regions in the diffuser.
The third section is a tabulated listing of selected parameters
calculated for ten user input values of Pg/Pyy. It is possible for
the Bauer calculations to be stopped short of the full ten Pc/Pyy

values. This happens when a value of unity is calculated for Mach

16



number at region 3, 5, B, or B1, (Fig. 2.) signifying that the region
has reached sonic velocity and is choked. Referring to Figure 5,
the last value at the bottom of the P¢/Pyy tabulation is the point
where nozzle starting occurs based on the criteria set forth in
the definition of diffuser starting section in this thesis. The
program sets Pg/Py starting to My and works backward to
calculate a corresponding Pc/Pyy. Miscellaneous messages may
be printed after the end of the Pg/Pyy tabulation. The data line
after the STARTED heading contains the value of Pc/Pyy where the
complete diffuser will start. The program calculates a Pg/Py
starting point from Equation 1. and uses it to work backward and
calculate a corresponding Pc/Pyy. If a jet stretcher is not
included in the configuration, the two started points will be
equal. Also listed in the third section under the heading STARTED
WHEN EXHAUSTING TO ATMOSPHERE is the point where the

diffuser will operate started if exhausting to atmosphere which
is typical of the majority of blowdown type test units. The
section of data printout after the atmospheric start in PRIN6.DOC
was a late add-on for when the Diffuser Program was used to
simulate a jet engine, not a test facility, and is beyond the scope

of this project.
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lll. THE DIFFUSER EXPERT SYSTEM
Expert System Construction Tools

The Diffuser Expert System was developed using |IBM
personnel computer compatible software. VP-Expert version 2.0,
a rule-based expert shell developed by Paperback Software, was
used to represent the knowledge base. VP-Expert was chosen for
it's low cost, flexibility and ability to interact with external
programs. External programs, which were necessary to
supplement the capabilities of vVP-Expert, were developed using
the Basic language because the MENU.BAS program, supplied with
the Diffuser Performance Program for modifying the inputs, was
written in Basic. Microsoft QuickBasic, a Basic language editor
and compiler was selected for it's low cost, availability and it's
ability to compile BASIC code for quicker execution as compared

to using a BASIC interpreter.
Expert System Architecture

Six major VP-Expert programs control the various aspects
of the Diffuser Expert System. The program DIFFUSER.KBS is the
main controller and presents the user the available options such
as, build an input data file, run the Diffuser Program and printout

the expert system analysis results. The option selected branches
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the user to one of the other five VP-Expert programs. A chart of
the expert system structure is shown in Fig. 7. The chart shows
the program interaction with each other and the data files.
Definitions for all the programs shown on the chart are included
in Figure 8. Execution of DIFFUSER.KBS will produce the menu
shown in Figure 9. To select the required option, press the arrow
keys to move the cursor to the number and press ENTER.

Selecting Option 1, Create New Data File For Inputs, will
build a new input data file by modifying the existing BAUER.DOC
file. As shown in Fig. 7, the major program run with this option
is the VP-Expert program INPUTS.KBS. INPUTS first prompts the
user for the basic inputs needed for any consultation. The
program then asks the user a string of questions on the diffuser
configuration. For an explanation about a question being asked,
the backslash key can be pressed and "WHY?" selected from the
VP-Expert function key choices. Depending on the users answers,
INPUTS.KBS either calls external programs to set default values
to variables, 6r calls external programs .to prompt the user for
more inputs. The changes are then saved vto the BAUER.DOC input
file. The external programs were modeled after the supplied
MENU.BAS program to save development time. However, major
changes where made. The majority of the variables were made
dimensional to reduce the number of calculations required from
the user. Also, a partial definition of each variable is given.

Care should be taken not to run this option twice on the same

19



BAUER.DOC input data file. Answering the configuration questions

differently can completely change the input variable values.

Selecting Option 2, Use Old Data File for Inputs, lists all
data files in the present directory with a .DAT extension and asks
for a selection. The selection is then copied onto BAUER.DOC and
will be used in the next execution of the Diffuser Program. This
allows a built input file that has been saved with a .DAT
extension to be used at a later time.

Entering Option 3, Quick Change of Input File, will execute
the VP-Expert file MENU.KBS that calls the original MENU.BAS
program. The program is very useful when only one variable is to
be changed. It allows "what if" analysis without going through
the lengthy configuration question process of Option 1. No
improvements have been made to the MENU.BAS program used in
this option.

Option 4, Run Diffuser Program, will execute the
OUTPUTS.KBS VP-Expert file that runs the Diffuser Program and
contains the inference engine for analysis of the outputs. A copy
of OUTPUTS.KBS s included in Appendix D. This option takes the
longest to execute because it calls many external programs.
OUTPUTS runs the Diffuser Program, corrects several input
variables based on the outputsl, and evaluates the diffuser
performance. Passing data ba¢k and forth between the Diffuser
Program output data files and OUTPUTS.KBS is accomplished using
the VP-Expert commands SAVEFACTS and LOADFACTS [5].

20



SAVEFACTS and LOADFACTS read and produce data files that are
built with one variable per line in the format Variable=Value CNF
n. The confidence factor n, is' always set to one hundred, or
complete certainty, since numéric variables are being dealt with.
The communication loop between the output and input data files
and OUTPUTS can be seen in Fig. 7. Getting data from the Diffuser
Program output files PRIN6.DOC is accomplished by the external
program P6READ. P6READ reads selected variables from the data
file, and copies the data into the file PBOUT in the required
LOADFACTS format. The VP-Expert command LOADFACTS is used
to read P6OUT into the VP-Expert file OUTPUTS. To get input
changes made by OUTPUTS into the Diffuser Program input data
file, SAVEFACTS is used to produce the file OUTDAT. The
external program OUTREAD is called to read the few variable
values that are needed from OUTDAT, and makes the changes to
the Diffuser Program input data file. Interaction between
PRIN8.DOC and the VP-Expert programs are not provided,
therefore no analysis of the outputs for the jet pump and jet
pump diffuser regions are possible.

In summary, a typical sequence of communications between
the OUTPUTS VP-Expert file and the Diffuser Program data file
PRIN6.DOC would execute like the following. A rule in the
OUTPUTS file compares the Méch number at the nozzle exit, My, to
the Mach number at region 2, M,, and finds them unequal. The rule

then sets My equal to M, and executes the command SAVEFACTS.
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The external program OUTREAD is then called to read the new
value of My from the file OUTDAT created by the SAVEFACTS
command. OUTREAD then modifies the value of My in the Bauer
input data file. The Diffuser Program is then executed by the VP-
Expert rule, and a new output data file PRIN6.DOC is created. The
external program P6READ is called to read in data from PRIN6 and
the data loaded into the data file P6OUT. The Rule then executes
the LOADFACTS command to load the file PEBOUT into the OUTPUTS
file for evaluation to continue.

Once all needed corrections are made to the inputs,
OUTPUTS.KBS then selects twenty values for Pc/Pyy. The
Diffuser Program is called and: Pg/Pin values are calculated for
each of the twenty points. The data is saved in PLOT.DOC and used
by the external program PERCRV.EXE to produce a plot of Pc/Pyyvs.
Pg/Piy. An example of the plot is shown in Fig. 10.

After the plot is produced;, OUTPUTS.KBS then analysis the
outputs. Presvently, OUTPUTS is looking for these things:

- does the free jet diffuser choke, if so, then why?

- does the free jet diffuser choke before the it has
started and flowing.full?

- how is the diffuser performance, i.e. how well is the

chamber pressure pumped down?
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The text file RESULTS is generated providing a written
analysis of the diffuser's performance based on the answers to
the above questions.

Options 5, 6 and 7 allow a review of the resuitant files
created by the last execution of Option 4. As shown in Fig. 7,
these options either rerun the PERCRV program to display the
performance curve, or run the shareware program LIST which
allows a user to display and search an ASCIl data file.

Option 8, Printout of Results, will printout the resultant
files created by the latest execution of Option 4. The files
include; the plot of Pc/Pyy vs. PB/PtN, the analysis file RESULTS
that contains the interpretation of oufputs, and the PRIN6.DOC
file produced by the Diffuser Program.
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IV. EXPERT SYSTEM RESULTS

A cornerstone of the Diffuser Expert System analysis is the
plot generated of Pg/Pyy vs. Pg/Pyy an example of which is in
Figure 10. The plot is generated from twenty points calculated by
two calls of the Diffuser Program from OUTPUT.KBS. Much
information about the diffuser's performance can be obtained by
analysis of the plot. Labeled on the plot are the points where the
diffuser is started and where the nozzle is operating at it's
design point.

A choked diffuser system can also be seen from the
performance curve. A choked diffuser is represented by an abrupt
horizontal line from the minimum point on the performance curve
to the P¢ axis where Pg is zero. A performance curve for a choked
diffuser is included in Figure 11. Of interest if a diffuser has
choked is whether the performance curve” has reached the nozzle
starting level. If it does not, measures should be taken to
improve the m'inimum Pc level that can be reached.

An evaluation of a diffuser's efficiency can be determined
from the performance curve. An efficient diffuser that provides
good pumping action on the chamber pressure will have a near
vertical performance curve in the diffuser started and nozzle
design regions. A poorly performing diffuser will have a

performance curve that lies on a Pg equals Pgline (45° slope),
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signifying that little pumping action is being done on the chamber
pressure.

The evaluation of the Diffuser Program outputs is produced
in text form by the program OUTPUTS.KBS in the file RESULTS. An
example of the RESULTS is shown in Figure 12. The first few
lines of RESULTS are miscellaneous messages placed there by
OUTPUTS showing when iteration was necessary, values of
certain calculated variables, etc. The RESULTS file then contains
an evaluation of the diffusers performance, i.e. whether or not the
diffuser has choked before starting, the operating point when
exhausting to atmosphere, etc. The last part of RESULTS gives
reasons for the diffusers choking in the order of probability.
Some steps are also given that might alleviate the diffuser

choking problem.
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V. CONCLUDING REMARKS

Most of the original objectives for the part of the Diffuser
Expert System that assists in assembling the inputs were met.
The expert system will ask the user for all inputs that are
absolutely required by the Diffuser Program. The expert system
will then ask questions on the diffuser configuration and give an
explanation of the choices when needed. Depending on the
configuration, the expert system will set variable defaults or ask
values for parameters as required. When input variable values are
asked, they have been Iogically' grouped and an on-screen
definition is provided for each one. Also, the input variables are
entered in dimensional form, the expert system does the
calculations to put the variables in the 'non-dimensional format
required by the Diffuser Progrém.

The objectives for the expert system that analyzes the
Diffuser Progrém outputs were basically met. The expert system
checks several of the inputs and will change them based on output
parameter values. Diffuser performance knowledge is then
represented in graphical and text form. Much of the knowledge is
contained in the diffuser performance curve now produced by the
expert system instead of hand plotted. It shows diffuser
efficiency, the diffuser starting region, and diffuser choking. The

same knowledge is recorded in text format in the RESULTS file.
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Also included in the RESULTS file is a heirarchical list of
diffuser choke reasons and possible remedies. Much expansion of
the knowledge base must be accomplished; however, for the
expert system to reach it's potential. Particularly an expansion
of the knowledge base to include performance analysis for
diffusers with a jet pump.

Some other benefits to a user of the Diffuser Expert System
were not originally part of the objectives. Using the expert
system is much more interactive than using the original Diffuser
Program. The user can create or change the input file, run the
Diffuser Program and review the results all without leaving the
expert system. After satisfactory results have been obtained, the
user can then request a printout of the output files. Also, past
input files can be saved to créate a library of diffuser
configurations and these files can be recalled from inside the
expert system.

Some of the expert system requirements remain to be
refined. To éssist the user, an input parameter definition is
displayed on the input screens; however, the size of the screen
limits the extent of the definition possible. A suggestion of
reasonable values and limits for each parameter are also not
show because of the same size limitation. Using the MENU.BAS
program as a model for enterihg input values, while cutting front
end development time, restricted programming options. No

simple method for displaying variable limits or suggesting
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reasonable values could be found. It is felt that the best way to
address the problems would be to provide parameter information
in "pop up" form that would only be available when the user needs
it. A possible method for displaying this information would be to
use the VP-Expert command HYPERTEXT. HYPERTEXT allows text
to be dynamically linked to a word or object displayed on the
computer screen [6]. The text is displayed in a window when the
word or object is selected by a mouse. To use this feature,
screens would have to be built inside VP-Expert for keyboard
input of the variables. The executable files used for this function
would be eliminated. The variable names displayed in the input
screens would be linked with fext that gives a complete
description, limits and suggested values for the variable.

