
Good Morning

a) I would first like to thank Joachim Kurzke for inviting us to participate today

a) I also thank ASME/IGTI for providing the venue

a) And thank you all for taking the time to attend

a) Due to the limited time frame and the amount of material I wanted to cover

i. I will be moving through the slides fairly quickly.

i. So to give you all a chance to ask any questions you may have about NPSS 

i. We will be available after the session in the exhibit hall all afternoon

ii. We are also hosting a cocktail reception this evening and you are all 
invited to join us

iii. There are invitations here.  Bring one with you and we’ll buy the first 
drink and be more than happy to answer any questions you may 
have about NPSS

i. We are also going to put our slide presentations out on our web site when we 
return home next week.
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The idea for NPSS originated in the early 1990s when NASA formed the NASA Industry Cooperative 
Effort (NICE-1)

A number of the largest U.S. Aerospace companies joined as Industry partners

The focus for NICE-1 was to develop a common modeling tool for aircraft and space craft power 
applications

c) NPSS was first made commercially available to U.S entities in 2003 then non U.S entities 
a few years later

d) Currently NPSS distributions are available to anyone in compliance with U.S. Export 
Control Law

e) In 2008 the industry partners along with Lockheed Martin and later Rolls Royce U.K.

formed a consortium for the purpose of further developing NPSS

NASA  issued a license to the Consortium allowing them ownership of any 
derivatives they developed.

f) NASA has stayed on as a significant contributor and user of NPSS

g) The second production release of the consortium version of NPSS (version 2.3) is due out 
later this month.
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My company Wolverine Ventures is an engineering software firm, headquartered in 
Jupiter, FL, USA

We specialize in NPSS related support including

Training 

Sales

Service

Customized Modeling

Since early on in its life cycle myself and many of the members of my staff have been 
heavily involved in the development of NPSS both as contractors to NASA as well as 
industry partner employees.

Since 2003 Wolverine has been the sole external developer of NPSS

Initially under the direction of NASA and the industry partners

And now under the direction of the NPSS Consortium 

As of last year we also have an exclusive contract for the world wide distribution of NPSS

A large part of our work also involves NPSS training and developing validation models for 
our NPSS customers.
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So what exactly is NPSS?

NPSS is a simulation tool for developing models of gas turbines and other complex 
systems
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It uses a linked building block approach to define the configuration of the system

Groups of components can be combined into assemblies where appropriate

Multiple operating modes were implemented to support various engineering tasks

Its Object Oriented Design provides for a large amount of flexibility while keeping 
the system robust.
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Although NPSS primarily supports performance analysis 

Its architecture was designed to allow models to support a number of different 
system types and disciplines  

Some of these are things such as Secondary flow and Fuel delivery 
systems

As well as Thermal Management and Environmental Control systems

Airframe subsystems

And even airframe sizing simulations like the Air Vehicle Model we 
developed with Belcan Engineering  

Models developed in NPSS can be useful in multiple disciplines throughout the life 
cycle of the product.



The ultimate goal of NPSS is the creation of a virtual test cell which would 

1. Push the manufacturing of parts as far down the development cycle as 
possible

1. And support Test, manufacturing, product upgrade and repair 
development throughout the production life of the product
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NPSS can be run in batch mode where you define the run options and files to be loaded and 
execute from the O/S command line

You can also run in Interactive mode which allows you direct control of execution including 

Loading and interpreting of files

Development of components, functions, and macros

and the issuing of NPSS and system commands

The interpreter also includes an interactive debugger

There was a GUI originally developed for the system, called the VBS, but it was not released 
by the consortium for a couple of reasons

They felt the product was not far enough along in its development

They didn’t like the look and feel of the product

And they felt its architecture didn’t make it flexible enough for future growth.

So they launched a project to develop a new GUI that is expected to be released with version 
2.4, due out early 2011.



NPSS comes standard with two component libraries 

The first is a complete set of elements and subelements for gas turbine 
engine models

The second includes a number of Fluid Network elements and subelements
for running system models that need to support two phase flow and/or are 
closed loop systems

All the components are provided in both interpreted and compiled form.

