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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 Galspan 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 System. 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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I. INTRODUCTION

Background

A FORTRAN computer program was developed by Mr. Bob

Bauer of Caispan 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 knowledge 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
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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



inputs are altered according to the output evaluation and the

program rerun. The process is repeated until usable answers are

obtained.

Figure 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.

"• All 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.

-  Identify 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 equations that describe the diffuser.

There is very little written information on the variable

definitions or the program's usage. 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 the 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 desired 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.



II. 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 Pc/PtN vs.

Pe/PtN. where PtN is the nozzle total pressure, Pc is the test unit

chamber pressure, and Pb 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 Pc =

Pb, 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 Pb is held constant while PtN is

increased to move down the performance curve.

Point A was selected high on the curve at Pc/PtN 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 P,n 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

PtN 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 nozzlp exit pressure. Expansion waves

form to expand the flow and match the static and chamber

pressures. Increasing P^^ 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 PtN, the chamber pressure Pc,

and the exhaust pressure Pb- 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 condition [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

10



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 jet stretcher system. The analysis

was subsequently expanded to model Control Volume I 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 II and III (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 middle 1980's,

also by Wilbur Armstrong. A menu driven interface to enter the

input variables was also added by John Felderman of Calspan Corp.

11



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, Pc, that is

different from either the nozzle or jet stretcher exit static

pressure, excessive blockage in the diffuser preventing the

establishment of supersonic flow, 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 a e is

eliminated by reducing the chamber pressure to a sufficiently low

level for starting.

An unstarted flowfield exists when the chamber pressure is

greater than the maximum allowable chamber pressure required

12



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.
t

To quantitatively determine the chamber pressure for

starting, (Pc)start. 't 'S necessary to analytically represent;

1)boundary layer separation pressure ratio, 2)high-pressure

feedback in a boundary layer at the nozzle and jet stretcher exits,
I

and 3)allowable feedback distance 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 geometry, and linear relationships.

Their combination produces the following equation [4] for

starting chamber to nozzle exit pressure ratio:

iPn/s ,r i5n \ r^ r^vPn/s 5 (5n
VhI

13
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Which applies in the following range: ^1-0
's

For >Mn, the starting value is ~

f^c\
For ~ <1.0 ̂ the system will not start since the allowable

\^ws
feedback 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 Mm.

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

14



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 were 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

1 5



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 lO"®-

The Diffuser Program outputs are saved in two ASCII 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 divided 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 Pc/PtN- 'f is possible for

the Bauer calculations to be stopped short of the full ten Pc/PtN

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

1 6



number at region 3, 5 , B, or 81, (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 Pc/PtN 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 Pc/Pn starting to and works backward to

calculate a corresponding Pc/PtN- Miscellaneous messages may

be printed after the end of the Pq/Pin tabulation. The data line

after the STARTED heading contains the value of Pc/PtN where the

complete diffuser will start. The program calculates a Pc/Pn

starting point from Equation 1. and uses it to work backward and

calculate a corresponding Pc/PtN- 't 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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III. 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 VP-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

1 8



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, or calls external programs to prompt the user for

more inputs. The changes are then saved to 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 is 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 outputs, and evaluates the diffuser

performance. Passing data back and forth between the Diffuser

Program output data files and OUTPUTS.KBS is accomplished using

the VP-Expert commands SAVEFACTS and LOADFACTS [5].
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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 numeric 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 P60UT in the required

LOADFACTS format. The VP-Expert command LOADFACTS is used

to read P60UT 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 Mach number at the nozzle exit, M^, to

the Mach number at region 2, M2, and finds them unequal. The rule

then sets equal to M2 and executes the command SAVEFACTS.
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The external program OUTREAD is then called to read the new

value of Mn from the file OUTDAT created by the SAVEFACTS

command. OUTREAD then modifies the value of 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 P60UT. The Rule then executes

the LOADFACTS command to load the file P60UT 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/PtN- The

Diffuser Program is called and Pb/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 Pq/Pinvs.

Pe/PtN- An example of the plot is shown in Fig. 10.

After the plot is produced, OUTPUTS.KBS then analysis the

outputs. Presently, 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 resultant 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 ASCII 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/PtN vs. Pb/Pin, the analysis file RESULTS

that contains the interpretation of outputs, 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 Pc/PtN vs. Pb/Pin 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 Pc axis where Pq 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 minimum 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 Pc equals Pb line (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 logically 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 Program.

The objectives for the expert system that analyzes the

Diffuser Program 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 create 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 assist 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 entering 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 text 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 system 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 regions 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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RESERVOIR & GEOMETRY CONDITIONS

RESERVOIR TOTAL PRESSURE (PTN) PSIA, DEFAULT: 100 ?

RESERVOIR TOTAL TEMPERATURE (TTN) DEG R, DEFAULT: 1500 7

RESERVOIR SPECIFIC HEAT (CPN) FT«/SLUG-R, DEFAULT: 6479 7

RESERVOIR GAMMA (GAM-N) 9 DEFAULT: 1.4

NOZZLE EXIT MACH NUMBER (MN) 9 DEFAULT: 4 7

NOZZLE EXIT: GAMMA (GAMMA 2) 9 DEFAULT: 1.4 7

NOZZLE EXIT: SPECIFIC HEAT (CP2/CPN) 9 DEFAULT: 1

NOZZLE EXIT: TEMPERATURE (TT2/TTN) 9 DEFAULT: 1

NOZZLE THROAT AREA (AN*) SQ FT, DEFAULT: .024

NOZZLE EXIT AREA (A2/AN*) 9 DEFAULT: 12.5

DIFFUSER THROAT AREA (AB/AN*) 9 DEFAULT: 20.37

DISTANCE BTWN NOZZLE & DIFFUSER (L/DB) 9 DEFAULT: .4

(AB/AN)* - (A2/AN*) = (A3/AN*) 9 DEFAULT: 7.87

1.36

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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APTU-II B.4.0 On.]?'

DIFFUSER PR06RAR RO. 2

INPUT

PTl/PTN- .OOOOEtOO TTl/TTR. l.OOOOEtOO
Al/Al*. l.OOOOE'OO U' I.OOOOE-IS
GARNA2. 1.3AOOE.OO A2/AN*. l.O/lOEtOl
AB/AN*. A.FOtOE.Ol AI/AN*. l.OOGOE.OO
PB1/P2. l.OOOOEiOO AB2/AN'. .OOOOEiOO
TTP/TT*. 1.OOOOEtOO CPE/CPR. 1.OOOOEtOO
CPJ/CPN. 1.OOOOEtOO TTJ/TTR. 1.OOOOEtOO
RJ/RN. 8.0000E-01 XJ/RR.-l.OOOOEtOO

ASl/Aie- 1.OOOOEtOO ABl/AR'. O.TOOOEtOl
AS2/AII'. 1.OOOOEtOO CP5/CPB. 1.OOOOEtOO
CPA/CP*. l.OlOOEtOO TT4/TTN. l.lBOOEtOO

AN*. 4.1F20E-01 OPR. OJSSOEtOJ

KM- l.OOOOE-01 KRS- .OOOOEtOO

A1E/AR'< O.FOOOEtOl HT-l.OOOOEtOO
0 CORSTART OUTPUT

Cl= 3.8118E-01 C2. 8.4169E-01

CP3/CPR. 1.OOOOEtOO TT3/TTR. 1.OOOOEtOO
RI/HR. 9.33T1E-02 H* 1.OOOOEtOO
OB/OR. 9.9029E-01 08. l.3337EtOO

FS/PAR*. .OOOOEtOO P2/PT2= ;.7080E-03
CPO/CPR. 1.0083EtOO OS. l.]]];Et00

R4. 4.5800Et0O

CPl/CPR.
X£.

CP2/CPR.
AS/AN*.

RR.

TTE/TTR.
A3/AR'.
OR/RR.

A4/AR*.
eo/OB-
COSl.

TTR.

KA-

CT3/CTR.
Hl/RR.

CTB/CTR.
Fl/PAR*.

Ml.

TTO/TTR.

1.OOOOEtOO

.OOOOEtOO

1.OOOOEtOO

2.4000Et00

3.T800Et00

1.OOOOEtOO

3.6150Et01

2.0000E-01

3.5642Et01

1.OOOOEtOO

.OOOOEtOO

l.TOOOEtO]

2.OOOOEtOO

1.OOOOEtOO

.OOOOEtOO

7.2133E-01

.OOOOEtOO

1.OOOOEtOO

6.T520E-01

OAMHAl-

XP.

COS.

OAMHAR.

TT2/TTR.
GAMMAP.

GAHHAJ.

PTR.

AB4/AR'.
TT5/TTB.

