Building Loads Analysis and System Thermodynamics	 





�
	The Building Loads Analysis and System Thermodynamics (BLAST) program is a comprehensive program for predicting energy consumption and energy system performance in buildings.





	BLAST can be used to investigate the energy performance of new or retrofit building design options of almost any type and size.  In addition to performing peak load (design day) calculations necessary for mechanical equipment design, BLAST also estimates the annual energy performance of the facility, which is essential for the design of solar and total energy (cogeneration) systems and for determining compliance with design energy budgets.  Since repeated use of BLAST is inexpensive, it can be used to evaluate, modify, and re-evaluate alternate designs on the basis of annual energy consumption and cost.  In this way, efficient designs can be separated from the inefficient; proper equipment type, size, and control can also be determined.  Near-optimal designs for any new or retrofit project can be developed using this approach.





	Apart from its comprehensiveness, the BLAST system differs in four key respects from similar programs used in the past:





The BLAST program uses extremely rigorous and detailed algorithms to compute loads, to simulate fan systems, and to simulate boiler and chiller plants.





The program has its own user-oriented input language and is accompanied by a library which contains the properties of all materials and wall, roof, and floor sections listed in the American Society of Heating, Refrigerating, and Air-Conditioning Engineers (ASHRAE) “Handbook of Fundamentals.”





The program execution time is brief enough to allow many alternatives to be studied economically.





The program is not proprietary and is, therefore, open to inspection by its users and those who rely on its results.





	With the interactive BLAST Text Preprocessor (BTEXT), BLAST input files can be easily created to run on a number of platforms.





	BLAST consists of a “Lead Input” section, which defines the overall simulation parameters and three major simulation sections.  The purpose of each simulation is shown below.  The relationship between these sections of the BLAST program is shown in the accompanying figure, BLAST Program Simulation.





The Zone Load Simulation computes hourly loads in a building or zone based on user input and weather data.





The Air Distribution System Simulation uses the computed space loads, weather data, and user inputs describing the building air handling system to calculate hot water, steam, gas, chilled water, and electrical demands.





The Central Plant Simulation uses weather data, results of air distribution system simulations, and user input describing the central plant to simulate boilers, chillers, on site power generating equipment, and computes monthly and annual fuel and electrical power consumption.





The Zone Load Simulation





	The heart of zone loads prediction is the room heat balance.  For each hour simulated, BLAST performs a complete radiant, convective, and conductive heat balance for each surface and a heat balance on the room air.  This heat balance includes transmission loads, solar loads, internal heat gains, infiltration loads, and the temperature control strategy used to maintain the space temperature.  Many of the important features of the loads predicting simulation are summarized below.





Response factors and conduction transfer functions for all zone surfaces are calculated.  This permits the careful and complete analysis of transient heat conduction through walls and of heat storage in zones.





The shaded and sunlit areas are calculated for all external surfaces.  These surfaces can be shaded by attached or detached shadow casting surfaces (winds, overhangs, or other buildings).  Also, shading of windows caused by insets is taken into account.





The solar flux transmitted through single and multi-pane windows, with or without interior shading, is calculated.  These calculations are performed using either basic optical principles or user specified “shading coefficients.”





Approximate view factors are used to calculate radiant heat transfer between zone surfaces and between exterior surfaces (walls, roofs, windows) and the earth and sky.





The effects of surface roughness and hourly variations in wind speed on outside wall convective heat transfer coefficients (air film resistance) are taken into account.





The inside surface convective heat transfer coefficient (air film resistance) for ceilings, roofs, and floors is adjusted based on whether the surfaces are hotter or colder than the room air.





The temperature differences between a zone and an attic or crawl space are calculated by actually simulating the attic or crawl space.





Heat flow between zones of differing temperatures is calculated.





User specified control strategies based on either room air temperature or room mean radiant temperature are allowed.  Different control strategies can be specified for different hours during the day, different days during the week and seasonal scheduling.