Some other suggestions have been made to improve the
present Diffuser Expert System prototype to a more useful
product. An upgraded expert éystem should provide out-of-range
checking on input variables as values are assigned to them. The
system would interactively recognize unrealistic variable values
and notify the user to change them. Another upgrade would be to
link the expert system to an intelligent hypertext system. The
hypertext system would provide to the user a tutorial on the gas
dynamics and fluid mechanics :of the diffuser. The tutorial could
be coupled with illustrations, similar to Fig. 3, to convey to the
user the diffuser operating regjons and the testing performance

expected.
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All discussed upgrades to the Diffuser Expert System can be
done using VP-Expert capabilities. However, newer and more
capable software products have been brought to market and the
possibility of using them should be investigated. One additional
hardware requirement to using hypertext would be that computer
systems that can run the expert system would be limited to those

with a mouse.
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Figurel. Flow of Data Through the Diffuser Expert System
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Figure 3. Diffuser Flow Development
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RESERVOIR & GEOMETRY CONDITIONS

RESERVOIR TOTAL PRESSURE (PIN)
RESERVOIR TOTAL TEMPERATURE (TIN)

PSIA,
DEG R,

RESERVOIR SPECIFIC HEAT (CPN) FT#/SLUG-R,

RESERVOIR GAMMA (GAM-N)

NOZZLE EXIT MACH NUMBER (MN)

NOZZLE EXIT: GAMMA (GAMMA 2)
NOZZLE EXIT: SPECIFIC HEAT (CP2/CPN)
NOZZLE EXIT: TEMPERATURE (TT2/TIN)

NOZZLE THROAT AREA (AN%)
NOZZLE EXIT AREA (A2/ANX)
DIFFUSER THROAT AREA (AB/ANX)
DISTANCE BTWN NOZZLE & DIFFUSER (L/DB)
(AB/AN)* - (A2/ANX) = (A3/ANX)

5Q FT,

£

k4

DEFAULT:
DEFAULT:
DEFAULT:
DEFAULT:

DEFAULT:
DEFAULT:
DEFAULT:
DEFAULT:

DEFAULT:
DEFAULT:

DEFAULT:

DEFAULT: .

DEFAULT:

ENTER “1° TO ACCEPT DEFAULTS; "0° TO MAKE CHANGESO

Figure 4. Sample MENU.EXE Screen for Accepting Input
Parameter Changes to the File BAUER.DOC
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1 DIFFUSER PROGRAM MO. 2

APTU-11 M=4.0 Dna32°

INPUT
PTL/PIN:=  .0000E+00 TT1/TTN= 1.0000€+00 CPL/CPN= 1.0000E+00 GAMMAL= 1.3400€400 AL/AN*« 1.0000E+00
AL/AL*s 1.0000€+00 KJ= 1.0000€-1§ KE=  .0000E+00 KPs .0000E+00 PT2/PTN= 1.0000E+00
GAMMAZ2= 1.3400€+00 A2/AN*= 1.07108+01 CP2/CPK= 1.0000€+00 C0S» . 0000€+00 L1/DB= 1.0000E+00
ABJAN*= 4.7060€+01 ALJAN'= 1.0000E+00 AS/AN*= 2.40008+00 GAMMAN: 1. 5400€+00 ABL/AN®= . 0000£+00
PB1/P2+ 1.0000E+00 ABZ/AN*s 0000400 MN- 3.7800E+00 TT2/TTh= 1.0000E+00 CPP/CPN= 1.0000E+00

TTP/TTNs 1.0000€+00 CPE/CPN= 1.0000E+00 TTE/TTNs 1.0000€+00 GAMMAP= 1,3400E+00 GAMMAE= 1,3400E¢00
CPI/CPN= 1.0000E+00 TTI/TIN= 1.0000E+00 A3[AN®= 3.6350E+01 GAMMAJ= 1.3400E+00 ABE/AN*e 4.7050E+01

RI/RN= 8.0000€-01 XJ/RN=-1,0000€+00 ON/RN= 2.0000£-01 PN« 1.0000£+03 ON*/RK= 2.0000€-0!
ASI/AN®= 1,0000E+00 ABI/AN*s §.7900€+01 ALJAN®= 356426401 ABAJAN*= §,2013E+00 A /A4S 2.5000E+01
AS2/AN's 1,0000£400 (P5/CPB= 1.0000€+00 65/GB= 1.0000€+00 TT§/778s 1.0000E+00 64 1.3300€+00
CP4/CPN= 1.0300E+00 TT4/TTN= 1.1800E+00 COS1= .0000E+00 CDS2= . 0000E+00 PT4/PTN=-1.0000€+00

AN*s 4, 1720E-01 CPH= §.7550E403 TTN= 1.7000£403 HA= ,0000E+00 HAN= . 0000E+00
Ki= 1.0000€-01 K¥S= .0000€+00 KA= 2.0000€+00 TBA/TTH= 2,0000E+00 KI= .0000E+00
ALE/AR®= 8.7900£+01 MT+-1.0000€+00
0 CONSTANT QUTPUT
(1= 3.8118E-01 €2« 8.4169E-01 CT3/CTN= [.0000E+00 63/6N= 1.0000£+00 63= 1.3400£400
CP3/CPN= 1.0000E+00 TT3/TTN: 1.0000€+00 M1/MK=  .0000E+00 M2/MNs 1.0000€+00 M3/MN= 1.0000€-15

MI/MN= 9.3371E-02 H= 1.0066E+00 CTB/CTN= 7.2133E-01 CPB/CPN« 1.0683E+00 TTB/TTNs §.7520E-01

6B/6N« 9.9529€-01 68+ 1.3337€400 FL/PAR*s .0000€+00 F2/PAN*s 1.6768E+00 FEIPAN®s |, 5657E-01
FS/PAN®= ,0000E+00 P2/PT2= 1.7686E-03 Mi= 1.0000E+00 N2s 3.7807E+00 PNJPTN: 7.7767E-03
CPS/CPN« 1.0683E+00 65+ 133378400 TT5/TTNs 6.7520€-01 Cd= §.8084E-01 P4/PTds 2.4110E-03

M= 4, 5806E+00
PC/PTN PEX/PTN pifP2 PB/PTN PC/PN pg/PC L] L1}

8.8900€-03 J.7135¢E-02 1. 1443E+00 5.5004€-02 1.1432€400 3.9376€+00 2.9179¢-16 2.9884€-01
1.7800E-03 3.6224E-02 1.0015E+00 3.4031€-02 1.0004E+00 4. 37438400 3.3342¢-16 3.07228-01
6.9250£-03 §.5520€-02 8.9141€-01 3.3217¢€-02 8.9048¢-01 4.80548400 3.7458€-16 3.1408€-01
6.0730E-03 J.A817E-92 1.8174E-01 3.2520€-02 1.8092€-01 5.3550€400 4.2114E-16 J.2121E-01
§.2210€-05 J.4L11E-02 6.7206E-01 3.1758€-02 6.7136€-01 6.0830€+00 4.9684E-16 3.2884E-01
4.3690E-03 J.3403E-02 5.6239¢-01 J.0091E-02 5.8180€-01 1.0936E+00 §.9373E-16 J.3604E-01
3.51T06-03 3.2692E-02 4.5212€-01 J.0217E-02 4.5225E-01 8.5921€+00 7.3756E-16 J.4831E-01
2.6650€-03 3.1979¢-02 3.4308E-01 2.9437E-02 3.4269€-01 1.1046E+01 9.7336E-16 J.5428E-01
1.8130£-03 J.1e62¢e-02 2.3337E-01 2.8649E-02 2.3313E-01 1.5803€+0! 1.4308E-15 3.6385¢E-01
9.6100€-04 J.0543€E-02 1.2370€-01 2.7852E-02 1.2387E-01 2.8984E+01 2.6993E-15 J.J401E-01
2.9371E-02 §.3596€-02 3.7807¢€+00 §.2172€-02 377688400 1.1764E+00 8.8319¢-17 2.0131E-01
0 P3/P2 GREATER THAN M2

0 STARTED
2.9371€-02 §.3596€-02 J.7807€+00 §.2172E-02 1.7168E400 L.1764E+00 8.8318E-17 2.0131£-01
PC s 2.9371E401 PEX = §.3§96E+01 PB = 5.21728408

0 STARTING WHEN EXHAUSTING TO ATMOSPHERE
PC/PTN= 2.9396E-02 PTNI= 2.8739E402  PNIs 2,2350E+00  ALT= 4.4180E¢04  (WNs+ 2.1944E402  NBs 2.0116E-01  LMMs 2.1944E+01

0 FAILED TO START WHEN EXHAUSTING TO ATMOSPHERE

] FOR MBE= 2.75555E-01 PTB/PCs 3,234258+00 ¥SC=  .00000E+00
1.2386E-02 3.9962¢-02 1.5905€+00 3.8001E-02 1.5888E+00 3.0756E+00 2.0994E-16 2.7555E-01

Figure 5. Sample PRIN6.DOC Output File for the Free Jet Diffuser
Produced by BAUER.EXE
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1

APTU-T1 Ms4.0 Dn=32*

INUT
PTL/PINS
ALJAL'
GANNAZ:
ABJAN*s
PBL P2x
TTR/TIN:

RJ/RN=
AST/AN®=
AS2/AN*«
CP4/CPN:

.0000E+00
.0000E+00
. 3400E+00
.7060E+01
.0000€400
.0000E«00
0000€+00
.0000€-01
.0000£+00
.0009£+00
.0300€400

JET PUMP AODITIONS TO O{FFUSER PROGRAM MO, 2

TTL/TTHs 1,0000E+00
Kje 1.0000E-15
AZ/AN*s 1.0710E+01
ALfAN's 1.0000€+00
AB2/AN*s . 0000E+00
CPE/CPNs 1.0000€+00
TTJ/TTIN= 1.0000E+00
XJ/AN=-1.0000E+00
ABLJAR*= 8.7900E+01
CPS/CPB= 1.0000E+00
TT4/TTN= 1.1800E+00

i
1
‘
1
1
CPIJCPN= 1.
L]
1
1
1
4

AN's 4.1720E-01
Ki= 1.0000€-01
ALE[AN®s 8.7900E+01

0 CONSTANT QUTPUY
(1= 3.8118E-01
CP3/CPN= 1.0000E+00
MI/MN= §.3371E-02
6B/6N= 9.9529¢-01
FS/PAN*= L 0000E+00
CP5/CPN= 1.0683E+00
Mds 4.5806£+400
PC/PTN

PBL/PTN  PTBL/PTN

8.8900E-03 3.5942E-01 3.9789E-01
7.7800E-03 3.4938E-01 3.8687E-01
6.9250€-03 3.4160¢-01 3.7833¢E-01
6.0730E-03 3.3380€-01 3.6977¢€-01
§.22106-03 3.2595E-01 3.6116€-01
4.3690E-03 3.1804€-01 3.5248E-01
$.51706-03 3.1008E-01 3.4374E-01
2.6650E-03 3.0204€-01 3.3492E-01
1.8130E-05 2.9394€-01 3.2602€-01
9.6100E-04 2.8575€-01 3.1704E-01
2.93718-02 5.3700E-01 5.9264E-01
0 STARTED
2.9371€-02 §.3700E-01 §.9264€-01
2.9371€+01 5.3700E+02 5.9264€+02

TT3/TTNs

P2/PT2:

CPNs 6.7550€+03
KNS .0000E+00
NT=-1.0000€+00

8.4169E-01
1.0000E+90
He 1.0066E400
68+ 1.3337£400
1.7686€-03
1.3337€+00

(2s

65

PT4/PTN Ké

1.4522£401
1. 4119E+01 1.8415E+01
1.3806E+01 1.8007€+01
1.34928+01 1.7598E+01
L. 3176E+01 1.7186E+08
1.2058E+01 1.6770E+01
1.2537E+01 1.6352€+01
1.2213E+01 1.5930E404
1.1886E+01 1.5503€+01
1.1856E+01 1.5072€401
21645401 2.8231E+0!

