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Introduction

RPA is an acronym for Rocket Propulsion Analysis.

RPA is a rocket engine analysis tool for rocketry professionals, scientists, students and
amateurs.

RPA is an easy-to-use multi-platform tool for the performance prediction of rocket engines. It
features an intuitive graphical user interface with convenient grouping the input parameters
and analysis results. RPA utilizes an expandable chemical species library based on NASA
Glenn thermodynamic database, that includes data for numerous fuels and oxidizers, such as
liquid hydrogen and oxygen, kerosene, hydrogen peroxide, MMH, and many others. With
embedded species editor, the users may also easily define new propellant components, or
import components from PROPEP or CEAZ2 species databases.

By providing a few engine parameters such as combustion chamber pressure, used
propellant components, and nozzle parameters, the program obtains chemical equilibrium
composition of combustion products, determines its thermodynamic properties, and predicts
the theoretical rocket performance. The results of calculation can also be used to design
combustion chambers, gas generators and preburners of the liquid propellant rocket engines.

The calculation method is based on robust, proven and industry-accepted Gibbs free energy
minimization approach to obtain the combustion composition, analysis of nozzle flows with
shifting and frozen chemical equilibrium, and calculation of engine performance for a finite-
and infinite-area combustion chambers.

RPA is written in C++ programming language using following libraries: Nokia Qt, Qwt,
libconfig++.

The program was written by Alexander Ponomarenko. You can contact him by sending an
email to: contact@propulsion-analysis.com

RPA editions

You can download two different versions of RPA from http://www.propulsion-
analysis.com/downloads.htm: freeware Lite Edition and commercial Standard Edition.

System requirements and installation procedure are the same for both editions.

If you downloaded and used an evaluation copy of RPA Standard Edition with free 15-day trial
period, you may purchase a license and get your personalized product key which converts
this evaluation version of the product to a fully licensed version.


mailto:contact@lpre.de
http://www.propulsion-analysis.com/downloads.htm
http://www.propulsion-analysis.com/downloads.htm
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System requirements

Microsoft Windows
Operating Systems:

*  Windows 2000 (32-bit or 64-bit Edition)
* Windows XP (32-bit or 64-bit Edition)

* Windows Vista (32-bit or 64-bit Edition)
* Windows 7 (32-bit or 64-bit Edition)

Any computer that runs with mentioned operating systems.

Apple Mac

* Mac OS X 10.5 or later
* Macintosh computer with an Intel x86 or x86-64 processor

Linux
RPA will not run without the following libraries:

* Glib 2.12 or higher
« X.Org 1.0 or higher

Installation on Microsoft Windows

RPA for Microsoft Windows is distributed in installation and ZIP packages both for x86 and
x86-64 architectures.

RPA for Windows depends on Nokia Qt and MS VC++ 2008 SP1 run-time libraries. If your
computer does not have it installed, please choose the package that includes all required
components.

If you downloaded installation package

* Run installation executable file and follow the instructions the installer provides

* When done with the installation, you can delete the installer file to recover disk space

* The installer will create shortcuts for RPA executable on desktop and start menu, which
you can use to start the application

» To uninstall the application run Uni nst al | . exe from the RPA installation directory

Note that in order to install the software from installation executable file you must have
administrator rights. If you don't have administrative rights, you can still install the program
from ZIP package.
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If you downloaded ZIP package

» Extract files from the ZIP package into selected directory
« Start the program, executing the command RPA. exe
» To uninstall the application delete the RPA installation directory

Installation on Apple Mac OS X

RPA for Apple Mac OS X is distributed in installation package, containing universal binary for
Intel x86 and x86-64 architectures.

RPA for Apple Mac OS X depends on Nokia Qt run-time libraries. If your computer does not
have it installed, please choose the package that includes all required components.

To install the program

* Run installation package and follow the instructions the installer provides

* When done with the installation, you can delete the installer file to recover disk space
* The program RPA. app will be installed in Application directory

» To uninstall the application delete RPA. app from the Application directory

Installation on Linux

RPA for Linux is distributed in tar.gz packages both for x86 and x86-64 architectures.

RPA for Linux depends on Nokia Qt libraries. If your computer does not have it installed,
please choose the package that includes all required components.

To install the program

» Extract files from the archived package into selected directory
+ Start the program, executing the shell script RPA. exe
« To uninstall the application delete the RPA installation directory

Running RPA

Graphical User Interface

You start RPA either by clicking on an icon (on Desktop or in file browser), or typing RPA. exe
on a command line.

Although command line arguments are not required when starting RPA, the available
arguments are shown below:
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Option Value Description

-t or--therno FI LE Thermodynamics database. Default is resources/thermo.inp

User-defined thermodynamics database. Default is

-ut or--usr_therno FI LE :
- resources/usr_thermo.inp
-por--properties FI LE Properties database. Default is resources/properties.inp
-up or--usr_properties |FILE User-defined properties database. Default is resources/properties.inp
_i or--input FILE Problem configuration file that has to be loaded. Default is last

opened file.

Command line arguments must be in the command line that you use to start RPA.
See chapter Thermodynamic Database Editor for more information about database types.

After starting the program, the RPA main window will appear. The main windows features
menu bar, toolbar and working area, that can be used in two views: Express Analysis and
Extended Analysis.

Express Analysis view is intended to keep the subset of input parameters and results on the
same screen, and can be useful for quick analysis of the rocket engines, when theoretical
performance is the only result that should be considered.

A Rocket Propulsion Analysis (Lite Edition) - RD-170.cfg

File View Run Help

=(x|B|®

Express Thermodynamic Analysis

Micture ratio: 263 oF | mixture mass ratio (oxidizer/fuel)

MF T | Unit|p Unit
1 K 101325 Pa

Engine performance:

Express Analysis view

Extended Analysis view consists of several screens which conveniently group the input
parameters and results. The desired screen can be activated by mouse click on
corresponding button on the list at the left side of the main window. You can enlarge or narrow
the list while the screens will be narrowed or enlarged, dragging the vertical bar between the
list and the screens right or left.




4 Rocket Propulsion Analysis (Lite Edition)
File View Run Help

= x \E\ ®

Propelant Speciication

Engine Definition

Engine name: [ro-170

Bziiom [ Test case for R0-170
Diozzle Flow Model

Chamber Performance

Nested analysis Chamber pressure: |245

“Thermodynamic Database

- RD-170.cfg

Rocket Propulsion Analysis v.1.2.6

T e g

{57181 Rocket Propulsion Analysis (Standard Ediion) - 15-day evaluation version -Engine-1 g
Ele View Run Help

iamer size matching the speciied requiiements
kg 2| at ambient pressure: |1 atm
Ky/s $ | (medot. total at 100% throttie)

mm : o

Nozzle shape | (f not specified. parabolic bell nozzle is assumed)

Parformance Analysis
Engine Design
Tools

Extended Analysis view (Lite Edition)

Extended Analysis view (Standard Edition)

In RPA Standard Edition, there are 4 different lists grouped in the following folders:

 Initial Data containing items Engine Definition, Propellant Specification, and Nozzle

Flow Model,

* Performance Analysis containing items Chamber Performance, Nested Analysis, and

Propwllant Ana

lysis,

* Engine Design containing the item Chamber Geometry,
» and Tools containing the item Thermodynamic Database.

Command-line utility
You start command-line utility by typing r pac. exe on a command line.

The available command-line arguments are shown below:

Option Value Description

-t or--therno FI LE Thermodynamics database. Default is
resources/thermo.inp

-ut or--usr therno El LE User-defined thermody_namlcs database. Default is

- resources/usr_thermo.inp

-por--properties FI LE Properties database. Default is resources/properties.inp

-up or FI LE User-defined properties database. Default is

--usr_properties resources/properties.inp

-i or--input El LE Problem configuration file that has to be loaded. Default is
last opened file.

-0 or - - out put FI LE_NAME_PREFI X | Output file name prefix without extension. Default is "info".

- opt or--optinize F|nq optimum prope[lant mixture ratio, bypassing the one
defined in input configuration file.
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Option Value Description

-bauor--bau_units Print out results using britisj-american units.

Upon completion, the command-line utility prints out the results in console window and writes
it into the log file.

Scripting utility

Only available in RPA Standard Edition

Scripting utility is a tool that can be used to execute user's own problems.
Scripting utility can be started in either an interactive mode or a batch mode.

You start scripting utility by typing r pas. exe on a command line. The available command-line
arguments are shown below:

The available command-line arguments are shown below:

Option Value Description

-t or--thern FI LE Thermodynamics database. Default is
resources/thermo.inp

_ut or--usr_thermo FI LE User-defined thermody_namlcs database. Default is
resources/usr_thermo.inp

-por--properties FI LE Properties database. Default is resources/properties.inp

-up or FI LE User-defined properties database. Default is

--usr_properties resources/properties.inp

-i or--input FI LE Script file.

-0 or - - out put FI LE_NAVE_PREFI X (_I)rtjftcf)ut file name prefix without extension. Default is

Upon start up, scripting utility prints out the prompt rpa>, inviting you to type any valid
command.

Type "exit" to stop the interactive interpreter. See Scripting Built-In Commands and Scripting
API Reference to get more information about available commands.

To start scripting utility in the batch mode, specify the name of the script you want to execute
as a command-line argument:

rpa.exe -i some_script.js

After completion, the scripting utility prints out the results in console window and writes it into
the log file.
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Configuration Files

The analysis problem input data is stored in the configuration file with extension . cf g. This is
a specially formatted ASCII file, that can be viewed/edited in any ASCII text editor.

To start new analysis problem, create configuration file by clicking File, and then New in
menu bar, or clicking icon New on the toolbar.

To continue with old analysis problem, load existing configuration file by clicking File, and
then Open in menu bar, or clicking icon Open on the toolbar, and select the file to be opened.
If you already have opened a configuration file, or have created new one, you will be asked to
confirm the opening another configuration file.

To save the current analysis problem into the file, click File, and then Save in the menu bar. If
the current analysis problem is new, you will be asked to specify the file name, or to select the
existing file to be written. Otherwise the data will be saved into the same source file, that has
been opened before.

You also can write the current analysis problem into another file, clicking File, and then Save
As... in the menu bar.

The last 10 used files are shown at the bottom of menu File in menu bar.
The last used configuration file is automatically opened at program start up.
The program is shipped with a few example configuration files, located in directory examples.

Engine Definition

In the RPA Lite Edition, Engine Definition screen is used to define the engine name, the
description and the combustion chamber pressure.

i Rocket Propulsion Analysis (Lite Edition) - RD-170.cfg CEX

i Rocket Propulsion Analysis (Lite Edition) - RD-170.cfg
File View Run Help

x| ®

"l Engine pefinition

propelant specification BT ST KC-130) Chamber pressure 243 MPa v
Description: Test case for RD-170 System: Bpropelant ~|

Loz Flow Model (e 263 oF 9| mixture mass rato (oxidizerfuel)

Oxicizer: Fuel

Chamber Performance

Species MF T Unit p Unit | Species | MF T unit | p Unit

ook antivia Chompes premire s ey =5 o) 1 K 101325 Fa RP-1 1 K 101325 Fa

3| | >
[Sim of all the mass fractions: 1

“Thermodynamic Database

Engine performance:

Engine Definition screen (Lite Edition) Engine Definition in Express Analysis view

10
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Engine name and description are optional parameters, whereas the combustion chamber
pressure is obligatory parameter. Note that engine name is used in results print out to identify
the problem.

The pressure is an absolute pressure and can be entered using one of the following units:
MPa, at m kg/ sn¥, bar, psi , Pa.

In the Express Analysis view the only parameter that is visible and can be changed is
combustion chamber pressure.

In the RPA Standard Edition, Engine Definition screen is also used to define the parameters
for the combustion chamber and nozzle sizing.

' O] Rocket Proputsion Analysis (Standard Edion) -1y evaluation version -Engine-1.cio
Elle View Run Help

Thioat diameter mm s o

Number of chambers: | 1 Nozzle shape | (f not specified, parabolic bell nozzle s assumed)

Performance Analysis
Engine Design
Tools

Engine Definition screen (Standard Edition)

The program can estimate the size of the combustion chamber and nozzle matching one of
the following requirements:

* Nominal thrust at the certain ambient pressure
* Nominal mass flow rate
* Throat diameter

~ Determine thrust chamber size matching the specified requirements
= Mominal thrust 200 kg at ambient pressure: |1 atm > |

Mass flow rate kg's (m-dot. total at 100% throttie)

A A A |

Throat diameter mm (o

Mumber of chambers: |1 Mozzle shape | (if not specified. parabolic bell nozzle is assumed)

Chamber and nozzle sizing parameters

If specified number of chambers is greater than 1, the given thrust is a total engine thrust, and
the given mass flow rate is a total mass flow rate.

If ambient pressure is not specified, it is assumed that the engine nominally operates in

11
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vacuum condition.

The user can specify the nozzle shape on the screen Nozzle Shape and Efficiencies, and
sizing parameters on the screens Nozzle Conditions and Chamber Geometry.

All parameters can be entered using either SI or American Customary units:

* thrust: kN, kg, | bf , N
* mass flow rate: kg/ s, | bm's
» throat diameter: mm in, m ft

Propellant Specification

Propellant Specification Screen

Propellant Specification screen is intended to specify used propellant component/s.

4 Rocket Propulsion Analysis (Lite Edition) - RD-170.cfg
File View Run Help

|7 181 Rocket Propuision Analysis (Standard Edhion) -15-day evaluation version - Engine-1.clg

= xB®
Engine Definition Propellant Specification Engine Definition = ————
= System: Bipropellant &
e | gt sprcncatn |y ponun] = e ey
Mixture ratio:

|2.63 | loF | mixture mass ratio (oxidizer/fusl) Oxidi

Rozzle Flow Model e Species Mass fiaction  Temperature Unit Pressure Unit
Species Mass fraction | Temperature | Unit Pressure Unit 020) 1 K MPa
02(1) 1 K 101325 Pa

Nozzle Flow Model Oxidizer:

Chamber Performance

Nested analysis

Aw ||

.
e Species Masstacon T une pessu unt

C2HSOHLMIS% 1 K MPa

Sum of all the mass fractions. 1

< 5| Add || Detne new || Remove |

Sum of all the mass fractions: 1 Performance Analysis

S i

Tools

Propellant Specification screen (Lite Edition) Propellant Specification screen (Standard Edition)

You can choose between bipropellant and monopropellant propulsion systems, selecting the
corresponding item in the list box at the top of the screen:

System: |Bipropellant |

Mixture ratio: |Monopropellant

Note: although you have the choice between bipropellant and monopropellant propulsion
systems only, there is a possibility to specify three (or more) propellant components.

See section How to... (http://www.propulsion-analysis.com/howto/index.htm) on RPA web site
for further details.

For bipropellant systems, the lists for both Oxidizer and Fuel are enabled (see figure
"Propellant Specification screen” above), as well as the fields for specifying a mixture ratio.

12
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The mixture ratio can be specified either as an O/F ratio (ratio of "oxidizer flow rate" to "fuel
flow rate™), or as an oxidizer excess coefficient, given as ratio of desired O/F to stoichiometric
O/F.

You can also select an item "optimum":

System: Bipropellant v

Mixture ratio: | : | optimize mixture ratio for max Is

In this case the mixture ratio will be optimized for getting maximum specific impulse under
given conditions. The found optimum O/F ratio will be displayed on the screen Chamber
Performance.

For monopropellant system, the single list of propellant components is enabled, whereas the
Fuel list and fields for specifying mixture ratio are disabled.

i Rocket Propulsion Analysis (Lite Edition)
File View Run Help

= xE\e
Propellant Specification

Engine Definition

wure mass ratio (oxidizerffuel)

Hiozzie o Motich gz it Species Mass fraction | Temperature  Unit Pressure Unit

H202()98% 1 20 @ 2 MPa
Chamber Performance

Nested analysis

Thermodynamic Database

Specifying monopropellant system

Note: for the thermodynamic calculation, the only difference between bipropellant system
and monopropellant system that contains two species, is how the species mixture is defined.
Actually, you can define any bipropellant system (as well as three- or more propellant
systems) as a monopropellant system, specifying the proper mass fraction for each
component on the list.

For instance, the following "monopropellant” configuration is equivalent to the bipropellant
one with O/F=0.7245/0.2755=2.63:

13
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System: [porcpropelan: 1
Mixture ratio: . . IO_F i I mixture mass ratio (oxidizer ffuel)
e | Species Mass fraction | Temperature | Unit Pressure Unit
EDZ[L] 0.7245 93 K 101325 Fa
|RG-1 0.2755 298.15 K MPa
< | 3

|5um of all the mass fractions: 1

[ Add ][ Remove ]

Each component list (Oxidizer, Fuel, or Propellant) contains one or more species, displayed
on the single row. To add species to the list, click the button Add at the bottom of the
corresponding list. To remove the selected species from the list, click the button Remove.

To add new species, click the button Define new (available in RPA Standard Edition only):

|Sum of all the mass fractions: 1

[ Add H Define new“ Remove |

In the appeared dialog window, specify at least the name, the exploded chemical formula, and
the heat of formation of new species:

2 @ Mew component

Component Folynomial properties ] Tabular properties

Component name: Description:
Aggregate state: Condensed phases are numbered in increasing order by temperature
Exploded formula; [ H ] [ H l [ H ] [ - ] [ H ]

Molecular weight: If not defined, the molecular weight is calculated from given exploded formula
Heat of forrmation: Jimal 5 | attemperature: | 298.15 K S

[ Feset H Ok l[ Cancel l

Once the new species was defined, it is stored in the user thermodynamic database and
permanent available for using in other problems.

Component Properties

The component on the list features 4 parameters: species name, mass fraction of the species
in the component (for bipropellant systems) or propellant (for monopropellant systems), initial
temperature of the species, and initial pressure of the species:

Species Mass fraction Temperature  Unit Pressure Unit
|H202(L),98% 1 20 .0 2 MPa |
I

14
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Initial species temperature and pressure are optional parameters. If not specified, the
following default values will be assigned automatically:

e p=1atmT = 298. 15 K for non-cryogenic species

« T =[boiling point temperature] for cryogenic liquids
When composing component (for bipropellant systems) or propellant (for monopropellant
systems) from several species, the sum of all the mass fractions of components on the same

list has to be equal to 1. To change the mass fraction for the species, double-click on the
corresponding cell, enter the new value and press Enter button (or click away).

Each list features the automatic mass fraction checker, that displays the current sum in the list
footer. If the sum is correct, the background color of the footer is light-green, otherwise the
color is light-red:

Species Mass fraction = Temperature | Unit Pressure Unit
H202(L),98% 1.5 20 C 2 MPa

< *|
|Invalid mass fraction of H202(),53%

[ Add ] [ Remaove ]

Species Mass fraction = Temperature | Unit Pressure Unit
C32H66(a) 0.7 K MFPa

C 0.4 K MPa

< >
| 5um of all the mass fractions: 1.1

[ Add ] [ Remave ]

To specify the initial temperature and/or pressure of the species, double-click on the
corresponding cell, enter the new value and then press Enter button (or click away):

Temperature  Unit Pressure Unit
C MPa

To change the unit, double-click on the corresponding cell, select the desired unit on the list,
and then press Enter button (or click away):

Temperature | Unit Pressure Unit

Ea——

The temperature can be entered using one of the following units: K, C, F, R.