And you can of course modify these component classes and/or add your own

We at Wolverine are also developing a number of additional component libraries to 
support, among other things,

Heat Transfer components

Refrigeration cycles

Alternative Energy Systems

9



10

NPSS has a number of operational capabilities.

You can simultaneously run the model at multiple flight envelope conditions and converge on a solution 
that

meets all the design criteria.

Standard operations include running in Steady State, Transient, and Date Reduction modes

You can convert interpreted files into compiled code for 

Protection of proprietary codes

Increase speed for operating in real time

NPSS has a very robust and flexible solver and although you don’t need to modify any of the solver settings in a lot of systems 
you do have the ability to make significant adjustments to fine tune the solver where needed.

NPSS also supports numerous industry standard and customizable thermodynamic property packages from 
NASA, PW, GE, NIST, and Honeywell.  There is also a customizable package call FPT that can model any fluid 
that you have thermo properties for.  

The Customer Model Generator is used to place a security wrapper around your model to control access when you want to 
deliver the model to an external customer.

With it you can define which parameters are read only and which can be modified by the customer.

You can also define which types of objects (such as ram recovery tables, or installation 
routines) that the customer may create and use in the model.

NPSS was designed with an open, extensible architecture which makes it very easy to interface with virtually 
any legacy code or Commercial Off The Shelf application.



So how do we go about building a model in NPSS?

For the purposes of this tutorial I am going to use a Combined Cycle Power 
Generation Plant

This model we call the CCPG is used in most of our more detailed training packages

We like it because it allows us to demonstrate many of the tool’s capabilities and 
give the student a well rounded introduction to NPSS
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The CCPG is a combination of a hydrocarbon fueled, open loop Brayton and a steam 
based, closed loop Rankine cycle

Waste heat from the Brayton cycle is used to power the Rankine cycle so as to 
extract the maximum amount of energy from the fuel used to power the system.
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All NPSS input comes through the command line interface, usually via an 
input file.

You use the command interface to:

Select the Thermo Package

Define the model’s configuration

Initialize the necessary parameters

Setup the Design Solver and run the Design point

Once the design step is completed you then set up the model to run in Off 
Design mode.  You do that by

setup the Off Design Solver 

and run all of your analysis points
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The key to modeling any system is having the appropriate thermodynamic 
properties available

If you are modeling a fluid within your system the first thing you want to do is to 
select the appropriate property package

Note that you can reset the default at any time during the instantiation of the 
model.
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The model file defines the system configuration

You build it by selecting Elements from either the component libraries or custom components you 
have developed.

Elements can contain a number of special object types

For example Sockets are used as locations to plug in subelements

Subelements provide a place to put model specific codes like component maps, etc. while 
the Elements do all

the top level code common to all components of that type.

You can also create FlowStations, which contain copies of the property package, for making internal 
thermodynamic calculations such as calculating ideal compression values.

Ports, either fluid, shaft, thermal, data, or electrical are used to link the Elements together

Pre & post execution functions can also be defined to expand the functionality of an Element without 
having to modify its execution logic.

Groups of components in the model can be placed in an Assembly.  

Examples would be a customer’s code that used multiple copies of the model within their 
system such as on a 

multi engine aircraft or a power plant with multiple models running in their overall system 
model.

The assemblies would be identical copies of each other but be able to be operated 
independently from each other.
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To set up to run in Design mode you would

1) first set the appropriate design parameters

1) and then add the appropriate independents and dependencies to 
the solver.

Running the model in design mode is typically used to scale all the turbo-machinery 
maps and set the necessary duct areas 

Note that the design step may not be necessary for your model

NPSS models are by default parametric in nature.

so if you already have the properly scaled component maps and 
design parameters calculated you can bypass this step
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You would then setup the Off Design solver to run things like

performance analyses

or develop control schedules

Typical Off Design balances are used to Conserve mass and energy and run to 
required power ratings.

