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FOREWORD

This document describes an interactive software system - Visual Thermo-fluid dynamics Analyzer for Systems and Components (VTASC) for developing and modifying a model for the Generalized Fluid System Simulation Program (GFSSP). The document is meant to provide the new user with a basic guide to interactively developing a flow network model and generating a GFSSP Version 3.0 compatible main input file for a model of their choosing.

The development of VTASC was made possible by the support of Mr. Jim Snoddy of NASA MSFC, under task directive 560-6100-0100, for which Mr. Snoddy was the task initiator.
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VTASC – Visual Thermo-fluid dynamics Analyzer

 for Systems and Components
Version 1.0

This document introduces VTASC, a unique, cross-platform graphical user interface (GUI) designed to simplify the model building process for the Generalized Fluid System Simulation Program (GFSSP). VTASC allows the user to design GFSSP [1] models using an interactive  “point and click” paradigm. The program seeks to eliminate some of the more tedious, error prone and time-consuming operations associated with the model building process such as the selection of unique numbers for nodes, branches and the explicit specification of the upstream and downstream nodes for every branch. The models may be easily modified both in terms of additional nodes, branches and the model specific data. Figure 1 shows the main VTASC window.
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Figure 1 – Main VTASC window

The File menu

The file pull down menu, shown below, contains the functions to begin a new model, open an existing model, save the model, save the model with an alternate location and name, print the model to a printer, print an image of the model to a bitmap (.bmp extension) file, write an input file for GFSSP [1] based on the current model, and exit the application. The most commonly used of these functions are available, as short cuts, from the file input/output toolbar.
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The new model function will re-initialize the application to a clean state without having to exit and then restart the application; if model data is present then the user will be prompted to continue the operation. The open model function will present a file dialog to allow the user to select a previous model - note that all model files have a “.vts” extension. The VTASC model files are not synonymous with the GFSSP input files; GFSSP compatible input files may be generated, based on the current model, as described below. The save function allows the user to save the current model to a desired location. In the case where the model has not been previously read or saved a file dialog will appear to allow the user to save the current model to a given location. The save as function works identically except that a file dialog will appear in all instances. The print function will allow the user to print the current circuit to a printer. The print image function will save an image of the circuit in a bitmap file. The write GFSSP file function will become active once the user has input the required data; this is covered in the following section. Note, the save and print functions will not function until at least one node is present.

Specifying global model data

From the Edit menu, select the menu-option labeled Options… to display the Global Options dialog shown below in Figure 2. A left-mouse click on items listed to the extreme left allows access to the desired information within the right pane. As shown, selecting the “Instructions” option gives general instructions on the use of this dialog.


Figure 2 – Global Options dialog

Selecting the “General Information” item displays the following dialog (Figure 3) to access User Information, Solution Control, and Output Control. The User Information tab allows specification of the title, name of the analyst, GFSSP compatible input file and the output file to be generated by GFSSP. Note that the file menu option “Write GFSSP File” will become active only when the input and output GFSSP files have been specified. 

The Solution Control tab allows specification of certain characteristics of the solution procedure of a particular model. The user can choose between the first law and second law of thermodynamics based solution procedures for the energy equation. The user can also choose either a simultaneous solution procedure or the original hybrid solution scheme. In addition, the user can specify the relaxation parameters and choose the method by which the initial guess is made, as well as specify if restart files are to be used. The Output Control tab allows specification of the type of data to output during the GFSSP simulation. The options consist of inclusion (default) or suppression of: 1) network information; 2) extended thermodynamic and thermophysical information at the nodes; 3) the initial flow field. Note that the Accept button must be pressed upon modifying the data in any of the tabs. To reset the data to default on all three tabs press Default and then the Accept buttons.

[image: image3.jpg]Global Options





[image: image4.jpg]lobal Options





Figure 3 – General Information Dialogs

Selecting the “Circuit Options” item displays the following pane; refer to Figure 4 below, allowing access to Circuit Options and Initial Guess. The Circuit tab allows specification of the options that will be activated for this circuit. These options include: Inertia (with the ability to supply relative angles between adjacent branches); Rotation; Gravity; Buoyancy (requires Gravity to be activated); Heat Exchangers; Turbopumps; Moving Boundary; Momentum Source; Axial Thrust; Normal Stress; Heat Source. Additional information on these options can be found in the documentation for GFSSP [1]. 