The pressure is an absolute pressure and can be entered using one of the following units:
MPa, at m kg/ sn®, bar, psi, Pa.

Note: the initial temperature and/or pressure can only be specified for the components which
are supplied together with thermodynamic properties either in the polynomial form or in
tabular form.

15



Rocket Propulsion Analysis v.1.2.6

See chapter Thermodynamic Database Editor for further details.

Note: if the components change their temperature/pressure due to the work performed by
components themselves, you should assign initial ( T, p) which components had before the
work is performed.

For instance, in staged combustion engine, a turbopump is powered by components, and the
correct initial parameters correspond to components’ conditions at the pump inlets, in
opposite to the conditions at pump outlets or combustion chamber injector.

Components Database

After clicking on button Add, the dialog window "Components” appears. The content of the
dialog window depends on the type of target list, where component will be added.

2
L @ Components

Selectone or more components from the list

Component #  Aggregate state  Component description and source data referen |

MaFiL) liquid Liguid. Gurvich,1982 ptl p330 pt2 p370.
MaliL) liquid Liguid. Gurvich,1982 ptl p343 pt2 p38l.
MarMO2iL) liquid Liguid. Gurvich,1982 ptl p350 pt2 p386.
MakO3(L) liquid Liquid. Gurvich,18982 ptl p353 pt2 p388.
Ma02iL) liquid Lig. Gurvich,1982 ptl p319 pt2 p359.Chase,l. ..
MaOH(L) liquid Liguid. Gurvich,1996h.
Mb205(L) liquid Liguid. Gurvich,1982 ptl p&1 pt2 p82.
Oxygen, liquid. McBride, 1996 pp85,83.
03(L) liquid Ozone, liguid. McBride,1996 pp85,93.
P4010(L) liquid Liguid. Gurvich,1989 ptl pd417 pt2 p270.
FhBr2(L) liquid Liguid. Gurvich,1981 ptl p435 pt2 p361.
PbCL2(L) liquid Liguid. Gurvich,1991 ptl p428 pt2 pase.
PhF2(L) liquid Lead fluoride, liquid. Gurvich,1991 ptl p421 pt...
PhIZ(L) liquid Liguid. Gurvich,1991 ptl pd441 pt2 p366.
PhOiL) liquid Lead oxide, liguid. Gurvich,1991 ptl p409pt2 ... [
Rb2CO3(L) liquid Liguid. Gurvich,1982 ptl 457 pt2 p481.
Rb20(L) liquid Liguid. Gurvich,1982 ptl p431 pt2 p454. .
Rb202(L) liquid Liguid. Gurvich,1982 ptl pd433 pt2 p456.
Rb2S04(L) liquid Liguid. Gurvich,1982 ptl pd51 pt2 p47s.
RbBOZ(L) liquid Gurvich,1982 ptl p458 pt2 p4s2. L
RhBriL) liquid Liguid. Gurvich,1982 ptl p445 pt2 p46a. hd

Show: @ liquid components solid components all components

complete list of components and products of reaction

Filter: Apply

Ok H Cancel l

Components Database

When adding new component to the oxidizer list, the dialog window displays available
oxidizers; when adding new component to the fuel list, the dialog window displays available
fuels. For monopropellant systems, both oxidizers and fuels will be displayed in the dialog
window.

You can filter the list in the dialog window, using a regular expression. The filter pattern is
applied to both columns of the table.

Mark the check box "Show complete list of available reactants and product of reaction” if you
want to see all species, including atomized and/or ionized products of reaction, or keep it
unmarked if you want to see only possible propellant components.
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Select one or more species on the list and click the button OK. Click the button Cancel if you
want to leave without adding any species.

Nozzle Flow Model

Nozzle Flow Model Screen

The program can either calculate the combustion parameters in the combustion chamber, or
perform the complete engine performance analysis, calculating the flow through the nozzle.

Clear the check box "Calculate nozzle flow", in order to choose the first possibility, or mark it
to start the nozzle flow analysis:

Calculate combustion parameters

Calculate nozzle flow

| Nozzle conditions | Nozzle Shape and Effidencies || Ambient conditions / Thrattle settings |

Nozzle conditions

If you are solving the nozzle flow problem, you have to define at least nozzle exit conditions,
specifying one of three parameters: nozzle exit pressure, nozzle expansion area ratio, or
nozzle expansion pressure ratio.

4 Rocket Propulsion Analysis (Lite Edition) - RD-170.cfg
File View Run Help
x| ||®
Engine Definition
. v
c i parameters ficaion
Bropelant Specification &
v i o Shape and Efilsncies | Ambientcanditon/ Thift sefings
\e=mmm -
e o i Shape and Effcences | Ambient conditns / Trotte settings |
: O e
Chamber Perform: yg.';,,,i_(; 1 @ contraction area ratio: 154 (AclA)
[26 () (ehamber and nozls design parameters)
Nested analysiz oo oree T e e e SRt oe oA mtort s B ok Ifneither mass fluk nor contraction area ratois definec, the mo e of nfniy-area combustion chambsris appied!
Nozle extconditon
“Thermodynamic Database
E ) 262 ek
[ (s )
(ehamber and nozls design parameters)
(pifor)
[is (ailes)
lelis applied for the whole nozzle.
Stations are designated as follows: ¢ = cambustion charmber, ¢= nozale throat, & = nozzle exit, £ = frozen, oo e
oz
Standard nozzle stations are designated as follows: ¢ = combuston char
statons: Statons

The program can calculate the performance for a combustion chambers with finite or infinite
cross section area. The default model assumes the infinite cross section area of the chamber.
To switch to the finite-area model, mark the check box "Nozzle inlet conditions”, and then
specify the chamber contraction area ratio Ac/ At or mass flux in the combustion chamber.

If specified, the nozzle inlet and exit conditions are used for chamber and nozzle sizing,
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together with additional parameters on the screen Chamber Geometry (press the button
Chamber spec to jump directly to the that screen). (only available in RPA Standard Edition)

The program can calculate the performance with respect to the shifting and frozen chemical
equilibrium in the nozzle. The default model assumes the shifting chemical equilibrium in the
whole nozzle. To switch to the frozen chemical equilibrium model, mark the check box

"Frozen equilibrium flow", and then specify the nozzle section, where application of this model
should be started.

By default, the program calculates parameters at following nozzle stations: nozzle inlet,
nozzle throat and nozzle exit. To specify additional nozzle stations, press the button Stations
and specify one or more additional stations, defining them by area ratio Ac/ At or by pressure
ratio pc/ p:

&' 0 Nozzle Starions
Specify one or more additional nozzle stations
Ratio ~  Type
L2 4NAI (subsonic)
20 AJAL (supesonic)
10 AJAL (supesonic)

Nozzle Stations (Standard Edition)

Nozzle Shape and Efficiencies

The program calculates both theoretical and delivered engine performance. You can define
correction factors on the screen Nozzle Shape and Efficiencies, otherwise the program
estimates it on the basis of defined engine parameters, such as chamber pressure, propellant
components and nozzle conditions.

i Rocket Propulsion Analysis (Lite Edition) - RD-170.cfg
File View Run Help

SEIGIC

7 1 Rocket Propuision Anaiysts (Standard Ediion)-15-day evaluaion version - Enoine-1cfg
ile

Engine Definition Nozzle Flow Model Specification
Calalate combust ters el
Propelant Specfication Gty ' d .
[¥] calaulate nozzie fi |/ Nozzie conaitions | Nozzle Shape and Eficiencies | Ambient condition / Thiottie settings
e el oz Nozze Shape and Effcences | Ambient conditns / Throtte settings I S gk el
® astimate the emclancy on the basis of defned engine paramaters.
Chamber Performance the efficiency on the basis of defined engine parameters predefined eiciency: )
| | (8
hiested analysis —_———
2le, estimate the effciency for [ength 80% on the basis of defined nozzle exit condition
Thermodynanic Datzbase ciency for length 80% on the basis of defined nozzle exit conditions )
[ | o0 3
| o (degrees)
| (degrees) Chamber spec | (chamber s == cesign parsmaters)
ez AE € thes achan of Wi leput of e Efence covkea R Wit degr e tf e and the e bel nozzle is given a Taction of the length or a reference conical nozzle with a 15-degree half angle and the
s ati.
{pnase ow and phase ansition eNects (stangly (Ecommended for 501id propeiiants)
| Estimate performance loss due to flon separation n overexpandd nozzle
Performance Analysis
Engine Design
Toal
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In RPA Standard Edition, you can also control the considered by the program nozzle flow
effects:

Nozzle flow effects
~ Consider multiphase flow and phase transition effects (strongly recommended for solid propellants)
¥ Consider species ionization effects

' Estimate performance loss due to flow separation in overexpanded nozzle

Switch off the flag Consider multiphase flow and phase transition in order to suppress the
calculation of multiphase flow effects. Note that for the most of solid propellant problems this
flag should be switched on.

Switch off the flag Consider species ionization effects in order to to suppress the
calculation of species ionization effects.

Switch off the flag Estimate performance loss due to flow separation in order to disable
the additional calculation of flow separation effects.

Ambient condition

By default the program calculates performance of the rocket engine at the sea level
conditions (pa=1 atm or 14.7 psi), optimum nozzle expansion (pe=pa), and vacuum
conditions (pa=0).

To calculate the performance at desired ambient conditions, you can also explicitly specify
either the specific ambient pressure or the range of ambient pressures given as high and low
range values.

Engine Definition

Propsllant Specification

Nozzle Flow Model

Speciy throtile value/s as a decimal fraction; throftle value 1.0 corresponds to the nominal thrust

Calculate estimated delivered performance (it not checked, the theoretical ideal performance is calculated)

Apply

Ambient condition

Switch on the flag “Calculate estimated delivered performance” in order to apply the
performance corrections factors to results of calculation.

The pressure is an absolute pressure and can be entered using one of the following units:
MPa, at m kg/ sn®, bar, psi, Pa.
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Throttle settings

By default the program calculates performance of the rocket engine assuming the propellant
flow rate that correspond to nominal thrust.

To calculate the performance at desired throttle settings, you can also explicitly specify either
the specific throttle value, or the range of throttle values given as high and low range values.

ns | Nozle Shape and Efficiencies | Ambient condition  Throttle setings

tm

II"

Calculate estimated delivered performance (if not checked, the theoretical ideal performance is calculated)

¥ Throttle settings

o
Calculate estimated delivered performance (if not checked, the theoretical ideal performance is calculated)

Apply

Throttle settings

Switch on the flag “Calculate estimated delivered performance” in order to apply the
performance corrections factors to results of calculation.

The throttle value is a ratio of propellant flow rate at desired throttle setting to flow rate that
correspond to nominal thrust (100% flow rate).

Starting Analysis

After specifying the initial data, or opening existing configuration file, you can start the
analysis by clicking menu Run, and then Start analysis in menu bar:

File  View m Help

= © start anaiym:. \

- Print results
Frigine Show lo g

or clicking icon Start on the main toolbar:

File View Run Help
x m| :."\u--;]}L

After successful finishing the analysis the program automatically switches to the screen
Chamber Performance, that displays the calculated results.
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You can also print out the results, clicking menu Run, and then Print results, or check the
analysis log, clicking menu Run, and then Show log in menu bar.

i RPA Log

Info \Warnings Errors
Combustion chamber fe:
e
| Combustion composition:
Product Mass Molar
fraction fraction
co 0.3588518 0.3074373
coz 0.3033381 0.1854132
CooH 0.0001015 0.0000541
H 0.00035018 0.0214708
HZ 0.0061318 0.0737132
HZO 0.2€04851 0.347003%
HZOZ 0.0000472 0.0000333
H20+ 0.0000001 0.0000001
HCHO, formaldehy 0.0000030 0.0000024
HCO 0_0000748 0_0000&81%
HCOCH 0.0000155 0.0000104
HOZ 0.0002173 0.0001584
o] 0.0060541 0.0091411
oz 0.0217132 0.0162848
o3 0.0000005 0.0000002
o 0.04135212 0.0591547
Combustion perameters:
Temperature: R
F
Fressure: 3553.42457 psi
Enthalpy: -8058.518 Btu/lb-mol
-335.803 Btu/lbm
Entropy: 0.062 Btu/(lb-mol R)
2.577 Btu/(lbm R)
d_1nV_d_1nT: 1.5747436
d_1nV_d_lnp: -1.034304¢
M: 239989619 |
{ Refresh ] [ Reset ] [ Print ] [ Save As... ] [ Close
Analysis Log

Chamber Performance

The screen Chamber Performance consists of 4 tabs Thermodynamic properties,
Performance, Altitude performance, and Throttled performance.

You can print out the results, clicking the button Print, or save the results as ASCIlI or HTML
file, clicking the button Save As... at the right-bottom corner of the screen.

Thermodynamic properties

The tab Thermodynamic properties displays the parameters of reaction products and their
mass fractions at the chamber stations involved into the analysis.
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T S T AT
D
File View Run Help .
@l ® [~ : ®
B x B ¢
KRl B Lt I jpizal Data} Chamber Performance
Engine Definition ‘Chamber Performance
Thermodynamic properties | Performance | Altiude performance | Throtted performance
perties | Performance | Alfitude performance | Throttied performance ‘Thermodynamic properties (0/F=2.670)
Thermodynamic properties (OfF=2.630) Parameter Injector Nozzle inlet Nozzle throat A/At=20.000 Nozzle exit Unit =
Parameter Injector  Nozzle inlet | Nozzle throat | Nozzle exit | Unit PropellantAnalysis Temperature 35209969 34756830  3316.3505 17231474 1614.8547 K
" Entropy 106890 107179 10.7179 107179 10.7179 KJi(kg-K)
Tomportce s lews  memS ALME e P s e S
Enthalpy -1982.2681 -1985.1835 -2196.2897 -3339.1673 Btu/lbm Specific heat (V=consty 3.9982 4.0172 3.8796 1.4886 1.4680 kJ/(kg-K)
Entropy 2.8718 2.8757 2.8757 2.8757 Btu/(Ibm'R) Gas constant 03465 0.3461 0.3429 03296 0.3296 Ki(koK)
Nested analysis Specific heat (p=const)  0.6267 0.6261 0.6458 0.4582 Btu/(IbmR) CETEn 2350 2s o4 0o e 2 s e L
Spec\ﬂc heat [VA:DHQ[) 0.5023 0.5018 0.5167 0.3387 Etu/[lhm R) L4 Densiy W, HiEas] Damen Gioerr 01020 kgim®
Sarss vmui: Gas constant 01202 04202 04201 0.1134 Btu/(Ibm R) Sonic velocty 1812272 1729068 1392869 8330174 807329 mis
Molecular WEIght 16.5194 16.5189 16.5373 16.6262 Velocity 0.0000  491.9035 1139.2863 3027.7517 3091.7168 mis
Isentropic exponent 1.2446 1.2448 12443 1.3526 Mach number 00000 0419 10000 36347 L
Mass fractions of the combustion products Fractions of the combustion products
CzHq 0.0000002 co 0.1370670 01174089 0.1357484 0.1164290 0.1275523 0.1104053 0.075467|
CH2CO ketene 0.0000005  0.0000005 0.0000003 co2 01836581 01001259 0.1857380 0.1013901 01986333 01094264 0.280493
CH3 0.0000004 0.0000003 0.0000001 COOH 0.0000240 0.0000128 0.0000203 0.0000109 0.0000125 0.0000067
CH30H 0.0000005 0.0000004 0.0000003 0.0000002 H2 0.0012575 0.0506721 0.0012166 0.0502500 0.0039077 0.0169960 0003028 |
CHa4 0.0005738 0.0005592 0.0011003 0.0036967 H20 0.2696392 0.3591078 0.2704905 0.3607049 0.2765414 0.3721649 0.291582
co 0.4461896 0.4453937 0.4289527 0.3947640 H202 0000246 0.0000174 0.0000212 0.0000150 0.0000130 0.0000093
coz2 0.1647810 0.1660748 0.1904436 0.2370533 HCHO,formaldehy 0.0000005 0.0000004 0.0000004 0.0000003 0.0000002 0.0000002
i DEROUBID N0, DL NINEG. 00000 HCco 0.0000120 0.0000099 0.0000101 0.0000083 0.0000057 0.0000047
Hz 0.0437254 0.0437903 0.0447036 0.0458603 HCOOH 0.0000049 0.0000026 0.0000041 0.0000021 0.0000025 0.0000013
H20 0.3446842 0.3441389 0.3347751 0.3186141 v HNC 0.0000002 0.0000002 0.0000001 0.0000001 53]
oL T [)
ot ] [sovens.. ] Eoafe Desty ] [ seere

Thermodynamic properties (Lite Edition) Thermodynamic properties (Standard Edition)

The current propellant components ratio (either explicitly defined on the screen Propellant
Specification, or found by optimizer) is displayed in the header of the top table on the tab:

Thermodynamic properties i Performance

Thermodynamic properties (0/F=2.630)

If the problem is configured to solve the parameters in the combustion chamber (see chapter
Nozzle Flow Model), the only available nozzle station is Injector (see figure Injector
thermodynamic properties), otherwise the available chamber stations are Injector, Nozzle
inlet, Nozzle throat and Nozzle exit as well as additional stations, defined on screen Nozzle
Flow Model (see figure Thermodynamic properties above).

You can specify additional nozzle stations either on screen Nozzle Flow Model, or on screen
Thermodynamic properties, pressing the button Stations.
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4 Rocket Propulsion Analysis (Lite Edition) - RD-170.cfg

File View Run Help
& x[0®

Chamber Performance

Engine Definition

Propelant Specfication Thermodynamic properties | Performance || Altiuide performance | Throttled performance

Thermodynamic properties (O/F =2.630) |

Nozzle Flow Model

Parameter Injector  Nozzle inlet  Nozzle throat | Nozzle exit | Unit ]
Pressure 3553.4246 psi
Temperatire 1020 4 |
Enthalpy -1982.2681 Btuflbm |
Entropy 2.8718 Btu/(lbm*R) |
Mested analysis Spedific heat (p=const) 0.6267 Btuy(lbm-R) |
Specific heat (V=const) 0.5023 Btu/(lbm*R} |
Gas constant 0.1202 Btuf(lbm-R) |
Themoinya: ey Molecular weight 16.5194 e |
Isentrapic exponent 1.2446 |
Density 1.7039 Ibm/fts ~|
Mass fractions of the combustion products
Species Injector | Nozzle inlet | Nozzle throat  Nozzle exit &
CH2COketene  0.0000005
CH: 0.0000004
CH30H 0.0000005
CHe 0.0005738
0 0.4461806
coz 0.1647810
H 0.0000007 |
H2 0.0437254
H20 0.3446842
HCHO,formaldehy 0.0000178 ~l

Injector thermodynamic properties

If the problem is configured to calculate the performance for the combustion chamber with
infinite cross section area, the parameters for Nozzle inlet station are identical to that at
Injector station:

propertes | || atnmde per

Thermodynamic properties (0/F=2.630)

Parameter Tnjector  Nozzle inlet
Pressure 3553.4246  3553.4246
Temperature 3210.2085  3210.2085
Enthalpy -1982.2681 -1982.2681
Entropy 2.8718 2.8718
Specific heat (p=const) 0.6267 0.6267
Specific heat (V=const) 0.5023 0.5023
Gas constant 0.1202 0.1202
Molecular weight 16.51594 16.5194
Isentropic exponent 1.2446 1.2446
Density 1.7039 1.7039
Mass fractions of the combustion products

Species Injector  Nozzle inlet  Mozzle
C2H4

CH2C0, ketene 0.0000005  0.0000005 1}
CH3 0.0000004 0.0000004 a
CH30H 0.0000005  0.0000005 1}
CH4 0.0005738  0.0005738 [t}
co 0.4461895  0.4461896 a
o2 0.1647810  0.1647810 a
H 0.0000007  0.0000007 [t}
H2 0.0437254  0.0437254 1}
H20 0.3446842  0.3446842 1}

The thermodynamic parameters are displayed in the current units, defined in the Preferences
Dialog.