CDS2.

HA-

TBA/TTR.

G3/GR.

H2/MR.
CPB/CPR.
F2/PAR'.

M2.

C4.

1.3400Et00

.OOOOEtOO

.OOOOEtOO

I.3400Et00

I.OOOOEtOO

i.]400Et00

l.]400Et0O

l.OOOOEtOS

5.2013Et00

1.OOOOEtOO

.OOOOEtOO

.OOOOEtOO

2.OOOOEtOO

1.OOOOEtOO

1.OOOOEtOO

1.0G83Et00

l.GlGOEtOO

J.TOOlEtOO

8.8084E-0I

Al/AR*.
PT2/PTN.

l/DB-
A81/AN'.
CPP/CPR.
GAMMAE-

ABE/AR*.
OR'/RR.
A4/A4'.

G4.

PT4/PTR.
HAM.

XI.

6]>

MI/MR.
TTB/TTR.
FI/PAR*.
PR/PTR.
P4/PT4.

1.OOOOEtOO

1.OOOOEtOO

1.OOOOEtOO

•OOOOEtOO

1.OOOOEtOO

l.lAOOEtOO

A.TOSOEtOl

2.0000E-01

2.5000Et01

l.]]OOEtOO

1.OOOOEtOO

.OOOOEtOO

.OOOOEtOO

l.lAOOEtOO

l.OOOOE-15

8.rS20E-01

1.58S/E-0t

7.T76;E-03

2.4110E-03

PC/PTR PEX/PTR P3/P2 PB/PTR PC/PR PB/PC M3 MB

8.8900E-03 3.7135E-02 1.1443Et00 3.5004E-02 1.1432Et00 3.9376Et00 2.91798 16 2.98848-01

7.7800E-03 3.62248-02 1.0015EtOO 3.40318-02 1.0004EtOO 4.3743EtOO 3.33428 16 3.07228-01

6.9250E-03 3.55208-02 8.91418-01 3.32778-02 8.90488-01 4.8054Et00 3.74588 16 3.14088-01

6.0730E-03 3.48178-02 7.81748-01 3.25208-02 7.80928-01 5.3550Et00 4.27148 16 3.21278-01

5.2210E-03 3.41118-02 6.72068-01 3.17588-02 6.71368-01 6.0830Et00 4.96848 16 3.28848-01

4.36908-03 3.34038-02 5.62398-01 3.01918-02 5.61808-01 7.0936Et00 5.93738 16 3.36848-01

3.5170E-03 3.26928-02 4.52728-01 3.02178-02 4.52258-01 8.5921Et00 7.37568 16 3.45318-01

2.66608-03 3.19798-02 3.43058-01 2.94378-02 3.42698-01 1.1046Et01 9.73368 16 3.54288-01

1.81308-03 3.12628-02 2.33378-01 2.86498-02 2.33138-01 1.5803Et01 I.43088 15 3.63838-01

9.61008-04 3.05438-02 1.23708-01 2.78528-02 1.23578-01 2.8984Et01 2.69938 15 3.74018-01

2.93718-02 5.35968-02 3.7807Et00 5.21728-02 3.7768Et00 1.7764EtOO 8.83198 17 2.01318-01

0  P3/P2 GREATER THAR M2
0 STARTED

2.9J71E-02 5.3596E-

PC ■ 2.9371Et01

0  STARTING RHER EXHAUSTING

PC/PTR. 2.9396E-02 PTRl.

02 ].7807EtOO S.2172E-02 ].77(8Et00 1.7764EtOO 8.8319E-17 2.0131E-01
PEX . 5.3596Et01 PB . 5.2172Et01

TO ATMOSPHERE

2.8739Et02 PRl* 2.23S0Et00 ALT. 4.4100Et04 LMR. 2.1944Et02 MB. 2.0116E-01 LMH* 2.1944Et01

0  FAILED TO START HHER EXHAUSTING TO ATMOSPHERE

0  FOR M8E. 2.7555SE-01 PTB/PC. 3.23425Et00 RSC. .OOOOOEtOO
1.23S(E-02 3.9962E-02 l.SOOSEtOO 3.800LE-02 l.SSOOEtOO 3.0756EtO0 2.0994E-16 2.7555E-01

Figure 5. Sample PRIN6.DOC Output File for the Free Jet Diffuser
Produced byBAUER.EXE
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APTU-II M.4.0 Dn=i2'

JfT PUHP AOOITIOIIS TO OlFFUSER PROGRAH HO. 2

INPUT

PTl/PTN- .00OOE«OO TTl/TTK- l.OOOOE.OO
Al/Al-' l.OOOOEtOO KJ< l.OOOOE-15
eANHA2> 1.340DEiOO A2/AN'> I.OTIOE'OI
A6/AN'> 4.7060Et01 Al/AN*- 1.0000£>0r

P81/P2- l.ODOOEtOO AB2/AN'' .OIIOOE<Ot
TTP/TTN. l.OOOOEtOO CPE/CPR. l.OOOOEtOO
CP]/CPN= IJOOOEtOO TTJ/TTN= l.OOOOEtOO

RJ/RN> O.OOOOE-Ol XT/RN'-l.OOOOEtOO
ASl/AN'* l.OOOOEtOO AB1/AN'° O.TOOOEtOl
AS2/AN*. l.OOOOEtOO CP5/CPB= l.OOOOEtOO
CP4/CPN= l.OJOOEtOO TT4/TTN= l.lBOOEtOO

AN'- 4.i;20E-01 CPN- 6.?550Et03

KN- l.OOOOE-01 XUS- .OOOOEtOO

AlE/AN'- a./OOOEtOl NT-1.OOOOEtOO
0 CONSTANT OUTPUT

Cl- 3.8118E-01 02- 8.4169E-01

CP3/CPN. l.OOOOEtOO TT3/TTN. l.OOOOEtOO
NI/NN- 9.33;iE-02 H- l.OOSGEtOO
G8/GN- 9.9529E-01 6B- 1.3337EtOO

FS/PAN*- .OOOOEtOO P2/PT2. 7.7686E-03
CP5/CPN- 1.0683EtOO GS- 1.333;Et00

H4- 4.5806Et00

CPl/CPN-
XE-

CP2/CPN.
AS/AN'-

NN-

TTE/TTN-
A3/AN*-
ON/RN-
A4/AN'-
G5/GB-
COSl-

TTN-

KA-

CT3/CTN-
Hl/HN-

CTB/CTN-
Fl/PAN*.

HI-

TT5/TTN-

l.OOOOEtOO

.OOOOEtOO

l.OOOOEtOO

2.4000Et00

3.7800Et00

l.OOOOEtOO

3.(350Et01

2.0000E-01

3.5642Et01

l.OOOOEtOO

.OOOOEtOO

l.T000Et03

l.OOOOEtOO

l.OOOOEtOO

.OOOOEtOO

T.2133E-01

.OOOOEtOO

l.OOOOEtOO

6./520E-01

GAHMAl'

RP'

CDS.

GAHHAN.

TT2/TTN.
GAHHAP.

GAMHAJi

PTN.

AB4/AN'.
TT5/TTB.

CDS2.

HA'

TBA/TTN.

G3/GN-
H2/HN.

CPB/CPN-
F2/PAN'-

H2-

C4-

1.3400Et00

.OOOOEtOO

.OOOOEtOO

1.3400Et00

l.OOOOEtOO

1.3400EtOO

1.340OEtOO

1.0000Et03

S.2013EtOO

l.OOOOEtOO

.OOOOEtOO

.OOOOEtOO

l.OOOOEtOO

l.OOOOEtOO

l.OOOOEtOO

1.0683Et00

1.6268Et00

3.780TEt00

8.8084E-01

Al/AN'-
PT2/PTN-

L/DB-
ABl/AN'-
CPP/CPN-
GANNAE-

ABE/AN'-
ON'/RN-
A4/A4'-

G4-

PT4/PTN-
HAH-

XI-

1.OOOOEtOO

l.OOOOEtOO

l.OOOOEtOO

.OOOOEtOO

l.OOOOEtOO

1.340OEtO0

4.70SOEt01

l.OOOOE-O:

l.SOOOEtOl

1.33OOEtO0

l.OOOOEtOO

.OOOOEtOO

.OOOOEtOO

G3- 1.3400Et00

H3/HN- I.OOOOE-IS
6.7520E-01

1.5(S7E-01

7.7767E-03

2.4110E-03

TT6/TTN
FI/PAN'
PN/PTN
P4/PT4

PC/PTN P61/PTN PTBl/PTN PT4/PTN H5 HBl PBl/PB TTBl/TTN GBl PT5/PTB CBl/CPN M5S

8.8900E-03 3.5942E-01 3.978

7.780aE-03 3.4938E-01 3.868

6.9250E-03 3.4160E-01 3.783

6.0730E-03 3.3380E-01 3.697

5.2210E-03 3.259SE-01 3.611

4.3690E-03 3.1804E-01 3.5248E-01 1.2868Et01 1.

