REGEN3.3 Quick-start Guide

1. Overview.

This document is an introduction to the graphical interface for the REGEN3.3 regenerator model. This interface controls the model by a sequence of menus thus reducing the need to recall a large set of variable names.

2. Installation and basic operation.

The REGEN3.3 package for a Windows computer is available on the NIST website.  The file that should be downloaded to a directory is REGEN33.zip.  This should be expanded by the “unzip” command.   The downloaded file will expand into four executable programs DATAGUI, RG33, GRAPHIT, RUNGUI, as well as the User Manual, this quick-start document, and one directory containing examples.  The DATAGUI program provides a graphical interface that can be used to prepare data that defines the regenerator.   This data is then supplied to the RG33 program that will simulate a number of cycles of operation of the regenerator.  The GRAPHIT program is used to view graphs of the model output such as the enthalpy flux or temperature over the last cycle at the cold end.  The RUNGUI program simply combines these three job steps into a single job step.  The directory  contains examples of input data files along with the corresponding output files. 

Each data set and model run is identified by the run number NRUN that you must supply to DATAGUI.  The DATAGUI program will ask for this number and will eventually output two data files.  If the run number is 2001 then the files will be DATA2001.TXT and DATA.DAT.  The first is just for record keeping, the second is used by the computational model RG33 for input data.  Once the input data is complete then you should exit DATAGUI and double-click on the RG33.EXE file.  This will model the regenerator using the data in DATA.DAT and produce two output files.  If the NRUN value written to DATA.DAT is 2001 then these files will be RGPR2001.TXT and RGWT2001.  The first contains the printed output such as the gross cooling GRCOOL and other output parameters.  If you double-click on this file the computer will bring this file up in the NOTEPAD editor and you can scroll through the file to study the results.  The second file RGWT2001 contains metacode for the graphical output.  This can be viewed by double-clicking the GRAPHIT icon. Next you have an option to select printed output or not. Then you must select the RGWT file, in this case RGWT2001, and the graphs of various output such as the temperature across the regenerator at a specific time will be displayed one at a time. To advance to the next graph select the “next” button, or type “enter”.

3. Parameters that define the regenerator model.

These are parameters that must be input to RG33.   Clearly these include the length and diameter of the regenerator, the matrix material, and the hydraulic diameter of the matrix material, for example.  The model is driven by a compressor at the hot end and has an expansion space at the cold end. Some output values are computed under the assumption that the compression and expansion spaces are isothermal.  These temperatures must be supplied in the input.  The inflowing gas at each end is set to these  temperatures.  The parameters that drive the model are the boundary conditions at the ends.  This quick-start discussion will only consider boundary conditions selected when the input parameter BDY_TYPE = 2. Then the pressure and mass flow at the cold end are assumed to be harmonic.  The pressure ratio and mass flow must be given at the cold end along with the phase angle by which the mass flow leads the pressure at the cold end.  Other parameters such as the number of pressure cycles that you wish to simulate must also be given.  Some parameters such as the numerical resolution are set by default but can be altered within the DATAGUI program.

4.   Required input.

Execution of DATAGUI will display a window containing several “buttons” (i.e. sub-windows).  If you click on the upper left button you can initialize the input data by copying the data file from a previous run.  The data files in the directory are displayed in a menu and you simply select one of them.  Many times a new run will involve only changing a single input parameter from a previous run, so this feature can save typing.

Then you can proceed to the button immediately below the initialization button.  This will allow you to set or to change the basic input data that is not set by default.  The required data that is not initialized or set by default will show out-of-range values such as large negative numbers that would cause the RG33 code to fail if they are not changed.  One parameter that is included in this window even though it has a default value is MATERIAL_FORM.  If you do not change its default value of 1, then when you exit the “basic values” window you will be provided with a drop-down menu to set the MATERIAL parameter that is required if MATERIAL_FORM=1.  Another parameter that is set by default in DATAGUI is GEOMETRY.  It is given the default value of 1 that is the first entry in a hidden drop-down list of  optional values.  The drop-down list is marked by a small triangle on the right side of the entry window.  To see the drop-down list and select other values for GEOMETRY click on this triangle.  Still another default parameter is BDY_TYPE that has a default value of 2.  Throughout this paper we assume the value is 2.  If  the value is 1 or 3 the required and optional parameters are somewhat different.

Once all the required input parameters have been set you should click on the “to write the data file and exit” button.  Then double-click on the icon for RG33 to execute the regenerator model using the data that has just been written to the DATA.DAT file.

5. Optional input – parameters that influence accuracy.

The remaining buttons in the first level menu provide access to parameters that are set by default.  Most of these parameters will show large negative values in the menu boxes and will not be added to the data file. They will be set to the default values by the RG33 code.  

By default the value of USE_PROPS_TABLE is set to 1.  This means that the gas properties are computed from a table that is set up at the beginning of the computation by calling the helium properties routines.  This computes the helium properties at any temperature and pressure by interpolation in the table and can greatly reduce the computation time from that required using the helium properties routines for each (T,P) pair.  The range of the table in T and P is determined by input values for the temperature at the ends, the pressure ratio and the average pressure.  Sometimes the range of temperature or pressure obtained in this way is not adequate and the model run will abort.  Then the range needs to be increased by adjusting  TABLE_PRES_MAX, or TABLE_TEMP_MIN, or other values in the input data.  These parameters can be input from the “input parameters for the helium gas” button.

The numerical accuracy and computation time for the model are determined by four parameters NUM_POINTS_X, NUM_STEPS_CYC, METHOD, and EPS_NEWTON.  The default value of NUM_POINTS_X, the number of mesh points across the regenerator, is 21.  For regenerators with a nearly linear temperature profile this resolution is generally adequate. For problems with temperatures down to 4K or with steep temperature gradients 41 or even 81 points may be needed.  Generally taking NUM_STEPS_CYC, the number of time steps per cycle, to be twice the value of NUM_POINTS_X gives good results.  When NUM_POINTS_X = 21 we sometimes get better results with NUM_STEPS_CYC=80 so that is used as the default value.  

The value of METHOD selects the method used to approximate the time derivatives in the model.  If METHOD = 1 the first order backward Euler method is used, for METHOD = 2 the second order backward Euler method is used.  The second order method is more accurate but tends to be less stable.  Experience shows that the second order method will sometimes fail on difficult problems with the cold end at 4K, whereas the first order will give reasonable results.  Therefore the default value of METHOD is 1.  But with less difficult problems you may be able to use lower resolution in space and time with METHOD = 2.  This means the model may run much faster.  Increasing both the space and time resolution by a factor of 2 will increase the running time by a factor of 4.  The EPS_NEWTON parameter is the error tolerance for the Newton iteration that solves the implicit finite difference approximation on each time step.  The default value is 1.E-6.  Some of the output such as ENGBAL is sensitive to this parameter, but the output of the values of most interest such as NTCADJ is not effected much.

6. Interpretation of the output files.

Although you may be mainly interested in the numerical output in the RGPR file, looking at the graphical output in the RGWT file using the GRAPHIT program can sometimes be quite useful.  Looking at the temperature profile across the regenerator at snapshots in time, or looking at the variation in time at different points can provide insight.

  7. For more information see the REGEN3.3 User Manual.

