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Identification Information

Software Title:
Generalized Fluid System Simulation Program (GFSSP) Version 3.0

NASA Case No.
  MFS 31600-1

Responsible Center(s):
  MSFC

Software’s Developmental Status

Current Technology Readiness Level:
  TRL8

Science & Technology Significance Part A - Impact on NASA’s Mission

GFSSP is a generalized fluid system modeling software that was developed primarily to analyze the internal secondary flows in rocket engine turbopumps to estimate the axial loads on the turbopump bearings.  Before the development of GFSSP, there was no generalized flow analysis code capable of analyzing the internal secondary flows in a turbopump.  GFSSP 
has been extensively used to support the design of MC-1 engine turbopump.  Henry Stinson, the Turbomachinery and Combustion Devices Group Lead at MSFC has commented that the secondary flow analysis that was done on the MC-1 turbopump was more thorough and could not have been accomplished within the program resources and schedule without having GFSSP available. GFSSP has also been used to ensure that the proper propellant conditioning existed in the feed system of the Propulsion Test Article during the testing of MC-1 engine.  Many NASA programs including SSME, X-34, X-33, Shooting Star Experiment, and ISS (International Space Station) have benefited from the use of GFSSP.  This unique easy-to-use fluid system analysis program provides the designers of propulsion systems with capabilities not found in other commercial fluid analysis codes including: phase changes, compressibility, mixture thermodynamics and transient operations.  The code is capable of handling both incompressible (liquid) and compressible (gas) flow systems or a combination of these two.  GFSSP's generalized formulation allows for rapid application to a wide variety of situations that results in reduced cost when compared with building specific-purpose analysis tools that have limited applicability.  The application of GFSSP to propulsion system design problems can also result in cost savings through a reduction in hardware testing. In all applications, the cost of a GFSSP run is many orders of magnitude lower than the cost of a corresponding experimental investigation.  A computational parametric investigation can be performed with remarkable speed.  Additional cost savings can be realized by reducing the amount of instrumentation required during testing. The GFSSP solution of a flow circuit gives detailed and complete flow field information.  Obviously, no experimental study can be expected to measure the distribution of all variables over the entire circuit for a given period of time. Cost savings to date is estimated to be between $825,000 to $1,545,900.

Science & Technology Significance Part B – Impact on Other Science & Technology 

Due to its generalized capabilities, GFSSP has the potential to make a significant impact in any industry that must analyze fluid flow processes.  These include, but are not limited to, chemical and petroleum, power, automobile, and Heating, Ventilation and Air-Conditioning (HVAC) industries. Concepts/NREC has utilized GFSSP as a system level program to provide boundary conditions for CFD and structural analysis programs used in the design of turbomachinery. This investigation was part of one SBIR (Small Business Innovative Research) program.  The code has also been linked with the popular thermal analysis code SINDA so that coupled fluid flow and heat transfer analysis can be performed.  Due to the unique capabilities of GFSSP, this greatly expands the types of systems that can be analyzed with the existing commercial version of SINDA.  GFSSP has been used as a teaching aid in undergraduate curriculum and as a research tool in graduate curriculum at the University of Alabama in Huntsville.  

Extent of Current and Potential Use

GFSSP has been used by government and contractor employees to provide fluid analysis support to NASA propulsion and payload development programs at MSFC (Henry Stinson/TD61, (256) 544-7077, henry.stinson@msfc.nasa.gov) and DFRC (Masashi Mizukami, (661) 258-3096, mashashi.mizukami@dfrc.nasa.gov)  Contractors utilizing GFSSP include Pratt & Whitney (Kevin Kincaid, 561-796-8978, Kincaid@pwfl.com),  Sverdrup Technology (Tom Beasley, 256-544-6422, tom.Beasley@msfc.nasa.gov) and independent consultant (Dave Mohr, D&E Propulsion & Power Systems, 3840 Hammock Road, Mims, Florida 32754, (407) 264-0409).  The MSFC Technology Transfer Office (Sammy Nabors/CD30, (256) 544-5226, sammy.nabors@msfc.nasa.gov) worked with the Research Triangle Institute (RTI) (Amy Witsil, (919) 541-6923, awitsil@rti.org) to explore the commercial feasibility of GFSSP.  Two companies are in the final stages of procuring a licensing agreement to commercialize the code.  Concepts/NREC ( Mark Anderson, 217 Billings Farm Road, White River Junction, VT 05001, (802) 296-2321, manderson@conceptseti.com) has been using this code in a SBIR program funded by MSFC.  GFSSP has been used at UAH in undergraduate thermodynamics courses (Dr. Clark Hawk, Professor of Mechanical & Aerospace Engineering, (256) 890-7200, hawkc@email.uah.edu).