3.5170E-03 3.1008E-01 3.4374E-01 1.2537Et01 1.

2 . 6650E-03 S.0204E-01 3.3492E-01 l.llUEtOl 1.

1.8130E-03 2.9394E-01 3.2602E-01 1.1886Et01 1

9.6100E-04 2.8575E-01 3.1704E-01 1.1556Et01 1.

2.9371E-02 5.3700E-01 5.9264E-01 2.1645Et01 2.

0 STARTED

2.9371E-02 6.3700E-01 6.926

2.9371Et01 5.3700Et02 5.926

0  STARTING NHCN EXHAUSTING TO ATHOSPHERE

PC/PTN- 2.9396E-02 PTNl- 2.7922Et01 PNl-
LHT- 6.2313Et02 V5/V4- 7.1612E-02 PT4-
IHN- 2.1309EtOO FBI- 1.2003Et05 OF-

E-01 2.1646Et01 2.8

E-01 1.4522Et01 1.

E-01 1.4119Et01 1.

E-01 1.3806Et01 1.

E-01 1.3492Et01 1.

E-01 1.3176Et01 1

8942Et01

841SEt01

8007Et01

7698Et01

7186Et01

6770Et01

6352Et01

5930Et01

6603Et01

6072Et01

8231Et01

.2987

.3071

.3140

.3211

.3287

.3367

.3462

.3541

.3637

.3738

.2012

.3934 1.

.3939 1,

.3944 1.

.3948 1.

.3962 1,

.3967 1.

.3962 1.

.3967 1.

.3972 1,

.3978 1.

.3874 1.

0268Et01

0266Et01

0266Et01

0264Et01

0263Et01

0262Et01

0261Et01

0260Et01

0260Et01

0269Et01

0293Et01

1636EtOO

.1529Et00

1623Et00

1517EtOO

1611Et00

1604Et00

1497Et00

1489Et00

1481EtOO

1473Et00

1620EtOO

1.3302

1.3302

1.3302

1.3302

1.3302

1.3302

1.3302

1.3302

1.3302

1.3302

1.3301

1.0O02EtO0 1

1.0002Et00 1

1.0OO2EtOO 1

1.0002Et00 1

l.OOO2EtO0 1

l.OO02EtOO 1

1.0002EtOO 1

1.0002EtOO 1

1.0002EtOO 1

l.O002EtOO 1

1.0002Et00 1

.O119Et00

.0320Et00

.0320Et00

.0321Et00

.0321Et00

.0322EtOO

.0322Et00

.D323EtOO

.0323Et00

.0324EtOO

.0313EtOO

2.i;i4E-01

6.0460Et02

1.1721Et06

ALT- 9.2497Et04

X4- 2.8243Et01

FN- 2.8128Et03

INN- 2.1309Et01

NBl- 3.8739E-01

LN4- 6.0182Et02

N6S- 1.0710E-01

.1668

.1698

.1631

.1666

.1701

.1738

.1777

.1818

.1862

.1908

.1071

231Et01 .2012 .3874 1.0293Et01 1.1620EtOO 1.3301 1.0002Et00 1.0313EtOO .1071

Et02 2.1646Et04

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

DIFFUSER.KBS

INPUTS.KBS

OUTPUTS.KBS

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

AFTRBRN.EXE

BAUER.EXE

BRUN45.EXE

DEFAULTS.EXE

DELRES.EXE

EGADUMP.EXE

ENGOFF.EXE

ENQON.EXE

FILNAM.EXE

INITIAL.EXE

JETPUMP.EXE

JETSTR.EXE

LIST.COM

MENU.EXE

NADIABATIC.EXE

NJETPUMP.EXE

NOJETPMP.EXE

NOdTSTR.EXE

OLrmEAD.EXE

Executable Programs

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.DOG 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

41



PERCRV.EXE

PERCRV2.EXE

PJTSTR.EXE

PRINFILEXE

P6READ.EXE

RENAM.EXE

ROCKTON.EXE

WATRSPRY.EXE

WBLEED.EXE

WCOLER.EXE

VPX.EXE

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.

BAUER.DOG

OUTDAT

PLOT.DOG

PRIN6.D0G

PRIN8.DOC

P60UT

RESULTS

TEMP.DOG

Data Files

Input file for BAUER.EXE.
Output file from OUTPUTS.KBS for modifying
BAUER.DOG 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

1 - CREATE NEW DATA FILE FOR INPUTS
2 - USE OLD DATA FILE FOR INPUTS
3 - QUICK CHANGE OF INPUT DATA
4 - RUN DIFFUSER PROGRAM
5 - REVIEW PERFORMANCE CURVE
6 - REVIEW OUTPUT DATA FILE
7 - REVIEW DIFFUSER ANALYSIS
8 - PRINT REPORT

X - EXIT CONSULTATION

PICK AN OPTION

1 2 3
4  5 6
7  8 X

Figure 9. Sample of the Main Menu for the Diffuser Expert System
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THE SATDRATED HATER SPRAY FLOH; ZEHS=0.299010
THE SD6GESTED CHAMBER PRESSDRE RATIOS ARE

PC/PTH[1]:1
PC/PTH[2]:0.775000
PC/PTH[3]:0.550000
PC/PTIil4]:0.325000
PC/PTH[5]=.l
PC/PTH[6]:0.082000
PC/PTH[7]:0.064000
PC/PTHt8]:0.046000
PC/PTH[9]:0.028000
PC/PT8ll01:.0r
PC/PTH[11]:0.008888
PC/PTH[12]:0.007777
PC/PTH[13]:0.006925
PC/PTH[14]:0.006073
PC/PTH[15]=0.005221
PC/PTN[16]:0.004369
PC/PT8[17]:0.003517
PC/PT8[18]:0.002665
PC/PTH[19]=0.001813
PC/PTM[20]:0.0009B1
AH/AH» : 47.131207, ZRATKhl.OOlSlO"

DIFFDSER AHALYSIS

The diffueer perfonance curve is along the PC=PB line in the
diffueer started region. This shows a diffnser with a poor
puipdown of the chaiber. SLOPE = 0.525586
The diffnser flow has started and is flowing fnll

Most testing should be done around the diffnser started chaiber pressure of
PC/PTII= 0.0293. In this region of the perfonance curve the test rhoibus
is shortened, but the diffnser will operate with the siallest value of PTM
for a constant PB.

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

PTN = 278.83 psia PB = 15 psia MB = 0.229 PI = 2.168 psia
Siiulated Altitude = 44811 Ft

The Hozzle will operate at it's design point (PC:PI) at: PC/PTM=0.007777

The diffuser has choked for the following reasons:
- Diffnser choking at exit (MB=1.0), diffuser liniiui area
ABE/ARt : 26.00 is less than the diffuser area AB/AM* = 47.06.
The reduction in area can cause the diffuser to choke.
- Diffuser choking at exit (MB=1.0), the lodel drag is too large;
Either the diffuser area lust be increased or the lodel size decreased.
Either the diffuser area lust be increased or the lodel size decreased.

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



APPENDIX B

DIFFUSER PERFORMANCE PROGRAM

VARIABLE DEFINITIONS
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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

volume 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, Pq,
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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:

V
2

2CpT,

and Is related to the Mach number by:

M =
\"</2

ly-i)

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 nonadlabatlc.
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Determine kj from:

{Ll^
Ki = 1- -m

* \2

5n'iN.