The Initial Guess tab allows the user to set initial values of Pressure, Temperature, etc. for both boundary and interior nodes. The initial guess for all nodes may be changed, after the model has been built, by modifying the desired data and pressing the “Apply to All” button.
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Figure 4 – Circuit Options Dialogs

Selecting the “Unsteady Options” item displays the dialog shown in Figure 5. The unsteady options dialog allows users to choose from various levels of unsteady modeling. The options in this window include: Steady (default); Quasi-Steady; Time Step; Start Time; End Time; Print Interval; Unsteady; Variable Rotation (user specifies variable rotation file name); Variable Heat Load; Variable Geometry (user specifies the variable geometry file name); Tank Pressurization. Additional information on these options can be found in the documentation for GFSSP [1].
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Figure 5 – Unsteady Options Dialog

Finally, selecting the “Fluid Options” item displays the dialog shown in Figure 6. The fluid options dialog allows users to choose the thermodynamic property approach used in the model. The user can choose from the imbedded thermodynamic property packages 1) GASP and WASP or 2) GASPAK. Additionally, the user can choose a constant density fluid (the energy equation is not calculated with this option and this option cannot be used with fully unsteady modeling), or an ideal gas by specifying the fluid gas constant, specific heat, viscosity and the thermal conductivity. Also, choosing the constant density fluid option causes the program to set the flow to steady and all unsteady options to be turned off. Information on these options can be found in the documentation for GFSSP [1].

Desired fluids from the library of fluids may be selected and added to the selected fluids list by pressing the [image: image7.jpg]


 button. Fluids may be deleted from the selected fluids list by selecting the unwanted fluids and pressing the [image: image8.jpg]


 button. Note, that once a series of fluids have been added to the selected fluids list, choosing a different thermodynamic property package will automatically remove the previously chosen fluids.
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Figure 6 – Fluid Options Dialog

Fluid circuit design

Boundary and interior node placement and deletion

The boundary node addition tool [image: image10.jpg]


 is used to place boundary nodes on the drawing area, henceforth called the canvas. Upon selection of this tool the user may add boundary nodes by moving the mouse to the canvas and pressing the left mouse button. During the addition process the node may be moved by pressing and holding the left mouse button, moving the mouse and then releasing the mouse button at the desired location. Placing a node will activate the delete function in the toolbar, edit menu or by typing CTRL+D. Similarly, interior nodes may be added by selecting the interior node addition tool [image: image11.jpg]


. 

Note that the nodes are automatically given unique numeric identifiers. Figure 7 shows a canvas with a number of boundary and interior nodes.
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Figure 7 – Boundary and interior nodes on canvas

The selection tool [image: image13.jpg]1S



 is used to select the desired node and either modify its location or to enable its deletion. Positioning the mouse and pressing the left button performs the selection; upon selection the selected node will be shown with a red border. Repositioning a node is simply performed by pressing and holding the left mouse button over a node, moving the mouse to the desired location and releasing the left mouse button. A press of the left mouse button, within the canvas, away from any nodes will deselect any previously selected node.

Boundary and interior node properties specification

A right mouse button press upon a node will select the node and present a popup menu [image: image14.jpg]Delets

Propeties.



 allowing the user to delete or set the properties for the indicated node. Choosing the Properties … option will present the dialog shown in Figure 8 below. The appropriate inputs will be activated dependent upon the choices present within the Global Options dialog and the type of the selected node whether boundary or interior. 

The user may modify the desired data within this dialog. To modify the concentration of a given fluid select the desired fluid and type in the desired concentration. Note that directly upon selecting a fluid the user may type without having to reposition the mouse. To change the numeric identifier for a node, simply type in the desired numeric identifier (maximum of 5 numbers). Pressing the OK button will accept and adjust the revised data and a press of the cancel button will reject the revised data. Also, in the case of an unsteady flow each boundary node will be automatically assigned a unique Node History File name that is subject to user modification.
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Figure 8 – Node Properties Dialog

Branch specification and deletion

The branch addition tool [image: image16.jpg]


 is used to specify the branches between the nodes. Selection of this tool immediately causes each interior and boundary node to be drawn with a series of “handles” as denoted by the green squares in Figure 9 below. 
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Figure 9 – Nodes with branch “handles”

The “handles” serve to clearly identify eight possible locations, on a node, where the initial (upstream) or terminal (downstream) points of a branch may be located. Note that an unlimited number of branches may initiate or terminate at each “handle”. There are two different types of branches that may be created; the first being a directed line segment between any two nodes while the second type is two possibly discontinuous line segments. In either case, a left mouse button click on a “handle” will initiate a branch - once an initial “handle” (specifies the upstream node) has been selected further movement of the mouse will draw a directed line segment from that “handle” to the current location of the mouse, as shown by Figure 10(a). For the first type of branch, selecting another “handle” completes the branch, as this second “handle” effectively specifies the downstream node (Figure 10(b)).


(a) (b)

Figure 10 – Direct line segment branch

The second type of branch is initiated identically however, after selecting an initial “handle”, an additional anchor point may be set at any location on the canvas by a press of the left mouse button at the desired location. The branch is then completed, as usual, by selecting another “handle”. This series of steps are shown in the figures 11(a) and 11(b).