A power management balance for example would vary fuel flow rate to run to a 
specific Turbine inlet temperature, rotor speed, power output, or some other 
engine parameter.

17



To add the Rankine steam cycle to the Brayton model we need to consider two 
phase flow.

To accomplish this in our model we switched to the Fluid Property Table package 
FPT and selected a set of water tables we generated using, in this case, REFPROP.

We also added functions that would allow us to model the mixed phase flow under 
the dome. 

NOTE: That some property packages such as REFPROP already contain two phase 
capability and would not require any additional special functionality.  

We needed them here because we don’t yet have REFPROP installed in NPSS as a 
standard package type.  It will be available in NPSS version 2.4
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Adding the Rankine cycle required another addition to the model and that was to

Include a custom component that allowed us to close the loop

If we wanted to we could create the Brayton and Rankine cycles in the same top 
assembly or we could place them both in separate assemblies and tie them 
together with balances.

Although we don’t include the latter option as part of our training course, this 
would allow us to replace either of the cycles with another one without having to 
make any significant changes in the overall model.

For example we could replace the Brayton cycle with a nuclear, solar thermal, or 
geothermal heat source. 

Or replace the steam based Rankine cycle with one of a completely different cycle 
such as a building’s forced air heating system
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Once we have added all the Rankine components and linked them together

We then update the Design solver and
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And the Off Design solver to include the balances needed for the Rankine cycle
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Output from NPSS models can come in a number of formats.

1) The example here is for a Page Viewer – Page Viewers form nicely formatted output for 
customers, presentations, and the like.

But there are a number of other standard viewer types provided with NPSS including:

VarDump viewers dump a list of user specified parameters and their values.  

They are primarily used for model development and debugging during 
interactive running

Case Row & Case Column viewers are excellent for output of multiple steady state 
points or transient runs

You can also develop your own custom data viewers.

The most common is for storing data in a binary format for input to plotting programs 
or external codes.

The data is more accurate and easier to access that with text based viewer types.

22



Besides Steady State operation you can also run your models Transiently for 
things like

Control Schedule Development

Bench testing of engine hardware or software

and for supporting flight simulators

You setup your model for transient operation by

Including Transient capable Heat Transfer Subelements where 
necessary

Then specifying all the rotating component inertias
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Once the model is set up you then

Set the solution mode to Transient.

Define stop time and optionally the start time

Set the time step which can be a fixed value, the output of a function, or select 
adaptive time stepping).

You define any time dependent schedules needed

Then run the set of points with the Transient.run() function

Running a transient model in Real Time such as bench testing and flight simulators can 
require some additional considerations for speed if the model is very large.

You will probably want to convert any interpreted components into compiled code 
with the NPSS Code Converter

You may want to limit number of iteration passes allowed for each time step if you 
are comfortable that even if the model has not completely converged yet that it is 
close enough.

You will also want to prevent the solver from wanting to regenerate the matrix 
during the run.  You can address model stability issues by creating a number of 
solver matricies and loading them where necessary.
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Data Reduction mode is used to force the model to run to supplied engine test 
data.

You set the model up for DR mode by inserting InstrumentDuct Elements 
anywhere additional test instrumentation is placed in the test article that may 
cause a pressure loss such as a temperature or pressure rake.

The pressure drop across these components can be easily turned off for non DR 
operation without having to modify the model.

Instrument Elements can also be inserted.  They are the interface to the test data 
being input.  They can, where necessary, be used to process raw data and 
provide the needed values for the engine station.

The solver is then updated to provide balances to force the model to run to the test 
data.  

An example would be a balance that instead of reading the compressor map to 
get efficiency the solver would adjust the compressor efficiency to match the 
test value for the exit temperature
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We think you will find NPSS to be a very powerful and versatile tool for modeling 
any number of complex systems.

Does anyone have any questions I can answer in the time I have left?

I wish I had more time to cover this material in more detail but please stop by and 
see us either in the exhibit hall after this session or at our reception this evening.

Please stay for the next presentation where Paul Johnson will cover the more 
advanced topic of interfacing external codes with NPSS models. 

Thank you
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