You can shrink or heighten the top table while the bottom table will be heightened or shrunk,
dragging the horizontal bar between the tables down or up.

Performance

The tab Performance displays the theoretical (ideal) performance of the chamber, as well as
its estimated delivered performance and the correction factors used to calculate the delivered
performance.
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EBX

4 Rocket Propulsion Analysis (Lite Edition) - RD-170.cfg

& xB®
Engine Definiti
Pertormance | Attude pertormance | Tniatied performance
Propelant Specication Thermodynamic properties | Performance | Altiude performance | Throttied performance eean (ideal) performance (0/F=2.670)
lested Analys
Theoretical (ideal) performance (0/F=2630) ‘ J Sea evel | Ootimum ex e vacwm -
Diozzie Flow Model Sea level | Optimum e xpansion Sttt " 2558 309172 326389 mis
ass) 204558 309172 326389 Nk
5956.20 fifs e (byweight) 30037 31527 33282 s
10266.42 10713.02 11202.07 ft/s t 1 17845 18839
319.09 33297 348.17 s
1.7237 1.7986  1.8807
Estimated delivered performance (O/F=2670)
Estimated delivered performance (0/F=2.60) Reacton efficiency: [0.9857

Sealevel Optimum expansion Vacuum | Unit

283851 208465 3156.82 mis

5913.63 fifs 283851 208465 3156.82 N-sikg

9964.43 10397.80 10872.56 ﬁ/Z 2045 Jouse wmals
{ 309.70 323.18 33793 s
| Thrust ec 1.6850 1.7583  1.8386
' Zplman = Rmpoities Ambient condition for optimum expansion: H=4.90 km, p=0.541 atm
Chamber performance (Lite Edition) Chamber performance (Standard Edition)

Note: if you are analyzing a pressure-fed-cycle or staged-combustion-cycle engine, the
calculated performance is actually an engine performance.

The current propellant components ratio (either explicitly defined on the screen Propellant
Specification, or found by optimizer) is displayed in the header of the both tables on the tab:

Thermodynamic properties Performance ‘
Theoretical (ideal) performance (O/F=2.670)

Parameter Sealevel Optimu

:Characteristic velocity

Effective exhaustvelocity 2945.58
Specific impulse (by mass)  2945.58
Specific impulse (byweighf)  300.37
Thrust coefficient 1.7001

Estimated delivered performance (O/F=2.670)

If the problem is configured to solve the combustion parameters at Injector station (see
chapter Nozzle Flow Model), the performance parameters are not available, otherwise the tab
displays calculated performance of the chamber at the sea level conditions (pa=1 atm or
14. 7 psi), optimum nozzle expansion (pe=pa), and vacuum conditions (pa=0).

In case if flow separation occurs in the nozzle, the additional column displays the
performance at sea level with respect to the flow separation.
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4 Rocket Propulsion Analysis (Lite Edition) - RD-170.cfg
File View Run Help

NEGE

- Chamber Performance

Propelant Specification Thermodynamic properties | Performance | Altitude performance | Throttled performance

Theoretical (ideal) performance (0/F=2.630)

Mozzle Flow Model

Parameter Sea level  Sea level (flow sep.)  Optimum expansion  Vacuum  Unit
Characteristic velocity 4731.75 ftfs
Specific impulse: 7243.61 7608.77 8453.63 B8657.47 ft/s
Specific impulse 225.14 236.49 26275 269.08 5
Thrust coefficient 1.5300 1.6080 1.7866  1.8207

Nested analysis

Estimated delivered performance (0/F=2.63)
Reaction efficency: [0.9860 |

Nozzle effidency:  [0.9776
Overal effidency: [0.9633

Parameter Sea level Sea level (flow sep.)  Optimum expansion  Vacuum  Unit
Characteristic velocity 4665.46 ftfs
Specific impulse: 6982.02 7333.47 8148.34 8344.82 ft/s
Specific impulse 217.01 227.93 253.26 259.36 5
Thrust coefficient 1.4965 1.5719 1.7465 1.7886

bi iti pis i 58 mi, p=2.118 psi

Chamber performance with flow separation

Ambient conditions for optimum nozzle expansion (altitude and ambient pressure) are
displayed at the bottom of the tab:

Ambient conditions for optimum expansion: H=3.20 mi, p=7.681 psi

The performance parameters are displayed in the current units, defined in the Preferences
Dialog.

You can shrink or heighten the top table while the bottom table will be heightened or shrunk,
dragging the horizontal bar between the tables down or up.

Altitude performance

The tab Altitude performance displays the performance of the chamber in the specified
ambient conditions.

0 & Rocket Propulsion Analysis (Standard Edion) - 15-day evaluation version - RD-275.cfa

ScgmTE
= x @ ©

Chamber Performance

Themnatnamic properies | Pedarmance | Aiude peromance | Tovafied nerormance |

Altitude performance (theorefical ideal performance)

Nested Analysis

Altitude, km  Pressure, atm _ Effective exhaustvelocity, m/s  Specific impulse (byweight), s Thrust coefficient  Thrust kN
i 100000 2045577 300365 17001 1576625
PropellantAnalysis 1os2  oa7e22 2984339 304318 17225 1507372

2164 0.76878 3010176 307.870 17426 1616019
3246 067068 3050401 311054 17606 1632732
4328 058301 3078310 313.900 17767 1647670
5410 004 ¢ 3103180 316,436 Lro 1660982
6.492 043547 3125272 318.689 18039 1672807
7574 0.37402 3144832 320,684 18151 1683277
8656 031080 3162.089 322.443 18251 1692513
0738 027215 177,257 323000 18330 1700632

10.820 023043 3190537 325344 18415 1707740

11.902 010442 3201999 326,513 18481 1713875

12,084 016403 3211672 327.499 18537 1710053

14,066 013840 3210830 328.331 18584 1723419

15148 U168 3226112 329033 1862 120103

16.230 0.00855 3232516 320,625 18658 1730210

17.312 0.08316 3237.413 330124 18686 1732831

18.394 0.07019 3241544 330,546 18710 1735042

10476 005022 3205030 230,901 18730 1736908

20558 0.05000 3247.969 331201 18747 1738481

Amblntconiton oroptmum expansion: -4 0 m, =041 am

Altitude performance
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By default, the program calculates ideal theoretical performance. If you want to calculate
estimated delivered performance, switch on the flag “Calculate estimated delivered
performance” on screen Ambient Conditions.

If the problem is configured to solve the combustion parameters at Injector station (see
chapter Nozzle Flow Model), the performance parameters are not available, otherwise the tab
displays calculated performance of the chamber at the defined altitude and ambient pressure.

You can plot the the diagrams "specific impulse vs. altitude”, "thrust coefficients vs. altitude”
or "thrust vs. altitude" clicking the button Plot at the bottom-right corner of the tab. The
altitude of the optimum expansion, as well as the altitude of flow separation (if occurs) is
shown on the diagram by corresponded vertical marker line/s.

4 Altitude Performance M= i Altitude Performance (=1t
Altitude Performance Altitude Performance
350 ] 370
] e R it 3
45 — /____— 360 /

340 - 350

i

Separated flow (H<2.94 mi, p#8. 130 psi

335 & 340

Is [s]
Is [s]

330

330

ion (H=8.64 mi; p=2.085 psi)

25 320

pansion (H=3:20 mi; P68 ¢

pansi

320 ] i

Optimum ¢

| ; 300 -
315 D

Qbtiman €

él T 2‘3 T 1‘0 T 1‘5 T z‘u T zls g 5 mAIt't de _]15 20 25
Altitude [mi] itude [mi
Plot - altitude performance Plot - altitude performance with flow separation

Ambient conditions for optimum nozzle expansion (altitude and ambient pressure) are
displayed at the bottom of the tab.

The performance parameters are displayed in the current units, defined in the Preferences
Dialog.

Throttled performance

The tab Throttled performance displays the performance of the chamber at the specified
throttle values.

26



Rocket Propulsion Analysis v.1.2.6

Themmod fos | Perormance Aiude perormance | Tnitted peramance |
ropellant specicat
S atm  Effective exhaustvelocity, m/s  Specific impulse (by weight), s Thrust coefficient | Thrust, kN
Nozzle Flow Model 000 2945577 300.365 17001 1576625
da7622 2984338 S04310 17225 150737
Jles s sowus s Lises e16019
26 oer0es 3050401 311 054 17606 1692732
i3 oseant 3078310 313900 17767 1647670
a0 osowsr 3103180 315,438 T7en 1es0se2
a2 oumiy a2 neess Tsom 1672607
7574 o0 Saien 320684 15151 1683277
s oaisso S162088 320443 18251 1692513
o7 oamis 3177257 323980 18338 1700632
10820 025043 S160537 325344 Tsis 1707740
JJJJJJJJJJJJJJJJJJJJJJJJ s atsurs
1208 olsdos S211872 527480 18597 1710083
lioes  oismi0 321583 328331 Tsses 1723419
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Throttled performance

By default, the program calculates ideal theoretical performance. If you want to calculate
estimated delivered performance, switch on the flag “Calculate estimated delivered
performance” on screen Throttle Settings .

If the problem is configured to solve the combustion parameters at Injector station (see
chapter Nozzle Flow Model), the performance parameters are not available, otherwise the tab
displays calculated performance of the rocket engine at the sea level conditions (pa=1 atm
or 14.7 psi), optimum nozzle expansion (pe=pa), and vacuum conditions (pa=0) at the
defined throttle values.

You can plot the the diagrams "specific impulse vs. throttle value" or "thrust vs. throttle value”
clicking the button Plot at the bottom-right corner of the tab. The throttle value where flow
separation occurs is shown on the diagram by corresponded vertical marker line.
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The performance parameters are displayed in the current units, defined in the Preferences
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Dialog.

Nested Analysis

Using nested analysis, you can evaluate the performance of the rocket chamber for the range
of parameter/s, stepping of up to four independent variables (component ratio, chamber
pressure, nozzle inlet conditions, nozzle exit conditions).
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Nested analysis (Lite Edition) Nested analysis (Standard Edition)

Nested analysis inherits the initial configuration parameters, defined on the screens Engine
Definition, Propellant Specification, and Nozzle Flow Model. You can define up to four
variables parameters, which replace corresponding parameter/s of initial configuration, and
start the nested analysis, clicking the button Start at the left-bottom corner of the tab.

Note: since the program performs the thermodynamic analysis for each unique combination
of variable parameters, definition of parameters with a small step can lead to very long
calculation time.

By default, the program calculates ideal theoretical performance. If you want to calculate
estimated delivered performance, switch on the corresponding flag:

¥ Calculate estimated delivered performance (if not checked, the theoretical ideal performance is calculated)

Ratio, O/F pc. MPa Nozzle inlet Ac/At  Nozzle exit. atm  Te, K ct.mis Isopts Isvac.s Cf
1 0000 2/ ANON 15 N00N N SANN 2427 2377 15R1 7SAN 7R7 N13Q 281 ATAR 11

The program performs the thermodynamic analysis for each unique combination of variable
parameters, stepping it by defined value, and displaying the results in the table at the bottom
of the tab. The current status of nested analysis is shown by progress bar at the bottom of the
tab. The running analysis can be stopped by clicking the button Stop.

After finishing the nested analysis, you can plot the diagrams "specific impulse vs. variable
parameter”, "chamber temperature vs. variable parameter”, "characteristic velocity vs.
variable parameter” or "thrust coefficient vs. variable parameter”, clicking the button Plot at
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the right side of the corresponding parameter configuration.

4 Specific Impulse vs. Component Ratio I:IIEIE(I
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Nested analysis plot

You can print out the results of nested analysis, clicking the button Print, or save the results
as ASCII or HTML file clicking the button Save As... at the right-bottom corner of the screen.

In RPA Standard Edition, you can also save the results in PDF or ODF formats.

The defined parameters of the nested analysis are stored in the global INI-file and shared
between different configurations.

Propellant Analysis

Only available in RPA Standard Edition

Using propellant analysis tool, you can evaluate different propellant compositions, with
stepwise replacement of one component with another one.
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Propulsion Analysis (Standard Edition) - 15-day evalualion version - MildWhile.cfg
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Tools.

Propellant analysis

Propellant analysis inherits the initial configuration parameters, defined on the screens Engine
Definition, Propellant Specification, and Nozzle Flow Model. You can define up to four pairs of
component, which replace corresponding components of initial propellant composition, and
start the propellant analysis, clicking the button Start at the left-bottom corner of the tab.

Note: since the program performs the thermodynamic analysis for each unique combination
of variable parameters, definition of parameters with a small step can lead to very long
calculation time.

By default, the program calculates ideal theoretical performance. If you want to calculate
estimated delivered performance, switch on the corresponding flag:

¥| Calculate estimated deliverad performance (if not checked, the theoretical ideal performance is calculated)

Ratio, O/F Species. mass fraction pc.psi  Tc K c.mfs Isopt s Isvac.s Cfo
0 (000 Mn 000000 HTPR+Curative 0 23000 600 0000 1693 5595 1754 9409 194 1057 213 1904 151

The program performs the thermodynamic analysis for each unique combination of variable
parameters, stepping it by defined value, and displaying the results in the table at the bottom
of the tab. The current status of propellant analysis is shown by progress bar at the bottom of
the tab. The running analysis can be stopped by clicking the button Stop.

After finishing the propellant analysis, you can plot the diagrams "specific impulse vs. variable
parameter”, "chamber temperature vs. variable parameter”, "characteristic velocity vs.
variable parameter” or "thrust coefficient vs. variable parameter”, clicking the button Plot at
the right side of the corresponding parameter configuration.
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Propellant analysis plot

You can print out the results of propellant analysis, clicking the button Print, or save the
results as ASCII or HTML file clicking the button Save As... at the right-bottom corner of the
screen.

In RPA Standard Edition, you can also save the results in PDF or ODF formats.

The defined parameters of the propellant analysis are stored in the global INI-file and shared
between different configurations.

Chamber Geometry

The screen Chamber Geometry consists of 2 tabs Design Parameters and Size and
Geometry.

The input of parameters on the screen is only enabled if the flag "Determine thrust chamber
size" on screen Engine Definition is switched on, and at least one of sizing parameters is
provided:

~ Determine thrust chamber size matching the specified requirements
@ Mominal thrust 200 kg at ambient pressure: | 1 atm >

Mass flow rate kKgfs (m-dot. total at 100% throttie)

% O i

Throat diameter mm (Dt

Number of chambers: |1 Mozzle shape | (if not specified. parabolic bell nozzle is assumed)

Design Parameters

On the tab Design Parameters you can define design parameters used to calculate the size of
the combustion chamber and the shaped of the nozzle.
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Sortcontour
Toots 2

Design parameters

Note: such design parameters as nozzle inlet and exit conditions, as well as a nozzle shape
(bell or conical) can be only changed on screen Nozzle Flow Model. Use provided buttons to
jump direct to that screen and back.

Size and Geometry
The tab Size and Geometry displays the calculated size of the chamber and nozzle.

- Exponcontou

Size and geometry

You can save the results as an ASCII file, clicking the button Save As..., or export the contour
to the DXF file clicking the button Export to DXF at the right-bottom corner of the screen.

If exporting to DXF file, you provide additional export parameters:
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Linear units: | millimetres [

¥ Show dimensions
Show half contour

¥| Add contour to block

[ Ok ]Ir Cancel I

The resulting DXF file can be opened in any CAD program.

D54.8720

418621

87131

163.1594

DXF file opened in Q@Cad

Thermodynamic Database Editor

Thermodynamic Database Editor is an embedded species viewer/editor. Using the tool, you
can easily define new propellant components, or import components from PROPEP or CEA2
species databases.

RPA distribution packages contain two database files resources/therno.inp and
resources/ properties.inp. The file resources/therno.inp contains the
thermodynamic properties in format described in reference
http://www.grc.nasa.gov/IWWW/CEAWeb/def_formats.htm.

You can define your own species and save it into two additional database files
resources/ usr_therno.inp and resources/ usr_properties.inp. These files are
not shipped within standard RPA distribution packages, and will not be rewritten after program
update.

The tool consists of database viewer at the top of the screen, and species editor at the
bottom. You can shrink or heighten the species viewer while the species editor will be
heightened or shrunk, dragging the horizontal bar between the viewer and the editor down or

up.
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4 Rocket Propulsion Analysis (Lite Edition) - RD-170.cfg
File View Run Help

= @

Thermodynamic Database Editor

Engine Definition
Database
Propelant Specfication
Component | Component description and source data references

Nozzle Flow Model C2H6(L)

e. McBrii
Cf

Chamber Performance

Nested analysis

eeeee
C3H6(L),propyle Propylene.

'

. e, 1996 pp! =
C3H7NOB(L)  Propyl Nitrate. McBride, 1996 ppgs,93. 3
Fiter: Show O fuslsonly () oxdizers orly @) both [ All species

Component | polynomial properties

Moleadar weight:  [42,7406800__| IFnat defined, the molecuiar iuiated from given brutta formula

Heat af formation: [2miza.s510 | [mol | ot temperature; (298,15 K v

Thermodynamic Database Editor

The viewer features the species table, filter and the control buttons. Species table displays
currently available species with respect to the filter settings:

Database
Component Component descrigtion and source data references i
C2H6(L) Ethane. McBride, 1996 pp84,92. e
C2H50H(L) Ethanol. TRC(12/87) p5000 (12/84) tc,uc,vc5031-3. React.
(1},95% Ethanol-water solution 85%. Gurvich, calculated. e

C2H50H(L),90% Ethanol-water solution 90%. Gurvich, calculated.

C2H50H(L),70% Ethanol-water selution 70%. Gunvich, calculated. Import
C2H50H(L),50% Ethanol-water solution 50%. Gurvich, calculated.