Radiant, convective, and latent factions of the heat from, people, lights, and equipment are allocated accordingly.  These internal gains may be scheduled differently for each hour of the day and each day of the week.





The radiant and convective effects of outside air-controlled baseboard heating are simulated.





The calculated loads for each zone may be saved.  These saved loads may then be used to examine alternative fan systems, eliminating the need to recalculate zone loads.





The Air Distribution System Simulation





	Once zone loads are calculated, they must be translated into hot water, chilled water, steam, gas and electric power demands on a central plant or utility system.  This is done by using basic heat and mass balance principles in the system simulation of BLAST.  The major types of air distribution systems that BLAST can analyze are





multizone and dual duct systems


three-deck multizone systems


single-zone fan systems with subzone reheat


unit ventilators and unit heaters with or without heating coils


two-pipe fan coil systems


four-pipe fan coil systems


variable volume fan systems with optional reheat


constant volume terminal reheat systems


dual duct variable air-volume systems


packaged direct-expansion systems


single-zone draw through systems


single-zone bypass systems


two pipe induction unit systems


four pipe induction unit systems


thermostatically controlled baseboard heat


direct, indirect, or two-stage evaporative cooler models can be used with most of the systems


air to air heat pump package unit.





	The fan system simulation is flexible and precise in its analysis of fan system performance.  This simulation includes the following significant features.





The user may adjust the full-load efficiency and total fan pressure for supply, return, and exhaust fans, as well as the part-load performance characteristics of the supply and return fans.





Both cold and hot decks can be controlled at a fixed temperature set point, at a temperature varied with outdoor air temperature, or on the basis of the zone requiring the most heating or cooling.





Minimum and maximum outdoor-air quantities can be scheduled for each hour.





Various preheat coil configurations can be simulated.





Humidifiers can be specified for most systems.





Fan, heating coil, preheat coil, reheat coil, cooling coil, evaporative cooling stage, air to air heat pump coils, and heat recovery operation can be scheduled on a daily and seasonal basis.





The results of fan system simulations may be saved on tape or disk for future use in examining many alternate central plant configurations without repeating loads and fan system simulations.





	The program supplies default values for all of the fan system variable.  However, defaults can be overridden by the user.

















The Central Plant Simulation





	Once the hot water, chilled water, steam, gas, and electric power demands of the building fan system are known, the central plant must be simulated to determine the building’s final purchased electric power, gas, steam and fuel consumption.  The central plant simulation of BLAST can simulate any thermodynamically feasible system consisting of any or all of the following central plant components





boilers


centrifugal or reciprocating chillers (air and water cooled)


absorption chillers (one and two stage)


double-bundle chillers


water to water heat pumps


cooling towers


diesel engine generators


gas turbine generators


steam turbine generators


heat recovery from generator prime movers


domestic hot water heater


purchased heating or cooling


ice on coil and ice harvester thermal storage models.





	Default data for each component model are present in BLAST, but the user may vary one or more sets of equipment performance coefficients to simulate a particular manufacturer’s product.  Some of the principal features of the central plant simulation program are summarized below.





The effects of ambient temperature, chilled and hot water temperature, and other operating variables are taken into account by plant performance and equipment capacity.





The change in equipment COP or efficiency resulting from part-load operation is taken into account.





Need more information?





Contact





Your Engineering Field Division, or





BLAST Support Office


University of Illinois


Department of Mechanical & Industrial Engineering


138 Mechanical Engineering Building


1206 W. Green Street


Urbana, IL  61801





Telephone  800-UI-BLAST


	217-333-3977	Outside USA


FAX  217-244-6534


Electronic Mail support @blast.bso.uiuc.edu





Default equipment assignment strategies may be overridden, thereby permitting the user to select the operating strategy of their choice.





The user is allowed to change equipment performance parameters to permit the exact modeling of available equipment.


�



BLAST Program Structure








� EMBED ExcelWorksheet  ���
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