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TRNSYS software
TRNSYS stands for transient systems simulation program and is a software package designed to model transient systems. TRNSYS was developed to handle systems of algebraic and/or differential equations which are developed analytically or empirically. TRNSYS has built-in libraries with common component subroutines of thermal energy systems along with an online list of free user developed programs for many models, including the Unglazed Transpired Collector System program written by David Summers in FORTRAN. TRNSYS also handles weather data inputs, and there are weather data generators available online with gathered weather data from the publication Input Data for Solar System Analysis published by the U.S. National Oceanic and Atmospheric Administration, and the National Solar Radiation Data Base created by the National Renewable Energy Laboratory. Using the weather data inputs, TRNSYS can give hourly simulations of a solar energy system for an entire year.
To simulate with TRNSYS the user interacts with the graphical user interface and the built-in components to build the desired system with icons and connections (similar to Simulink or MultiSim). The standard component library consists of controller components, electrical components, heat exchangers, HVAC equipment, hydrogen systems, hydronics (pumps, pipes, etc.), building loads and structures, output devices, physical phenomena, solar collector components, thermal storage components, utility components, and weather data reading and processing. Additional component libraries are also available online for purchase along with custom libraries from various users. The user can then define the specific parameters of each component and how they communicate and interact with other components. TRNSYS also includes the TRNEdit program which is an all-in-one editor for reading and writing TRNSYS input and output files. TRNEdit can also perform parametric TRNSYS simulations and plot data from the TRNSYS simulation output. [14]
Summers [1], mentioned above, has used TRNSYS to model the transpired collector and determine the outlet air temperature of the collector. The simulation was comprised of a system of algebraic equations resulting from an energy balance on the collector involving all the applicable heat transfers into and out of the system. Maurer [2] applied the ideas of Summers and also the subroutine he developed to simulate the performance of transpired collectors in North Carolina [2]. Ellis [3] compared built-in convection coefficient correlations describing a Trombe wall for various simulation software packages including TRNSYS, EnergyPlus, Blast/DOE2, and others. Shen [4] examined the thermal performance of passive solar systems including a Trombe wall and a Trombe-Michel wall. The developed models describing each wall were then solved using both the finite differences method (FDM) and TRNSYS. The author compared and contrasted each solution method and the relative accuracy between them. Jiang [5] has developed a complete thermal building model for a combined ventilated photovoltaic-Trombe wall using TRNSYS. The model examined electrical efficiency of the PV cells and heat recovered by the Trombe wall.   
The newest version, TRNSYS 16, is available for purchase through Thermal Energy System Specialists (TESS) for $2100 (educational price). Additional libraries can also be purchased and are discounted when purchased in groups [14]. The educational license is a perpetual license (one time purchase), has no restrictions, and is allowed for research. A transpired wall component is also available for the software, though not available in the standard library package. TESS has this component available and special accommodations will have to be arranged to obtain it. As new versions of TRNSYS are released (TRNSYS version 17 is expected to be released in late 2009) the upgrades can be purchased at a discounted price.
More information about TRNSYS can also be found at University of Wisconsin-Madison website [15].
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EnergyPlus software

EnergyPlus program is a collection of different program modules working together. It is designed to calculate the energy requirement of heating or cooling a building and is based on the features of BLAST and DOE-2. It comprises entirely new code written in Fortran 90 [6]. EnergyPlus doesn’t have a graphical interface but there are more that seven user interfaces available and under development. More information on these user interfaces can be found at U.S. Department of Energy, Energy Efficiency and Renewable Energy website [12]. Input and output for EnergyPlus are text files. A number of software tools are available for creating, editing and displaying EnergyPlus input files. 

EnergyPlus is free of charge to install and use. It is available for Windows 2000, XP, and Vista as well as Linux, and Macintosh. EnergyPlus Version 2.2.0 Build 023 can be installed from DOE website [13]. After registering a copy of EnergyPlus by filling out the form, the installation password is sent via email within 24 hours. Once the password is obtained, installing and running EnergyPlus is simple and easy. 

Weather data for more than 2100 locations are also available in EnergyPlus. The weather data for EnergyPlus is a text-based format derived from the Typical Meteorological Year 2 (TMY) weather format.  

EnergyPlus uses a free format input file that contains a complete object-based description of the building and its system. ‘Object’ is a pre-defined word denoting a building component, such as SURFACE, MATERIAL, LIGHTING, SYSTEM, HEATING COIL, and BOILER. This word is followed by a list of data values and terminates with a semicolon. During a simulation, EnergyPlus saves results for each time step in an output data structure so that these results can be reported at each time step or aggregated to longer time intervals [7].

In addition to related output that can be obtained for air nodes and surfaces, the following outputs are available for Unglazed Transpired Solar Collector (UTSC) systems: Heat Exchanger Effectiveness, UTSC Leaving Air Drybulb from Collector, UTSC Average Suction Face Velocity, Collector Temperature, Plenum Drybulb Temperature, Sensible Heating Rate, Sensible Heating Energy, Total Natural Vent Mass Flow from Wind, Incident Solar Radiation, Overall Efficiency, Collector Efficiency [8].
In EnergyPlus, an UTSC is modeled as a special component attached to the outside face of a heat transfer surface that is also connected to the outdoor air path. A UTSC affects both the thermal envelope and the HVAC air system. From the air system’s point of view, a UTSC is a heat exchanger and the modeling needs to determine how much the device raises the temperature of the outdoor air. From the thermal envelope’s point of view, the presence of the collector on the outside of the surface modifies the conditions experienced by the underlying heat transfer surfaces. [9].

EnergyPlus reads the Input Data Dictionary (IDD) and Input Data File (IDF) prior to doing anything else. Encyclopedic reference for the EnergyPlus IDD and IDF can be found in Input Output Reference: The Encyclopedic Reference to EnergyPlus Input and Output. In the reference, the ‘Solar Collector: Unglazed Transpired’ represents a single collector attached to one or more ‘Surface: Heat Transfer’ objects and to one or more outside air systems.  To use UTSC model, one needs to specify a set of objects including Controller list, Air loop equipment list, Outside air system, Outside air inlet node list, Outside air mixer, Set point manager: Mixed air, and Controller: Outside air [8].
Griffith [10] used EnergyPlus to implement a Heat Balance Model with conduction transfer functions to model the underlying heat transfer surface. The exterior cavity model provides a method of updating the boundary conditions that are exposed to the outside plane of the underlying heat transfer surfaces. Ellis [3] describes the development and validation of the Trombe wall model for the EnergyPlus program. To validate the model, Trombe wall heat transfer correlations are compared to well-established correlations in the literature, and to other computer simulation programs. Crawley [7] focuses on the general simulation methods and capabilities of EnergyPlus, contrasting it with those of DOE-2 and BLAST. Plans for future releases of EnergyPlus are also described. Griffith and Ellis [11] provide an overview of the new models for PV and solar collectors in EnergyPlus and describe some preliminary efforts to validate the implementations.
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