C2HSOH(L),40% Ethanal-veater solution 40%. Gurvich, calculated.
C2HBN2(L),UD... Unsymmetrical Dimethyl Hydrazine, MeBride, 1996 pp8s,93.

C2N2(L) Cyanogen. McBride, 1996 ppa4,92,
C3H6(L).propyle Propylene. McBride, 1996 pp85,93. =
C3H7NO3(L) Fropyl Nitrate. McBride, 1996 pp85,33 |
Silter: ; |[ apply | show © fuesony () owdizersonly (3 both [] all speces

You can force the viewer to display the fuels only, or oxidizers only, or both fuels and
oxidizers, marking corresponding radio buttons. Mark the check box "All species” if you want
to see all species, including atomized and/or ionized products of reaction, or keep it unmarked
if you want to see only possible propellant components.

The filter pattern is applied to both columns of the table.
The control buttons can be used as follows:

» Click the button Reload to reload the default database. Any changes made since the
database was last saved will be lost.

* Click the button Save to save the changes made since the database was last saved.
The program creates a backup-copy of previous version of the database files, adding
the character "~" to the name of the file.

* Click the button Save As... to save the current database in specified location.

* Click the button Import to import the species from external database file in CEA2 or
PROPEP formats. After successful loading the external database, the program displays
the list of available species is the dialog window. Select one or more species that you
want to import and click the button OK. All imported species are immediately available
for thermodynamic analysis.
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* Click the button Edit to load the data of the selected species into the species editor.
You can also double click the species on the list to load it into the editor.

* Click the button Remove to remove the species from the current database. Note that
removed species are immediately unavailable for thermodynamic analysis.

» Click the button New to reset the editor for creating a new species.

Note: all new species are saved into the wuser-defined database files
resour ces/ usr_therno.inpandresources/usr_properties.inp.

Note: although you can import any component from PROPEP specues database, do not
replace all components already available in CEA2/RPA database: the sources of the data in
CEAZ file are NASA Glen thermodynamic database and Gurvich thermodynamic database,
both known for their high accuracy.

Note: since PROPEP library does not contain the component's temperature, always check
standard temperature and tabular data for imported components.

Note: always check the log (click item Run in main menu, and then Show log; check the
tabs "Warnings" and/or "Errors”) just after the import from PROPERP library.

The editor consists of three tabs Component, Polynomial properties, and Tabular properties,
and the control buttons at the bottom of the editor:

‘Companent Polynomial properties Tabutar progerties

Comoonent name: C2H50HL),95% | Descripton: Ethanol-water salution 95%. Gurvich, calculated
Aggregate state: (Condensed 1  %| Condensed phases are numbered in increasing order by temperature
Brutto formula: < ~jL7s| H »|5.5255| [O "51 ... ]|
[] Malecular weight: 427406300 If nat defined, the moleculsr weight is calouated from given bruttn formula

Heat of formation: -278138,25100 Jfmol ~| sttemperature:  |298.15 K -

To save the changed in existing species or save new species, click the button Update. To
reset the species data, click the button Reset.

The tab Component displays the information about component, its aggregate state, chemical
formula, molecular weight, heat of formation, and the temperature the heat of formation is
defined for.

The component name is also an identifier of the species and must be unique within the
database. The suffix (L) can be added to the end of the name for the liquid components.

The description usually contains common name of the species, as well as the reference
information.

The chemical formula is given as a molecular formula (if applicable), or an exploded formula,
followed by its molecular weight. The heat of formation (enthalpy) can be given in one one
the units: J/ mol , cal / nol , kJ/ kg, kcal / kg, Btu/ | bm kcal /| bm The heat of formation
is followed by the temperature (given in one of the units: K, R, C, F), for which it has been
defined. Note that if polynomial properties are available, the temperature is always 298. 15 K
and cannot be changed.

Polynomial properties for the one or more temperature interval are given by 9 coefficients as
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described in reference http://www.grc.nasa.gov/ WWW/CEAWeb/def formats.htm. Click the
button Add to add new temperature interval; click the button Remove to delete selected
temperature interval.

Tabular properties for the one or more pressure and temperature intervals are given by values
of specific heat Cp (kJ/ nol - K), density r ho (kg/ m?) and dynamic viscosity mu (nmuPa- s) for
each unique combination of pressure and temperature. Click the button Add p to add new
pressure interval; click the button Remove p to delete selected pressure interval. Click the
button Add T to add new temperature interval; click the button Remove T to delete selected
temperature interval.

Note: For the components which are supplied together with thermodynamic properties in the
polynomial form, you do not need to define the specific heat (define "0" instead).

Note: For the gaseous components you do not need to define the density.
In the database file, the tabular data are formatted as follows:

I'p, MPa T, K Cp, kJ/mol-K rho, kg/m3 mu, muPa-s
Comp_name 2,3

pl T1 Cpll rholl mull

pl T2 Cpl2 rhol2 mul2

pl T3 Cpl3 rhol3 mul3

p2 T1 Cp21 rho21 mu2l

p2 T2 Cp22 rho22 mu22

p2 T3 Cp23 rho23 mu23

The minimalist data for the component consists of at least two rows:

I'p, MPa T, K Cp, kJ/mol-K rho, kg/m3 mu, muPa-s
Comp_name 1,2

0.101325 273.15 0.078 823.0

0.101325 373.15 0.078 823.0

This data defines the constant specific heat Cp and constant density rho, and allows to
specify the initial temperature in the range 273. 15- 373. 15 K as well as the initial pressure

in the range O...(the-max-pressure-you-need). Viscosity is not defined (as it will only be
required by RPA Standard Edition) and assumed to be equal 0.

Preferences

Dialog window Preferences can be used to set up global configuration parameters. Click the
item Help, and then Preferences in main bar to open the window:
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& Preferences

Clear log before start analysis
Qutput units: "U.S. customary system v |
Check RPA website for updates

Once per: 1 month v |

Dialog window "Preferences”

Mark the check box “Clear log before start analysis” to force the cleaning the analysis log
before each run, or leave it unmarked to let the log accumulate the messages from all runs.

You can define the default output units that will be used by the program to display the results

of analysis, selecting either Metric system (SI) or U.S. Customary system on the list Output
units.

If selected Metric system (SI), the following units will be used:

Parameter Unit

Temperature K (of reaction products)
Temperature cKogrggnSL?E;al lant
Pressure MPa

Specific impulse m s

Velocity n's

Mass flow rate kg/ s

Mass flux kg/ m-s

Thrust N, kN

Density kg/ md

Enthalpy kJ/ kg, J/nol
Entropy, Specific heat, Gas constant kJ/ kg-K, J/nol -K

If selected U.S. Customary system, the following units will be used:

Parameter Unit

Temperature F (of reaction products)
Temperature CROg,ggng:]?g;al I ant

Pressure psi

Specific impulse ft/s

Velocity ft/s

37



Rocket Propulsion Analysis v.1.2.6

Parameter Unit

Mass flow rate | bri's

Mass flux | b ft2-s

Thrust | bf

Density [ b ft3

Enthalpy Btu/lbm Btu/l b-nol
Entropy, Specific heat, Gas constant Btu/lbmR, Btu/lb-nol-R

Mark the check box "Check RPA website for updates” to force the program to check for
available updates, or leave it unmarked to disable this function. You can also define how often
should the program perform the check, selecting one of the following items on the list “"Once
per"

* RPA start-up

* 1day, 1 week
* 1 month

In order to force the program to check for available updates, click the item Help, and then
Check for Updates in main bar.

Input and Output Units

You can enter the values of input parameters in any available units, freely mixing Metric (SI)
and U.S. Customary systems. The program automatically converts all entered values to the
Metric system, which is standard internal representation of both input parameters and results
of calculation.

The following conversion factors are used to convert values in non-Sl units to values in Sl
units:

Name Value Description
CONST_ATM 101325.0 Conversion factor from atm to Pa

Conversion factor from at (technical
atmosphere) to Pa

CONST_BAR 100000. 0 Conversion factor from bar to Pa
Conversion factor from psi (pound-force

CONST_AT 98066. 5

CONST_PSI 6894. 75729316836 per square inch) to Pa

CONST_TO 298.15 K Temperature 25 C

CONST_RO 8.314472 J/ (ol - K) Universal Gas Constant
CONST_G 9. 80665 m s2

CONST_POUND 0. 45359237 Conversion factor from Ibm (pound

mass) to kg
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Name

Value

Description

CONST_POUND_FORCE

( CONST_POUND* CONST_G)

Conversion factor from Ibf (pound-force)
to N (newton)

Conversion factor from international foot

CONST_FoOor 0. 3048

tom
CONST _I NCH 0. 0254 Conversion factor from inch to m
CONST M LE (5280. 0* CONST_FOOT) Conversion factor from international mile

tom

CONST_LBM _FOOT3

( CONST_POUND/ CONST_FOOT3)

Conversion factor from "lbm/ft3" to
"kg/m3

CONST_LBM | NCH3

( CONST_POUND/ CONST_| NCH?)

Conversion factor from "lom/inch3" to
"kg/m3"

CONST_MASS_FLUX

( CONST_POUND/ CONST_FQOOT?2)

Conversion factor from "lbm/(ft2-s)" to
"kg/(m?-s)"

CONST_LBM MOLE

(1000. * CONST_LBM

Conversion factor from Ib-mole to mole

CONST_BTU

1055. 05585262

Conversion factor from Btu to J

CONST_CAL

4.1868

Conversion factor from calorie to J

CONST_BTU_LBM

( CONST_BTU CONST_LBM

Conversion factor from Btu/lbm to J/kg

CONST_BTU_LBM MOLE

( CONST_BTU CONST_LBM_MOLE)

Conversion factor from Btu/lb-mol to
J/mol

CONST_BTU_LBM R

(1000. * CONST_CAL)

Conversion factor from Btu/(lbm-R) to J/
(kg-K)

CONST_BTU_LBM F

CONST_BTU_LBM R

Conversion factor from Btu/(lbm-F) to J/
(kg-K)

CONST_BTU_LBM MOLE_R

CONST_BTU_LBM R

Conversion factor from Btu/(Ib-mol-R) to
J/(mol-K)

The Metric system is also used by default to display the results of calculation. You can change
it to U.S. Customary system, using dialog window Preferences.

References:

* SP-811. NIST Guide for the Use of the International System of Units (Sl). B.8 Factors
for Units Listed Alphabetically

* Glossary of terms and table of conversion factors used in design of chemical
propulsion systems. NASA SP-8126. 1979.
* George P. Sutton, Oscar Biblarz. Rocket Propulsion Elements, 7th Edition (pp.727-

729).

* NASA-STD-3000. Man-Systems Integration Standards. Volume II. Appendix E - Units
of Measure and Conversion Factors
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Scripting Utility

Only available in RPA Standard Edition

The scripting language provided is based on the ECMAScript scripting language, as defined
in standard ECMA-262.

Scripting utility implements binding to many internal functions of RPA, so that the user can
program and run the following tasks:

* load, manipulate and write configuration files

» search the thermodynamic database by species name

« get thermodynamic properties of the species

* prepare mono- bi- and multi-propellant compositions

* run typical combustion problems ( p, H) =const, (p, S) =const, (p, T) =const
* run typical rocket propulsion problems

* use in a custom JavaScript program all features listed above

Scripting utility can be started in either an interactive mode or a batch mode.

Built-In Functions

Besides standard ECMA-262 functions, RPA Scripting Utility provides the following built-in
functions:

Function Description
| oad(path_to_script) |Load external script defined by it's path.

Example:

load("resources/scripts/config.js");

print (paraneter) Print out the parameter in console and log file.
Examples:

print("Starting analysis...");
print("ls_v="+ pr.getNozzleExitSection().getls_v().toPrecision(7));

exit() or Exit from the interactive interpreter.
quit()

API Reference
Besides standard ECMA-262 API, RPA Scripting Utility provides the following APIs:

API Description

Configuration API API for loading, manipulation and writing configuration files.

Therno AP API for searching the thermodinamic database, obtaining species properties,
preparing mono- bi- and multipropellant compositions.
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API Description

Reacti on API API for running typical combustion problems (p,H)=const, (p,S)=const,
(p,T)=const, obtaining thermodinamic properties of the reaction products.

Per f or rance API API for running typical rocket propulsion problems and obtaining performance
parameters.

Configuration API

Configuration API is indented for searching the thermodynamic database, obtaining species
properties, preparing mono- bi- and multi-propellant compositions.

See also JavaScript class Confi g.

Object ConfigFile

Function Parameters Description

ConfigFile() Default constructor.
Creates new empty configuration
object.

Example:

¢ = ConfigFile();

ConfigFile(String path) File path Constructor.

Creates new empty configuration
object and assign the specified file.
The assigned file can be loaded with
function read().

Example:

¢ = ConfigFile("examples/RD-
275.cfg");

read() Reads the assigned file.

Example:

¢ = ConfigFile("examples/RD-
275.cfg");
c.read();

read(String path) File path Reads the specified file.

Example:
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Function

Parameters

Description

¢ = ConfigFile();
c.read("examples/RD-275.cfg");

write()

Writes the configuration into assigned
file.

Example:

¢ = ConfigFile("examples/RD-
275.cfg");
c.setName("RD-275");
c.write();

wite(String path)

File path

Writes the configuration into specified
file.

Example:

¢ = ConfigFile();
c.setName("RD-275");
c.write("examples/RD-275.cfg");

val i dat e()

Validates the correctness of the
configuration.

Example:

¢ = ConfigFile();
c.setName("RD-275");
c.validate();

Number get Versi on()

Returns the version of configuration
file.

Example:

¢ = ConfigFile("examples/RD-
275.cfg");

c.read();

print("Version: "+c.getVersion());

set Nane(Stri ng nane)

Engi ne nanme

Assigns the engine name.

Example:

¢ = ConfigFile("examples/RD-
275.cfg");
c.setName("RD-275");
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Function

Parameters

Description

c.write();

String get Name()

Returns the engine name.

Example:

¢ = ConfigFile("examples/RD-
275.cfg");

c.read();

print("Engine name: "+c.getName());

setInfo(String info)

Descri ption

Assigns the description.

Example:

¢ = ConfigFile("examples/RD-
275.cfg");

c.setInfo("Test case for RD-275");
c.write();

String getlnfo()

Returns the assigned description.

Example:

¢ = ConfigFile("examples/RD-
275.cfg");

c.read();

print("Case description: "+c.getInfo());

hj ect get General Opti ons()

Returns the associated
GeneralOptions object.

Example:

¢ = ConfigFile("examples/RD-
275.cfg");

c.read();

Object g = c.getGeneralOptions();

hj ect get Nozzl eFl owOpt i ons()

Returns the associated
NozzleFlowOptions object.

Example:

¢ = ConfigFile("examples/RD-
275.cfg");

c.read();

Object n = c.getNozzleFlowOptions();
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Function

Parameters

Description

bj ect
get Combust i onChanber Condi ti ons(
)

Returns the associated
CombustionChamberConditions
object.

Example:

¢ = ConfigFile("examples/RD-
275.cfg");

c.read();

Object cc =
c.getCombustionChamberConditions();

oj ect get Propel I ant ()

Returns the associated Propellant
object.

Example:

¢ = ConfigFile("examples/RD-
275.cfg");

c.read();

Object p = c.getPropellant();

hj ect get Engi neSi ze()

Returns the associated EngineSize
object.

Example:

¢ = ConfigFile("examples/RD-
275.cfg");

c.read();

Object s = c.getEngineSize();

(hj ect get Chanber Geonetry()

Returns the associated
ChamberGeometry object.

Example:

¢ = ConfigFile("examples/RD-
275.cfg");

c.read();

Object s = c.getChamberGeometry();

Object GeneralOptions

Function

Parameters

Description

Bool ean i sMul ti phaseFl ow()

Returns true, if multiphase flow and
phase transitions should be
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Function

Parameters

Description

considered.

Example:

¢ = ConfigFile("examples/RD-
275.cfg");

c.read();

Object g = c.getGeneralOptions();
if (g.isMultiphaseFlow()) {
print("Multiphase flow flag is on");

}

set Mul ti phaseFl ow( Bool ean fl ag)

true or false
Default valie is
true.

Assigns multiphase flow flag. Note that
for the most of solid propellant
problems this flag should be switched
on.

Example:

¢ = ConfigFile("examples/RD-
275.cfg");

c.read();

Object g = c.getGeneralOptions();
g.setMultiphaseFlow(true);

Bool ean i slons()

Returns true, if species ionization
effects should be considered.

Example:

¢ = ConfigFile("examples/RD-
275.cfg");

c.read();

Object g = c.getGeneralOptions();

if (g.islons()) {
print("lonization effects flag is on");

}

set | ons(Bool ean fl ag)

true or false
Default valie is
true.

Assigns ionization effects flag.

Example:

¢ = ConfigFile("examples/RD-
275.cfg");

c.read();

Object g = c.getGeneralOptions();
g.setlons(false);

Bool ean i sFl owSepar ati on()

Returns true, if flow separation effects
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Function

Parameters

Description

should be considered.

Example:

¢ = ConfigFile("examples/RD-
275.cfg");

c.read();

Object g = c.getGeneralOptions();
if (g.isFlowSeparation()) {
print("Flow separation flag is on");

}

set Fl owSepar ati on( Bool ean fl ag)

true or false
Default valie is
true.

Assigns flow separation effects flag.

Example:

¢ = ConfigFile("examples/RD-
275.cfg");

c.read();

Object g = c.getGeneralOptions();
g.setFlowSeparation(false);

Object NozzleFlowOptions
See also chapter Nozzle Flow Model.

Function

Parameters

Description

Bool ean i sCal cul at eNozzl eFl ow()

Returns true, if complete engine
performance analysis should be
performed.

set Cal cul at eNozzl eFl ow( Bool ean
flag)

true or false
Default valie is
true.

Set flag CalculateNozzleFlow.

Bool ean i sFreezi ngCondi ti ons()

Returns true if freezing conditions
defined.

bj ect get Freezi ngCondi tions()

Returns FreezingConditions object, or
null if not defined.

hj ect set Freezi ngCondi tions()

Returns FreezingConditions object.
Create new object and assign to
configuration, if not defined before.

del et eFr eezi ngCondi ti ons()

Removes assigned
FreezingConditions object.

Bool ean Returns true if nozzle inlet conditions
i sNozzl el nl et Condi tions() defined.
bj ect Returns NozzlelnletConditions object,

get Nozzl el nl et Condi ti ons()

or null if not defined.
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Function

Parameters

Description

bj ect
set Nozzl el nl et Condi ti ons()

Returns NozzlelnletConditions object.
Create new object and assign to
configuration, if not defined before.

del et eNozzl el nl et Condi ti ons()

Removes assigned
NozzlelnletConditions object.

Bool ean Returns true if nozzle exit conditions
i SNozzl eExi t Condi tions() defined.

oj ect _ o Returns NozzleExitConditions object,
get Nozzl eExi t Condi ti ons() or null if not defined.

hj ect Returns NozzleExitConditions object.

set Nozzl eExi t Condi tions()

Create new object and assign to
configuration, if not defined before.

del et eNozzl eExi t Condi ti ons()

Removes assigned
NozzleExitConditions object.