1.89428+01

2.1645E401
2. 1645E+04

2.8231E+01

0 STARTING WHEN EXHAUSTING TO ATMOSPHERE

PC/PTN: 2.9396E-02
LMTs 6.2313E402
LMi= 2. 1309E+00

PTNL= 2.79228+01
V5/¥4= J.1612€-02
FBL= 1.2003E+05

PNL= 2.1714
PT4= 6.0460
0F= 1.1721

CPL/CPN= 1.0000E+00 GAMMAL= 1.3400E+00 AL/AN®s 1,0000E+00
K= ,0600E400 KP= .0000E+00 PT2/PTHs 1.0000E+00
CP2/CPN« 1.0000E+00 €S+ .0000E+00 L/0B= 1.0000E+00
AS/AN®= 2,4000£+00 GANMANs 1,3400€+00 ABL/AN"s .0000E+00
MN= 3.7800E+00 TT2/TTN= 1.0000E+00 CPP/CPN= 1.0000E+00
TTE/TTR= 1.0000E+00 GAMMAP= 1,3400E+00 GAMMAE= 1,3400E+00
AJJAN's 1.6350€+01 GAMMAJx 1.3400E+00 ABE/AN*= 4.7056E+01
DN/AN= 2,0000E-01 PTN= 1.0000E+03 ON* /RN= 2.0000E-0:
AJAN'= 3. 5642E+01 ABA/AN*= 5,2013E+00 A4fAd* s 2.5000E+01
65/6B= 1.0000£+00 TT5/178: 1.0000€+00 64+ 1.3300€+00
CDS1= .0000E+00 (0S2=  .0000E+00 PT4/PTN=-1.0000€+00
TTNs 1,7000E+03 HAs .0000€+00 HAM=  .0000E+08
KAs 2,0000E+00 TBA/TTN= 2.0000E+00 KI+  .0000E+00
CT3/CTN= 1.0000E+00 63/6N= 1.0000£+00 63= 1.3400E+09
M1/MN= .0000£400 M2 /MN= 1.0000€+00 M3/MN= 1.0000E-15
CTB/CTN= 7.2133E-01 CPB/CPH= 1.0683E+00 TTB/TTN= 6.7520E-01
F1/PAN*s  .0000E+00 F2/PAN*s 1,6768E+00 F1/PAN*s 1.§667E-01
Ml 1.0000E+00 M2 3.7807€+00 PN/PTN= 7.7767E-03
TTS/TTNe 6.7520€-01 (4« 8.8084E-01 P4JPT4= 2. 4110E-03
LH MB1  PB1/PB TIBLJTIN 6Bl PTS/PTB  CBIJCPN  MSS
L2987 L3934 1.0268€+01 1.1536E+00 1.3302 1.0002E+00 1.0319E+00 .1558
L3071 L3939 1.0266€+01 1.1529E+00 1.3302 1.00026+00 1.0520E400 .1598
J3140 3944 1.0265€+01 1.1523€+00 1.3302 1.0002E+00 1.0320€+00 1631
L3211 3948 1.0264E40% 1.1S1TE+00 1.3302 1.0002€+00 1.0321E+00 .1665
J3281 L3952 1.0263E+01 1.1S1LE+00 1.3302 1.0002E+00 1.0521E+00 .1701
L3367 3957 1.02626+401 1.1504E+00 1.3302 1.0002E+00 1.0322€+00 .1738
L3452 3962 1.0261E+01 1.1497E+00 1.3302 1.0002E+00 1.0322E400 1777
3541 3967 1.0260E+01 1.1489E+00 1.3302 1.0002E+00 1.0323E+00 .1818
L3637 3972 1.0260€+01 1.1481E+00 1,3302 1.0002E+00 1.0323E+00 1862
J3738 3978 1.0259E+01 1.1473E+00 1.3302 1.0002E+00 1.0324E+00 1908
L2012 .3874 1.0293E+01 1.16206+00 1.3301 1.0002€+00 1.0313E+00 1071
22012 L3874 1.0293E401 1.1620E+00 1.3301 1.0002€+00 1.0313E+00 .1071
£-01 ALT= 9,2487E+04 LMNe 2. 1309E+401 LMé= 6.0182E+402
£402 K= 2,8243E+01 MBls 3.8739¢-01 K§Ss 1.0710€-01
405 F= 2.8128€+403

Figure 6. Sample PRIN8.DOC Output File for the Jet Pump Addition
Produced by BAUER.EXE

< 39



Ueyy (e weiboiqd walsAg padxgy sesnyiq L 8inbig

WVN3Y

TANIYd [

dANAvo3

+

¢AdO43d

-]
-

8 uondo

sva'.

1SI17

101d

4

-1
<
<
—

AHOH3d

1N09d

]

8NIdd

*A

av3ded

% v

S1INS3y

- S3H1EA

1lvaino

9NIdd

H3anvyg

3

avadino

I H3nvg

i |

NNIN <

WVYNId
g uondo »

g uondo| g uondo

S1Nndino

¥ uondo *

X

dNdI3rON
dNnd13r
disiar
AHdJSHIVM
HO'IOOM
dANd13rN
HiSird
HISIMON
1vaviavN
a3giam
NYgH14v
NOONE
NODAOOH
4400N3
AVILINI
S1nv43d

L uondo

S1NdNI

g uondo

} uondo +

IXdA  HXdA

HXdA IXdA 3XdA
WXdA dT13HdA

H3ISN44Id

XdA

AS_OO..mxw..v
S|4 w.nﬂ:umxmﬂ_

(0oa'.)
se|l4 eleg

S

(say-.)
8|I4 Wadx3dA

H

40



DIFFUSER.KBS
INPUTS.KBS
OUTPUTS.KBS

AFTRBRN.EXE
BAUER.EXE
BRUN45.EXE
DEFAULTS.EXE
DELRES.EXE
EGADUMP.EXE
ENGOFF.EXE

ENGONEXE
FILNAM.EXE

INITIAL.EXE
JETPUMP.EXE
JETSTR.EXE
LIST.COM

MENUEXE

NADIABATIC.EXE

NJETPUMP.EXE
NOJETPMP.EXE

NOQJTSTR.EXE
OUTREAD.EXE

VP-Expert Program

Driver program, displays main menu.
Assembles inputs.
Interprets outputs.

X le _Program

Accepts variables for simulating engine
afterburn. ‘
Diffuser math model.

QuickBasic library routines.

Sets variable default values.

Deletes file RESULTS to allow a new one to
be built. ,

Library routine that dumps EGA graphics to
printer.

Sets variable default values for engine not
running.

Accepts variables for engine running.
Renames PRIN6.DOC to TEMP.DOC for
retention.

Accepts values for required input variables.
Accepts variables for a jet pump simulation.
Accepts variables for simulating a jet
stretcher.

Displays ASCII data files on computer
screen

Original variable input routine provided
with BAUER.EXE.

Accepts variables for non-adiabatic flow.
Sets variable defaults for no jet pump.
Sets variable defaults for a non-optimum
jet pump.

Sets variable defaults for no jet stretcher.
Reads input modifications by OUTPUTS.KBS
and corrects BAUER.DOC.

Figure 8. Diffuser Expert System Files
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PERCRV.EXE
PERCRV2.EXE

PJTSTR.EXE

PRINFIL.EXE
P6READ.EXE

RENAM.EXE
ROCKTON.EXE

WATRSPRY.EXE
WBLEED.EXE
WCOLEREXE

VPXEXE

BAUER.DOC
OUTDAT

PLOT.DOC
PRIN6.DOC
PRIN8.DOC
PeOUT

RESULTS
TEMP.DOC

Produces diffuser performance plot.
Produces diffuser performance plot and
prints it.

Accepts defaults for simulating a porous
jetstretcher.

Prints RESULTS and PRIN6.DOC.

Reads PRIN6.DOC and reforms for use by
OUTPUTS.KBS.

Renames PRIN6.DOC to TEMP.DOC for holding.
Accepts variables for when engine is a
rocket.

Accepts variables for simulating a cooling
waterspray.

Accepts variables for simulating chamber
leaks.

Accepts variables for simulating a cooler
before the jet pump diffuser region.
VP-Expert development tool, VPXE, VPXH,
VPXM, VPXT, VPXI are supporting files.

Data Files

Input file for BAUER.EXE.

Output file from OUTPUTS.KBS for modifying
BAUER.DOC with OUTREAD.EXE.

Contains data for diffuser performance
curve.

Output file from BAUER.EXE.

Jet pump output file from BAUER.EXE.
Output file from P6READ.EXE to form
readable by OUTPUTS.KBS.

Contains OUTPUTS.KBS analysis results.
Holding file for one copy of PRIN6.DOC.

Figure 8 (con't). Diffuser Expert System Files
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MENU OPTIONS ARE

- CREATE NEW DATA FILE FOR INPUTS
- USE OLD DATA FILE FOR INPUTS

- QUICK CHANGE OF INPUT DATA

- RUN DIFFUSER PROGRAM

REVIEW PERFORMANCE CURVE

- REVIEW OUTPUT DATA FILE

- REVIEW DIFFUSER ANALYSIS

- PRINT REPORT

- EXIT CONSULTATION

KOO A WN -
|

PICK AN OPTION
1 2
4 5
7 8

XKW

Figure 9. Sample of the Main Menu for the Diffuser Expert System
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THE SATURATED WATER SPRAY FLOW; ZEWS-0.299010
THE SUGGESTED CHAMBER PRESSURE RATIOS ARE
PC/PIR(1)=1

PC/PTN[2]=0.775000
PC/PTR[3]=0.550000
PC/PTH[4]=0.325000

PC/PTN[S)=.1

PC/PTRI6]=0.082000
PC/PIN[7]=0.064000
PC/PTN[8]=0.046000
PC/PTH[§)=0.028000

PC/PTH[10]=.01"

PC/PTN[11]=0.008888
PC/PTR[12]=0.007777
PC/PTN[13]=0.006925
PC/PTN[14]=0.008073
PC/PTN[15]=0.006221
PC/PTN[16]=0.004369
PC/PTR[17]=0.003517
PC/PTN[18]=0.002665
PC/PTN[19]=0.001813
PC/PTN[20]=0.000961

AR/ANS = 47.131207, ZRATI0=1.001513"

DIFFUSER ANALYSIS

The diffuser performance curve is along the PC=PB line in the
diffuser started region. This shows a diffuser with a poor
punpdown of the chamber. SLOPE = 0.525586

The diffuser flow has started and is flowing full

Most testing should be done around the diffuser started chamber pressure of
PC/PTN= 0.0293. In this region of the performance curve the test rhombus
is shortened, but the diffuser will operate with the smallest value of PIR
for a constant PB.

The diffuser will operate in the started conditions while exhausting
to atmousphere at:

PIN - 278.83 psia PB = 15 psia ¥B = 0.229 PN =  2.168 psia
Simulated Altitude = 44811 Bt

The Nozzle will operate at it's design point (PC=PN) at: PC/PTN=0.007777

The diffuser has choked for the following reasons:

- Diffuser choking at exit (MB=1.0), diffuser minimum area
ABE/AN* = 26.00 is less than the diffuser area AB/AN® = 47.06.
The reduction in area can cause the diffuser to choke.

- Diffuser choking at exit (MB=1.0), the model drag is too large;
Either the diffuser area must be increased or the model size decreased.
Either the diffuser area must be increased or the model size decreased.

Figure 12. Sample of the RESULTS File Produced by the Diffuser
Expert System 46



APPENDIX B
DIFFUSER PERFORMANCE PROGRAM
VARIABLE DEFINITIONS




4

+{NV/ PV Uxd 8jzzou dwnd }a[ Jo BAJE |RUOISUSWIPUON
v
LYV IVY 8|zzou dwnd )af one.s ealy ’
198NY1p N

«NV/EVY  pue iayojes)s 18] usamiaq deb jo ease [BUOISUSWIPUON
"Jayojalls 1ol ou si
8Jay} Jl ease 1xd 9jzzoN 19Ul suibus ey} je 1eydlells

4

NV/2V 18] pue Apoq }s8) usamiaq eaie [BUOISUSWIPUON
1xa 7..~,< %
NV/3 Iy Jasnyip dwnd }af ayl jo BAJE WNWIUIW [BUOISUSWIPUON ldy
Ny
NV/LV uxe auibue Apoq 1S9} JO EBAJE |RUOISUBWIPUON \<
'y
«LVY/LY 8|zzou suibua Apoq }se} ones ealy \<
aweN
siun weusboud uoljluljaqg a|qeliep

.



Z
<

*

NV/IV 18jul suibua s|olE }SB} JO BAIE |BUOISUBWIPUON ‘v
. 11X9 m<

NV/38Vv  Jesnyip 18l 881y oY) jO BAJE WNWIUIW [BUOISUSWIPUON Hy
Ny

NV/vav eseq 8jzzou dwnd 310[ JOo BAIE [RUOISUSWIPUON vy
Ny

NV/2av 9seq JsyojaJls 18l Jo ease |BUOISUSWIPUON Wy
(psleadal) Ny

NV/19Y 8seq 9o|oIlJe ]SO] JO Bale [BUOISUSWIPUON 1y
Ny

LNV/189Vv uxa Jasnyip dwnd 318l 8y} jo ease |BUOISUSWIPUON Hy
Ny

«NVv/av Hxe Jasnyip 18] eai) JOo BBJE [BUOISUSWIPUON Xa\

sweN

sjun welboud

uoljuiyaq

alqeliep

49



(D 'ddy g -ub3) Jaydjais

A9 J8l pue |spow usamiaq g uoibal Je laquinu 092019 ¢n
(0 xipusddy
o) ‘¢ 'ub3) uxe sulbus sjoie S8} B JAqWNu 022019 £0)
aoejins m<
NV/2SVY lasnyjip dwnd 18[ jo BaIE 8O0UBIS)JBI [BUOISUBWIPUON Sy
aoeyins m<
NV/LSV uoibss dwnd 18l Jo BAIE 8DUBIBLBI [BUOISUBWIPUON ISy
uoddns pue ‘jspow ‘eoepuns m<
NV/SV Jasnyip 18l @81} JO BOIE BOUBIBJSI [BUOISUSWIPUON Sv
S NV BaJe Jeosy) 9jzzou }al @814 Ny
INd Buisn pue eisydsowyy
1} 1v PJEPUELS BY} U0 paseq ||8d 1S8)} ul paje|nwis spnijy 1V
awenN
siun wesboid uoljiuijaqg ajqeliep