Determine the maximum positive value of from:

(1- c?)^' ■' c, - ^ 2—1yi -1
Iyi +1

Yi -1"

.Yi +1

V2

Determine the maximum positive value of C2 from:

Yn

u -r\

(1)

(2)

t- ^ ■ "I
(3)

Determine

jCp3 Ttsj
ICpN TtN/

fCP3 Tt3
ICpN TtN, from:

vCpNATtN/ ICpN/lTfN/
kp + |kp|

ICpN/ lltN/
kE + |kE|

2  J [  2 .
kj + kp + |kp|

+
kE + |k^

L  2 1  2 .
(4)
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Determine |^1 from:
Yn/

A
Yn

VCpN/\Yj/ \Cpn/vYP;

1
kp + |kp| kE + M

\CpN, 2  J 1 Icpn)i  2 J
kp + |kp| kE + |k^
2 IcpnJ \ Ye)1  2 J

Determine Ya from:

Cp3
Determine 7;^— from:

CpN

(5)

(6)

Cp3

CpN

kiM> Cppj kp + |kp| 1  f^P^l kE + W
'icj CpnI 2  J ICpn)L  2 J

kj + kp + kpj
+

kE + M
2  J 2  J

(7)

Tt3
Determine :r^ from:

ItN

TtN

|Cp3 Tt3
^CPN TtN
[Cp3
iCpN- (8)
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Determine the maximum positive value of C3 from:

(1- C|)w -1 C3 = W A,.4(^)Ae iTtN/

m

Determine —^ from:
mN

7n

L(/n -1)
^YN -1

[kj + Re + kp]
Iyn +1

(9)

m

mN
1 _

Pn
IPtNi

/.*

\An/ (YN +1 1 YN -1

CeI flti] ̂  2
VCpN/iTtN/

Iyi +1
Yn

.Y? -1J

'/a
IL
Yn

(10)

Determine — from:
niN

m

mN
2 _= 1 - kj - kp

(11)

m

Determine —^ from:
mN

m

mN
= kj + Re + kp

(12)

Determine — from:
mN

m

mN
L.(1- kj - kp)

iAn/ \A2; (13)
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Determine H from:

mfj

m- + ̂  + kw + kj
m(y| mfj m|^

JUi
mN

Determine h^M by:

For ̂  ̂ kA (lack of oxygen)
m^j

hAM-!^
mi
ImN/

(14)

For mi
m^

kA (excess oxygen)

hAM = hA

If calculated ^-"^l^then use Iiam
ItN ItN

If calculated determine
Tin ItN

1  fnr ̂  = ItBA

Determine

|CpB Ttej
ICpN TinJ

fCpB TtB
ICpN Tin,

from:

ULl/CpiTti\ ̂  m^ _ jTij^ /Cp2Tt2| ̂  [CpsTt^lfm^l
_ n^N ICpNTtN/ rofil [CpNTtN/ ICpNTtN/

H

+
^ hAM + M kiI^N l^^N/

Cp2Tt2]
.CpnTin)

+ kw 2.073 X 10^
CpNltN n

H
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CpB
Determine —— from:

UpN

CpB ^
CpN

"^1 /Cpi|
'^N ICpN/

'rr\2 mj CP2 ,
[m^ mNJ IcpnI

Cpsl
CpN/ v'^NImKr/

H

1.14 X 10'

CpN

H

TtB
Determine from:

ItN

Iia
TtN

/CpBjjej
ICpN Tin)

M
ICpN/

(16)

(17)

condition:

1. for kw > 0.0 and Tte < 520 °R

make Tte = 520 °R and solve equations 15 ,16
and 17 for a k^ =kws (saturated condition)
and printout

2. for kw < 0.0

determine k^s as in condition 1 and use in
calculations
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Yb
Determine — from:

Yn

mi Cpi

Yb '^N ICpN,
Yn ^ [Cpi| /Yn] ̂

I^N ICpN/ vYi ]

+
m2 mj /Cp2

+[mN mNjICpnI ,

Cpsl /^s
CpN/

m2 m|

mN mjg

fCp2l /Yn] ̂  /Cp3
Cpn/vY2/ iCpN/

m3]/YN
mN/lYsi

+ kj
/mi]fCp2 + kw 1.14 X 10"^
ImNj iCpN CpN

11
+

/Cp2
ICpN.

f—1
lY2i

+ kw 8.764 X 10® Yn ]
,CpN/ (18)

Determine Yb from:

(19)

'JL

Determine „ ^ ♦ from:
PtN An

■1

PtN An

AiPti
PtN A (20)

F2
Determine „ .* from:

PtN An

F2

PtN An PtNi N(i- oiy-'
\An/

F3
Determine r, a* from:

PtN An

F3

PtN An
Pc

PtN^ cr ̂
\An/

1 +
J2- V J

1 +
Iy3- 1/

(21)

(22)
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Fi

Determine „ .* from:
PtN An

Fj _ F2 Aj
*  ¤ I *

PtN An PtN An \An;

An

\A2; (23)

Determine □ a* from:
TtN An

^ = Cos
PPtN An tN.

1

c|
(24)

Determine „ from:
Pt2

P2._=
12

t2
 (1- 02)^2 -1

(25)

P3
Determine — from:

Pc
Y3^ = (1- C§)73 -1

(26)

Determine G from:

G=-i
PtN An

Pbi
P2

P2 Pt2
Pt2/lPtN)

Abi

k Ak PtN An PtN An

PtN Af

Fs

PtN An

(27)
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Determine the subsonic solution for Cb from:

Cb=- 1 /Gi
2 \H'

 / CpN TtN I Yb
 V iCpB/lTtB/ Iyb +"•

(rM)'
Yn

I2
Yn +1 Yn -1
2

1

2 H

fCpNj/jtNj j Yb
\CpB/\TtB/ \Yb +1 /

(tn -1)
Yn

(yn +1Un -1 -4!'^^''^
\  2 / Iyb+1

PtB
Determine r— from:

PtN

(28)

PtB ^
PtN

iJ1- c^
1 +

fYB+1 \rrj
\Yb

^B

Determine from:

Mi _f 2
\l/2 Cl

-1/ (1. c?)

Determine M2 from:

M2 = 2  v/2 —^
72 -1) (1- C2)

Determine M3 from:

M3 =-I 2 V ̂
1/2

^1
—Qs

W3 b-cl)
t/2

P3
Determine — from:

PtN

f3- =
PtN

P3
Pq,

Pel

PtNi

(29)

(30)

(31)

(32)

(33)

77



Determine Mefrom:

\i/2 ^

I,.C|)V2
(34)

Condition: if Ag then assume an isentropic
expansion/contraction and calculate a

new Mg.

.  Pb -
Determine — from:

PtB

PtB (35)

Pb ,
Determine tt— from:

PtN

PtN iPtei
PtB

PtNi (36)

Determine ̂  from:
PtN

Pn ̂
PtN

1 + Yn -1
Mn

YN

YN -1

(37)

Pc ,
Determine — from:

Pn
Pc^ Pc
Pn \PtN.

PtN

Pn.
(38)

.  Pc ,
Determine — from:

P2
Pc = Pc Pt2 PtN
P2 \PtN/lP2/\Pt2i (39)
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(Pel
Determine — from:

vrN/Start

[Pel
IPN'stan

{Mn-1)
^  'N 'N/ +1.0

(40)

(Pel
after — Is calculated all parameters which correspond to

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

MB <1.0

M3 <1.0

Ps
> 1

P2
.0

-IIPn/is
> 1.0

tart

5N<fi.
■"n I ""n

'Pel
PN/Start

> Mn then make ^ = Mn
IPn/£'Start

^<M2
P2

if the last condition is violated then determine the started
Pq ..

conditions based on — = M2.
P2
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Determine ̂  from:
^2

P3 ̂  fPt2] fPin] f Pc fP3
P2 I P2 / \Pt2/ vPtN/\Pc/ (41)

Determine ̂  from;
Pa-
Pc

PtN

, Pq,
Pb_
PtN. (42)

Cp5
Determine -z— from:

Cp5

OpN iCpB,
CPBI

CpN/ (43)

Determine "Ys from:

(44)

Tts
Determine — from:

MM

Its
TtN

Tts T,b

iTtB/ UtN. (45)

Determine C4 from:

(1- c^)Y4 -1 C4 =
A4 U4 +1/ LY4 +1.

V2

(46)

.  P4 .
Determine — from:

rt4

P4__=
Y4

14
 (1- -1

(47)

80



Determine M4 from:

(48)

Fsi
Determine ^ a* from:

PtN An

= Cdsi ̂
PtN An

fAsil

An ;

Yb

IYb -1 (1- B

(49)

Define as:

Gi = G + Pb

PtB

PtB

PtN

Abi . . / Fsi \

An An / IpinAn I (50)

Determine the subsonic solution of 0= from:

C5=-1^1
2

//CpNllTtNl I Ys
 vH/ V iCps/lTts/ \Y5Y5+1|. 7n /

(Yn +1|7N -1

G

H

CpN|/TtN| ( Ys
Cps'lTts/ Iys +1 j

-1

Y^N

(51)

|Yn±1Jyn -1 . 4 1

p

Determine 77^ from:
PtN

Pts ^
PtN

Gi

(Abi

An An An j (52)
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Determine
Ps

from:
t5

P^_=
Y5

t5

 (l- C^)k -1
(53)

Determine
PtN

from:

P^= P^ Pt5
PtN vPts/iPtN/ (54)

t4
If ̂  = -1 calculate optimum jet pump option, assume P5 = P4
nN

Determine ̂  from:
PtN

Pt4^
PtN

PslfPtsl
Pts/ iPtNi

P4.
Pt4

If ̂  ̂ -1 then
PtN

(55)

P5
Determine — from:

' 4

Ps

P4
=

ts^

A5\iMPtN/lPt4i
114

iP4 (56)

Pts
Determine — from:

PtB

-15 - IrtsllnNl

PtB vPtN/ \PtB/ (57)
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Fs2
Determine n a* from:

PtN An

= Cds2
PtN An iAjU -1 (i- C|

(58)

Determine „ a* from:
PtN An

F4 ^ fPt4
PtN An PtN/

fA4

lA,̂N
l(i- 1

.