Bool ean i sEffici encyFactors()

Returns true if efficiency factors
defined.

bj ect get EfficiencyFactors()

Returns EfficiencyFactors object, or
null if not defined.

bj ect setEfficiencyFactors()

Returns EfficiencyFactors object.
Create new object and assign to
configuration, if not defined before.

del et eEf fi ci encyFact ors()

Removes assigned EfficiencyFactors
object.

Bool ean i sAnbi ent Condi tions()

Returns true if ambient conditions
defined.

hj ect get Ambi ent Condi ti ons()

Returns AmbientConditions object, or
null if not defined.

hj ect set Ambi ent Condi ti ons()

Returns AmbientConditions object.
Create new object and assign to
configuration, if not defined before.

del et eAnbi ent Condi tions()

Removes assigned AmbientConditions
object.

Bool ean Returns true if throttling seetings

i sThrottlingConditions() defined.

oj ect Returns ThrottlingConditions object, or
get ThrottlingConditions() null if not defined.

bj ect Returns ThrottlingConditions object.

set ThrottlingConditions()

Create new object and assign to
configuration, if not defined before.

del eteThrottlingConditions()

Object CombustionChamberConditions
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Function

Parameters

Description

Nunmber getPressure(String unit)

Pressure unit (one
of "Pa" (default),
" pSI Il, " at ml,

"pbar", "at", " I\/Pa")

Returns chamber pressure in specified
unit, or in "Pa" if unit not specified.

set Pressure(Nunber p, String Pressure val ue and |Assigns chamber pressure in specified
uni t) unit (one of "Pa" unit, or in "Pa" if unit not specified.
(default), "psi",
"atnf, "bar", "at",
" MPa")
Object FreezingConditions
Function Parameters Description

Bool ean i sCal cul ate()

Returns true if frozen equilibrium
should be calculated.

ssCal cul at e( Bool ean fl ag)

Assigns frozen equilibrium flow flag.

Bool ean i sPressure()

Returns true if condition defined by
presure.

Nunmber getPressure(String unit)

Pressure unit (one
of "Pa" (default),
" pSI Il, " at ml,

"pbar", "at", " I\/Pa")

Returns pressure in specified unit, or
in "Pa" if unit not specified.

set Pressur e(Nunber p,
unit)

String

Pressure val ue and

unit (one of "Pa"
(default), "psi",
"atnl', "bar", "at",
" MPa")

Assigns pressure in specified unit, or
in "Pa" if unit not specified.

del et ePressure()

Remove condition defined by presure.

Bool ean i sExpansi onRati o()

Returns true if condition defined by
expansion area ratio.

Number get Expansi onRati o()

Returns expansion area ratio.

set Expansi onRat i o( Nunber a)

Assigns expansion area ratio.

del et eExpansi onRat i o()

Remove condition defined by
expansion area ratio.

Bool ean i sPressureRatio()

Returns true if condition defined by
pressure ratio.

Number get PressureRati o()

Returns pressure ratio.

set PressureRati o( Nunber a)

Assigns pressure ratio.

del et ePressureRati o()

Object NozzlelnletConditions
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Function Parameters Description

Bool ean Returns true if nozzle inlet contraction
i sContractionAreaRatio() area ratio defined.

Nunber Returns nozzle inlet contraction area

get Contracti onAreaRati o()

ratio.

set Contracti onAreaRat i o( Nurber
r)

nozzl e inlet
contraction area
rati o (Ac/ At)

Assigns nozzle inlet contraction area
ratio.

del et eContracti onAreaRati o()

Removes nozzle inlet contraction area
ratio.

Bool ean i sMassFl ux()

Returns true if combustion chamber
mass flux defined.

Nunber get MassFl ux(String unit)

Desired mass fl ux

Returns combustion chamber mass

unit (one of "kg/ flux in specified unit .

(m2-s)", "kg/(ne-

s)". "kgl(s-n)",

"kg/ (s-n2)", "I bm

(ft2-s)", "l bm

(ft2-s)", "l bm

(s-ft2)", "lbn(s-

ft2)")
set MassFl ux( Nunber f, String f - mass flux Assigns nozzle inlet mass flux.
unit) unit - mass flux

unit (one of "kg/

(m2-s)", "kg/(ne-

s)". "kgl(s-n)",

"kg/ (s-n2)", "Il bm

(ft2-s)", "l bm

(ft2-s)", "l bm

(s-ft2)", "lbn(s-

ft2)")

del et eMassFl ux()

Removes nozzle inlet mass flux.

Object NozzleSectionConditions

Function

Parameters

Description

Bool ean i sAreaRati o()

Returns true if nozzle section defined
by area ratio (A/At).

Number get AreaRati o()

Returns assigned area ratio (A/At).

set AreaRat i o( Nunber r)

Area ratio (A At)

Assigns area ratio.

del et eAreaRat i o()

Removes area ratio definition.

Bool ean i sPressureRatio()

Returns true if nozzle section defined
by pressure ratio (pt/p).

Nunmber get PressureRati o()

Returns assigned pressure ratio (pt/p).

set PressureRati o( Nunber r)

Pressure ratio
(pt/pt)

Assigns pressure ratio.
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Function

Parameters

Description

del et ePressureRati o()

Removes pressure ratio definition.

Bool ean i sPressure()

Returns true if nozzle section defined
by pressure.

Nunmber getPressure(String unit)

Pressure unit (one
of "Pa" (default),

Returns assigned pressure in desired
unit ro in "Pa", if unit not specified.

"psi", "atnl,
"bar", "at", "MPa")
set Pressure(Nunber p, String p - pressure Assigns pressure.
unit) unit - pressure
unit (one of "Pa"
(default), "psi",
"atnl', "bar", "at",
" MPa")
del et ePressure() Removes pressure definition.
Object EfficiencyFactors
Function Parameters Description
Bool ean Returns true if defined efficiency

i sAppl yEffi ci encyFactors()

correction factors should be used for
calculation of delivered performance.

set Appl yEf fi ci encyFact or s(Bool e
an flag)

Appl yEf fi ci encyFact
ors flag

Assigns ApplyEfficiencyFactors flag.

Bool ean i sReactionEfficiency()

Returns true if reaction efficiency
assigned.

set Reacti onEf fi ci ency(Nunber r)

Reaction efficiency

Assigns reaction efficiency.

Nunber get Reacti onEffi ci ency()

Returns assigned reaction efficiency.

del et eReacti onEf fi ci ency()

Removes assigned reaction efficiency.

Bool ean i sNozzl eEffi ci ency()

Returns true if nozzle efficiency
assigned.

set Nozzl eEf fi ci ency(Nunber r)

Nozzl e efficiency

Assigns nozzle efficiency.

Nunmber get Nozzl eEffi ci ency()

Returns assigned nozzle efficiency.

del et eNozzl eEf fi ci ency()

Removes assigned nozzle efficiency.

Bool ean i sNozzl eLengt h()

Returns true if nozzle length assigned.

set Nozzl eLengt h( Nunmber |)

Nozzle length (9

Assigns nozzle length.

Nunmber get Nozzl eLengt h()

Returns assigned nozzle length (%).

del et eNozzl eLengt h()

Removes assigned nozzle length.

Bool ean i sConeHal f Angl e()

Returns true if conical nozzle half
angle assigned.

set ConeHal f Angl e( Nunber a)

Hal f angl e

Assigns conical nozzle half angle
assigned.

Nunmber get ConeHal f Angl e()

Returns assigned conical nozzle half
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Function Parameters Description
angle assigned.
del et eConeHal f Angl e() Removes assigned conical nozzle half
angle assigned.
Object AmbientConditions
Function Parameters Description
Bool ean i sFi xedPressure() Returns true if fixed ambient pressure
defined.
Nunmber get Fi xedPressure(String |unit - pressure Returns fixed ambient pressure in
unit) unit (one of "Pa" desired unit.
(default), "psi",
"atnm', "bar", "at",
"MPa")
set Fi xedPr essur e( Nurber p, p - pressure Assigns fixed ambient pressure in
String unit) unit - pressure specified unit.
unit (one of "Pa"
(default), "psi",
"atni, "bar", "at",
"MPa")
del et eFi xedPr essure() Removes fixed ambient pressure.
Bool ean i sRangePressure() Returns true if ambient condition
defined as a pressure range.
Nunber unit - pressure Returns low value of pressure range in
get RangePressureM n(String unit (one of "Pa" desired unit.
unit) (default), "psi",
"atni, "bar", "at",
"MPa")
Nunber p - pressure Assigns low value of pressure range.
set RangePr essur eM n( Nunber p, unit - pressure
String unit) unit (one of "Pa"
(default), "psi",
"atni, "bar", "at",
"MPa")
Nunber unit - pressure Returns high value of pressure range
get RangePr essur eMaxn(Stri ng unit (one of "Pa" in desired unit.
unit) (default), "psi",
"atni, "bar", "at",
"MPa")
set RangePr essur eMax( Nunber p, p - pressure Assigns high value of pressure range.
String unit) unit - pressure
unit (one of "Pa"
(default), "psi",
n at ml, n bar ||, n at ||,
"MPa")

del et eRangePr essure()

Removes pressure range.
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Object ThrottlingConditions

Function

Parameters

Description

Bool ean i sFi xedFl owr at e()

Returns true if fixed mass flow rate
defined.

Number get Fi xedFl owr at e()

Returns defined fixed mass flow rate
(decimal fraction, r/nominal).

set Fi xedFl owr at e( Nunber r)

mass fl ow rate,
deci mal fraction
r/ nom nal

Assign fixed mass flow rate.

Bool ean i sRangeFl owr at e()

Returns true if flow rate condition
defined as a flow rate range.

Number get RangeFl ow at eM n()

Returns low value of flowe rate range
(decimal fraction, r/nominal).

set RangeFl owr at eM n( Nunber r)

flow rate, decinmal
fracti on r/ nom nal

Assigns low value of pressure range.

Number get RangeFl owr at eMax()

Returns high value of flowe rate range
(decimal fraction, r/nominal).

set RangeFl owr at eMax( Nunber r)

flow rate, deci nal
fraction r/nom nal

Assigns high value of pressure range.

del et eRangeFl owr at e()

Object Propellant

Removes flow rate range.

Function Parameters Description

Nunber get Rati o() Returns assigned propellant
component ratio.

String getRatioType() Returns type of assigned propellant
component ratio ("O/F", "alpha", or
"optimal").

set Rati o(Nurmber r, String unit) |r - ratio Assigns propellant component ratio.

unit - type of
rati o (one of
"o F', "al pha", or

"optimal")

Number get Oxi di zer Li st Si ze() Returns number of species in oxidizer
(not applicable for monopropellant
mixture composition).

Obj ect get Oxi di zer (Nunber i) i ndex Returns Component object.

addOxi di zer (Obj ect c¢)

Conponent obj ect

Adds specified component to the
oxidizer.

Nunmber get Fuel Li st Si ze()

Returns number of species in fuel (not
applicable for monopropellant mixture
composition).

hj ect get Fuel (Nunber i)

i ndex

Returns Component object.
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Function

Parameters

Description

addFuel (bj ect c)

Conponent obj ect

Adds specified component to the fuel.

Number get Speci esLi st Si ze()

Returns number of species in
propellant mixture (not applicable for
bipropellant composition).

hj ect get Speci es(Nunber i)

i ndex

Returns Component object.

addSpeci es(Obj ect ¢)

Conponent obj ect

Adds specified component to the
mixture.

hj ect get Propel I ant ()

Returns either Propellant or Mixture
object ready for passing as parameter
to constructors Reaction and
Chamber. .

Object Component

Function

Parameters

Description

String get Nane()

Returns species name.

set MassFracti on( Nunber f)

Mass fraction

Assigns mass fraction of the species in
the component (for bipropellant
systems) or propellant (for
monopropellant systems).

Nunmber get MassFracti on()

Returns mass fraction.

set T(Nunber t, String unit)

t - tenperature
unit - tenperature

Assigns initial temperature of the
species.

unit (one of "K',
"F, "CY)
Nunber getT(String unit) tenperature unit Returns initial temperature of the
(one of "K', "F", species in desired unit.
n CI)
set P(Nunber p, String unit) p - tenperature Assigns initial temperature of the
unit - pressure species.
unit (one of "Pa",
"psi", "atnf,
"bar", "at", "MPa")

Nunber getP(String unit)

pressure unit (one

Returns initial pressure of the species

of "Pa", "psi", in desired unit.
"atm, "bar", "at",
"MPa")

Object EngineSize

See also chapter Engine Definition.

Function Parameters Description

Bool ean i sThrust ()

Returns true if engine thrust defined.

Nunmber get Thrust(String unit)

thrust unit (one of
"kN', "kg", "lbf",

Returns engine thrust in desired unit.
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Function Parameters Description

n NI)
set Thrust (Nunber t, String t - thrust Assigns engine thrust.
unit) unit - thrust unit

(one of "kN', "kg",

"Ibf", "N')

del et eThrust ()

Removes thrust definition.

Bool ean i sAnbi ent Pressure()

Returns true if ambient pressure
defined.

Nunber pressure unit (one |Returns ambient pressure in desired
get Anbi ent Pressure(String unit) |of "Pa", "psi", unit.
“atml, "bar", "at",
" MPa")
set Anbi ent Pr essur e( Nunber p, p - pressure Assigns ambient pressure.
String unit) unit - pressure
unit (one of "Pa",
"psi", "atnt,
“"bar", "at", "MPa")

del et eAnbi ent Pressure()

Removes ambient pressure definition.

Bool ean i shMdot ()

Returns true if mass flow rate defined.

Number get Mot (String unit)

mass flow rate unit

Returns mass flow rate in desired unit.

(one of "kg/s",

"l bm s")
set Mot (Nunmber m String unit) m - mass flow rate |Assigns mass flow rate.

unit - mass flow

rate unit (one of

"kg/s", "lbms")
del et eMdot () Removes mass flow rate definition.
Bool ean i sThroat ) Returns true if throat diameter defined.
Nunmber get ThroatD(String unit) di aneter unit (one |Returns throat diameter.

of "md', "in", "nt,

"ft")
set Throat D( Number d, String d - dianeter Assigns throat diameter.
unit) unit - dianeter

unit (one of "mft,

"in", uml] uftu)
del et eThroat ) Removes throat diameter definition.
Number get Chanber sNo() Returns number of chambers.
set Chanber sNo( Nurber ) nunber of chambers |Assigns number of chambers.

bj ect get Chanber Geonet ry()

Object ChamberGeometry

See also chapter Chamber Geometry.
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Function

Parameters

Description

Number get Chanber Length(String

[ ength unit (one of

Returns chamber charactersictic

uni t) “mmd, tint, ot length (L*) in dsired unit.
"ft")
set Chanber Lengt h( Nurmber L, L - charactersictic |Assigns chamber charactersictic
String unit) | ength length (L*).
unit - length unit
(one of "mm', "in",
"m, "ft")
Nunber get Contracti onAngl e() Returns nozzle inlet contraction angle
(deg).
set Contracti onAngl e( Nunber a) angl e (deg) Assigns nozzle inlet contraction angle.
Nunber get RIToRt Rati o() Returns ratio R1/Rt.
set RLToRt Rat i o( Nurmber r) ratio Assigns ratio R1/Rt.
Nunmber get RnToRt Rati o() Returns ratio Rn/Rt.
set RnToRt Rat i o( Nurmber r) ratio Assigns ratio Rn/Rt.
Number get R2ToR2nmaxRati o() Returns ratio R2/R2max.
set RRToR2mexRat i o( Nunber r) ratio Assigns ratio R2/R2max.
Bool ean isTI C() Returns true if nozzle is shaped as
truncated ideal contour.
set Tl C( Bool ean s) flag Assigns TIC flag.
del et eTOC() Removes TIC flag.
Bool ean i sParabol i cExit Angl e() Returns true if nozzle exit half angle
defined.
Nunmber get Parabol i cExit Angl e() Returns nozzle exit half angle (deg).
set Par abol i cExi t Angl e( Nunmber a) |angl e (deg) Assigns nozzle exit half angle (deg).

del et ePar abol i cExi t Angl e()

Removes nozzle exit half angle
definition.

Thermo API

Thermo API is indented for loading, manipulation and writing configuration files.

Object database

Function

Parameters

Description

speci es()
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Static function.
Returns Species object.

Example:

print(database.species("H202"));
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Object Species

Function

Parameters

Description

String get Nane()

Returns species name.

String getDescr()

Returns species description.

Bool ean i sReact ant Onl y()

Returns true if species could not be
usually used as an propellant
component.

Bool ean i slon()

Returns true if species is ionized.

Nunber

get Char ge()

Returns the charge of ionized species.

Nunber

get Val ence()

Returns the valency of species.

Bool ean i sCondensed()

Returns true if species is condensed.

Number get Condensed() Returns the number of condensed
phase in increased order by
temperature.

Nunber get DHf 298_15(Stri ng heat of formation Returns H%(298.15) - heat of formation

uni t) uni t (one of at the temperature 298.15 K and

J/mol ™, " Btu/lb- pressure 1 bar in desired unit.
mol ", "J/kg",
"kJ/ kg",
"Btu/l bnt )
Nunber get DH298 15 0O(String heat of formation Returns H%(298.15) — HO(0), if
unit) unit (one of available.
"J/mol", "Btu/l b-
mol ", "J/kg",
"kJ/ kg",
"Btu/l bnt )
Number get TO(String unit) tenperature unit Returns standard temperature of the
(one of "K', "F", species in desired unit.
" CI)
Nunmber getPO(String unit) pressure uni t (one |Returns standard pressure of the
of "Pa", "psi", species in desired unit.
"atnml', "bar", "at",
" MPa")
Nunmber getM ni munif(String unit) |temperature unit Returns minimum temperature of the
(one of "K', "F", species in desired unit.
n Cl)
Nunmber get Maxi nunir(String unit) |tenperature unit Returns maximum temperature of the
(one of "K', "F", species in desired unit.
n Cl)
Nunmber checkT(double t, String |t - tenperature Checks whether the specified
unit) unit - tenperature |temperature is valid. If valid, returns
unit (one of "K', specified temperature. Otherwise
"F', "C") throws an exception.
Nunmber get M) Returns molecular weight of species.
Nunmber getR(String unit) gas constant unit Returns gas constant in desired unit
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Function

Parameters

Description

(one of "J/(nol
K", “JI(kg K",
"kJ/ (kg K", "Btu/
(Ib-mol R", "Btu/
(IbmR™)

(applicable for gaseous species).

Number get Cp( Number t,
tunit, String unit)

String

t - tenperatur

tunit - tenperature
unit (one of "K',
"F, "CY)

unit - specific
heat unit (one of
"J/ (kg K", "kJ/ (kg
Ky", "Btu/(IbmR™")
or mol ar heat
capasity unit (one
of "J/(mol K)",
"Btu/ (I b-mol R")

Returns specific heat or molar heat
capasity at specified temperature and
constant pressure in desired unit.

