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7.1  Conclusions





Modeling thermal system components using characteristic parameters fitted with catalog data has been shown to accurately predict performance.  In this study, accurate performance predictions have been obtained for sensible heat exchangers, chilled water cooling coils, and direct expansion cooling coils.





These models lie somewhere between existing simple and detailed component models.  Defining characteristic parameters results in significant advantages in accuracy over that of the existing model categories.  





Simple models are often based on empirical correlations and may contain a large number of empirical constants.  For example, the Type 32 Cooling Coil requires 15 empirical constants.  A large data set would be required to fit these constants.  In the new models, the number of characteristic parameter values required to be fit simultaneously is small.  For the models developed in this paper, no more than three characteristic parameters are fit simultaneously.  Simplifying assumptions are also required in the simple models.  The Type 5 Heat Exchanger uses either a constant heat exchanger effectiveness or a constant overall heat transfer coefficient-area product, which produces inaccuracies in heat transfer calculations.





Detailed component models often require many geometric specifications and material properties.  Typical specifications include tube inner and outer diameters, fin thickness, and thermal conductivities of tube and fin materials.  The new models require a minimum number of geometric specifications to model the component.  The Type 80 Heat Exchanger model requires no geometric specifications, while the Type 94 and Type 95 Chilled Water Cooling Coil models and the Type 85 Direct Expansion Cooling Coil model require the coil face area as the only geometric specification. 





The new component models are based on fundamental relations for heat transfer and pressure drop.  Through the use of characteristic parameters and fluid transport properties, variations in heat transfer coefficients and pressure drops are calculated.  These new component models have two unique advantages over existing models.  First, defining characteristic parameters allows the component performance to be simulated for operation with fluids other than those for which catalog data have been obtained.  The characteristic parameters are groupings of geometric terms only and are therefore characteristic of that particular cataloged component.  The heat and mass transfer correlations retain all fluid transport properties as distinct quantities, leading to a robust component model.  The second advantage of the new component models is the ability to extrapolate component performance.  For each of the component models studied, characteristic parameters fitted with only a portion of the catalog data set were able to accurately replicate performance over the entire catalog data set.





The selection of catalog data points used to fit the characteristic parameters of a component model is critical.  These data points should be chosen as combinations of high and low cataloged values for each of the operating point parameters such as flow rate and inlet temperature.  Selecting data points in this way yields excellent results because the data points cover the entire operating range and the entire range of heat transfer coefficient-area products of the component.





7.2  Recommendations and Future Work





Further work should be invested in the direct expansion cooling coil model.  Although the form of the refrigerant-side heat transfer correlation is based on a correlation of the Trane Company, it is unclear how general this model is.  It is unknown whether other direct expansion cooling coil manufacturers use similar, experimentally-based correlations or if they use more theoretical boiling heat transfer correlations to generate catalog data.





The primary improvement in the TRNFIT software would be to end the reliance on the PowerStation 4.0 built-in links to the IMSL numerical routines.  This could be accomplished either by obtaining the code for DBCONF or another, similar optimization routine or by writing a built-in optimization routine for TRNSYS.  However, this would be another project in itself.  If this was to be accomplished, TRNFIT would not be dependent on PowerStation 4.0.  Platform independence would make TRNFIT more useful in future versions of TRNSYS.





Another TRNFIT improvement would be to devise a better way of handling the IGV subroutines for determining characteristic parameter guess values and lower and upper bounds.  Currently, the IGV subroutines must be moved into and out of the project, and the dynamic link library (DLL) must then be rebuilt.  Consolidating all of the IGV subroutines into one subroutine would make TRNFIT easier to use and more user-friendly.





A feature that would make TRNFIT more user-friendly would be to have a box saying something like "Calculations in progress. Please wait..." appear when the parameter estimation is being performed.  This could be accomplished by adding lines to the TRNSYS code so that the box appears when the starting and stopping times are equal, a condition programmed into TRNFIT.  Another option would be to use an on-line plotter to plot the error to be minimized by the IMSL routine DBCONF as a function of the number of iterations.





Beta testing of the TRNFIT software is also required.  At the time of the writing of this thesis, the TRNFIT software has been placed on the Solar Energy Laboratory web page.  Several TRNSYS users have been notified about the existence of TRNFIT but it is unknown whether anyone has downloaded the software and tried to use it.





Of course, it is hoped that the basic framework resulting from this project is only the beginning of a continuing project.  The method of thermal system component modeling developed in this paper is powerful and could be applied to a variety of additional components, subsystems, and systems.  Other heat and mass transfer devices, such as cooling towers, are additional components that could be modeled in this way.  Components such as compressors and systems such as chillers could also be modeled with this new method, but significant work may be required to arrive at the governing mechanistic equations.
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