1 +

/

Y4 + 1

Iy/i -1

Define G2 as:

G2 = G, + — --Es2_
*  * «

PtN An PtN An PtN An

(59)

(60)

Determine — from:
mN

fPt4
/  .

nu
mN "

iPtN.

Cp4

A4 11A4I
^^'\aJ fYN+l];7^ / 2 '

2  J \y4+iJIi4
iTtN/

74 -1 -1

-1

(61)

Define Hi as:

Hi = H +
m4

mN (62)

Define k4 as
m4

mN
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Determine
UpN ItN

CpB1 TtBI

CpN Tin

CpBI
Determine — from:

C

= I *^4 ] [Cp4Tt4] ̂  / H
Ih + k4/ ICpnTin/ IH + k4

CpsTts]
CpNTtN/ (63)

pN
CpBi ^ j k4 I /Cp4\ ̂  / H \ [Cpsj
CpN \H + k4/ ICpN/ \H + k4/ iCpN j (64)

Determine from:
CvN

CvBi ^
CvN

k4 1 fCp4i (Tn] + / H
,H + k4/ iCpfg/ \Y4/ \H + k4

Cp5

CpN/

YN

Y5 (65)

Ybi
Determine — from:

Yn

/CpBl
Ybi _ I CpN
Yn (Cvbi

CvN.
Determine h^Mi as follows:

(66)

For ̂  > kA k4 (lack of oxygen)
m^

hAM1 =7^^ (hA - hAM)
s (67)

For ̂  < kA k4 (excess oxygen)
rTl|g

UM1 = Ha - hAM

If calculated "~^-~^then use h
MN ItN

AMI

If calculated -^>-^then make
'tN ItN ItN
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XtRI
Determine —— from:

ItN

TtBI .'■B /CP4]
ICpN/ UtN. CpN/

TtN k4 |Cp4j ^ |_,
ICpN/

fCps)
.CpN/

hAMI

(68)

Determine the subsonic solution of Cqi from:

V2

Yn

Yn +Myn -1

1
2

fef ( ] j Tin ] I Ybi
iHii \CpBi/lTtBi/\Ybi 'V

Yn +Myn -1 . 4
^Bl -1

(69)

PtBi
Determine —— from:

PtN

PtB1 =
PtN ^"1(1-01,^'-^

An I Wbi-I;
B1

(70)

Pbi
Determine -— from:

PtBi

PtBi (71)

Pbi
Determine -z— from:

PtN
Pbi ^ I Pbi
PtN \PtB1)

PtBi
PtN - (72)
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PrI
Determine from:

Pbi ̂
Pb PtNJ

PtN
.Pei (73)

Determine M5 from:

M5 =
\l/2 C5

Determine Mbi from:

Mbi =
\l/2 Cbi

>7bi - 1) (1. c^,)V2

(74)

(75)

Condition: if Abei Abi then assume an isentropic
expansion/contraction and calculate a

new Mbi-

Determine Fbi from:

Pbi = PtNi l^f^l Abi _ Cbi)^®^
PtN

1

\Ybi -1/

Determine F^from:

Fn = —^ PtNi An (144)
PtN An

(76)

(77)

Determine DF from:

DF = Fbi- Fn (78)

86



Determine PtNi from:

PtNi =
15

Pb

P\w (without jet pump) (79)

PtNi =
±5.

iPtN. (with jet pump)

Determine Pfgi from:

Pni = Pn

PtN.
PtNi

Determine m^ from:

mN

Determine m4 from:

Determine mw from:

^  (9265) PtNi An / 2

V2 CpN TtN \Yn +"1

m4 = mfyj [<4

YN -1
Yn

(y^n -1)
V,

(80)

(81)

(82)

myy = mjg Kw

or if kw = -1 (calculate saturated case)
then

myv = mf^ Kws

Determine my from:
(83)

mj = m^ + m4 (84)
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Vs
Determine ~ from:

V4

Ys
V4

fTtsUTte]
TtB/\TtN/

1

1

, ̂

|CpsWCpb|
iCpB/ ICpN/ i  1

(t,4|
It,n/

.  Y4 - 1 .

1

^00
1

1 +
wg

2  J
m|

Determine Pt4from:

Pt4 =_  Pt4

iPtN.
PtN1

Determine — from:
As

Determine
Ass

As
As

from:

75 +1

75 +1

2(75 -1)
Ms 1+ 75 +1 Mc

^ _

Ass

A

lAs

Abi _ A^ _ Ab4 ̂
*  * *

An An A^

Determine Mss from:

75 +1

^5 _ 75 +1

Ass

2(75 -1)
Mss 1 + 75 +1 m15

Abi _ Asi

An An

r 75 +1

2(75 -1)
S

V2

75 +1

■(75 -1)

(85)

(86)

(87)

(88)

(89)
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APPENDIX D

DIFFUSER EXPERT SYSTEM

PROGRAM

OUTPUTS.KBS



Iportion of the diffueer expert syste# that reads in outputs froi Bauer.exe
land aakes decisions based on their values.

EXECUTE;

EMDOFF;
RUNTIHE:

ACTIONS

XDUH=1

YDUH=i

ZDUH=1

ZC0UNT=1

MACHCIM

CLS

CLROFF

CALL DELRES,"
CLRON

CALL BAUER,""
CLROFF

CALL P6READ,""
CLRON

LOADFACTS P60UT

Iput here to hold a place in outdat

!deletes RESULTS and PLOT,DOC

CALCULATE CONSTANTS FOR ISENTROPIC EXPANSION CLCULATIONS

ZA=((YBAHNAN-l)/2)

ZB=((YBAHnAN+l)/2)

ZC=((YGANNAN+1)/(21(YBAHNAN-1)))

ZD=(Y6A«HAN/(YBANHAN-1))

CORRECT INPUTS NHERE NEEDED

RESET ZCORRECTHN

FIND ZCORRECTHN

LOOP TO FIND THE CORRECT HASS FLOW IN AND OUT OF THE ENGINE

ZC0UNT=20

WHILETRUE ZC0UNT=20 THEN

RESET ZCORRECTHASSi

RESET ZDUHHY22

RESET ZDUHHT23

FIND ZCORRECTHASSI

END
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RESET ZHAXIWUHKH

FIND ZMAXINUHKN

RESET ZCORRECTPRESS

FIND ZCORRECTPRESS

LOOP TO FIND THE BASE PRESSURE UNIT

ZCOUNT = 20

ZNACH = (NN)

RESET ZBASEPRESS

MHILETRUE ZCOUNT = 20 THEN

RESET ZBASEPRESS

ZHACH=(ZHACH+.05)

ZA0AN=(BEXP(§L0B(l/ZHACH)+ZCt(8L0B((l+ZA»ZHACHIZMACH)/ZB)))]

ZRATIO=(ZAOAN/YABOAN)

FIND ZBASEPRESS

END

FDISPLAY RESULTS,"AN/ANt = (ZAOAN), ZRATIO={ZRATIOr"

CLROFF

CALL P6READ,""
CLRON

LOADFACTS P60UT

RESET ZCALCCHECK

FIND ZCALCCHECK

CALL PERCRV,""
CCALL LIST,'PRINB.DOC*
RESET ANALYSIS

RESET FJDCHOKE

RESET FJDCHOKEREASON

RESET STARTED

RESET EFFICIENCY

FIND ANALYSIS

SORT FJDCHOKEREASON

Idisplsys perfonance curve
Idisplays output data file

CLS

NOPEN 1,0,0,22,79,7
ACTIVE 1

DISPLAY *

FDISPLAY RESULTS,"

DIFFUSER ANALYSIS"

DIFFUStR ANALYSIS

RESET EFFICIENCYTEXT

FIND EFFICIENCYTEXT

RESET FFULLTEXT

FIND FFULLTEXT
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RESET CHOKETEXT

FIND CHOKETcXT

!  loop to find choke reason text in order of probability

NHILEKNONN FJDCHOKEREASONl

RESET FJDCHOKEREASONl

POP FJDCHOKEREASON, FJDCHOKEREASONl
RESET FJDCHOKEREASONTEXT

FIND FJDCHOKEREASONTEXT

END

DISPLAY-

Analysis coaplete - strike any key to quit-"