Number get H( Nunber t,
tunit, String unit)

String

t - tenperatur

tunit - tenperature
unit (one of "K',
" Fll, IICI)

unit - enthal py
unit (one of
"J/mol", "Btu/lb-
mol ", "J/kg",
"kJ/kg", "Btu/lbnt)

Returns specific or molar enthalpy at
specified temperature in desired unit.

Nunmber get S( Nunber t,
tunit, String unit)

String

t - tenperatur

tunit - tenperature
unit (one of "K',
"F, "C")

unit - entropy unit
(one of "J/(nol
K)y", "Btu/ (I b-nol
R", "J/ (kg K",
"kJ/ (kg K", "Btu/
(IbmR"™)

Returns specific or molar entropy at
specified temperature in desired unit.

Number get G( Number t,
tunit, String unit)

String

t - tenperatur

tunit - tenperature
unit (one of "K',
" Fll, Ilcl)

unit - G bbs energy
unit (one of
"J/mol", "Btu/l b-
mol ", "J/kg",
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Returns Gibbs energy at specified
temperature in desired unit.
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Function Parameters Description
"kJ/kg", "Btu/lbni)
Object Propellant
Function Parameters Description
set Rati o(Number r, String type) [r - ratio Assigns components ratio.
type - ratio type
(one of "OF",
"al pha")
Nunmber getRatio(String type) rati o type (one of Returns assigned components ratio.
"O F', "al pha")
Number get Rati oO(String type) ratio type (one of Returns stoichiometric components
"OF", "al pha") ratio.
Cbj ect add(String type, String |type - component Adds species into component, assigns
name, Nunber r) type ("o" or "f") specified mass fraction, and returns
_ Species object. The components
nane - species nanme |designated as follows: "o" - oxidizer, "f"
- fuel.
r - mass fraction
of the species in
conponent
Obj ect add(String type, String |type - conponent Adds species with initial temperature
name, Number t, String tunit, type ("o" or "f") and pressure into component, assigns
Nunmber p, String punit, Nunber _ specified mass fraction, and returns
r) nane - species nanme |Species objects. The components

t - initial
tenmperat ure

tunit - tenperature
unit (one of "K',
"F', "CY)

p - initial
pressure

punit - pressure
unit (one of "Pa",
n pSI u, n at m|,

“"bar", "at", "MpPa")

r - mass fraction
of the species in
conponent

designated as follows: "0" - oxidizer, "f"
- fuel.

bj ect addOxi di zer (String nane,
Nurmber r)

nane - speci es nane

r - mass fraction
of the species in
conponent

Adds species into oxidizer and assigns
specified mass fraction.

bj ect addOxi di zer(String type,

nane - speci es nane

Adds species with initial temperature
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Function Parameters Description
String nane, Number t, String o and pressure into oxidizer, assigns
tunit, Number p, String punit, |t - initial specified mass fraction, and returns
Nurnber r) temperature Species object.

tunit - tenperature

unit (one of "K',

n FII , n CI )

p - initial

pressure

punit - pressure

unit (one of "Pa",

n pSI u, n at m|,

" bar " , " at " , " I\Pall)

r - mass fraction

of the species in

conponent
bj ect addFuel (String nane, name - speci es name |Adds species into fuel, assigns
Nurmber r) . specified mass fraction, and returns

r - mass fraction Species object.

of the species in

conponent
ijgct addFuel (String type, name - speci es name |Adds species with initial temperature
String nane, Number t, String S and pressure into fuel, assigns
tunit, Nunber p, String punit, |t - initial specified mass fraction, and returns
Nunber r) tenperature Species object.

tunit - tenperature
unit (one of "K',

" FII , n CI )

p - initial
pressure

punit - pressure
unit (one of "Pa",

n pSI n , n at ml ,

n bar n , n at n , n NPaII )

r - mass fraction
of the species in
conponent

add(String type, Object
m xture, Nurber r)

type - conponent
type ("o" or "f")

m xture - Mxture

obj ect

r - mass fraction
of the mxture in
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Adds mixture into component and
assigns specified mass fraction. The
components designated as follows: "o"
- oxidizer, "f" - fuel.
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Function Parameters Description

conponent
addOxi di zer (Obj ect m xture, m xture - Mxture |Adds mixture into oxidizer and assigns
Nurnber r) obj ect specified mass fraction.

r - mass fraction
of the m xture in
conponent

addFuel (Cbj ect mixture, Nunber |mixture - Mxture |Adds mixture into fuel and assigns
r) obj ect specified mass fraction.
r - mass fraction
of the mxture in
conponent
Number get M) Returns molecular weight of propellant.
Nunber getH(String unit) ent hal py unit (one |Returns specific or molar enthalpy of
of "J/ mol ™", propellant in desired unit.
"Btu/l b-nol ",
"J/kg", "kJ/kg",
"Btu/l bnt)
Nunber size(String type) type - conponent Returns number of species included
type ("o" or "f") into component.
hj ect get Speci es(String type, type - conponent Returns Species object.
Nurnber i) type ("0o" or "f")
i - index
Bool ean checkFractions() Returns true if mass fractions assigned
correctly (i.e. the sum of all mass
fractions within each component is
equals to 1.0).
Bool ean checkFractions(String type - conponent Returns true if mass fractions assigned

type)

type ("o" or "f")

correctly (i.e. the sum of all mass
fractions within specified component is
equals to 1.0).

Nunmber get Fraction(String type,
Nurber i)

type - conponent
type ("o" or "f")

i - index

Returns assigned mass fraction.

setFraction(String type, Nunber

i, Nunber f)

type - conponent
type ("o" or "f")
i - index

f - mass fraction

Assigns mass fraction.

print(String units)

desired units (one
of "SI" or "US")

Print out the information about
propellant in desired units.

Object Mixture
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Function

Parameters

Description

bj ect addSpeci es(String nane,
Nunber r)

nane - speci es nane

r - mass fraction
of the species in
conponent

Adds species into mixture, assigns
specified mass fraction, and returns

Species object.

bj ect addSpeci es(String nane,
Number t, String tunit, Nunber
p, String punit, Nunber r)

nane - speci es nhane

t - initial
tenmperature

tunit - tenperature
unit (one of "K',
"F, "CY)

p - initial
pressure

punit - pressure
unit (one of "Pa",
"psi", "atnt,

"bar", "at", "MPa")

r - mass fraction
of the species in
conponent

Adds species with initial temperature
and pressure into mixture, assigns
specified mass fraction, and returns
Species objects.

addM xt ure(Cbj ect m xture,
Nurmber r)

m xture - Mxture

obj ect

r - mass fraction
of the mxture in
conponent

Adds mixture into this mixture object
and assigns specified mass fraction.

Number get Val ence()

Returns the resulting valency of
mixture.

Number get M)

Returns molecular weight of mixture.

Nunmber getH(String unit)

ent hal py unit (one
of "J/mol",
"Btu/lb-nmol",
"J/kg", "kJ/kg",
"Btu/l bni)

Returns specific or molar enthalpy of
mixture in desired unit.

set T(Nunber t, String unit)

t - tenperature

unit - tenperature
unit (one of "K',

Assigns temperature to all species of
the mixture.

"Fr, "C")
set P(Nunber p, String unit) t - tenperature Assigns temperature to all species of
the mixture.
punit - pressure
unit (one of "Pa",
"psi", "atnt,
"bar", "at", "MPa")
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Function Parameters Description

Number si ze() Returns number of species included
into mixture.

(hj ect get Speci es( Nunber i) i ndex Returns Species object.

Bool ean checkFractions() Returns true if mass fractions assigned
correctly (i.e. the sum of all mass
fraction within each component is
equals to 1.0).

Bool ean checkFractions() Returns true if mass fractions assigned
correctly (i.e. the sum of all mass
fractions is equals to 1.0).

Nunber get Fracti on(Nunber i) i ndex Returns assigned mass fraction.

set Fracti on(Nunber i, Nunber f) |i - index Assigns mass fraction.

f - mass fraction

print(String units)

Reaction API

Reaction APl is indented for

running

desired units (one
of "SI" or "US")

typical

Print out the information about mixture
in desired units.

combustion problems (p, H) =const,

(p, S) =const, (p, T) =const , obtaining thermodynamic properties of the reaction products.

Object Product

Object Product represents an individual product of reaction.

Function

Parameters

Description

String get Nane()

Returns product's name.

String getDescr()

Returns product's description.

Nunmber get N()

Returns number of moles of product.

Nunmber get T(String unit)

tenmperature unit
(one of "K', "F",
IICI)

Returns assigned temperature of
product.

Bool ean i slon()

Returns true if product is ionized.

Nunber get Char ge()

Returns the charge of ionized product.

Number get Val ence()

Returns the valency of product.

Bool ean i sCondensed()

Returns true if product is condensed.

Number get Condensed()

Returns the number of condensed
phase in increased order by
temperature.

Nunmber get DHf 298 15(Stri ng
unit)

heat of formation
unit (one of
"J/mol", "Btu/lb-

Returns H%(298.15) - heat of formation
at the temperature 298.15 K and
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Function Parameters Description
mol ", "J/kg", pressure 1 bar in desired unit.
"kJ/ kg",
"Btu/l bnt )
Nunmber get DH298_ 15 0(Stri ng heat of formation Returns H%(298.15) — HO(0), if
unit) unit (one of available.
"J/mol", "Btu/lb-
mol ", "J/kg",
"kJ/kg",
"Btu/l bnt )
Number get TO(String unit) tenmperature unit Returns standard temperature of the
(one of "K', "F", product in desired unit.
n Cl)
Nunber getPO(String unit) pressure unit (one |Returns standard pressure of the
of "Pa", "psi", product in desired unit.
"atnml, "bar", "at",
" MPa")
Number get M ni munif(String unit) |tenmperature unit Returns minimum temperature of the
(one of "K', "F", product in desired unit.
n CI)
Nunber get Maxi munT(String unit) |tenperature unit Returns maximum temperature of the
(one of "K', "F", product in desired unit.
n Cl)
Nunber checkT(double t, String |t - tenperature Checks whether the specified
uni t) unit - tenperature |temperature is valid. If valid, returns
unit (one of "K', specified temperature. Otherwise
"F, "C) throws an exception.
Number get M) Returns molecular weight of product.
Nunmber get R(String unit) gas constant unit Returns gas constant in desired unit
(one of "J/ (ol (applicable for gaseous species).
K", *3l(kg K",
"kJ/ (kg K", "Btu/
(I'b-mol R ", "Btu/
(IbmR™")
Nurmber get Cp(String unit) unit - specific Returns specific heat or molar heat
heat unit (one of capasity at assigned temperature and
"J/ (kg K)", "kJ/ (kg |constant pressure in desired unit.
Ky", "Btu/(IbmR™")
or nol ar heat
capasity unit (one
of "J/(mol K)",
"Btu/ (I b-mol R")
Nunber get Cp(Nunber t, String t - tenperatur Returns specific heat or molar heat
tunit, String unit) capasity at specified temperature and

tunit - tenperature
unit (one of "K',

" Fll, " Cl)

unit - specific

heat unit (one of

constant pressure in desired unit.
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Function

Parameters

Description

"J/ (kg K", "kJ/ (kg
K", "Btu/(IbmR")
or nol ar heat
capasity unit (one
of "J/(mol K)",
"Btu/ (I b-ml R")

Nunber getH(String unit)

unit - enthal py
unit (one of

“J/mol ", "Btullb-
mol *, "J/kg",
"kJ/ kg", "Btu/lbnt)

Returns specific or molar enthalpy at
assigned temperature in desired unit.

Number get H( Number t,
tunit, String unit)

String

t - tenperatur

tunit - tenperature
unit (one of "K',
n FII, IICI)

unit - enthal py
unit (one of

“J/mol ", "Btull b-
mol ", "J/kg",
"kJ/ kg", "Btul/lbnt)

Returns specific or molar enthalpy at
specified temperature in desired unit.

Nunber getS(String unit)

unit - entropy unit
(one of "J/(nol
Ky", "Btu/ (I b-nol
R*“, "I/ (kg K",
"kJ/ (kg K", "Btu/
(I'bmR™)

Returns specific or molar entropy at
assigned temperature in desired unit.

Number get S( Number t,
tunit, String unit)

String

t - tenperatur

tunit - tenperature
unit (one of "K',
" Fll, IICI)

unit - entropy unit
(one of "J/(nol
K)y", "Btu/(lb-nol
R, "Il (kg K",
"kJ/ (kg K", "Btu/
(IbmR")

Returns specific or molar entropy at
specified temperature in desired unit.

Nunmber getG(String unit)

unit - G bbs energy
unit (one of

"3/ mol ", "Btullb-
mol *, "J/kg",
"kJ/ kg", "Btu/lbnt)

Returns Gibbs energy at assigned
temperature in desired unit.

Nunmber get G( Nunber t,
tunit, String unit)

String

t - tenperatur

tunit - tenperature
unit (one of "K',
" FII' IICI)

Returns Gibbs energy at specified
temperature in desired unit.
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Function Parameters Description
unit - G bbs energy
unit (one of
"J/mol", "Btu/lb-
mol ", "J/kg",
"kJ/kg", "Btu/lbnt)
Object Reaction
Function Parameters Description
Reacti on(Qbj ect p, Bool ean p - Propellant or Constructor.

nmul ti phase, Bool ean ionization)

M xt ure obj ect

mul ti phase -
mul ti phase fl ag

Creates Reaction object, using
specified Propellant or Mixture object.
If multiphase flag is true, phase
transitions effects are considered.

pressure unit (one

of "Pa", " pSi "
"atm', "bar", "at",
" MPa")

ioni zation - If ionization flag is true, ionization
ionization flag effects are considered.
set P(Nunber p, String unit) p - pressure Assigns pressure.

getP(String unit)

pressure unit (one

of "Pa", "psi",
"atnl, "bar", "at",
"MPa")

Returns assigned pressure.

set T(Nunber t, String unit,
Bool ean set | sot hermal)

t - tenperature

Assigns initial temperature.
If isothermal flag, the solving reaction

unit - tenperature |problem is switched to type
uni t (one of " K", (p’T):Const_
"F', "C")
set | sothermal -
i sothermal flag
set H(Nunber h, String unit) h - enthal py Assigns initial molar enthalpy and
switches the solving reaction problem
unit - enthal py to type (p,H)=const.
unit (one of
"J/mol", "Btu/lb-
nmol ", "kJ/nmol")
set S(Nunber s, String unit) S - enropy Assigns initial molar enropy and
switches the solving reaction problem
unit - enropy unit to type (p,S)=const.
(one of "J/(nol
K)y", "Btu/ (Il b-nol
R", "kJ/(ml K")
sol ve(Bool ean start WthCondensed |Solves the prepared problem.
start Wt hCondensed) flag; if not In some cases the problem does not
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Function

Parameters

Description

speci fied default
value is fal se.

converge because condensed species
not included before first iteration. To
solve such a problems, set
startWithCondensed to true.

r eset ( Bool ean
start Wt hCondensed)

start Wt hCondensed
flag; if not
specified default
value is fal se.

Reset the problem before repeating
the solving.

In some cases the problem does not
converge because condensed species
not included before first iteration. To
solve such a problems, set
startWithCondensed to true.

getT(String unit)

tenperature unit
(One Of n KII , n FII ,
n CI)

Returns the temperature of reaction.

getH(String unit)

ent hal py unit (one
of "J/nol",
"Btu/lb-nol",
"J/kg", "kJ/kg",
"Btu/l bn")

Returns specific or molar enthalpy of
reaction products.

getS(String unit)

entropy unit (one
of "J/(ml K)",
"Btu/ (I b-mol R",
"J/ (kg K", "kJ/ (kg
Ky", "Btu/(IbmR™")

Returns specific or molar entropy of
reaction products.

Bool ean hasCondensedPhase()

Returns true if reaction products
contains condensed species.

hj ect get Resul tingM xture()

Returns Mixture object, containing all
products of reaction.

Note that function
Mixture.getSpecies() actually returns
Product object.

print(String units)

desired units (one
of "SI" or "US")

Print out the information about
problem results.

Object Derivatives

Function

Parameters

Description

Derivatives(Cbject r)

Reacti on obj ect

Constructor.
Creates new object Derivatives for
given Reaction object.

Derivatives(Qbject r)

Reacti on obj ect

Constructor.
Creates new object Derivatives for
given Reaction object.

Number get Cp(String unit)

specific heat unit
(one of "J/ (kg K",
"kJ/ (kg K", "Btu/
(IbmR™)

or nol ar heat
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Returns specific heat or molar heat
capasity of reaction products at
constant pressure in desired unit.
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Function Parameters Description
capasity unit (one
of "J/(mol K)",
"Btu/ (I b-ml R")

Nunber getCv(String unit) specific heat unit Returns specific heat or molar heat
(one of "J/ (kg K)", |capasity of reaction products at
"kJ/ (kg K)", "Btu/ |constantvolume in desired unit.
(I'bmR™")
or nol ar heat

capasity unit (one

of "J/(mol K)",
"Btu/(lb-mol R")
Nunber getR(String unit) gas constant unit Returns gas constant of reaction
(one of "J/(nol products in desired unit.
K", "JI(kg K",
"kJd/ (kg K)", "Btu/
(I'b-mol R", "Btu/
(Ibm R ")

Nunmber get K()

Returns isentropic exponent of
reaction products.

Nunmber get Gamma()

Returns specific heat ratio of reaction
products.

Nunber get A(String unit)

velocity unit (one
of "mls" or "ft/s")

Returns velocity of sound in desired
unit.

Nunmber get Rho(String unit)

density unit (one
of "kg/ m3",

"g/ m3" or

"l bl ftA3")

Returns density of reaction products in
desired unit.

Number get RhoGas(String unit)

density unit (one
of "kg/ nt3",

"g/ m3" or

"1 b ft/A3")

Returns density of gaseous reaction
products in desired unit.

Nunmber get Z()

Returns mass fraction of condensed
reaction products.

Number get M)

Returns molecular weight of reaction
products.

print(String units)

desired units (one
of "SI" or "US")

Prints out the information derivative
properties.

Performance API

Performance API is indented for running typical rocket propulsion problems and obtaining

performance parameters.

Object Chamber
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Function Parameters Description
Chanber ((bj ect p, Bool ean p - Propellant or Constructor.

nmul ti phase, Bool ean ionization)

M xt ure obj ect

mul ti phase -
mul ti phase fl ag

Creates Chamber object, using
specified Propellant or Mixture object.

If multiphase flag is true, phase

i oni zation - transitions effects are considered.
i oni zation flag
If ionization flag is true, ionization
effects are considered.
set P(Nunber p, String unit) p - pressure Assigns combustion chamber

pressure unit (one

pressure.

of "Pa", "psi",
"atnf, "bar", "at",
"MPa")
set Fcr (Number f) area ratio Assigns nozzle inlet contraction area
ratio (A/At).
set M (Nunber m String unit) m - mass flux Assigns combustion chamber mass
flux.
unit - mass flux
unit (one of "kg/
(nm2-s)", "kg/ (nk-
s)", "kgl/(s-nm2)",
"kg/ (s-n2)", "I b
(ft2-s)", "l bm
(ft2-s)", "l bm
(s-ft2)", "lbn (s-
ft2)")

sol ve( Bool ean
finiteChanber Secti on,
start Wt hCondensed)

Bool ean

Solve the problem.