50



layojans o[ pue Apoq sjoiue

Zn—U
N&U

NdD/2d)d 1sa} uaamiaq uoibas jeay o1109ds |BUOISUBWIPUON
Uxo Ndo
NdD/LdD suibus sjonte isa] e jeay dI0ads [BUOISUSWIPUON tdy
2san aoepns Jasnyip dwnd 18] jo jusioie00 Beiq 8y
1SQd uoibas dwnd 18[ jo jusolys00 Beiq IS4
poddns pue
S ‘lopow ‘sdepins Jasnyip 18l 8ai) Jo juaIdYL0D Beu( Sy
(0 "ddy ¥9 'ub3) uxe Ny
NdO/ig0  Jesnyip dwnd 18[ 8y} je jesy ou10ads [BUOISUBWIPUON tdg
%0 (0 "ddy #t "ub3) moj dwnd 1e[ jo Joqunu 029019 4]
sawepN
syun welboid uotlljiuijaq ajqeriep

51



1ojul Jayojadls 18l pue }ixa 8|zzou

ZmO\
_.A—U

NdDO/fdD usamiaq deb |eipes je jesy oyi0ads [BUOISUSWIPUON
Moj|} Zn—U
NdDAdD Po8|q |euss)xa ayl o jeay oyi0ads [BUOISUSWIPUON d5
(O "ddy 91| "ub3) uxe Ndry
NdO/add Jesnyip 18 @ai) 8y} Je yesy oH108ds |BUOISUSWIPUON 0
(O ddy Ndry
NdO/SdD ¢ "ub3) uoibas dwnd 33 Jeay oyoads [eUOISUSWIPUON dn
(ynojund
dwnd 18l ou Jo} 019z 0} }8S) X8 "JIp 18[ 881} JeBY gdy
8d90/5d9D oyoads Aq papiaip sesnyip dwnd 38l jesy oioadg R.u
Zmo
NdO/¥dD Jlontesal dwnd 19 jesy oyoads [euoisuswipuopN rdy
(0ddy s N
NdQ/edD "ub3) deb isyojesis 1ol je jesy oyoeds jeuoisuswipuon tdy
aweN
sjun weiboid uoiliuiyag ajqeliep

52



Uxa 8jzzou }al 88l snipes /8|zzou

NH/.NQ 18l @844 Jo ssauyoly) jJuswaoe|dsip Jake| Arepunog

(D "ddy g/ "ub3) sjzzou 10l e84
1q| 44 pue 1xs sasnyip dwnd sl usamiaq sdouaidlIP 1SNy 49
14 aqa ialawelp lixa Jasnyip 1ol eaiq iq
(0 "ddy G| "ub3) uxe Nij Ndg
NLO/aLD  Jasnyip jol eay ay; Je Adjeyjus [e}j0} |BUOISUBWIPUON 8 8dg
(O "ddv ¢ Nij Ndg
NLO/€LD "ub3j) deb sasnyip eyl 1e Adreyus |ejo} jeuoiSuSWIPUON € &dg

lem snosod isyo)ails Ndo
NdJ/ddO 18l syl ybnosyl mojj jo Jesy oyioads [eUOISUBLUIPUON \._o
a |
o-BNIsS/ql-14 NdD ainssaid jJuejsuod je jesy oII0ads JIOAIBSAI 9]ZZON Nd5
saweN

slun weiboigd uolliuijag a|qeldep

53




(O "ddy tg ub3) sesnyp 1ol Ny Ny
«NVd/S4d 93y} ayi 1o} (Beip) wnjuswow uondl} [eUCISUSWIPUON * \mm
(O ddy /2
"ub3) eseydsowse o) Bunsneyxs si sasnyip ay alaym
1q] N 8Sed 8y} J0j )Ix8 8|zzou }8f 884y Je wWnUSWOW MO| N4
(D "ddy gg -ub3) 181Ul BUIBUs Ny Nig
NVd/I4 9|o1Je 1S8] 8yl JB WNJUSWOW MO} [BUOISUSWIPUON * \_n_
(0 "ddy 9/
'ub3) esaydsowse o) Buisneyxs si sasnyp ay alaym
1G] ld4  @sed 8y} Joj uxs sesnyip dwnd 38l j WnjusWOW MO b4
(D "ddy g "ub3) ayojens jel pue spoiue }sa} ay} Ny Nig
«NVd/ed usamjeq uoibais 8y} Ul WNJUSWOW MO}) [BUOISUSWIPUON * \mn_
(0 'ddy 0z uba) xe Ny Ny
NVd/Ld 8ulbuse sjoiue ise} je wnjuswow Moy [eUOISUBSWIPUON ' \n_
HUxa 8jzzou 18] a9l snipe. N
NH/NG Aixe 8jzzou }of oaly e ssauydlyl Jake| Arepunog [ejo] h\zw
sweN
siiun wesboid uolliuijaq ajqeliep

54



iayojans 18l pue

SYWINYD Apoq 1se} usamjaq uoibal ey} Joy ones jesy oydadg A
WYIWNVYD IIxa suibus soie s8] je ones jesay oyoadg WA
uoibas 1ixa Jasnyip 18] @8y a8y} 1oy ones jeay ouyoads
g9/59 /moj} uoibas dwnd 18( ey Joj ones jeay oyioedg §\§
(0
¢ ddy ¢t ub3) uoibes dwnd jef sy} ul ones jeay o|y108dg St
%) llonsesal dwnd 18f jo ones jesy onyoedg 17
(0 'ddy g -ub3) ones yesay oioads sjzzou sy}
NO/€D  Aq papinp deb ssyojesns sl ay} je ones jeay oyoadg z»\ﬁ
, (o "ddy
9 'ub3g) 18Ul Jasnyip 18] B8l Byl pue X8 JBYDIBAS
%) 18 8y} usemiaq deb sy} je ones jeay oyoedg €A,
sweN
sjun weaboud uoljluijaqg a|qeliep

55



(O "ddy g} "ub3)
leay oytoads 110A18s3. ejzzou }of 88l 8y} Aq papiAp

NOOED Wxe iasnyip 18] o8 ey} Joj ones jesy oywadg

(0 "ddy

19D 99 ‘ub3) uxs sasnyp dwnd 18 Je opes jesy oywadg Lay,

(0 "ddy 61 ‘ub3)
g uoibai jixa sasnyip 18l esl) eyl 1o} ones jeay oyoadg a9
dVINWVD Moy jlem snosod Jaydjesis 1ol 10j ones jesy oiyosdg di,
NVINAYD llonissal ejzzou 1ol o8l sy} Joj ones Jeay oyoadg N,

lojul Jsyolans 8l
F'YWAVO pue }ixe 8|zzou usamleq deb ey} 1oj ones jesy oyoedg I
IVNIAYD MO|} p8a8lq |euisixd Jo one:s jeay oui0adg ET}

swieN

sjiun weiboid uoljuijaqg a|qeliep

56



laqueyd uonsnquwoo Buusius 81049q

IM 1ojul suibua wol ps|q Moj} ssew auibus Jo uolORl 'y
DI MO} SSew d|zzou O} Pas|q |BUIBIXS MOJ} SSEBW JO Oljey 3y
(moyy
aulbus) LW ui 18Ny B8yl Jo uinquaye AQ PaLNSUOD SI
VX (moy ejzzou) N ul usbAxo jle yoym 1e NIW/LIN JO enjep vy
(D "ddy 19 ‘ub3) moj ssew Nw
M 8jzzou 18 @3y Aq pepinip dwnd 18[ woly mojy ssep Tw

s|qejlene uabAxo jo junowe Aq papwi Buluingieye
WVH [dn} o} pases|al Jeay wWnuwixew [BUOISUSWIPUON Wvy

57

‘JloAlgsal 8jzzou 8yl Jo 1] pue d) AQ papiAlp
VH Isneyxs auibus jo b6n|s Jad pases|ar ABisus Buluinquayy vy

(O "ddy 1 ‘ub3)
H | SWN|OA |0JJUOD JO WNS MOJ} SSEBW [BUOISUSWIPUON H

aweN
sjun weliboid uolliuijaq alqelliep

O



(D 'ddy g -ub3) esaydsowye 0} Bunsneyxa Jasnyip ay

o8s/wqj NA JO ased 8y} 10} 8jzzou 3o @84y ay} Buiaes| mol ssepy Nw
(g 'ddy ¢gg "ub3) sisydsowie o3 Bunsneyxa lesnyip ayl
o9s/wqj PINT  Jo ased syl 10j ejzzou dwnd 318l sy} Buires] mojy ssepy Yw
lasnyip 18l eay jo Jsjaweiqg/iasnyp q
aa/1 18] e84y 0] sayoans jal wol souelsiq \_
(D "ddy /1 "ubg) moy} ssew gjzzou
SMM Jol @81} 0} Mo} ssew Aeids Jojem jO oljes pajeinjeg SMy
(weiboid Agq paienojed st SMM L- 0} 18s JI) moy}
MY ssew 8fzzou 18l 8aJ) 0} mo|} ssew Aeids iajem jo oljey My
MO} ssew 8jzzou }al
dM 831} 0] MO|} ssew [fem snolod Jayojauls 18l Jo oney dy
(D "ddy | "ub3) mol} ssew ojzzou }a( 88} 0} (g ease
M ¥e paonpoiuial) moly ssew deb sayojesis 1ol jo oney Iy
sweN
siun wesboid uoilluijaqg a|qeldep

58



(0 "ddy gg ‘ub3) sesnyip

EWN 19 88l pue sayojass 18l ussmiaq deb je Jaquinu yoep 2
(D "ddy || "ub3) moy} ssew ejzzou jal sayy Nuw
NIW/CW /18ydleils 18l pue spoiue 1sa} uaamiaq ease MO|} SSBN ‘w
(D "ddy Lg uonenb3) isyojens
18 ou si as8y} y JequINU YOBW HIX® 8]ZZOU 10 YOS
2N 1o[ pue sjoue is8] UsAMIBq gy EBBJe Je Jequinu Yoep °N
(0 ddy 01 "ub3) uxe Ny
NW/LN suibus s|olue 1S3 BY]l 1B MOJ} SSBW |BUOISUSWIPUON Tw
LN (O ddy og ‘ub3) uxe suibus saquinu yoepy ‘W
(0 "ddy g8 ‘ub3) eseydsowse o} Buisneyxa
oas/wq| M J9sSnYIp 8yl jJo ased 8y} 1o} mojy ssew Aeids Jajepp Muw
(D 'ddy 8 "ub3) weiboiyg aoueUWLIONad J18sSNyI]
o8s/Wq|] 1A Aq paje|noeo sasnyip ybnoiyy moj ssew [ejo 1 Ly
sweN
siun wesboid uoljiuiyaqg ajqeliep

59



(o *ddy ¢} 'ub3) moj ssew
NIW/IN 8|zzou )8l eai) pejul suibua 8[oIE S8} MO]} SSeW

LW (D "ddy G/ ‘ub3) uxe sosnyp dwnd 18] Joquinu yoepy
anN (D 'ddy pg "ub3) uxa sesnyip 18l 881y Jaquinu yoepy

(O "ddy 8 "ub3) sesnyip dwnd 38l ayy

SSA ur G uoibal je Jaquinu yoep pajoalIod (LSY) esse Beiq
SN (D "ddy ¥/ "ub3) uoibas dwnd 38l ur moy Jo Joquinu yoepw

vW (D "ddy gy "ub3) dwnd je[ Buires; moj Jo Jaquinu yoepw

(0 "ddy 2| ‘ub3)
NW/EW moj} ssew 8jzzou )8l esi /deb iaydlasns 18 mo) ssepy

60

aweN
siun wesboid uolnulyaq ajqeliep




(D "ddy

d
NLd/dd 9€ "ub3) uxs sasnyip 18l 8al} ainssaid [BUOISUSWIPUON Rn_

(O "ddy 2¢ 9y
Od/dd "ub3) Jsquweys ainssaid aixa tasnyip 1ol 88l 8inssaid d

(O "ddv /v g
v1d/vd "ub3) swes jo ainsseid |ejojixe dwnd jaf je ainssaid vd

(D 'ddy tp -ub3) sayojauns 1ol pue spine 2y
2d/€d 1S9} usamiaq eaise ainssald seinssaid deb sayoless lor R&

(0 ddy g "ub3) swes jo sinssaid |e}0} 2y
cld/ed [/ 18yojadis 18( pue gole 1S9} USBMISQ BBIB 8INSSdid \n_

(e1enojeo o3 weibold souewiousd
oas/wqj| N lasnyg s82.0) |- O] 19S) MOJ} SSew [ejoj TVIOL iy
NA laquinu yoep uxe ajzzou }al sai4 N
sweN

siun wesboid uolltuljaq a|qellep



N1d/Nd

N1ld/X3d

N1d/0d

Nd/Od .