CHAIN DIFFUSER

RULE PORTION OF THE EXPERT SYSTEH THAT CORRECTS ERRORS IN THE INPUTS

RULE 20

IF YKP =0.0 AND

n2 < (.95tHN) OR

H2 > (l.OSINN)

THEN HN = (H2)

PCIO = 0.010000

PC09 = 0,040000

PCOB = 0.060000

PC07 = 0.080000

PC06 = 0.100000

PC05 = 0.200000

PC04 = 0.400000

PC03 = 0.600000

PC02 = 0.800000

PCOl = 1.000000

SAVEFACTS OUTDAT

CLROFF

CALL QUTREAD,""
CLRON

CALL BAUER,"
CLROFF

CALL P6READ,"
CLRON

LOADFACTS P60UT

FDISPLAY RESULTS,"IT MAS NECESSARY TO SET HN=N2={NN}"
ZCORRECTHN = YES
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ELSE ZCORRECTHN = YES

RULE 22

IF HIONN > 0.0 AND

HIOHN > 0.0 AND

NIOMN < (.99>(HI0MN-)(YKItHI0HN)) OR

MlOtlN > (l.OltlHIOHN-nKllHIOHN))

THEN XXPTIOPTN = (((HI0HN-XYt:itH10HN)/H10HN)IXXPT10PTN)

FDISPLAY RESULTS,"CALCULATED VALUE OF PT1/PTN= {XXPTIOPTN}'^

ZDU«MY22=YES

ELSE ZC0RRECTHASS1=YES

ZC0UNT=1

ZDUHHY22=N0

ZDU««Y23=N0

RULE 23

IF ZDUH«Y22=YES AND

XXPT10PTN>1.0

THEN XXPT10PTN=1.0

XYKI = 0.000000

PCIO = 0.010000

PC09 = 0.040000

PC08 = 0.060000

PC07 = 0.080000

PC06 = 0.100000

PC05 = 0.200000

PC04 = 0.400000

PC03 = 0.600000

PC02 = 0.800000

PCOl = 1.000000

SAVEFACTS OUTDAT

CLROFF

CALL OUTREAD,"
CLRON

CALL BAUER,""

CLROFF

CALL P6READ,""
CLRON

LOADFACTS P60UT

ZKI=((HI0HN-N10HN)/HI0MN)

XYKI=(XYKI+ZKI)

NOPEN 2,0,0,11,79,7
ACTIVE 2

DISPLAY"NhilB iterating on engine exit total pressure (PTl) to aass
balance the engine, PTl reached the liiiting case of being equal
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to the nozzle total pressure (PTN). To take up the lass difference,

a value of the engine bleed flow, KI={XYK1) was calculated."

ZDLlH«Y23=yES

RULE 23A

IF ZDUHHY23=YES AND

ZPREFERENCE=C0NT1NUE

THEN PCIO = 0,010000

PC09 = 0.040000

PC08 = 0.060000

PC07 = 0.080000

PC06 = 0.100000

PC05 = 0.200000

PC04 = 0.400000

PC03 = 0.600000

PC02 = 0.800000

PCOl = 1.000000

SAVEFACTS OUTDAT

CLROFF

CALL OUTREAD,"

CLRON

CALL BAUER,"
CLROFF

CALL P6READ,"
CLRON

LOADFACTS P60UT

FDISPLAY RESULTS,"IT NAS NECESSARY TO SET PT1/PTN=1.0 AND
CALCULATE A KI={nKI) TO HASS BALANCE THE ENGINE"

ZCORRECTHASSl = YES

ZC0UNT=1

RULE 23D

IF ZPREFERENCE=STOP_ANALYSIS
THEN CHAIN DIFFUSER

RULE 23C

IF ZDUnHY22=YES AND

XXPT10PTN<=1.0

THEN PCIO = 0,010000

PC09 = 0.040000

PC08 = 0.060000

PC07 = 0.080000

PC06 = 0.100000

PC05 = 0.200000
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PC04 = 0.400000

PC03 = 0.600000

PC02 = 0.800000

PCOl = 1.000000

SAVEFACTS OUTDAT

CLROFF

CALL DUTREAD,"
CLRON

CALL BAUER,""
CLROFF

CALL P6READ,""
CLRON

LOADFACTS P60UT

FDISPLAY RESULTS,"IT NAS NECESSARY TO ITERATE ON PTl/PTN TO MAKE
Bi/HN=HI/NN"

ZDUH«Y23=N0

ZC0RRECTHASS1=N0

RULE 25

IF XKWS = 0.0

THEN ZKNSAVE=(XXKN)

XXKN=(-1.000000)

PCIO = 0.010000

PC09 = 0.040000

PCOB = 0.060000

PC07 = 0.080000

PC06 = 0.100000

PC05 = 0.200000

PC04 = 0.400000

PC03 = 0.600000

PC02 = 0.800000

PCOl = 1.000000

SAVEFACTS OUTDAT

CLROFF

CALL OUTREAD,""
CLRON

CALL BAUER,""
CLROFF

CALL P6READ,""
CLRON

LOADFACTS P60UT

ZKNSMXKNS)

XXKN^iZKNSAVE)

SAVEFACTS OUTDAT

CLROFF

CALL OUTREAD,""
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CLRON

FDISPLAY RESULTS,"THE SATURATED HATER SPRAY FLOHj ZKHS={ZKHS)"

ZHAXIHUHKH=YES

ELSE ZKHS=(XKNS)

ZHAXINUHKH=YES

RULE 28

IF PNOPTN >.l

THEN PC05=(PNOPTN)

ZDUMMY28=F0UND

ELSE PC05=,1

ZDUMHY28 = FOUND

RULE 29

IF PNOPTN >.01

THEN PC10=(PNOPTN)

ZDUHHY29=F0UND

ELSE PC10=.01

ZDUMHY29 = FOUND

RULE 30

IF ZDUt1HY28 = FOUND AND

ZDUNHY29 = FOUND

THEN PCOl = 1

ZSTEP=({PC01-PC05)/4)
PC02 = (PCOl-ZSTEP)

PC03 = (PC02-ZSTEP)

PC04 = (PC03-ZSTEP)

ZSTEP=((PC05-PC10)/5)

PC09 = (PCIO+ZSTEP)

PC08 = (PC09+ZSTEP)

PC07 = (PC08+ZSTEP)

PC06 = (PC07+ZSTEP)

FDISPLAY RESULTS,"THE SUBGESTED CHAHBER PRESSURE RATIOS ARE"
FDISPLAY RESULTS,"PC/PTNl1]={PC01}"
FDISPLAY RESULTS,"PC/PTN[2]=(PC02}'
FDISPLAY RESULTS,"PC/PTN[3]={PC03)"
FDISPLAY RESULTS,•PC/PTN[4]={PC04}"
FDISPLAY RESULTS,"PC/PTN[5]={PC05}'
FDISPLAY RESULTS,"PC/PTN[6]={PC06}"
FDISPLAY RESULTS,"PC/PTN[7]={PC07}"
FDISPLAY RESULTS,"PC/PTN[8]={PC08}"
FDISPLAY RESULTS,■PC/PTN[9]={PC09)"
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FDISPLAY RESULTS,"PC/PTN[10]={PC10)^"
SAVEFfiCTS OUTDAT

CLROFF

CALL OUTREAD,"
CLRON

CALL BAUER,"
CALL RENAH,"

ZCORRECTPRESS=FOUND

ELSE ZCORRECTPRESS=FOUNI)

RULE 35

IF PCIOXPNOPTN) AND

PN0PTN>.001

THEN PC01=(PCIO-((PCIO-PNOPTN)/2))

PC02XPN0PTN)

ZDU«(1Y35=YES

RULE 36

IF PC10<(PN0PTN)

THEN PC01=(PCi0)

PC02=.01

ZDU«HY35=YES

RULE 37

IF PN0PTN(.001

THEN PC02=.001

PC01=(PC10-((PC10-PC02)/2)1

ZDUHHY35=YES

RULE 38

IF PC10=(PN0PTN)

THEN PC01=.01

PC02=.009

ZDUHHY35=YES

RULE 40

IF ZDUHNY35=YES AND

ZRATIO >.98

THEN PCIO = (KXPIZDWLOBd/d+ZAtZHACHIZNACH))))

ZSTEP= ((PC02-PC10)/8)

PC03 = (PC02-ZSTEP)

PC04 = (PC03-ZSTEP)
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PC05 = (PC04-ZSTEP)