Number get Fcr ()

Returns nozzle inlet contraction area
ratio (A/At).

Nunmber getM (String unit)

mass flux unit (one

of "kg/(nm2-s)",
"kg/ (m2-s)", "kg/
(s-m2)", "kg/(s-
m)", "lbm
(ft2-s)", "lbm
(ft2-s)", "lbm
(s-ft2)", "lbm(s-
ft2)")

Returns combustion chamber mass
flux in desired unit.

Number getPc_O(String unit)

pressure unit (one

of "Pa", "psi",
n at ml , " bar " , " at " ,
" MPa")

Returns stagnation pressure at nozzle
inlet in desired unit.

Nunber get Si gnaC()

Returns stagnation pressure drop
coefficient.
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Function

Parameters

Description

Nunmber getW(String unit)

velocity unit (one
of "mls" or "ft/s")

Returns velocity at nozzle inlet
(combustion chamber end) in desired
unit.

Nunmber getCstar(String unit)

velocity unit (one
of "mls" or "ft/s")

Returns chamber characteristic
velocity in desired unit.

hj ect get Reacti on( Nunber
station)
oj ect get Reaction(String
station)

chanber station:

0 or "inj"
i nj ector
1 or "inl" - nozzle

i nl et (combustion
chanber end)

Returns Reaction object for specified
station.

bj ect get Derivatives(Nunber
station)
bj ect getDerivatives(String
station)

2 or "thr" - nozzle
t hr oat

chanmber station:

0 or "inj"

i nj ector

1 or "inl" - nozzle

inl et (combustion
chanber end)

2 or "thr" - nozzle
t hr oat

Returns Derivatives object for
specified station.

Object NozzleSectionConditions

Function

Parameters

Description

Nozzl eSecti onCondi ti ons( Qoj ect
¢, Nunber p, String ptype)

Nozzl eSecti onCondi ti ons( Ohj ect
c, Nunber p, Nunber ptype)

c - Chanber

p - paraneter

ptype - type of

par anet er :

0, "AVAL" or "A A"
- paraneter is area
ratio
1or "p
paraneter is
pressure (Pa)
2, "pc/p" or
paraneter is
pressure ratio.

pi

Constructor.

Creates NozzleSectionConditions
object, using specified Chamber object.

Parameter defines the nozzle station.

Number get Fr ()

Returns expansion area ratio (A/At) at
nozzle section.

Nunmber get Pi ()

Returns pressure ratio (p/pc) at nozzle
section.

Nunber getP(String unit)

pressure unit (one
of "Pa", "psi",
"atnml', "bar", "at",
"MPa")

Returns pressure at nozzle section in
desired unit.

Nunmber getWString unit)

velocity unit (one

Returns velocity at nozzle section in
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Function Parameters Description
of "m's" or "ft/s") |desired unit.
Number get Mach() Returns Mach number at nozzle
section.
Nunber getM (String unit) mass flux unit (one |Returns mass flux at nozzle section in
of "kg/(nm2-s)", desired unit.
"kgl/ (m2-s)", "kg/
(s-nm2)", "kg/(s-
n2)", "l bm
(ft2-s)", "lbm
(ft2-s)", "lbm
(s-ft2)", "lbm(s-
ft2)")
Nunmber getls v(String unit) specific inpul se Returns vacuum specific impulse in
unit (one of "s", desired unit.
"ms" or "ft/s")
Nunmber getls(String unit) specific inpul se Returns optimum expansion specific
unit (one of "s", impulse in desired unit.
"ms" or "ft/s")
Nunber getls_H(Nunmber p, String |[p - anbient Returns expansion specific impulse at
punit, String unit) pressure specified ambient pressure in desired
punit - pressure unit.
unit (one of "Pa",
"psi", "atnt,
"bar", "at", "MPa")
unit - specific
i mpul se unit (one
Of n SlI , n m SlI Or.
"ft/s")
Number get Cf _v() Returns vacuum thrust coefficient.
Nurmber get Cf () Returns optimum expansion thrust
coefficient.
Nunber get Cf _H(Nunmber p, String |p - anbient Returns thrust coefficient at specified
punit) pressure ambient pressure .
punit - pressure
unit (one of "Pa",
"psi", "atnt,
"bar", "at", "MPa")
hj ect get Reacti on() Returns Reaction object for this nozzle
station.
hj ect getDerivatives() Returns Derivatives object for this
nozzle station.
Object ChamberFr
Function Parameters Description
Chanber Fr (oj ect ¢, Nunber p, c - Propellant or Constructor.

String ptype)

M xt ure obj ect
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Function Parameters Description
Creates Chamber object, using

Chanber Fr (Cbj ect ¢, Number p, p - paraneter specified Propellant or Mixture object.
Number ptype)

ptype - type of Parameter defines the nozzle station

paraneter: where frozen equilibrium model is

O, "AAt" or "AA*" app|ied_

- paraneter is area

ratio

1 or "p"

paraneter is

pressure (Pa)

2, "pc/p" or "pi" -

parameter is

pressure ratio.
set P(Nunber p, String unit) p - pressure Assigns combustion chamber

pressure unit (one

pressure.

of "Pa", "psi",
"atnl', "bar", "at",
"MPa")
set Fcr (Number f) area ratio Assigns nozzle inlet contraction area
ratio (A/At).
set M (Nunber m String unit) m - mass flux Assigns combustion chamber mass
flux.
unit - mass flux
unit (one of "kg/
(nm2-s)", "kg/ (nk-
s)", "kg/(s-nm2)",
"kg/ (s-n2)", "I b
(ft2-s)", "l bm
(ft2-s)", "l bm
(s-ft2)", "lbm(s-
ft2)")

sol ve( Bool ean
finiteChanber Secti on,
start Wt hCondensed)

Bool ean

Solve the problem.

hj ect get Equili briunBSection()

Returns NozzleSectionConditions
object for the nozzle station where
shifting equilibrium model is switched
to frozen model.

Number get Fcr ()

Returns nozzle inlet contraction area
ratio (A/At).

Number get M (String unit)

mass flux unit (one
of "kg/(m2-s)",

"kgl (m2-s)", "kgl
(s-n2)", "kgl(s-
m)", "lbn
(ft2-s)", "Ibm
(ft2-s)", "Ibm
(s-ft2)", "1bm (s-
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Function Parameters Description
ft2)")
Number getPc_O(String unit) pressure unit (one |Returns stagnation pressure at nozzle
of "Pa", "psi", inlet in desired unit.
" at ml , " bar " , " at " ,
" Wall)
Nunber get Si gnaC() Returns stagnation pressure drop
coefficient.
Nunmber getW(String unit) velocity unit (one |Returns velocity at nozzle inlet

of "mls" or "ft/s")

(combustion chamber end) in desired
unit.

Nunmber getCstar(String unit)

velocity unit (one

Returns chamber characteristic

of "m's" or "ft/s") |velocity in desired unit.
hj ect get Reacti on( Nurber chanber station: Returns Reaction object for specified
station) 0 or "inj" station.
bj ect get Reaction(String i nj ector
station) 1or "inl" nozzl e

i nl et (combustion
chanmber end)

2 or "thr" nozzl e
t hr oat
bj ect get Derivatives(Nunber chanber station: Returns Derivatives object for specified
station) 0 or "inj" station.
bj ect getDerivatives(String i nj ector
station) 1or "inl" nozzl e

i nl et (combustion
chanmber end)

2 or "thr" nozzl e

t hr oat
Object NozzleSectionConditionsFr
Function Parameters Description
Nozzl eSecti onCondi ti onsFr (Objec |c - ChanberFr Constructor.
t ¢, Nunber p, String ptype) obj ect

Nozzl eSecti onCondi ti onsFr ( Obj ec

t ¢, Nunber p, Number ptype)

p - paraneter

ptype - type of

paraneter:

0, "AVAL" or "A A*"
- paraneter is area
ratio

1 or "p"

paraneter is
pressure (Pa)

2, "pc/p" or "pi"

paraneter is
pressure ratio.

Creates NozzleSectionConditionsFr
object, using specified ChamberFr
object.

Parameter defines the nozzle station.

Nunber getT(String unit)

tenmperature unit

Returns temperature of reaction
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Function

Parameters

Description

(one of "K', "F",
IICI)

products in desired unit.

Nunmber getH(String unit)

unit - enthal py
unit (one of
"J/mol", "Btu/lb-
mol ", "J/kg",

"kJ/ kg", "Btu/lbnt)

Returns specific or molar enthalpy of
reaction products in desired unit.

Number get S(String unit)

unit - entropy unit
(one of "J/(nol
K)y", "Btu/ (I b-nol
R)II, IIJ/(kg K)II,
"kJ/ (kg K", "Btu/
(IbmR™)

Returns specific or molar entropy of
reaction products in desired unit.

Nunmber get Cp(String unit)

specific heat unit
(one of "J/ (kg K",
"kJ/ (kg K", "Btu/
(IbmR")

or mol ar heat
capasity unit (one
of "J/(mol K)",
"Btu/ (I b-ml R)")

Returns specific heat or molar heat
capasity of reaction products at
constant pressure in desired unit.

Number getCv(String unit)

specific heat unit
(one of "J/ (kg K",
"kJ/ (kg K", "Btu/
(IbmR")

or mol ar heat
capasity unit (one
of "J/(mol K)",
"Btu/ (I b-ml R)")

Returns specific heat or molar heat
capasity of reaction products at
constant volume in desired unit.

Number getR(String unit)

gas constant unit
(one of "J/(nol

K", "3 (kg K",
"kd/ (kg K", "Btul
(Ib-mol R™, "Btul
(1bm R ")

Returns gas constant of reaction
products in desired unit.

Nunmber get K()

Returns isentropic exponent of
reaction products.

Nunber get A(String unit)

velocity unit (one
of "nlis" or "ft/s")

Returns velocity of sound in desired
unit.

Nunmber get Rho(String unit)

density unit (one
of "kg/ m3",

"g/ m3" or

"l bm ftA3")

Returns density of reaction products in
desired unit.

Number get M)

Returns molecular weight of reaction
products.

Object Performance
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Function Parameters Description
Per f or mance( (bj ect c¢) ConfigFile object Constructor.

Creates Performance object, using
specified ConfigFile object.

cl ear For Rest art ()

Prepares the object for restart.

sol ve()

Solves the configured problem.

Nunber
opti m zeFor Speci fi cl npul se()

Calculates the optimum component
ratio and solves the problem using
found ratio, returning it.

Nunber left - Iow value of |Calculates the optimum component
opti m zeFor Speci fi cl npul se(Nunb |oxi di zer excess ratio and solves the problem using
er left, Nunmber right) coefficient found ratio, returning it. Parameters
right - high value |define the range of component ratio.
of oxidizer excess
coefficient

Bool ean i sOptim zed() Returns true if solution is found as
result of optimization.

bj ect get Propel | ant () Returns Propellant object.

hj ect get M xture() Returns Mixture object.

bj ect getData() Returns assigned ConfigFile object.

hj ect get Chanber () Returns Chamber object.

Only applicable for problems, where
nozzle flow is solved.

hj ect get ExitSection() Returns NozzleSectionConditions or
NozzleSectionConditionsFr object.
Only applicable for problems, where
nozzle flow is solved.

hj ect get Over Expansi onSecti on() Returns NozzleSectionConditions or
NozzleSectionConditionsFr object, that
represent the nozzle station where
flow separation occurs.

Only applicable for problems, where
nozzle flow is solved.

Number getPaCrit () Returns critical ambient pressure.
Only applicable for problems, where
nozzle flow is solved.

bj ect _ Returns NozzleSectionConditions or

sol veNozzl eSect i on( Nunber NozzleSectionConditionsFr object for

condition, String type, Bool ean specified conditions.

checkFor Freezi ng, Bool ean Only applicable for problems, where

checkFor Over expansi on, Nunber nozzle flow is solved.

pa, String paunit)

hj ect get Reacti on() Returns Reaction object.

Only applicable for problems, where
nozzle flow is not solved.

hj ect getDerivatives() chamber station: Returns Derivatives object.

0 or "inj" Only applicable for problems, where
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Function Parameters Description
i nj ector nozzle flow is not solved.
1 or "inl" - nozzle

inl et (combustion
chanber end)

2 or "thr" - nozzle

t hr oat
pri nt Header () Prints results header.
printResults(String units) desired units (one |Prints out results.

of "SI" or "US")

Scripting examples

Performance - Example 1

/***************************************************

RPA - Tool for Rocket Propul sion Analysis
Copyright 2009-2011 Al exander Ponomar enko

Pl ease contact author <contact@pre.de> or visit
http://ww. propul si on-anal ysis.comif you need
addi tional information or have any questions.

perfornmancel.|s

This script | oads existing configuration file,
sol ves the performance problemand prints out the results.

****************************************************/

/'l Load configuration file "exanples/RD 275.cfg".
c = ConfigFile("exanpl es/ RD-275.cfg");
c.read();

/] Create Performance object, initializing it with |oaded configuration
p = Performance(c);

/1 Solve the problem
p. sol ve();

/1 Print out the results in Sl units (default).
p. printResults();

Performance - Example 2

/***************************************************

RPA - Tool for Rocket Propul sion Analysis
Copyright 2009- 2011 Al exander Ponomar enko
Pl ease contact author <contact@pre.de> or visit
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http://ww. propul si on-anal ysis.comif you need
addi tional infornmation or have any questions.

performance2.js

This script |oads existing configuration file,

sol ves the performance problem and prints out the

conbustion paraneters for each station "injector”,

"nozzle inlet", "nozzle throat" and "nozzle exit" separately.

****************************************************/

/'l Load configuration file "exanples/RD 275.cfg"
c = ConfigFile("exanpl es/RD-275.cfg");
c.read();

/] Create Performance object, initializing it with |oaded configuration
p = Performance(c);

/1 Solve the problem
p. sol ve();

/'l Get the conbustion chanber object.
chanmber = p. get Chanber () ;

/1l Get objects Reaction and Derivatives for injector station (0).
i njector_r = chanber. get Reaction(0);
i njector_d = chanber. getDerivatives(0);

/'l Cet objects Reaction and Derivatives for nozzle inlet station (1).
nozzl el nl et _r = chanber. getReaction(1);
nozzl elnlet _d = chanber.getDerivatives(1);

/'l Get objects Reaction and Derivatives for nozzle throat station (2).
throat r chanber. get Reacti on(2);
t hroat _d chamber . get Deri vatives(2);

/1l Get objects Reaction and Derivatives for nozzle exit station.
nozzl eExit _r p. get Nozzl eExi t Secti on(). get Reaction();
nozzl eExit_d p. get Nozzl eExi t Section().getDerivatives();

[/ Print out the results in US units.

pl’l nt("***************************************************") .

print("lnjector"); ’

prl nt("***************************************************") .
1

injector_r.print("US");
injector_d.print("US");

prl nt("***************************************************") .
’

print("Nozzle Inlet");
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pl’l nt("***************************************************") .

nozzlelnlet r.print("US");
nozzlelnlet d.print("US");

pl’l nt("***************************************************") .
’

print("Nozzle Throat");

prl nt("***************************************************") .
1

throat r.print("US");
throat d.print("US");

prl nt("***************************************************") .

print("Nozzle Exit"); ,

pl’l nt("***************************************************") .

nozzl eExit_r.print("US"); ’
nozzl ekxit_d.print("US");

Performance - Example 3

/***************************************************

RPA - Tool for Rocket Propul sion Analysis

Copyri ght 2009-2011 Al exander Ponomar enko

Pl ease contact author <contact@pre.de> or visit
http://ww. propul si on-anal ysis.comif you need
addi tional information or have any questions.

performance2.|s
This script | oads existing configuration file, and runs a nunber

of problenms, replacing the pre-configured OF ratio with val ues
fromarray.

****************************************************/
| oad("resources/scripts/printf.js");

/1 Load configuration file "exanpl es/ RD-275. cfg".

c = ConfigFile("exanples/RD-275.cfg");

c.read();

/'l Create Performance object, initializing it with | oaded configuration
p = Performance(c);

/1 Array of OF weight ratios
r =[2.5, 2.6, 2.7, 2.8, 2.9, 3.0, 3.1];

/] Print out table header
printf("#%ls %8s ¥8s ¥8s", "r", "ls_v,s", "ls opt,s", "ls_sl,s");

/1l Solve the performance problemfor each ratio in the array.
for (i=0; i<r.length; ++i) {
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/1 Assign new O F weight ratio, replacing pre-configured one.
p.getPropellant().setRatio(r[i], "OF");

/'l Solve the problem
p. sol ve();

/1 Print out current O F weight ratio and cal cul ated specific
/1 1mpul se in vacuum at optimum expansi on, and at sea | evel
printf(" %. 2f 98.2f 98.2f 98.2f",

p.get Propellant().getRatio("OQ F"),

p. get Nozzl eExi t Section().getls v("s"),

p. get Nozzl eExi t Section().getls("s"),

p. get Nozzl eExi t Section().getls H(1, "atnm, "s")
);

[/l Prepare the solver for restart.
p.cl ear ForRestart () ;

}

Performance - Example 4

/***************************************************

RPA - Tool for Rocket Propul sion Analysis

Copyri ght 2009-2011 Al exander Ponomar enko

Pl ease contact author <contact@pre.de> or visit
htt p: // ww. propul si on-anal ysis.comif you need
addi tional information or have any questi ons.

performance4. | s

This script |oads existing configuration file, solves the main problemto
obt ai n chanmber conditions,

and then cal cul ates the performance for nozzles with different expansion
area ratio.