(a)








      (b)

Figure 11 – Two-line segment branch

Completing a branch will activate the delete function in the toolbar, edit menu or by typing CTRL+D. As shown Figures 10(b) and 11(b), a unique numeric branch identifier is automatically generated and the directed arrowhead visually defines the branch upstream and downstream node relationship. A click on the branch addition tool [image: image18.jpg]


 may be used to clear a branch currently under design and reinitialize the process. The selection tool [image: image19.jpg]1S



 may be used to select the desired branch and either modify its location or to enable its deletion.

Figure 12 below shows an example fluid circuit complete with nodes and branches.
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Figure 12 – Example fluid circuit with complete branch connections

Branch resistance specification

Specification of a new branch shows an 
[image: image21.wmf] 

 image, which visually indicates that the resistance for this branch has not been specified. A right mouse click upon the image will present the following popup menu to allow the user to either delete or specify the “Component”, i.e., the resistance for the branch. The properties option will be activated once a resistance has been selected for the branch and the Rotation/Momentum Data option will be activated in the case where either Rotation or Momentum is selected in the global options and for the specific branch under consideration.
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Choosing the “Component …” option will present the resistance options dialog shown in Figure 13 below.
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Figure 13 – Branch Resistance options dialog

This dialog shows pictorial representations for each of the nineteen branch resistance options currently allowed in GFSSP [1] - note that the Control Valve option will not be available for steady flows. To assign a resistance option, left click on the desired component and press the Accept button. Figure 14 below shows an example where each of the branches has been assigned a resistance option.
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Figure 14 – Example fluid circuit with resistance options

The user may at any time change the resistance option for a branch without deleting the previous branch.

Branch resistance properties specification

A right click of the mouse on a branch where the resistance has been specified will present a popup menu, illustrated below, with the “Properties …” option activated.
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Choosing the “Properties …” option will present a dialog that is specifically tailored to receive input for that resistance option. In all instances, the properties specification dialogs behave in an identical fashion however, the “Fitting and Valves - [image: image26.jpg]


” dialog is somewhat different and will be shown as an example. Choosing the properties option, for a fitting and valve, will present the dialog shown in Figure 15. The user can input the desired data or use the tree structure to the right to select a desired fitting or valve. Selection of a fitting or valve, from the tree, will load its specific data into the fields to the left; this data may then be edited as desired. The Accept button must be pressed to apply the data.
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Figure 15 – Fittings and Valve resistance option Properties dialog

In general, the following applies to every resistance option. To change the numeric identifier for a branch, simply type in the desired numeric identifier (maximum of 5 numbers). For the unsteady case, the initial flowrate may be specified, and depending upon the selected global options the  “Rotation”, “Momentum Source” and “Inertia” checkboxes may be active. Notice, in this case, that the “Rotation” and “Inertia” checkboxes are active and that the former has been selected. A right click of the mouse button will present the popup menu with the “Rotation/Momentum Source” option active and selecting this option will present the following dialog (Figure 16) to allow input of the relevant information.
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Figure 16 – Rotation/Momentum dialog

Specifying advanced model data

GFSSP contains many advanced features. These advanced features include: Heat Exchanger; Tank Pressurization; Turbopump; and Transient Heat Information. Details regarding these advanced features are found in the GFSSP documentation [1]. If any or all of the advanced features are selected, the user can input the appropriate information by selecting the option corresponding to the feature from the Advanced pull down menu illustrated below.
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The dialogs for each of the advanced options operate in an identical fashion. The user may add any number of the selected advanced component by pressing the Add button. To modify the data for a component the user must select the preferred component, modify the data and press the Accept button. To delete a component press the Delete button after a component has been selected. Figures 17-20 illustrate each of the advanced components dialog.
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Figure 17 - Transient Heat Load option dialog
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Figure 18 - Heat Exchanger option dialog
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Figure 19 - Tank Pressurization option dialog
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Figure 20 - Turbopump option dialog

REFERENCES

[1] Majumdar, A.K., “Generalized Fluid System Simulation Program (GFSSP) Version 3.0, MSFC Group Report Number MG-99-290, November, 1999.






































































MSFC Group





620 Discovery Drive





Huntsville, Alabama  35806





George C. Marshall Space Flight Center





Science and Engineering





Contract NAS8-40836





VTASC – Visual Thermo-fluid dynamics Analyzer for Systems and Components








A visually, interactive flow network building system for GFSSP








Report No.:  MG-01-113











Prepared by:








Saif A. Warsi











February 20001








MEVATEC





Micro Craft





Raytheon 





ERC





Morgan





Qualis








PAGE  
i

_1038635916.doc
[image: image1.png]