PC06 = (PC05-2STEP)

PC07 = (PC06-ZSTEP)

PC08 = (PC07-ZSTEP)

PCD9 = (PCOB-ZSTEP)

FDISPLAY RESULTS,"PC/PTN[11]=(PC01}"
FDISPLflY RESULTS,"PC/PTN[12]={PC02)'
FDISPLAY RESULTS,'PC/PTN[13]={PC03)"
FDISPLAY RESULTS,"PC/PTN[14]={PC04)"
FDISPLAY RESULTS,■PC/PTN[15]={PC05}"
FDISPLAY RESULTS,•PC/PTN[163=(PC06)"
FDISPLAY RESULTS,"PC/PTN[17]={PC07)"
FDISPLAY RESULTS,•PC/PTN[18]=(PC0B)"
FDISPLAY RESULTS,'PC/PTN[19]={PC09)"
FDISPLAY RESULTS,"PC/PTN[20]={PC10}'
SAVEFACTS OUTDAT
CLROFF
CALL OUTREAD,"
CLRON
CALL BAUER,"
ZC0UNT=1
ZBASEPRESS = FOUND

ELSE ZBASEPRESS = REDO

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

ACTIVE 3
DISPLAY 'The BAUER prograi was unable to calculate a diffuser

floH starting point. Therefore no started region will be show on the
diffuser perforiance curve.

Strike any key to contnue.""
ZCALCCHECK = PROBLEH

ELSE ZCALCCHECK = OK

!  RULE PORTION OF EXPERT SYSTEM THAT ANALYSIS RESULTS OF BAUER PROGRAH
I

RULE 2000
IF WORN >= 0.0 AND

H3>.9B
THEN FJDCHOKEREASON=INTERNAL CNF SO
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RULE 2010

IF HB>.98 AND

nKU>0.01 AND

n>;H<(.BIZk'NS)

THEN FJDCHOKEREASON=HATERSPRAY CNF 50

RULE 2011

IF «B>.98 AND

XXKH>=(.81ZKHS)

THEN FJDCHOt:EREASON=NATERSPRAY CNF 80

RULE 2020

IF MB),98 AND

XASQAN > 0.0 AND

XCDS > 0,0

THEN FJDCHOKEREASON=DRAe CNF 50

RULE 2030

IF HB>.98 AND

YABE0AN<(.9tYAB0AN) AND

YABE0AN>(.5tYAB0AN)

THEN FJDCHOKEREASON=AREA CNF 50

RULE 2031

IF I1B>.98 AND

YABEDAN<=(.5tYAB0AN)
THEN FJDCHOt:EREASON=AREA CNF 80

I

RULE 2100

IF HB>.98 OR

H3>.98

THEN FJDCHOKE=YES

ELSE FJDCHOKE=NO

RULE 2201

IF FJDCHOKE = YES AND

PCS < (1.5tPC)

THEN STARTED = NO

ELSE STARTED = YES
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RULE 2210

IF FJDCHOKE=NO

THEN FJDCHOKEREASON=NONE

RULE 2220

IF YKE>0.0 AND

YKE<.3 AND

M3>.9B

THEN FJDCHOKEREASON=INTERNAL N EXTERNALBLEED CNF 50

RULE 2221

IF YKE>=.3 AND

H3>.9B

THEN FJDCHOKEREASON=INTERNAL N EXTERNALBLEED CNF 90

RULE 2225

IF YXP>0.0 AND

YI(P<.5 AND

K3>.9B

THEN FJDCHOKEREASON=INTERNAL H POROUSJETSTR CNF 50

RULE 222B

IF YKP>=.5 AND

H3>.98

THEN FJDCHOKEREASON=INTERNAL N POROUSJETSTR CNF 80

RULE 2230

IF YXE>0.0 AND

YKE<.5 AND

NB>.98

THEN FJDCHOKEREASON=EXTERNALBLEED CNF 50

RULE 2231

IF YKE>=0.5 AND

HB>.98

THEN FJDCHOKEREASON=EXTERNALBLEED CNF 90

RULE 2240

IF STARTED = NO

THEN EFFICIENCY = NULL
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RULE 2250

IF STARTED = YES AND

YSL0PE>45

THEN EFFICIENCY = BOOD

RULE 2260

IF STARTED = YES AND

YSL0PE<6.3

THEN EFFICIENCY = POOR

RULE 2270

IF STARTED = YES AND

YSL0PE>6.3 AND

YSL0PE<45

THEN EFFICIENCY=OK

RULE 2280

IF NB>.9B AND

HIONN) 0.0 AND

nKH<.04 AND

YTTIOTTN) 1.0

THEN FJDCHOKEREASON=THERNAL CNF 50

RULE 2281

IF NB>.98 AND

niOHN) 0.0 AND

XXKN>0.04 AND

YTTIOTTN) 1.0

THEN FJDCHOKEREASON=THERNAL CNF 30

RULE 2290

IF MB).98 AND

XYXI > 0.0 AND

XYKI < 0.5

THEN FJDCHOKEREASON=ENGINE BLEED CNF 50

RULE 2291

IF NB > .98 AND

XYKI >= 0.5
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THEN FJDCHOKEREASON=ENBINE BLEED CNF 80

RULE 2300

IF HB>.98 AND

H10«N>0.0 AND

YHAH>0.0

THEN FJDCHOKEREASON=AFTERBURN CNF 50

RULE 5000

IF FJDCHDKE <> UNKNOWN AND

FJDCHOKEREASON <> UNKNOWN AND

STARTED <> UNKNOWN AND

EFFICIENCY <> UNKNOWN

THEN ANALYSIS = COMPLETE

!  RULE PORTION OF THE EXPERT SYSTEM THAT SELECTS W0RDIN6 FOR DISPLAY
i

RULE 6000

IF FJDCHOKE = YES

THEN ACTIVE 1

DISPLAY"

The diffuser has choked for the folloHing reasons;'
FDISPLAY RESULTS,"
The diffuser has choked for the following reasons:"

CHOKETEXT = ASSIBNED

ELSE ACTIVE 1

DISPLAY"

The diffuser did not choke"

FDISPLAY RESULTS,"
The diffuser did not choke"

CHOKETEXT = ASSIBNED

RULE 6010

IF FJDCHOKE = NO

THEN FJDCHOKEREASONTEXT = NONE

RULE 6100

IF STARTED = NO

THEN ACTIVE 1

FORMAT PCS, 7.4
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FORMAT PC, 7.4

FORMAT PBOPTNS, 7.4
FORMAT PBOPTN, 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=(PCS} PB/PTN={PBOPTNS}

Diffuser choked at PC/PTN={PC) PB/PTN={PBOPTN)"

FFULLTEXT = ASSI6NED

ELSE FORMAT PTNl, 7.2
FORMAT PNl, 8.3
FORMAT YMBA, 6.3
FORMAT ALT, 7.0
FORMAT PCS, 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 chaiber pressure of
PC/PTN={PCS). In this region of the perforwance curve the test rhoibus
is shortened, but the diffuser will operate with the siallest value of PTN
for a given PB.

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

PTN = {PTNl} psia PB = 15 psia MB = {YMBA} PN = {PNl} psia
Siaulated 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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FDISPLftY RESULTS,"The diffuser TIon has started and is flowing full

Most testing should be done around the diffuser started chaiber pressure of
PC/PTN={PCS}. In this region of the perforsance curve the test rhoibus
is shortened, but the diffuser will operate with the siallest value of PTN
for a constant PB.

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

PTN = {PTNl} psia PB = 15 psia HB = {YMBA} PN = {PNl} psia
Simulated Altitude = {ALT} Ft

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

FFULLTEXT = ASSIGNED

RULE 6110

IF FJDCH0KEREAS0N1=INTERNAL

THEN ACTIVE 1

FORMAT XKJ, 8.4
DISPLAY"- Internal choking (M3=1.0) at Region 3 with a Jet Stretcher
bypass flow of KJ = {kkJ}. 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."

FDISPLAY RESULTS,"- Internal choking (H3=1.0) at Region 3 with a Jet Stretcher
bypass flow of KJ = (KJ}. 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."

FJDCHOKEREASONTEXT=ASSIBNED

RULE 6120

IF FJDCH0KEREAS0N1=NATERSPRAY

THEN ACTIVE 1

FORMAT KKN, 8.3
FORMAT ZKWS, 8.3

DISPLAY" - Diffuser choking at exit (MB=1.0), waterspray sass flow to nozzle

•ass flow ratio, KHN, is excessive. KMN = (KKN} should be 10! to 20X
of the flow saturation value of KNN = {2KNS}."