****************************************************/

| oad("resources/scripts/printf.js");

/1 Load configuration file "exanpl es/ RD-275. cfg".
c = ConfigFile("exanples/RD-275.cfg");
c.read();

/'l Create Performance object, initializing it with | oaded configuration
/1 and then solve the problemto get chanber/throat conditions.

p = Performance(c);

p. sol ve();

/1 Print out configured area ratio and correspondi ng vacuum
/'l specific inpulse
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print("#Configured A/At = "+p.getNozzl eExitSection().getFr().toFixed(2)+"
s v = "+p.get Nozzl eExi t Section().getls v("nm s").toPrecision(7)+" nis");

/1 Define an array with different expansion area rati os.
/1 Note that area ratio 26.2 is equal to the pre-configured one for RD 275.
r = [10, 20, 26.2, 40];

/1 Print out table header
printf("#%s %8s ¥Bs 98s", "A A", "ls_v,s", "ls_v,ns", "ls, ft/s");

/1 Cal cul ate performance for each area ratio in the array.
for (i=0; i<r.length; ++i) {
s = p.solveNozzl eSection(r[i], "ATAt");

/1 Print out current area ratio and cal cul ated vacuum specific
[l inmpulse ins, ms and ft/s.
printf(" 9%.2f 98.2f 98.2f 98.2f",
riil,
s.getls_v("s"),
s.getls v("ms"),
s.getls v("ft/s")
)

}

Performance - Example 5

/***************************************************

RPA - Tool for Rocket Propul sion Analysis

Copyri ght 2009-2011 Al exander Ponomar enko

Pl ease contact author <contact@pre.de> or visit
http://ww. propul si on-anal ysis.comif you need
addi tional information or have any questi ons.

performance5. js

****************************************************/

| oad("resources/scripts/printf.js");

/1 Load configuration file "exanpl es/RD-275. cfqg"
c = ConfigFile("exanples/RD-275.cfg");
c.read();

/'l Create Performance object, initializing it with | oaded configuration
/!l and then solve the problemto get chanber/throat conditions.

p = Performance(c);

p. sol ve();
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/1 Get the conbustion chanber object.
chanber = p. get Chanber ();

/! Nozzle area ratios
subsonic = [1.54, 1.35, 1.2, 1];
supersonic =[5, 10, 26.2, 50, 100];

printf("#%s %s %s %8s", "A/At", "Mach", "p, MPa", "ls_v,s");

/1l For each subsonic nozzle section, print out A/At, Mach nunber,

/1 and pressure

for (i=0; i<subsonic.length; ++i) {
s = Nozzl eSecti onConditi ons(chanber, subsonic[i], "A/At", false);
printf(" 9%.2f 9%.2f 9%.2f", s.getFr(), s.getMach(), s.getP("MPa"));

}

/'l For each supersonic nozzle section, print out A/At, Mach nunber,
/'l pressure, and vacuum specific inpul se
for (i=0; i<supersonic.length; ++i) {
s = Nozzl eSecti onCondi ti ons(chanber, supersonic[i], "A A", true);
printf(" 9.2f 9%.2f 9%.2f 9%8.2f", s.getFr(), s.getMch(),
s.getP("MPa"), s.getls v("s"));
}

Propellant

/***************************************************

RPA - Tool for Rocket Propul sion Anal ysis
Copyright 2009-2011 Al exander Ponomarenko

Pl ease contact author <contact@pre.de> or visit
htt p: // ww. propul si on-anal ysis.comif you need
addi tional information or have any questi ons.

propellant.js

****************************************************/

| oad("resources/scripts/printf.js");

prop = Propellant();
prop.setRatio(6.0, "OF"); /1 Set OF weight ratio
prop. addOxi di zer ("Q2(L)"); /1 Add oxidizer at it's normal tenperature and
[l atnospheric pressure
prop. addFuel ("H2(L)", 0.8); [// Add 1st fuel conponent at it's nornal
/'l tenperature and at nospheric pressure
prop. addFuel ("RP-1", 0, "K', 3, "atm', 0.2); // Add 2nd fuel conponent at
/1l it's nornal tenperature and
/'l pressure 3 atm
/1 The sum "H2(L) mass fraction" (0.8) + "RP-1 nmass fraction" (0.2) nust be
equal to 1.0
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chanber = Chanber (prop);

chanber. set P(10, "MPa"); /'l Chanber pressure
chanber. set Fcr(3); /'l Nozzle inlet contraction area ratio
chanber. sol ve(true); /'l finiteChanber Section=true

nozzl eExit = Nozzl eSecti onConditions(chanber, 40, "A/At", true);

/1 Get objects Reaction and Derivatives for injector station (0).
i njector_r = chanber. get Reaction(0);
i njector_d = chanber. getDerivatives(0);

/'l Cet objects Reaction and Derivatives for nozzle inlet station (1).
nozzl elnlet_r = chanber.getReaction(1l);

nozzl elnlet_d = chanber. getDerivatives(1);

/1l Get objects Reaction and Derivatives for nozzle throat station (2).
throat _r = chanber. get Reaction(2);

throat_d = chanber. getDerivatives(2);

/'l Get objects Reaction and Derivatives for nozzle exit.
nozzl eExit _r = nozzl eExit.getReaction();
nozzl eexit _d nozzl eExit.getDerivatives();

/1 Print out propellant information
prop.print("US");

prl nt("*'k*'k*****'k*****'k*'k***'k*'k***************************") .

print("lnjector");

pl’l nt("***************************************************");
injector _r.print("US");

injector_d.print("US");

prl nt("***************************************************") .

print("Nozzle Inlet");

prl nt("*******'k***********'k*'k*-k***************************") .
nozzlelnlet _r.print("US");

nozzlelnlet _d.print("US");

pl'l nt("***************************************************") .

print("Nozzle Throat");

prl nt("************************~k*~k************************") .
throat _r.print("US");

throat _d.print("US");

prl nt("***************************************************") .

print("Nozzle Exit");

pl’l nt("***************************************************") .

nozzl eexit _r.print("US");
nozzl ekxit_d.print("US");
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pl’l nt("***************************************************") .

print (" Perfornmance");

prl nt("***************************************************") .

printf(" Is v=08.2f s\n |Is opt=%8.2f s\n |Is_ sl =98. 2f s"
nozzl eExit.getls v("s"),
nozzl eExit.getls("s"),
nozzl eExit.getls H(1, "atni, "s")

)

Mixture

/***************************************************

RPA - Tool for Rocket Propul sion Analysis

Copyri ght 2009-2011 Al exander Ponomar enko

Pl ease contact author <contact@pre.de> or visit
http://ww. propul sion-anal ysis.comif you need
addi tional information or have any questi ons.

m xture.js
****************************************************/
| oad("resources/scripts/printf.js");

mx = Mxture();

/1 Add 1st conponent at it's normal tenperature and atnospheric pressure

n x. addSpeci es("O2(L)", 0.8);

/1 Add 2nd conponent at it's normal tenperature and atnospheric pressure

n x. addSpeci es("H2(L)", 0.02);

/1 Add 3rd conponent at it's normal tenperature and pressure 3 atm

m x. addSpeci es("RP-1", 0, "K', 3, "atnl, 0.15);

/1 Add 4th conponent at it's nornal tenperature and atnospheric pressure

nm x. addSpeci es("AL(cr)", 0.03);

/'l The sum

I "2(L) mass fraction” (0.8) +
I "H2(L) mass fraction"” (0.02) +
/1 "RP-1 mass fraction" (0.15) +
/1 "AL(cr) mass fraction" (0.03)
/1l must be equal to 1.0

chanber = Chanber (m x);

chanber.set P(10, "MPa"); // Chanber pressure

chanber. set Fcr (3); /'l Nozzle inlet contraction area ratio
chanber. sol ve(true); /1 finiteChanber Section=true

nozzl eExit = Nozzl eSecti onConditions(chanber, 40, "A/At", true);
/'l Cet objects Reaction and Derivatives for injector station (0).

i njector_r = chanber. get Reacti on(0);
i njector_d = chanber.getDerivatives(0);
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/'l Get objects Reaction and Derivatives for nozzle inlet station (1).
nozzl elnlet _r = chanber. getReaction(1);
nozzl el nl et _d = chanber. getDerivatives(1);

/'l Cet objects Reaction and Derivatives for nozzle throat station (2).
throat _r = chanber. get Reaction(2);
throat _d = chanber. getDerivatives(2);

/'l Get objects Reaction and Derivatives for nozzle exit.
nozzl eExit _r = nozzl eExit.getReaction();
nozzl eExit_d = nozzl eExit.getDerivatives();

/1 Print out propellant information
m x. print("Us");

pl’l nt("***************************************************") .

print("lnjector");

pl’l nt("***************************************************") .
injector_r.print("Us");

injector_d.print("USs");

prl nt("***************************************************") .

print("Nozzle Inlet");

prl nt("***************************************************") .
nozzlelnlet r.print("US");

nozzlelnlet d.print("US");

pl’l nt("***************************************************") .
’

print("Nozzle Throat");

pl’l nt("***************************************************") .
throat r.print("US");

throat _d. print("US");

pl’l nt("***************************************************") .
print("Nozzle Exit");

prl nt("***************************************************") .
nozzl eExit_r.print("US");

nozzl ekxit_d.print("US");

pl’l nt("***************************************************") .

print (" Perfornmance");
pl’l nt("***************************************************");
printf(" Is v=08.2f s\n |Is opt=%8.2f s\n |Is_ sl =98. 2f s"

nozzl eExit.getls v("s"),

nozzl eExit.getls("s"),

nozzlekxit.getls H'1, "atnl, "s")
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Reaction

/***************************************************

RPA - Tool for Rocket Propul sion Analysis

Copyri ght 2009-2011 Al exander Ponomar enko

Pl ease contact author <contact@pre.de> or visit
http: //ww. propul si on-anal ysis.comif you need
addi tional infornmation or have any questions.

reaction.js

****************************************************/

prop = Propellant();

prop.setRatio(6.0, "OF"); /Il Set OF weight ratio

prop. addOxi di zer ("O2(L)"); /1 Add oxidizer at it's normal tenperature
/1 and atnospheric pressure

prop. addFuel ("H2(L)", 0.8); /1 Add 1st fuel conponent at it's nornal

/1l tenperature and atnospheric pressure
prop. addFuel ("RP-1", 0, "K', 3, "atm', 0.2); // Add 2nd fuel conponent at
/1 it's normal tenperature and
[l pressure 3 atm
/1 The sum "H2(L) mass fraction" (0.8) + "RP-1 mass fraction" (0.2)
/1 must be equal to 1.0

/1 Print out propellant information
prop.print("Us");

pl’l nt("***************************************************") .

print ("Problem (p, H =const"); |

prl nt("***************************************************") .
1

ri = Reaction(prop);

ri.setP(10, "MPa");
ri.setH(prop.getH("Btu/lb-nol"), "Btu/lb-nmol");
rl.solve();

dl = Derivatives(rl);

/] Print out reaction information
ri.print("Us");
dl.print("US");

prl nt("***************************************************") .
1

print("Problem (p, T)=const");

pl’l nt("***************************************************") .
’

r2 = Reaction(prop);
r2.set P(10, "MPa");
r2.setT(6062.38174, "F", true); [/ Set "true" to switch to
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/1 isothermal problem
r2.solve();

d2 = Derivatives(r2);

[/ Print out reaction information
r2.print("Us");
d2.print("US");

prl nt("***************************************************") .

print ("Problem (p, S)=const"); ,

pl’l nt("***************************************************") .
’

r3 = Reaction(prop);

r3.setP(10, "MPa");
r3.setS(0.050, "Btu/(lb-ml R");
r3.solve();

d3 = Derivatives(r3);

/] Print out reaction information
r3.print("Us");

d3.print("Us");

Reaction Products

/***************************************************

RPA - Tool for Rocket Propul sion Analysis

Copyri ght 2009-2011 Al exander Ponomar enko

Pl ease contact author <contact@pre.de> or visit
http://ww. propul si on-anal ysis.comif you need
addi tional information or have any questi ons.

reaction.js
****************************************************/
| oad("resources/scripts/printf.js");

prop = Propellant();

prop.setRatio(6.0, "OF"); /1 Set OF weight ratio
prop. addOxi di zer ("Q2(L)"); /1 Add oxidizer at it's nornal

/1l tenperature and atnospheric pressure
prop. addFuel ("H2(L)"); /1 Add fuel at it's normal tenperature

/1 and at nospheric pressure

/1 Print out propellant information
prop.print("US");

r = Reaction(prop):
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r.setP(10, "MPa");
r.setH(prop.getH("J/ ol "), "J/nmol");
r.solve();

d = Derivatives(r);
products = r.getResultingM xture();

/'l Reaction products total nunber of noles
/1 The absol ute nunber does not nmatter, and only used
/1 for calculation of nole fraction
total Mol es = O;
for (i=0; i<products.size(); ++i) {
total Mol es += products. get Species(i).getN();
}

/1 Reaction products total mass (kg)

/1 The absol ute nunber does not natter, and only used
[/l for calculation of mass fraction

total Mass = total Mbl es*d. get M)/ 1000;

printf("%5s %9s %9s %is", "Nanme", "Mass Frac", "Modle Frac",

suml
sun®

0;
0;

for (i=0; i<products.size(); ++i) {
/'l Reaction product
s = products. get Speci es(i);

/1 Mass of reaction product (kg)

/1 The absol ute nunber does not nmatter, and only used
/1 for calculation of mass fraction

nmass = s.getN()*s.get M)/ 1000;

massFracti on
nol eFracti on

= mass/t ot al Mass;

= s.getN()/total Mdl es;
suml += massFraction;

sun? += nol eFracti on;

/1 We are printing out mass fraction in formt "99.7f",
/1l so skip all products with massFraction<le-7
i f (massFraction<le-7) {

conti nue;

}

printf(
"9%d5s 9. 7f 9®.7f %d",
s. get Nane(),

massFracti on,
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nol eFracti on,
s. get Condensed()

)
}
printf(
"od5s 99. 7f 9®. 7",
"Summ ",
suni,
sunp
)

Frozen Equilibrium

/***************************************************

RPA - Tool for Rocket Propul sion Anal ysis

Copyri ght 2009-2011 Al exander Ponomar enko

Pl ease contact author <contact@pre.de> or visit
htt p: // ww. propul si on-anal ysis.comif you need
addi tional information or have any questions.

frozen.js

****************************************************/

| oad("resources/scripts/printf.js");

prop = Propellant();
prop.setRatio(6.0, "OF"); [/ Set OF weight ratio
prop. addOxi di zer ("Q2(L)"); [/ Add oxidizer at it's nornal tenperature and
at nospheric pressure
prop. addFuel ("H2(L)"); /1 Add fuel at it's normal tenperature and
/'l atnospheric pressure

/1 Define chanber to calculate performance with frozen equilibriumfl ow,
/'l specifying nozzle area ratio where shifting equilibrium nodel

/'l switched to frozen one

chanber = Chanber Fr(prop, true, true, 10, "A/At");

chanber.setP(10, "MPa"); [// Chanber pressure

chanber. set Fcr(3); /1l Nozzle inlet contraction area ratio
chanber. sol ve(true); /1 finiteChanberSection=true

/1l Get nozzle area ratio where shifting equilibrium
/'l model switched to frozen one
frozenAt = chanber. get EquilibriunSection().getFr();

/1 Define an array with different expansion area ratios.
r =[2, 5 10, 20, 26.2, 40];

[/ Print out table header
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printf("#%s %8s ¥Bs 98s", "A A", "ls_v,s", "ls_v,ns", "ls, ft/s");

/1 Cal cul ate performance for each area ratio in the array.
for (i=0; i<r.length; ++i) {
s = r[i]>frozenAt ?
Nozzl eSecti onCondi ti onsFr (chanber, r[i], "A/AL", true)
Nozzl eSecti onCondi ti ons(chanber, r[i], "A/A", true);

/1 Print out current area ratio and cal cul ated vacuum
[l specific inmpulse ins, ms and ft/s.
printf(" 9. 2f 98.2f 98.2f 98.2f",
rii],
s.getls _v("s"),
s.getls_v("ms"),
s.getls _v("ft/s")
)
}

Nested Analysis

/***************************************************

RPA - Tool for Rocket Propul sion Analysis

Copyri ght 2009-2011 Al exander Ponomar enko

Pl ease contact author <contact@pre.de> or visit
http://ww. propul si on-anal ysis.comif you need
addi tional information or have any questi ons.

nested_anal ysisl.|s
****************************************************/
| oad("resources/scripts/printf.js");
/1 Load configuration file "exanpl es/ RD-275. cfg".
¢ = ConfigFile("exanples/RD-275.cfg");

c.read();

/'l Create Performance object, initializing it with | oaded confi guration.
p = Performance(c);

[l Array of OF weight ratios
r =[2.5 2.6, 2.7, 2.8, 2.9, 3.0, 3.1];

/1 Define an array with different expansion area rati os.
a = [10, 20, 30, 40];

[/ Print out table header

printf("#%ls %s %8s ¥8s 98s", "r", "AA", "ls v,s", "ls_opt,s",
"I's_sl,s");
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/1 Solve the performance problemfor each ratio in the array.

for (i=0; i<r.length; ++i) {
/'l Assign new O F weight ratio, replacing pre-configured one.
p.get Propellant().setRatio(r[i], "OF");

/1 Solve the conbustion problemfor given OF ratio.
p. sol ve();

/'l Cal cul ate performante for each area ratio in the array.
for (j=0;, j<a.length; ++j) {
s = p.solveNozzleSection(a[j], "AA");

/1 Print out current O F weight ratio and cal cul ated specific
[l impulse in vacuum at optimnmum expansi on, and at sea | evel.
printf(" 9%. 2f 9. 2f 98.2f 98.2f 98.2f",
riil, aljl,
s.getls_v("s"),
s.getls("s"),
s.getls H(1, "atnl, "s")
)
}

/'l Prepare the solver for restart.
p.clearForRestart();

Propellant Analysis

/***************************************************

RPA - Tool for Rocket Propul sion Analysis

Copyri ght 2009-2011 Al exander Ponomar enko

Pl ease contact author <contact@pre.de> or visit
http://ww. propul si on-anal ysis.comif you need
addi tional infornmation or have any questi ons.

propel I ant _anal ysis.js

****************************************************/

| oad("resources/scripts/printf.js");

mx = Mxture();
m x. addSpeci es("Q2(L)", 0.8); /1 Add 1st conponent at it's nornal
/'l tenperature and at nospheric pressure
ni x. addSpeci es("H2(L)", 0.15); /1 Add 2nd conponent at it's nornal
/'l tenperature and at nospheric pressure
nm x. addSpeci es("RP-1", 0, "K', 3, "atnm, 0.03); // Add 3rd conponent at
/1 1t's normal tenperature
/1l and pressure 3 atm
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m x. addSpeci es("AL(cr)", 0.02); // Add 4th conponent at it's
/1 normal tenperature and atnospheric
/'l pressure

/1 Total mass fraction of conmponents #2 (RP-1) and #3 (AL(cr))
sf = mx.getFraction(2) + mx.getFraction(3);

[l Array with different values of AL(cr) mass fraction
m= Array();
for (i=0; i<=1.0; i+=0.2) {

mMmlength] = sf*i;

}
/1 Print out table header
printf("#%s %%s ¥Bs ¥Bs 9%B8s", "RP-1", "AL(cr)", "ls_v,s", "ls opt,s",

"ls_sl,s");

for (i=0;, i<mlength; ++i) {
/1 Change mas fractions of conponents #2 (RP-1) and #3 (AL(cr))
m x. set Fraction(2, sf - nii]);
nm x.setFraction(3, nii]);

chanber = Chanber (m x);

chanber. set P(10, "MPa"); /| Chanber pressure
chanber. set Fcr (3); /1 Nozzle inlet contraction area ratio
chamber. sol ve(true); /1 finiteChanber Section=true

nozzl eExit = Nozzl eSecti onConditions(chanber, 40, "A/At", true);

printf(" 9%.3f 9%.3f 98.2f 98.2f 98.2f",
m x. get Fraction(2),
ni x. get Fracti on(3),
nozzl eExit.getls v("s"),
nozzl eExit.getls("s"),
nozzl eexit.getls H(1, "atni, "s")
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