Potential users of GFSSP in Federal, State and private sectors will include those involved in the  design of flow distribution in HVAC systems, cooling of electronic circuits, flow distribution in heat exchangers and cooling towers, chemical processing and pharmaceutical applications.  

GFSSP sponsors and developers are expanding the code's user base through a variety of methods.  One of the most important methods is publishing or presenting technical papers related to GFSSP developments or applications in technical journals or conferences. To date, over 20 GFSSP related papers have been presented or published.  Another technique employed to expand the usage of GFSSP is to conduct users workshops and training sessions.  To date approximately 150 engineers across the United States have been trained to use GFSSP.  The final method being used to expand the GFSSP user community involves the exposure of university students to the code in undergraduate thermodynamics courses.

Usability of the Software

The objective of GFSSP was to develop an easy-to-use generalized fluid flow system solver capable of handling the different physical processes encountered in a typical thermo-fluid system.  This generalized approach reduces analytical costs associated with building specific-purpose analysis tools that have limited applicability. The intent of this effort was that an engineer with an undergraduate background in fluid mechanics and thermodynamics would be able to rapidly develop a reliable model.  Advanced users can introduce custom features into their models through user supplied subroutines.  The objective of this effort has been successfully implemented as validated through the diverse applications of GFSSP that have been published in technical journals.

To facilitate the construction of the model, GFSSP uses a Graphical User Interface (GUI) named VTASC (Visual Thermo-fluid Analyzer for Systems and Components).  VTASC incorporates an interactive point and click technique for building a flow model. Model components (boundary nodes, internal nodes and branches) are selected from a tool bar and placed in a workspace to create the flow network.  Model components can then be selected with the mouse and defined through a series of pop-up menus.  Once the model is fully developed, VTASC creates a GFSSP input file, which can then be processed with the GFSSP solver.  

The output from GFSSP consists of a text file and Microsoft Excel formatted data files.  The text file contains detailed and complete flow field information in an easy to read format. The two Microsoft Excel formatted data files contain information for the given model in a format that makes it easy to import the data into Excel for plotting.

Both GFSSP and VTASC are extensively documented and example problems demonstrating most of GFSSP's capabilities are included with the code.  The code, documentation and example problems are distributed from a MSFC web site (http://eodd.msfc.nasa.gov/GFSSP/).  The code developers are available to the user community for technical support. 

GFSSP users workshops and training sessions are held through the year as necessary.  The workshops are a forum for GFSSP users to disseminate the work they have been performing and to provide feed back to the code developers.  The training sessions are used to provide new users with hands on experience running GFSSP under the guidance of experienced users.  The workshops also provide an avenue for code users to discuss the need for adding additional features with the code developers.  Many of the current features have been identified by this process.  It was through this avenue that the need for a “point and click” GUI was identified to reduce model development time.  VTASC resulted from this need.  The next hands-on GFSSP training courses has been scheduled for summer and fall of 2001. 



Quality Factors Considered in Software

Architecture: GFSSP has a modular structure.  It consists of three main modules: 1) preprocessor 2) solver and property modules and 3) user subroutines. VTASC (Visual Thermo-fluid dynamics Analyzer for Systems and Components) is the Graphical User Interface (GUI) preprocessor program designed to simplify the model building process.  VTASC is an object-oriented program that allows the user to interactively create the flow network models using an interactive “point and click” paradigm.  All of the input specifications, including the boundary conditions, are specified through the preprocessor.  The solver module consists of the subroutines that provide the initial conditions and then develop and solve all of the conservation equations in the flow network and provide the output.  The property module consists of the fluid thermodynamic property programs, which provide the necessary thermodynamic and thermophysical property data required for solving the resulting system of equations.  Advanced users also have the ability to introduce additional capability in the code through twelve user subroutines which are called from various locations in the solver module.  These subroutines can be used to implement customized physical or chemical models, new flow resistances or fluid options, variable geometry and boundary conditions.  User subroutines have been developed for mass transfer, boiling and condensation heat transfer and are available to users through the GFSSP web site.

  

Programming Language: GFSSP’s preprocessor, VTASC, is written in the C++ language using the advanced tool kit Qt supported by Trolltech.  VTASC creates the GFSSP input file using an ASCII text file format.  GFSSP’s solver and property module reads the input data file and links with the user subroutines to calculate the problem solution.  GFSSP’s solver and property module and user subroutines are written in FORTRAN and were developed on a PC using a Lahey Fortran Compiler.  The source code has also been compiled with a Compaq Fortran Compiler for use on the PC.  Unix and Macintosh based FORTRAN compilers were used to create executables for those operating systems. GFSSP creates output files for printing and plotting.  Users can also create a customized output file for post-processing using commercial plotting programs like Techplot.