NLld/i9d

dd/idd

¢d/igd

(D 'ddy s¢ "ub3) ones ainssaid ajzzou jal a1

(D "ddy 9¢ ‘se ‘ub3)
Uxe Jasnyip 18l @81y ainssaid [e]0} |BUOISUSWIPUON

sainssaid |[8d ]S8)} [BUOISUBWIP-UON

(D "ddy 8¢

"'ub3) uxa e|zzou }of @81y ainssaid /loqWEBYD BINSSBIY

(D ddy g/ "ub3) einssaid [e}jo} soAs8S8l
8jzzou 318l @ai4 Aixe sasnyp dwnd }8f einssaud

(D "ddy g/ -ub3j) uxe sasnyip
18] o81) ainssaid Mixe soasnyip dwnd 18] ainssaiy

Jayojans 18l pue Apoq 1se} usamiaq
uotbals ainssaid/eseq suibua opolle }S8) 8INSSAIY

Zf
d

Zam
O d

siiun

aweN
wedbouid

uonjuijaq

alqeliep

62



(D "ddy 0/ "ub3)

Nld/191d Uxa Jasnyip dwnd 1a8[ eunssid [B]0} [BUOISUBWIPUON
(O "ddy /g "ub3) uxs sesnyip € g
g1d/S1d 18l @8 ainsseid |ejo) suoibas dwnd jaf einssaid [ejoj S'd
(0 "ddy 95 ‘5§
‘ub3g) (§d=6d ‘wnwndo oyendeo [IM wesbosd |- 0} }8s NI 4
NLld/vid #) soasesalr dwnd 38l jo ainsseid [ej0} [BUOISUSWIPUON 4% |
(O "ddv 98
'ub3) aiaydsowie o} Bunsneyxa si Jasnyip sy} aiaym
eisd v1d ased 8y} Joj Jloatesal dwnd 1ol ay} jo ainssaid |ejog vy
layolasns jof N3 g
NL1ld/2ld pue Apoq }s8} uaamiaq ainssaid |ejo} |euOISUBWIPUON g
Zam
NLld/L1ld Hxa auibus ainssseid |elO} |BUOISUBWIPUON km
(D "ddy 08 ‘ub3) seiseydsowie o} Bupsneyxs si Jasnyip
eisd INd 8Jaym uonnjos 1o} ainssaid 1Ixa 8jzzou 13 88.4 INg
saweN
sjiun weibolid uoljtuljag alqeldep

63



Jlayolans 318l pue

NLll/2l1l Apoq 1se] usemisq ainjesadwa} [el0} [BUOISUSWIPUON
uxa suibuas Ny
NLL/LLL 9|o1Je 1S9} e ainjesadws) |B}0] JEUOISUSWIPUON B A
Buluinqueye N
N11/vgl |9n} 0} enp ainjesadwal WNWIXEW [BUOISUSWIPUON h\ﬁﬁ
N4 X8 8|zzou 38l asyy snipey N1
}xo N
NH/fH  ©|zzou 18 83y jJo snipeyae|ul Jayojans 38l jo snipey H\:
(O "ddy
6, 'ub3j) aioydsouwne o} Bunsneyxs si Jesnyp aiaym
eisd INLd @seo 1o} (Nid) ainsseid [ejo} siomiesal 8jzzou jof eal NV g
eisd NLd ainssaid |BJ0} Ji0AIBSBI B|ZZOU Jol 8al4 N g
aweN
siun weiboud uoljiuijag ajqeliep

64



N1l1/311 Mo|} pas|q [eusdixa ainjeiadwa} |B}O} |BUOISUSWIPUON

(O "ddy g9 ‘ub3) uxe Ny

NLL/tg11 lasnyip dwnd ja( ainjesadwse) [e}0} [BUOISUBWIPUON &y
(O "ddy £} "ub3) uxe N p

NLL/gLl1 J18snyip 1ol @8y je ainjesadwa} [e]0} |BUOISUBWIPUON ag
(0 "ddy ¢ Ny

NLL/S11 ‘"ub3) uoibas dwnd jaf einjesadws) [ejo} |euoisusWIPUON L
nxa Jasnyip 1ol eauj €

g11/611 ainjesadws) |ejoyuoibas dwnd 318 ainjesadws) |ejo} xﬁ_‘
Zurﬁ

NLL/#11  @injeradws) |ejo} Jioasesals dwnd 38 [euoisuswipuon 1A
(o 'ddy g ‘ub3) sasnyip .E._ 9aJ) pue 1aydlalls N1y

NLL/€11 18l usamieq deb ainjesadwe) |B]O} |BUOISUSWIPUON \,H

saweN
siiun weibouid uoljuyaq a|qeldep

65




1xe 8|zzou }ol 88y snipes Asjul Jayolells

N
NH/X 18[ 0} uxe 8|zzou 18] 88 WOI) 8OUE]SIP JesulT H\_x
(O "ddy gg "ub3)
(som o} dwnd 18( 404 jEWS 8q 0} spaspN) swnid dwnd N
YA/SA 18l Jo Auoojaa mojy/uoibes dwnd 38[ ur Ao0|@A MO|4 ‘A
llem snoisod i1ayodauls N1y
NLL/dLL 18] ybBnoiyy mojy jo ainjesadws) |ej0} [BUOISUSWIPUON diy
Ho NLL ainjesadwa) (el0} JloAIaSa) B|zzou }a[ eal4 N
19jul Jayoans 1ol pue Jxa ejzzou 18l eauy Np
NLL/FLL usamiaq deb [eipes einjesadws) [Bl0} [EUOISUSWIPUON \ bL
awepN
siun weaboid uoljtuiyag ajqeliep

66



APPENDIX C
DIFFUSER PERFORMANCE PROGRAM
EQUATIONS




The conservation laws were applied based on the following
assumptions (References 2, 3 and 4):

- The test body is at zero angle of attack.

- The test facility nozzle provides one-dimensional
supersonic flow approaching the test vehicle.

- The test body engine inlets are located at least 5 body
diameters from the nose, therefore, the flow conditions
on the control volume surface 2 are one-dimensional.

- The bow shock wave from the test vehicle falls outside
the facility nozzle exit, therefore, the total stream
thrust on surface 2 equals the total stream thrust that
would exist at the nozzle exit plane without the
presence of the test vehicle.

- The test body engine exhaust is one-dimensional.

- For a typical test body, the jet stretcher is cylindrical
beyond the engine inlets.

- The flow conditions over surface 3 of the control
volurhe are one-dimensional.

- The cylindrical diffuser is of sufficient length to allow
complete mixing; therefore, the flow conditions at the
diffuser exit (surface B of the control volume) are one-
dimensional.

- All the gases are perfect.

- The flow field within the chamber is the low velocity

recirculating type; therefore, the chamber pressure, Pc,
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is the total pressure of the flow on surface 3 of the
control volume.
- There are no regions of flow separation in the nozzle or

jet stretcher.

The diffuser performance equations are developed in terms
of Crocco number ( C ) instead of Mach number. Crocco number is
defined by:

c2-_V2
2 Cp T,

and is related to the Mach number by:

Mo[_2 1/ C
v-1 (1.c2)"
1-C
The Crocco number has an upper limit of one. It was used as
an equation basis because it is based on stagnation temperature,
not static temperature as is Mach number. Stagnation
temperature is easier to calculate than static temperature, and

it does not change unless the flow is nonadiabatic.
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Determine kj from:

Determine the maximum positive value of C, from:

1 1
Y1 -1 [‘Y’_"I_J ’
T+ (2)
Determine the maximum positive value of C, from:

o - (ST ).

Ptg A2 CFN TtN Yo

1 .
. e2irn - 5_1_ 2
(1 01) C1 A4 (Y1 +1

(3)

Determine (M) from:

Cen Tin

K. (&’L) (h)+(92e) T:p) ke + kel +(QEE) (LE) ke + kel
(Cps Tt3) - \Cen/\Tyn/  \Cpn/\Tin 2 Cen/ \Tin 2
Cen Tin kj + [kP -; kel LG 42- lkd
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Determine (ﬁ) from:
™

K. (CPj) Cpp) kp+|kp|J (QEE.) kE+|kElJ
3l
" b G2 ) G )l o e+ e
Cen/\ Yi]  \Cey 2 Cen/\ 2
Determine Y3 from:
= (13
Y3 (YN N
Determine Cra from:
Cen
(CPJ) (cpp) ke +[iel] (c ke + lkd
Crs __ \Cpy Cen 2 Cen 2
Cen kj + kp + kp} . ke + kEJJ
2 2
L__
Determine T from:
tN
(Cps Tts)
T3 _\Cpn TiN
Tin (%)
Cen
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Determine the maximum positive value of C3 from:

1 A' c
(1- Cg)vs 1 Cy = (Em) N p3 (Lg)
Pcl|As + 4 E)L)AB Con) Ten
B

YN
2 ) [kj + kg + kp]

(9)

5

Determine m from:

my
(ﬂ) ('_A‘L) 1 1/2
my _ PN An (YN +1lyn -1 |2 FT[M} (7_1)
My Cot (h) 2 ¥y +1 ¥ -1] N
Can/ \Tan (10)
Determine 22 from:
my
mo
—<=1-Kkj-kp
my : (11)
Determine LS from:
my
M3 -k + ke + kp
my (12)
Determine o from:
my

72



Determine H from:

H=m1_ mi+m2+m

Determine hpy by:
my
For — 2 ka (lack of oxygen)
mN
Ka h
2]
My

m
For m—‘ < ka (excess oxygen)
N

ham =

ham = ha

T Ty
If calculated ﬁﬂ<—.r'thhen use hapm

T T
If calculated 8 > 1BA then determine

TN TN
Tiz _ Tiga
hay for — =
AM Tin Tin

Determine (QP—BLB-) from:
Cen Tin

my (CP1Tt1)+[m2 un CPZTt2) + CPSTt3) (m)
(CPB TtB)= N \ConTin/ M M {ConTin/  \ConTin
Cen Tin H

v g
N N/ \CenTin CenTin

H (15)

+
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Cpr
Determine ~FB from:

Cen
m; (CP1) + (CP2) (CPS)
Ces  _ Mn \Cpy
Cen
h(ﬂhJFﬁg)+kw[1j4 x1Q4J
+ MN/ \Cpy Cpy
H (16)
T
Determine from:
TiN
Ces TtB)
Tis _ \Cpn Tin
Tin (Cﬁ)
Cen
(17)
condition:

1. for kw > 0.0 and TtB < 520 °R
make Tg = 520 °R and solve equations 15 ,16
and 17 for a ky =kyws (saturated condition)
and printout

2. for ky < 0.0

determine kys as in condition 1 and use in
calculations
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o

Determine 8 from:
YN

m; CP1)+[m2 i mi](sz) +(CP3)(m3)
B MN \Cen/ N MNI\Cpy Cen/ \MN

e e e - el

5

4
+kw[1'14 x 10 }

PN Cen
+k( )(C )("N)+kw 8.764 x 108(7'“)
MmN/ \Cpy/ Y2 Cen (18)
Determine YB from:
- Y_B)
¥ (YN W (19)
R .
Determine PtNA; from: |
Fi . (h)(él)“ C2)71 1{1 (Y1+1)C1]
P Ay P \ag /T Y n-1 (20)
Fp
Determine PLNA;I from:
]
Fo  _[Pw}{A2 R Yo+ 1| ~2
~-[5 )(‘*)(1' 1| (25
Pin Ay T IN LAy 2 (21)
F3
Determine P A,'q from:

_Fa_f(P_c)(Aa)(1 = o1 1+ (£33
P Ay \Pv/ Ay /1 3 Yol (22)
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Determine P A; from:
= | AL A
PIN AN PtN AN AN A2 (23)

Determine Pa Al:l from:

Py Ay AN (20)
o P2
Determine from:
P[2 vo
P2 2
= =1- C3)rz -1
P12 - c) (25)
Determine Ps from:
Pc ‘o
P3 2
—_—= - Y3 -1
Pc - 3 (26)

Determine G from:

Rl o o~ R

P Ay P2/ Pra] \ P/ \ Ay P Ay Pw Ay

(&) (i) (A.b_'z_) + —Fs . _Fs
Pc/ P/ Ay, PnAy P Ay

(27)

76



Determine the subsonic solution for Cg from:

1
=1 ) /(CPNNTtNI [(YN ‘1) } N A yn -1
2 CPB T13 YB +1 N 2
e <)
2 H/ \Cps/\Tig/ lyg +1 yﬁ 2 vg+1
. P
Determine from
PN
Pis G
PiN 1
= (1- c2)e 1 [H(YBH)CQBJ
AN B B~
Determine M, from
1h __ Gy
M1 =(_2_1) » 1/2
Ui (1' C1)
Determine M, from
1/. G2
M2=( 2 ) 2k
Yo - 1 (1' C2)
Determine Mgj from:
1/2 L
M3 =( 2 ) 2 1/2
Y3 - 1 (1- C3)
. P3
Determine —> from:
PN
_FL(&) (_Pg)
Pin  \Pc/\PiN
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(29)
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Determine Mg from:

M ( 5 )1/2 _ G
B= 2 1/2
B - 1 (1' CB)

Condition: if Agg # Ag then assume an isentropic
expansion/contraction and calculate a
new Mpg.
P
Determine EB; from:
t
(LA
2 -
Ps (1. cg) "
1B
Determine Pg from:
PiN
-2
Pin  \Pig/ \Piy
P
Determine —N from:
PN
- _YN
Py _| +(YN '1)Mﬁ} w -
Pin 2
Determine Pe from:
PN
E=(P_C) ('LN)
Py \Pin/\PN
Determine Pe from:
P2
Pc