FDISPLAY RESULTS," - Diffuser choking at exit (MB=1.0), waterspray lass flow to nozzle
•ass flow ratio, KHN, is excessive. KNN = (XXKH} should be lOX to 20X
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of the floM saturation value of KKN = {ZKWS}."
FJDCHOKEREASONTE)(T=ASSIGNED

RULE 6130

IF FJDCH0KEREAS0N1=AREA

THEN ACTIVE 1

FORHAT YABOAN, 6.2
FORMAT YABEOAN, 6.2

DISPLAY" - Diffuser choking at exit (HB=1.0), diffuser liniaufi area
ABE/ANl = {YABEOAN} is less than the diffuser area AB/AN» = (YABOAN).
The reduction in area can cause the diffuser to choke."

FDISPLAY RESULTS," - Diffuser choking at exit (HB=i.O), diffuser liniiui area
ABE/ANI = {YABEOAN} is less than the diffuser area AB/ANI = {YABOAN}.

The reduction in area can cause the diffuser to choke."

FJDCHOI(EREASONTEXT=ASSIBNED

RULE 6140

IF F>IDCH0KEREAS0N1=DRAS

THEN ACTIVE 1

FORHAT XCDS, 7.3
FORMAT XASOAN, 8.3

DISPLAY"- Diffuser choking at exit (MB=1.0), the iodel drag is too large;
Either the diffuser area lust be increased or the lodel size decreased."

FDISPLAY RESULTS,"- Diffuser choking at exit (MB=1.0), the iodel drag is too large;
Either the diffuser area iust be increased or the lodel size decreased."

FJDCHOKEREASONTEXT=ASSIGNED

RULE 6150

IF FJDCH0KEREAS0N1=EXTERNALBLEED

THEN ACTIVE 1

FORMAT YkE, 8.5

DISPLAY" - Diffuser choking at exit (MB=1.0), external bleed flow to nozzle
■ass floM ratio, KE, is excessive. The nozzle is having to puip too iuch
■ass flow out of the test chaiber. KE = {YKE} should be reduced."

FDISPLAY RESULTS," - Diffuser choking at exit (MB=1.0), external bleed flow to nozzle
■ass floM ratio, KE, is excessive. The nozzle is having to puip too luch
■ass flow out of the test chaober. KE = {YKE} should be reduced."

FJDCHOKEREASONTEXT=ASSIGNED
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RULE 6160

IF FJDCHOKEREASON1=INTERNALJ_EXTERNALBLEED
THEN ACTIVE 1

FORMAT YKE, 8.5

DISPLAY" - Diffuser choking at area between jet stretcher and diffuser (H3=1.0),
external bleed flow to nozzle lass flow ratio, KE, is excessive.
The nozzle is having to putp too luch lass flow out of the test chaiber.
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=i.O),
external bleed flow to nozzle lass flow ratio, KE, is excessive.
The nozzle is having to puip too luch lass flow out of the test chaeber.
KE = {YKE} should be reduced, or the area A3 increased by enlarging the diffuser."

FJDCHOKEREASDNTEXT=ASSIGNED

RULE 6161

IF F3DCH0KEREAS0N1=INTERNAL_M_P0R0USJETSTR
THEN ACTIVE 1

FORMAT YKP, 8.5
DISPLAY" - Diffuser choking at area between jet stretcher and diffuser (M3=1.0),
porous jet stretcher flow to nozzle lass flow ratio, KP, is excessive.
The nozzle is having to puiip too auch eass flow out of the test chatber.
KP = {YKP} 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."

FDISPLAY RESULTS,"- Diffuser choking at area between jet stretcher and diffuser (M3=1.0),
external bleed flow to nozzle lass flow ratio, KE, is excessive.
The nozzle is having to putp too tuch lass flow out of the test chatber.
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."

FJDCHOKEREASONTEXT=ASSIGNED

RULE 6162

IF FJDCH0KEREAS0N1=ENGINE_BLEED
THEN ACTIVE 1

FORMAT XYKI, 8.5
DISPLAY" - Diffuser choking at exit (MB=1.0),
engine bleed flow to engine tass flow ratio, KI, is excessive.
Too tuch totentut is being lost by tass spilling out of the engine inlet.
KI = {XYKI} 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 sass flow ratio, H, is excessive.
Too luch aoaentui is being lost by aass spilling out of the engine inlet.
K1 = (XYKI) should be reduced, or the diffuser area increased."

FJDCHOKEREASONTEn=flSSlBNED

RULE 6170

IF EFFICIENCY = NULL

THEN EFFICIENCYTEU = NONE

RULE 6180

IF EFFICIENCY = GOOD

THEN ACTIVE 1

DISPLAY "The diffuser perforiance curve is a near vertical line in the
diffuser started region. This shons a diffuser with a good, efficient
puapdown of the chaaber. SLOPE = {YSLOPE}"

FDISPLAY RESULTS,"The diffuser perforaance curve is a near vertical line in the
diffuser started region. This shows a diffuser with a good, efficient
puapdown of the chaaber. SLOPE = (YSLOPE)"

EFFlClENCYTEn=ASSlSNED

RULE 6190

IF EFFICIENCY = POOR

THEN ACTIVE 1

DISPLAY "The diffuser perforaance curve is along the PC=PB line in the
diffuser started region. This shows a diffuser with a poor
puapdown of the chaaber. The diffuser efficiency aight be inproved by
decreasing the diffuser area, AS. SLOPE = (YSLOPE)"

FDISPLAY RESULTS,"The diffuser perforaance curve is along the PC=PB line in the
diffuser started region. This shows a diffuser with a poor
puapdown of the chaaber. SLOPE = (YSLOPE)'

EFFICIENCYTEXT=ASSI6NED

RULE 6200

IF EFFICIENCY = OK

THEN ACTIVE 1

DISPLAY "The diffuser perforaance curve is between the PC=PB line
and a near vertical line in the diffuser started region. This shows
a diffuser with an OK puapdown of the chaaber. SLOPE = (YSLOPE)'

FDISPLAY RESULTS,"The diffuser perforaance curve is between the PC=PB line
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and a near vertical line in the diffuaer started region. This shows a diffuser
with an OK putpdown of the chaiber. SLOPE = {YSLOPE}"

EFFICIENCyTEXT=ASSI6NED

RULE 6210

IF FJDCH0KEREAS0N1=THER«AL

THEN ACTIVE 1

FORHAT XCDS, 7.3

FORMAT XASOAN, 8.3
DISPLAY"- Diffuser choking at exit (MB=1.0), the aodel engine is
operating, introducing heat into the diffuser and possibly causing thersal
choking. Possible solutions are; enlarge the diffuser area,
or add a siall aiount of water spray, KN, less than the saturated
value of KNS = (ZKNS), for cooling."

FDISPLAY RESULTS,'- Diffuser choking at exit (MB=1.0), the lodel engine is
operating, introducing heat into the diffuser and possibly causing thereal
choking. Possible solutions are; enlarge the diffuser area,
or add a stall atount of water spray, KH, less than the saturated
value of KNS = (ZKNS), for cooling."

FJDCHOKEREASONTEXT=ASSIGNED

RULE 6210

IF FJDCH0KEREAS0N1=AFTERBURN

THEN ACTIVE 1

FORHAT YHAM, 7.3
DISPLAY"- Diffuser choking at exit (MB=1.0), the lodel engine is
operating with afterburning downstreai of the test article, introducing
heat energy into the diffuser of the value HA = {YHAH} and possibly causing
thertal choking. Possible solutions are; enlarge the diffuser area, or add
a stall atount of water spray, KN, less than the saturated value of
KNS = {ZKNS}, for cooling."

FDISPLAY RESULTS,"- Diffuser choking at exit (MB=1.0), the todel engine is
operating with afterburning downstreat of the test article, introducing
heat energy into the diffuser of the value HA = (YHAH) and possibly causing
thertal choking. Possible solutions are; enlarge the diffuser area, or add
a stall atount of water spray, KN, less than the saturated value of
KNS = {ZKNS), for cooling."

FJDCHOKEREASONTEXT=ASSIBNED

ASK ZSUG6ESTEDPC ! "Do you wish to run the situlation with suggested values
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of test cell and nozzle reservoir pressure ratios?";

CHOICES ZSU6BE3TEDPC ; YES, NO;

ASK ZPREFERENCE: "Do you wish to continue with PT10PTN=1.0 and the
calculated KI, or stop the analysis?

INDICATE PREFERENCE:";

CHOICES ZPREFERENCE : CONTINUE, STOP_ANALYSIS;

PLURAL: FJDCHOKEREASON;
PLURAL: FJDCHOKEREASONTEXT;
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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 when the program executes. The menu

reappears after successful completion of a selected option.
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