Operating Environment:  GFSSP’s preprocessor VTASC runs in either the PC or Unix operating environments.  GFSSP’s solver and property modules and User Subroutines run in the PC, Unix and Macintosh operating environments. However, they must first be compiled with a FORTRAN compiler developed for that operating system.  

 

Reliability:  GFSSP numerically solves the conservation equations for mass, momentum, energy and concentrations in the entire flow network consisting of nodes and branches.  The program closely monitors the residual error in each conservation equation of the network and the percentage variation of key variables in successive iterations.  GFSSP imposes a stringent criterion on these values and does not consider the solution to be converged unless both criterions are satisfactorily met.  GFSSP also has a “numerical-recovery” system.  GFSSP solves the mass and momentum conservation equations by the Newton-Raphson method.  In a case where numerical instability is observed in the Newton-Raphson method, a successive substitution method is called in to provide a new solution and then the solver restarts the Newton-Raphson method.  This recovery system has been found to very effective in determining a solution for a complex flow network.  Models as big as 65 nodes and 64 branches result in a set 324 simultaneous equations that must be solved, has been successfully executed for transient pressurization analysis.  The improved solution scheme has a remarkable impact on speed of convergence.  For complex flow systems, such as the internal flow in turbomachinery, there is about 80% savings in computer time.

 

Function: The main objective of developing GFSSP was to create an analysis tool that would be used to predict the internal flows in a rocket engine turbopump.  Turbopump designers needed the tool so they could calculate the axial load on the turbopump bearings and ensure proper functioning of inter-propellant seal.  The model predictions matched test data of MC-1 engine turbopump within 5%.  GFSSP’s prediction of pressure history in propellant tanks of Propulsion Test Article 1 matched extremely well with test data.  

Performance:  GFSSP’s latest preprocessor, VTASC, is highly intuitive and as a result, model building time has been reduced by a factor of 10 when compared with its predecessor.  GFSSP runs much faster than most Navier-Stokes codes because of its improved solution algorithm.  GFSSP has met its original objective which stated that an engineer with an undergraduate background in fluid mechanics and thermodynamics should be able to rapidly develop a reliable model.

Reuse:  Although GFSSP has been developed to calculate the internal secondary flows in a rocket engine turbopump and to perform transient analysis of propulsion feed systems, its generalized nature and extensive availability of fluid and resistance options allows the users to analyze a wide variety of applications.  It has made use of public domain and commercial software to calculate thermodynamic properties.  Also, previously developed user subroutines, available from the GFSSP web site, can be reused with minimum modifications.

Maintainability:  GFSSP’s modular code structure has allowed its developers to add new capabilities over the last six years.  During this period, backwards compatibility with earlier code versions was maintained so that users would not have to reconstruct models created with the earlier versions of the code.  Since the same source code runs in the PC, Unix and Macintosh  operating environments, it is relatively easy to maintain the code.  The code is distributed from a web site which facilitates the process of providing the code updates to the user community.  



Intellectual Property

Copyrights Granted:


Patents Granted:
 Patent Application Number 09/313,576 filed on 05/07/99

Innovation

GFSSP was developed to satisfy the need for a tool that could be used to predict the secondary flows within rocket engine turbopumps during the design process.  Before the development of GFSSP, there was no generalized flow analysis code available to analyze these internal secondary flows in a turbopump.  Navier-Stokes based CFD codes are not appropriate for such flows.  Commercial fluid network flow codes lacked the required capabilities such as cryogenic fluid properties, fluid mixture, phase change and rotation.  Due to its use of a simultaneous solution scheme, GFSSP maintains a strong coupling between the thermodynamics and fluid mechanics.  GFSSP is easy to use and it employs a robust numerical solver. Due to GFSSP's modular code structure, customized models can be developed using the user supplied subroutines.  One novel feature that does not exist in any other network analysis code is the ability to perform multi-dimensional flow calculations.  GFSSP also has the unique capability to solve the energy conservation equation based on the Second Law of Thermodynamics by using entropy as the dependent variable instead of enthalpy.  This allows designers to estimate the amount of entropy generation during design optimization studies.
  GFSSP employs an unique algorithm, SASS (Simultaneous Adjustment with Successive Substitution).  In this scheme, the equations that are more strongly coupled are solved by the Newton-Raphson method.  The equations that are not strongly coupled with the other set of equations are solved by the successive substitution method.  Thus, the computer memory requirement can be significantly reduced while maintaining superior numerical convergence characteristics.
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