P2

- (e ey
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P
Determine (—C) from:
PN/start

o)1= 8- 1) oo - 21

Ek% = NN ™. 410
Pn/start 5 5_N
'N

after (Pg) is calculated all parameters which correspond to
I:)N Start

this value is determined. These will be the values for the system
to start if the following conditions apply:

MB<1.0

PC)
p— 21.0
(PN Start

§N<(1- r_J)
N~ N

(&) > My then make (&) = Mn
I'-')N Start PN Start

ﬁ<M
Py -

if the last condition is violated then determine the started

conditions based on g—3= Mo,
2
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Determine == from:

P2
2-Gabled
P2 \P2/\Pt2/\Pi/\Pc (41)
Determine i from:
Pc
Ea%ﬂ) (B&)
Pc \Pc/\Pw (42)
. Cps
Determine <=— from:
Cen
Cps _ (CPS) (CPB)
Cen \Cpe/\Cpn (43)
Determine Y5 from:
Y5 = (Y_s) Y
a) ®
(44)
Determine Tis from:
TiN
Tis (Tts)(TtB)
Tin  \Tig/\Tin (45)
Determine C, from:
- 1/
A — -1]7%
2)ys4 -1 - R4 2 1 (Ya
(1 C ) Ca As \14 +1) [74 +1]
(46)
Determine Pe from:
PM Y4
p
.__4-=(1_ Ci)‘y‘; -1
14 (47)
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Determine M, from:

1/
Fs1
Determine P Al:l from:
Fsi _ Pigl|(As1 8 1-
L Cos g (B (0 ), cg)im T g
Pin An INT\ Ay /\1B
+ i) Piv Ay (A—:‘+A—‘f'4)
Py AN A (49)
Define G, as:
G =G +(PB)(PtB)(AB1 ] ﬂ) ] (&_)
Pl P/l Ay Ay) \Pwvag (50)
Determine the subsonic solution of Cg from:
(51)

- 1{G) Tl (2t e
;—M o () e o )

2 'YS+1
Pis
Determine 13 from:
PiN




Determine Ps from:
Pts s
Ps 2
—2 ={4. CZ]7s -1
Pis ( 5) (53)
P
Determine - from:
PN
e
P \Pis/ \Piy (54)

P : :
If P—M = -1 calculate optimum jet pump option, assume Ps = P,
tN

P
Determine —2 from:

PN
2
Pta _ \Pts/ \Pin
PN Ps
Pt4 (55)
P
If Ej:— # -1 then

t

P
Determine —= from:

P4
B
Ps  \Pis/\Pin/ \P14) \ Py (56)

P
Determine 13 from:
P

Pis _ (Pts) (PtN)
P \Pin/\Pig (57)
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Fs2
Determine + from:
Pin Ay

Fs2 _ Pis|[As2)(_¥5 1
CDsz(P )( )( )(1 Cg)Ys c2

Piv Ay LAV NI AR (58)
Fq
Determine P A,; from
F Piua|[A 1
4 _ (t4)( 4)( 2)74 -1{ ( +1
. < J\1- C 14 |% C4
Pin Ay P/ \ag ) Y (59)
Define G, as:
Go=Gy + F4. + PSAt:4 ] Fszt
PnAn  PinAv PinAy (60)
Determine Ms from:
my
(h)(’\_‘z (A_) )
Mg _ P/ VAel Ay YN+1)YN 1 LY41-1 fN_'l 2(_7:4_)
my Cps LA) 2 Ya +1 Yi 4| W
Con/ \TiN
(61)
Define H, as:
Hy = H + M4
1=H+—
my (62)

: m
Define k4 as —%
mN
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Cpg1 TiB1 .

Determine

Cpn Tin
Cpe1 Tiy _ ks )CP4Tt4)+ H (CPSTIS)
CenTin - \H +ka/\ConTin/  \H + ka/ ICenTin/  (63)
Determine Cest from:
Cen
Cpg1 _[_ka )CP4) +[H )Cps)
Cen \H+kg/\Cpon/  \H + kg/ \Cpy (64)
Determine Cvet from:
CwN
Cvei _|[_ka )CP4)(IN) +( H (%)(Yﬂ)
Cwn H + kg/\Cpy/ Y4 H + kq/ \Cpn/ \¥s5 (65)

Determine 181 from:

(Y
(CPB1)
Y81 _\Cmy
N (Cvm)
Cw (66)
Determine hppyy as follows:
For My > ka ks (lack of oxygen)
my
hamt = kAmk4 (ha - ham)
-1
(mN) (67)
For T . ka k4 (excess oxygen)
mN
ham1 = ha - ham
If calculated Tt < Tien then use hpp
Tin  Tin
Tig1 . TiBA Tig1 _ TiBA
If calculated = >—""then make —— =—="
Tin  TiN Tin o TN
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T
Determine ?tBl from:

N
il e
Tig1 _ \Tin/\Cpn Tin/ \Cpy/  \TIN
TN Ka (%)+H Cps
Cen Crn (68)

Determine the subsonic solution of Cg; from:
uA !
o - 1), /[ [ )[(vﬁ J }(m AITE
2 \Hy Cee1/\Tig1/ 181 -1/l W 2
2
l\/(gg)z(cfﬂ) TtN)( 81 )2 (2 1) (YN +1)'YN 1.4 (7—81”)
2 Hq/ \Cpgy/\Tig1/ \¥B1 -1 v 2 Y81~ 1

(69)
Determine P from:
PiN
Pig1 _ G2
PN 1
(Ai’u) (1 g Jo" [” (YBM)C%‘}
Ay B1 Y1-1 (70)
Determine FF:—':— from:
1B1
Pg1 =(1_ c2 )731/731-1
P B1 (71)
P
Determine P—B: from:
t
Pg1 =(PB1 )(PtB1)
Pin \Pg1/\ PN (72)
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Determine ;11 from:
Ps

Determine Mg from:

Determine Mg, from:

Condition: if Aggy # Agy then assume an isentropic
expansion/contraction and calculate a
new Mg;.

Determine Fpgy from:

o - il |

Determine Fy from:
Fn =

Determine DF from:

_ Py Ay (144)
PtN AN

DF = Fgy- Fy
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Determine Pyy; from:

15
PN (without jet pump) (79)
P 15
tN1 = (B&)
Pin (with jet pump)

Determine Pyy from:

Pni = (ﬂ) PiN1
N

Determine my from:

me = (9265) Pwi Ay (2 \—1— [
N V2 CpnTin W+ me '
PN Tin - IIN (Yﬁ _1) 81)
Determine m, from:
my = My k4 (82)
Determine my, from:
My = My Kw
or if kw = -1 (calculate saturated case)
then
My = My Kws (83)
Determine my from:
My =My + My (84)
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Vv
Determine =5 from:

Va
- - - A1
Tus) (Tua) ., f15) _,][[Ces) (Cen v 1) 2 177
1B 1 1+ M3
V_=(&) Tie/\Tin/ | \¥8 Cra/ \Cpy 2
ve T fr 5T o) T
TN Cen 1+ B Mg
- 2 -4 J
Determine Py, from:
P
Pt4=(—t4) PN
PiN
_ Ag
Determine A_ from:
° ys _+1 vs +1
. Ays -1) 2(ys -1)
e Pl
As 2 2

. Ag
Determine —— from:
Ass

Determine Msg from:

vs +1

As
Ass

Mss
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APPENDIX D
DIFFUSER EXPERT SYSTEM
PROGRAM
OUTPUTS.KBS




'portion of the diffuser expert systes that reads in outputs from Bauer.exe
'and makes decisions based on their values.

EXECUTE;
ENDOFF;
RUNTIME;

ACTIONS
XDun=1
YDUM=1
1DUN=1
1COUNT=1
MACHC1=1 'put here to hold a place in outdat
CLS
CLROFF
CALL DELRES,"* ‘deletes RESULTS and PLOT.DOC
CLRON
CALL BAUER,""
CLROFF
CALL P6READ,""
CLRON
LOADFACTS PAOUT

! CALCULATE CONSTANTS FOR ISENTROPIC EXPANSION CLCULATIONS

1A={ (YGANMAN-1}/2)

IB={ {YGAMMAN+1)/2)

1C=( (YGAMMAN+1)/(28{ YBAMMAN-1)))
1D=(YGAMMAN/ (YGANMAN-1))

! CORRECT INPUTS WHERE NEEDED

RESET ICORRECTMN
FIND ICORRECTMN

! LDOP TO FIND THE CORRECT MASS FLOW IN AND DUT OF THE ENBINE

1COUNT=20

WHILETRUE ZCOUNT=20 THEN
RESET ICORRECTMASS!
RESET 1DUMMY22
RESET IDUMNTZ3
FIND 1CORRECTMASS!)

END
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RESET IMAXINUMKW
FIND INAXINUMKW
RESET ICORRECTPRESS
FIND 1CORRECTPRESS

LODOP TO FIND THE BASE PRESSURE LIMIT

ICOUNT = 20
IMACH = {MN)
RESET IBASEPRESS
WHILETRUE ICOUNT = 20 THEN
RESET ZBASEPRESS
IMACH=(IMACH+.03)
IADAN=(BEXP (BLOG(1/IMACH)+1CK(BLOB( (1+IARINACHSINACH)/1R))))
IRATIO={IAOAN/YABDAN)
FIND IRASEPRESS
END
FDISPLAY RESULTS,"AN/ANS = {IADAN}, IRATIO={IRATIO}**

CLROFF

CALL PG6READ,"*

CLRON

LOADFACTS P&OUT

RESET ICALCCHECK

FIND ICALCCHECK

CALL PERCRV,** 'displays perforsance curve
CCALL LIST,“PRING6.DOC" ‘displays output data file
RESET ANALYSIS

RESET FJDCHOXKE

RESET FJDCHOKEREASON

RESET STARTED

RESET EFFICIENCY

FIND ANALYSIS

SORT FJIDCHOKEREASON

CLS
WOPEN 1,0,0,22,79,7
ACTIVE 1
DISPLAY * DIFFUSER ANALYSIS®
FDISPLAY RESULTS,"
DIFFUSER ANALYSIS

RESET EFFICIENCYTEYY
FIND EFFICIENCYTEYT
RESET FFULLTEXT
FIND FFULLTEXT
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RESET CHOKETEXT
FIND CHOKETEXT

! loop to find choke reason text in order of probability

WHILEKNOWN FJDCHOKEREASONL
RESET FJDCHOKEREASOMNI
POP FIDCHOKEREASON, FJIDCHOKEREASONL
RESET FJDCHOXEREASONTEXT
FIND FIDCHOKEREASONTEXT

END

DISPLAY"

Analysis complete - strike any key to quit™’

CHAIN DIFFUSER

.
H

! RULE PORTION OF THE EXPERT SYSTEM THAT CORRECTS ERRORS IN THE INPUTS

i

RULE 20
IF YEP = 0.0 AND
M2 ¢ (.954MN) OR
M2 Y (1,054MN)
THEN M = (M2)
PLI0 = 0.010000
PLO? = 0,040000
PLOB = 0.060000
PLO7 = 0.0B0000
PCO6 = 0.100000
PLOS = 0.200000
PLO4 = 0.400000
PCO3 = 0.600000
PLO2 = 0.800000
PCOL = 1.000000
SAVEFACTS DUTDAT
CLROFF
CALL OUTREAD,"*
CLRON
CALL BAUER,**
CLROFF
CALL P4READ,**
CLRON
LOADFACTS P&0UT
FDISPLAY RESULTS,*IT WAS NECESSARY TO SET MN=N2=(MN}"
ICORRECTMN = YES
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ELSE

H

RULE 22
IF

THEN

ELSE

RULE 23
IF

THEN

ICORRECTMN = YES

MIOMN > 0.0 AND
MIOMN > 0.0 AND

MIOMN < (.99%(MIOMN-XYKIENIOMN}) OR

MiOMN > (1, 01%(MIOMN-XYKISMIONN))

XYPTIOPTN = (({MIDMN-XYETSMIOMN)/MIOMN) SXXPTLOPTN)
FDISPLAY RESULTS,"CALCULATED VALUE OF PTL/PTN= (XXPTLOPTN}™*

IDUMNY22=YES
1CORRECTMASS1=YES
ICOUNT=!
1DUNMY22=N0
1DUNMY23=ND

1DUMMY22=YES AND
YIPTLOPTN}1.0
YXPTLOPTN=1.0
1¥KI = 0,000000
P10 = 0.010000
PCO9 = 0.040000
PCOB = 0.060000
PCO7 = 0.080000
PCO& = 0.100000
PCOS = 0.200000
PCO4 = 0.400000
PCO3 = 0.600000
PCO2 = 0.800000
PCOL = 1.000000
SAVEFACTS OUTDAT
CLROFF

CALL OUTREAD,"*
CLRON

CALL BAUER,""
CLROFF

CALL PSREAD,""
CLRON

LOADFACTS P&OUT

IKI={ (MIOMN-M10MN) /MIOMN)

IYKI=(XYKI+IKI)

WOPEN 2,0,0,11,79,7

ACTIVE 2

DISPLAY"While iterating on engine exit total pressure (PTL) to mass
balance the engine, PT1 reached the limiting case of being equal
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to the nozzle total pressure (FTN).

RULE 23A
IF

THEN

RULE 23D
I
THEN

RULE 23C
IF

THEN

IDUMMY23=YES AND

IPREFERENCE=CONTINUE

PLIC = 0.010000
PLOY = 0.040000
PLOS = 0.060000
PLO7 = (.080000
PLO6 = 0.100000
PCOS = 0.200000
PLO4 = 0.400000
PCO3 = 0.600000
PLOZ = 0.800000
PLOL = 1.000000
SAVEFACTS OUTDAT
CLROFF

CALL OUTREAD,**
CLRON

CALL BAUER,"*
CLROFF

CALL PGREAD,""
CLRON

LOADFACTS P&OUT

7o sake up the mass difference,
a value of the engine bleed flow, KI={XYKI} was calculated.”
1DUMMY23=YES

FDISPLAY RESULTS,"IT WAS NECESSARY TO SET PT1/PTN=1.0 AND
CALCULATE A KI={XYKI1} TO MASS BALANCE THE ENGINE"

1CORRECTMASSY = YES

ICOUNT=1

IPREFERENCE=STOP_ANALYSIS

CHAIN DIFFUSER

1DUMMY22=YES AND
SXPT10PTNC=1.0

FC10 = 0.010000
PCO9 = 0.040000
PCOB = 0.060000
PCG7 = 0.080000
PCO6 = 0.100000
PCOY = 0.200000
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PEO4 = 0.400000

PCO3 = 0.600000

rCO2 = 0.800000

PCOL = 1,000000

SAVEFACTS DUTDAT

CLROFF

CALL OUTREAD,""

CLRON

CALL BAUER,"*"

CLROFF

CALL PoHREAD,™"

CLRON

LOADFACTS PoOUT

FDISPLAY RESULTS,"IT WAS NECESSARY TO ITERATE ON PT1/PTN TD MAKE
Bi/MN=RI/MN"

1DUNNY23=N0

ICORRECTMASS1=ND

’
]

RULE 25

If XKWS = 0.0

THEN TKWSAVE={XXKW)
XXKW={-1.000000)
FC10 = 0.010000
PCOY = 0.040000
PCOB = 0.0560000
PCO7 = 0.080009
PCO6 = €.100000
PLO5 = 0.200000
PCO4 = 0.400000
PCO3 = 0.600000
PCO2 = 0.800000
PCOL = 1,000000
SAVEFACTS OUTDAT
CLROFF
CALL QUTREAD,""
CLRON
CALL BAUER,""
CLROFF
CALL PGREAD,"™"
CLRON
LBADFACTS PAOUT
TKWS={XKWS)
XXKW={IKNSAVE)
SAVEFACTS QUTDAT
CLROFF
CALL DUTREAD,"*
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ELSE
RULE 28
If

THEN
ELSE

§

RULE 29
IF

THEN

ELSE

RULE 30
IF

THEN

CLRON
FDISPLAY RESULTS,"THE SATURATED WATER SPRAY FLOW; IKWS={IKWS}"

IMAX IMURKR=YES
IXWS={XKNS)
IMAXINUMKW=YES

PNOPTN .1
PLOS=(PNOPTN)
IDUMMY28=F GUND
PCD%=.1

IDUMNYZ8 = FOUND

PNOPTN .01
PC10=(PNOPTN)
1DUMMY29=FOUND
PC10=,01
IDUMNY29 = FOUND

IDUMMY28 = FOUND AND

IDUNNYZ9 = FOUND

PCOL = §

I1STEP={{PCO1-PCDS)/4)

PCOZ = (PCD1-I5TEP)

PCO3 = {PCOZ-ISTEP)

PCO4 = {PCO3-ISTEP)
ISTEP={{PCO5-PC10)/3)

PCOY = (PCI0+ISTER)

PCOB = (PCO9+ISTEP)

PCO7 = (PCOB+ISTEP)

PCO6 = (PCO7+ISTEP)

FDISPLAY RESULTS,"THE SUGGESTED CHAMBER PRESSURE RATIOS ARE®
FDISPLAY RESULTS,"PC/PTN[1]={PCO1}"
FDISPLAY RESULTS,"PC/PTN{21={PCO2}"
FDISPLAY RESULTYS,*PC/PTN[3]=(PCO3}"
FDISPLAY RESULTS,*PC/PTN[4)={PCD4}"
FDISPLAY RESULTS,®PC/PTN{5]={PCOS}"
FDISPLAY RESULTS,"PC/PIN[&1={PCO&}"
FDISPLAY RESULTS,"PC/PTN[71={PCOT}"
FDISPLAY RESYLTS,"PC/PTN[B}=(PCOB}"
FDISPLAY RESULTS,"PC/PTN[91={PC09}"
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FDISPLAY RESULTS,"PC/PTN[10}={PCL0}*"
SAVEFACTS OUTDAT
CLROFF
CALL OUTREAD,""
CLRON
CALL BAUER,""
CALL RENAM,""
ICORRECTPRESS=FOUND
ELSE 1CORRECTFRESS=FOUND

RULE 33

IF PC10>(PNOPTN) AND
PNOPTN} . 001

THEN PCOL={PCL0-({PCI0-PNDPTN}/2})
PCO2=(PNOPTN)
1DUMMYI5=YES

.
L

RULE 36

IF PCLOC(PNOPTN)

THEN PCOL={PCL0)
PLO2=.01
IDUMMY35=YES

.
$

RULE 37

If PNOPTNC. 001

THEN PCO2=.001
PCO1=(PCLO-((PC10-PC02)/2))
IDUMMY3I5=YES

.
'

RULE 38

IF PC10=(PNOPTN)

THEN PCD1=.01t
PC02=.009
1DUMNY35=YES

’
4

RULE 40
IF IDUNMY35=YES AND
IRATIO >.98
THEN PC10 = (BEXP(IDIELOG(1/ (1+IREINACHIINACH))))
1STEP= ({PCO2-PC10}/8)
PCO3 = (PCO2-ISTEP)
PCO4 = (PCOS-ISTEP)
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PCOS = (PCO4-15TEP)
PCD6 = {PCOS-ISTEP)
PCO7 = {PCOL-15TEP)
PCOS = (PCO7-15TEP)
PCOY = (PCOB-ISTEP)
FDISPLAY RESULTS,"PC/PTN[11]={PCO1}"
FDISPLAY RESULTS,"PC/PTN[12]={PC02}"
FDISPLAY RESULTS,"PC/PTN{13)={PCO3}"
FDISPLAY RESULTS,"PC/PTN[14]={PCO4}"
FDISPLAY RESULTS,*PC/PTN[15]={PCO5}"
FDISPLAY RESULTS,"PC/PTN[16}={PC0A}"
FDISPLAY RESULTS,"PC/PTN[17]={PC0O7}"
FDISPLAY RESULTS,"PC/PTN[18]={PCDB}"
FDISPLAY RESULTS,"PC/PTN[19]1={PC0O9}"
FDISPLAY RESULTS,"PC/PTN[20)={PC10}"
SAVEFACTS OUTDAT
CLROFF
CALL OUTREAD,"*
CLRON
CALL BAUER,"*
ZCOUNT=1
IBASEPRESS = FOUND

LSE 1BASEPRESS = REDD

RULE 49
IF YSTARTCALC = NO
THEN WOPEN 3,0,0,11,79,7

ACTIVE 3

DISPLAY "The BAUER program was unable to calculate a diffuser
tlow starting point. Therefore no started region will be show on the
diffuser performsance curve,

Strike any key to contnue.*"
ICALCCHECK = PROBLEN
ELSE 1CALCCHECK = DX

.
$

' RULE PORTIDN OF EXPERT SYSTEM THAT ANALYSIS RESULTS OF BAUER PROGRAM

RULE 2000
IF XJORN 3= 0.0 AND
M3>.98
THEN FJDCHOKEREASON=INTERNAL CNF 50

H
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RULE 2010

If MB>.98 AND
XXKWY0.01 AND
XXKWC(.BRIKNS)
THEN FJDCHOKEREASON=WATERSPRAY CNF 50

RULE 2014
IF MB>.98 AND
XXKW>=(.B3IKNS)
THEN FIDCHOKEREASON=WATERSPRAY CNF 80

RULE 2020

IF MB>.98 AND
XASOAN > 0.0 AND
ICD5 > 0.0

THEN FJDCHOKEREASON=DRAG CNF 50

RULE 2030

If MB>.98 AND
YABEOANC(.98YAROAN) AND
YABEDAN>{. 53YABOAN)

THEN FJDCHOKEREASON=AREA CNF 50

RULE 2031
If MB>.98 AND
YABEDAN(=(, 53YABOAN)
THEN FJDCHOKEREASON=AREA CNF 80

RULE 2100

If MB:.98 OR
N3>.98

THEN FJDCHOKE=YES

ELSE FIDCHOKE=ND

RULE 2201

IF FIDCHOKE = YES AND
PCS < (1.54PC)

THEN STARTED = NO

ELSE STARTED = YES

L
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RULE 2210
IF FIDCHDKE=ND
THEN FJDCHOKEREASON=NONE

s

RULE 2220

IF YKE>0.0 AND
YKE<.3 AND
M3».98

THEN FIDCHOKEREASON=INTERNAL W_EXTERNALBLEED CNF 50

’

RULE 2221
If YKEY=.3 AND
n3».98
THEN FJDCHOKEREASON=INTERNAL _W_EXTERNALBLEED CNF 90

1

RULE 2225

If YKP>0.0 AND
YKP<. S AND
B3:.98

THEN FIDCHOKEREASON=INTERNAL _M_POROUSIETSTR CNF 50

1

RULE 2228
IF YKPY=.5 AND
H3>.98
THEN FIDCHOKEREASON=INTERNAL W_POROUSJETSTR CNF B0

RULE 2230

IF YKEX0.0 AND
YKEC.5 AND
MB>.98

THEN FIDCHOKEREASON=EXTERNALBLEED CNF 50

3

RULE 2231
IF YKE>=0.5 AND
MB>.98
THEN FJDCHOKEREASON=EXTERNALBLEED CNF 90

]

RULE 2240
IF STARTED = NO
THEN EFFICIENCY = NULL
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RULE 2250

IF STARTED = YES AND
YSLOPE>43

THEN EFFICIENCY = GOOD

L

RULE 2260

If STARTED = YES AND
YSLOPE<6.3

THEN EFFICIENCY = POOR

RULE 2270

IF STARTED = YES AND
YSLOPE>6.3 AND
YSLOPE(43

THEN EFFICIENCY=0K

RULE 2280

IF MB>.98 AND
MIOMN> 0.0 AND
XXKW(. 04 AND
YTTI0TTNY 1.0

THEN FIDCHOKEREASON=THERMAL CNF 50

s

RULE 2281

IF MB>.99 AND
HIOMNY 0.0 AND
XXKN>0.04 AND
YITI0TTNY 1.0

THEN FIDCHOKEREASON=THERNAL CNF 30

H

RULE 2290

If ME>.98 AND
XYKI > 0.0 AND
IYKI < 0.5

THEN FJDCHOKEREASON=ENGINE_BLEED CNF 50

H

RULE 229%
If MB > .98 AND
YKL = 0.5



THEN FJDCHOKEREASON=ENGINE_ELEED CNF 80

1

RULE 2300

IF MB>.98 AND
MIOMN>O.0 AND
YHAMXC.0

THEN FIDCHOKEREASDON=AF TERBURN CNF 50

RULE 5000

IF FIDCHOKE (> UNKNOWN AND
FIJDCHOKEREASON <> UNKNOWN AND
STARTED <> UNKNDWN AND
EFFICIENCY <> UNKNOWN

THEN ANALYSIS = COMPLETE

! RULE PORTION OF THE EXPERT SYSTEM THAT SELECTS WORDING FOR DISPLAY

RULE 6000

IF FIDCHOKE = YES

THEN ACTIVE ¢

DISPLAY"

The diffuser has choked for the following reasons:”

FDISPLAY RESULTS,"

The diffuser has choked for the following reasons:®
CHOKETEXT = ASSIGNED

ELSE ACTIVE 1
DISPLAY"

The diffuser did not choke®

FDISPLAY RESULTS,*
The diffuser did not choke"
CHOKETEXT = ASSIGNED

Y
s

RULE 6040
IF FJDCHOKE = NO
THEN FJDCHOKEREASONTEXT = NONE

L

RULE 6100
IF STARTED = NO
THEN ACTIVE |

FORMAT PC5, 7.4
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FORMAT PC, 7.4

FORMAT PBOPTNS, 7.4

FORMAT PROPTN, 7.4

DISPLAY*The diffuser has choked before the nozzle flow can start
and develope fully

diffuser started at PC/PTN={PCS} PB/PTN={PBOPTNS}
diffuser choked at PC/PTN={PC} PB/PTN={PBOPTN}

Strike any key to continue to choke analysis ..,*"

FDISPLAY RESULTS,"The diffuser has choked before the nozzle flow can start

and develope fully

Diffuser started at PC/PTN={PL5} PB/PTN={PBOPTNS}
Ditfuser choked at PC/PTN={PC} PE/PTN=(PROPTN}"

FFULLTEXT = ASSIGNED

ELSE FORMAT PTNY, 7.2
FORMAT PNL, B.3
FORMAT YMBA, 6.3
FORMAT ALT, 7.0
FORMAT PES, 7.4
FORMAT PC, 7.4
FORMAT PBOPTNS, 7.4
FORMAT PBOPTN, 7.4

DISPLAY*
The diffuser flow has started and is flowing full

Most testing should be done around the diffuser started chamber pressure of
PC/PTN={PCS}. In this region of the perforsance curve the test rhombus

is shortened, but the diffuser will operate with the smallest value of PTN
for a given PB,

The diffuser will operate in the started conditions while exhausting
to ataousphere at:

PTN = {PTNI1} psia PB = 15 psia MB = {YMBA} PN = {PN1} psia
Simulated Altitude = {ALT} Ft

The Nozzle will operate at it's design point (PC=PN) at: PC/PTN={PNOPTN}

Strike any key to continue to choke analysis...*”
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FDISPLAY RESULTS,"The diffuser flow has started and is flowing full

Most testing should be done around the diffuser started chasber pressure of
PC/PTN={PCS}. 1In this region of the performance curve the test rhosbus

is shortened, but the diffuser will operate with the smallest value of PTN
for 2 constant PB.

The diffuser will operate in the started conditions while exhausting
to atmousphere at:

PTN = {PINi} psia PB = 15 psia ME = {YMBA} PN = {PN1} psia
Siaulated Altitude = {ALT} Ft

The Nozzle will operate at it's design point (PC=PN) at: PC/PTN={PNOPTN}"

FFULLTEXT = ASSIGNED

RULE 6110
IF FIDCHOKEREASON1=INTERNAL
THEN ACTIVE ¢

FORMAT XKi, 8.4
DISPLAY*- Internal choking (M3=1.0) at Region 3 with a Jet Stretcher
bypass flow of kJ = {(Xki}., To reduce choking and achieve a lower PL,
enlarge L, the distance between the Jet Stretcher exit and the diffuser
entrance, or increase AJ, the radial area between the Jet Stretcher
and the diffuser.”

FDISPLAY RESULTS,"- Internal choking {M3=1.0) at Region 3 with a Jet Stretcher
bypass flow of ¥J = {(XK3}. To reduce choking and achieve a lower PC,
enlarge L, the distance between the Jet Stretcher exit and the diffuser
entrance, or increase A3, the radial area between the Jet Stretcher
and the diffuser.®

FJDEHOKEREASONTEXT=AS5IBNED

.
H

RULE 6120
IF FIDCHOKEREASONI=WATERSPRAY
THEN ACTIVE §
FORMAT XXXW, B.3
FORMAT ZKHWS, 8.3
DISPLAY" - Diffuser choking at exit (MB=1.0), waterspray sass flow to nozzle
sass flow ratio, KWN, is excessive. KWN = {XXKW} should be 10% to 20%
of the flow saturation value of KWN = {IKWG}."

FDISPLAY RESULTS," - Diffuser choking at exit (MB=1.0), waterspray mass flow to nozzle
mass flow ratio, KWN, is excessive, XWN = {XXKW} should be 10% to 20%
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pf the flow saturation value of KN = {IKWS}.”
FIDCHOKEREASONTEXT=ASSIGNED

RULE 6130
IF FIDCHOKEREASONI=AREA
THEN ACTIVE 1

FORMAT YABOAN, 6.2

FORMAT YABEDAN, 4.2
DISPLAY® - Diffuser choking at exit {(MB=1.0), diffuser minimus area
ABE/ANE = {YABEDAN} is less than the diffuser area AB/ANY = {YABOAN}.
The reduction in area can cause the diffuser to choke.”

FDISPLAY RESULTS,® - Diffuser choking at exit {(MB=1.0), diffuser minimua area
ABE/ANS = {YABEOAN) is less than the diffuser area AB/ANS = {YABOAN.
The reduction in area can cause the diffuser to choke.®

FIDCHOKEREASONTEXT=ASS1ENED

RULE 4140
IF FIDCHOKEREASON1=DRAB
THEN ACTIVE |
FORMAT XCDS, 7.3
FORMAT XASOAN, 8.3
DISPLAY*- Diffuser choking at exit {MB=1.0}, the model drag is too large;
Either the diffuser area must be increased or the model size decreased.”

FDISPLAY RESULTS,*~ Diffuser choking at exit (MB=1.0}, the sodel drag is too large;
Either the diffuser area aust be increased or the sodel size decreased.®
FIDCHOXEREASONTEXT=ASSIGNED

RULE 6130
IF FJDCHOKEREASONS=EXTERNALBLEED
THEN ACTIVE 1

FORMAT YXE, 8.5
DISPLAY* - Diffuser choking at exit (MB=1.0), external bleed flow to nozzle
mass flow ratio, KE, is excessive. The nozzle is having to pusp too much
mass flow out of the test chamber. KE = {YKE} should be reduced.®

FDISPLAY RESULTS," - Diffuser choking at exit (MB=1.0}, external bleed flow to nozzle

mass flow ratio, KE, is excessive. The nozzle is having to pusp too much

mass flow out of the test chamber. KE = {YKE} should be reduced."
FJDCHOKEREASONTEXT=AS5IGNED
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RULE 6160
IF FIDCHOKEREASONI=INTERNAL _M_EXTERNALRLEED
THEN ACTIVE &
FORMAT YKE, 8.5
DISPLAY" - Diffuser choking at area between jet stretcher and diffuser (M3=1.0},
external bleed flow to nozzle sass flow ratio, KE, is excessive.
The nozzie is having to pump too much mass flow out of the test chamber.
KE = {YKE} should be reduced, or the area A3 increased by enlarging the diffuser.®

FDISPLAY RESULTS,*- Diffuser choking at area between jet stretcher and diffuser (N3=1.0),

external bleed flow to nozzle mass flow ratio, KE, is excessive.

The nozzle is having to pusp too such mass flow out of the test chaaber.

KE = {YKE} should be reduced, or the area AJ increased by enlarging the diffuser.®
FIDCHOKEREASONTEXT=ASSIGNED

.
h

RULE &161
IF FIDCHOKEREASONI=INTERNAL _W_PORDUSJETSTR
THEN ACTIVE 1
FORMAT YKFP, 8.3
DISPLAY® - Diffuser choking at area between jet stretcher and diffuser (M3=1.0),
porous jet stretcher flow to nozzle mass flow ratio, KP, is excessive,
The nozzle is having to pump too auch sass flow out of the test chasber,
KP = {YKP} should be reduced, or enlarge L, the distance between the jet
stretcher exit and the diffuser entrance, or increase AR to increase A3,
the radial area between the jet stretcher and the diffuser.”

FDISPLAY RESULTS,"- Diffuser choking at area between jet stretcher and diffuser {M3=1.0},
external bleed flow to nozzle mass flow ratio, KE, is excessive.
The nozzle is having to pump too much mass flow out of the test chamber.
KE = {YKE} should be reduced, or enlarge L, the distance between the jet
stretcher exit and the diffuser entrance, or increase AB to increase A3,
the radial area between the jet stretcher and the diffuser."
FIDCHOKEREASONTEXT=ASSIGNED

s
L

RULE 4162
IF FIDCHOKEREASONI=ENGINE_BLEED
THEN ACTIVE |
FORMAT XYKI, 8.5
DISPLAY" - Diffuser choking at exit (MB=1.0),
engine bleed flow to engine mass flow ratio, KI, is excessive.
Too such somentus is being lost by mass spilling out of the engine inlet.
KI = {XYK1} should be reduced, or the diffuser area increased.”

FDISPLAY RESULTS," - Diffuser choking at exit (MB=1.0),
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engine bleed flow to engine mass flow ratip, KI, is excessive.
Too such aomentum is being lost by mass spilling out of the engine inlet.
kY = {XYK1} should be reduced, or the diffuser area increased.®

FJDCHOKEREASONTEXT=ASSIENED

s
H

RULE 6170
If EFFICIENCY = NiLL
THEN EFFICIENCYTEXT = NONE

’

RULE 6180

IF EFFICIENCY = 600D

THEN ACTIVE |

DISPLAY “The diffuser perforsance curve is a near vertical line in the
diffuser started region. This shows a diffuser with a good, efficient
puppdown of the chamber, SLOPE = {YSLOPE}®

FDISPLAY RESULTS,"The diffuser performance curve is a near vertical line in the
diffuser started region. This shows a diffuser with a good, efficient
puspdown of the chasber. SLOPE = {YSLOPE}"

EFFICIENCYTEXT=ASSI6NED

RULE 6190

IF EFFICIENCY = POOR

THEN ACTIVE |

DISPLAY "The diffuser performance curve is along the PC=PR line in the
diffuser started region. This shows & diffuser with a poor

puspdown of the chamber. The diffuser efficiency might be inproved by
decreasing the diffuser area, AB, SLOPE = (YSLOPE}"

FDISPLAY RESULTS,"The diffuser perforsance curve is along the PC=PB line in the
ditfuser started region. This shows a diffuser with a poor
puapdown of the chamber, SLOPE = {YSLOPE}"

EFFICIENCYTEXT=ASSIGNED

i

RULE 6200

IF EFFICIENCY = OK

THEN ACTIVE !

DISPLAY "The diffuser performance curve is between the PC=PB line
and a near vertical line in the diftuser started region. This shows
a diffuser with an OK pumpdown of the chamber. SLOPE = {YSLOPE}"

FDISPLAY RESULTS,"The diffuser performance curve is between the PC=PB line
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and a near vertical line in the diffuser started region. This shows a diffuser
with an OK pumpdown of the chamber, SLOPE = {YSLOPE}"
EFFICIENCYTEXT=RSSIGNED

.
3

RULE 6210
IF FJDCHOKEREASONI=THERMAL
THEN ACTIVE 1
FGRMAT XCDS, 7.3
FORMAT XASOAN, 8.3
DISPLAY"- Diffuser choking at exit (MB=1.0), the sodel engine is
operating, introducing heat into the diffuser and possibly causing thereal
thoking, Possible solutions are; enlarge the diffuser area,
or add a small amount of water spray, KW, less than the saturated
value of KWS = {IKWS}, for cooling.”

FDISPLAY RESULTS,"- Diffuser choking at exit {MB=1.0), the model engine is
operating, introducing heat into the diffuser and possibly causing thersal
choking. Possible solutions are; enlarge the diffuser area,
or add a ssall amount of water spray, KW, less than the saturated
value of KWS = {IKWS}, for cooling.*®

FJDCHOKEREASONTEXT=ASSIGNED

RULE 6210
IF FJDCHOKEREASON1=AF TERBURN
THEN ACTIVE 1

FORMAT YHAM, 7.3
DISPLAY"- Diffuser choking at exit {MB=1,0), the aodel engine is
operating with afterburning downstream of the test article, introducing
heat energy into the diffuser of the value HA = {YHAM} and possibly causing
thermal choking, Possible solutions are; enlarge the diffuser area, or add
a small amount of water spray, KW, less than the saturated value of
kWS = {IKWS}, for cooling.®

FDISPLAY RESULTS,"- Diffuser choking at exit {MB=1,0), the model engine is
operating with afterburning downstream of the test article, introducing
heat energy into the diffuser of the value HA = {YHAM} and possibly causing
thermal choking. Possible solutions are; enlarge the diffuser area, or add
a small asount of water spray, KW, less than the saturated value of

KNS = {1KNS}, for cooling.®

FJDCHOXEREASONTEXT=ASS1GNED

ASK I5UBGESTEDPC : "Do you wish to run the simulation with suggested values
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of test cell and nozzle reservoir pressure ratios?”;

CHOICES  I5UBBESTEDPL : YES, NO;

ASK IPREFERENCE: "Do vou wish to continue with PT10PTN=1.0 and the
calculated X1, or stop the analysis?

INDICATE PREFERENCE:";

CHOICES  IPREFERENCE : CONTINUE, STOP_ANALYSIS;

PLURAL: FJDCHOKEREASON;
PLURAL: FIDCHDXEREASONTEXT;
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APPENDIX E
DIFFUSER PERFORMANCE PROGRAM
SETUP




Program Setup and System Requirements

The Diffuser Expert System will run on an IBM compatible PC with
the following:

MS-DOS Version 2.0 or higher

512k of RAM free of memory resident programs

A hard disk

EGA Graphics

Epson command set compatible printer

To run the Diffuser Expert System, create a dedicated directory
on the hard disk and copy the entire contents of the three program
disks into it. Type VPX DIFFUSER to start the program. The menu
shown in Fig. 9. will appear whén the program executes. The menu

reappears after successful completion of a selected option.
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