RECENTLY COMPLETED RESEARCH

The projects listed below were recently completed by ASHRAE this Society year.  The final reports for these projects are available for purchase and download from the ASHRAE online bookstore or for free download to ASHRAE members logged into www.ashrae.org. 
1235-RP

The Nature, Significance and Control of Solar Driven Vapor Diffusion 

in Wall Systems

Completed July 2011
Concordia University

Principal Investigator, Dominique Derome

TC 4.4, Building Materials & Building Envelope Performance

The objective of this study is to develop a better understanding of the nature and significance of solar-driven inward vapor diffusion, in order to develop appropriate design guidelines to predict and manage this phenomenon as a function of climate. The knowledge generated from this research project will be directly transferred to the ASHRAE HOF.

1320-RP

The Impact of Household Refrigerator Storage Conditions on Shelf-Life of Fruits and Vegetables

Completed August 2011
Iowa State University

Principal Investigator, Michael Pate

TC 8.9, Residential Refrigerators and Food Freezers

The objective of this research is to quantify the effects of low storage humidity, high fluctuations in storage temperature, and moisture condensation on the shelf life of one type of vegetable (e.g. lettuce) and one type of fruit (e.g. strawberries).   Lettuce and strawberries are particularly sensitive to these test parameters.  The resulting data and analysis, when published in the ASHRAE Handbook, will give the design engineer a useful benchmark of the “worst case scenario” around which he/she can engineer refrigeration and cabinet insulation systems.  Additionally, the conclusions drawn from lettuce and strawberries can be easily applied to all leafy vegetables and all berries, respectively.  Since most other types of fruits and vegetables have thick protective skins and other food items in a refrigerator are typically in packages, expanding this research to include other foods would increase the research cost and yield information without commensurate incremental value over the proposed research on lettuce and strawberries.
1332-RP

Revisions to the ASHRAE Thermal Comfort Tool to Maintain Consistency with Standard 55-2004

Completed July 2011
Charlie Huizenga

Principal Investigator, Charlie Huizenga

TC 2.1, Physiology and Human Environment

In 1997, ASHRAE published the ASHRAE Thermal Comfort Tool (Fountain and Huizenga, 1997) to provide a simplified, consistent method for evaluating thermal comfort under a range of thermal conditions. The software is consistent with ASHRAE Standard 55-1992 and indicates whether a set of environmental conditions are in compliance with that standard. ASHRAE Standard 55-2004, which incorporates several important changes from Standard 55-1992 (Olesen and Brager, 2004), prompted the initial need for this project. The purpose of this modest project is to make several important changes to the existing ASHRAE software so that it is consistent with the latest version of the standard.

1333-RP

HVAC DUCT EFFICIENCY MEASUREMENTS

Completed July 2011
Texas A&M University - Engineering Experiment Station

Principal Investigator, Charles Culp

TC 5.2, Duct Design 

The objective of this project is to provide ASHRAE with additional pressure drop measurements of flex duct and duct fittings ranging in size from 6” to 16” for use in ASHRAE’s Duct Fitting Database. Testing will follow ASHRAE Std 120. Also, an as-built test protocol will be defined and tests run under this protocol. The experimental set up was funded by the AIR Distribution Institute and can be used directly for the ASHRAE project. This data will be used for the Fundamentals Handbook and to extend ASHRAE’s Duct Fitting Data Base (printed and electronic).  Computational Fluid Dynamics, using Fluent, calculations and graphics are part of the ADI project and will be made available to ASHRAE. 

1365-RP

Thermal Performance of Building Envelope Details for Mid- and High-Rise Buildings

Completed July 2011
Morrison Hershfield Ltd.

Principal Investigator, Mark Lawton

TC 4.4, Building Materials and Building Envelope Performance

The objective of this project is to develop a design procedure to determine the thermal performance of building envelope details for mid- and high-rise buildings that are covered by ASHRAE/IES Standard 90.1, and to use the procedure to produce a catalogue of design thermal performance data for 40 common architectural details. 

This project will have an impact on most, if not all, ASHRAE members, especially those who design for extreme hot or cold climates.  The results will provide a tool for better design of building envelope thermal performance, which will contribute to improved HVAC design and moisture control, with corresponding reduced risk of thermal comfort and mold problems.  The results could be incorporated into the Fundamentals Handbook, the HVAC Applications Handbook, and into ASHRAE/IES 90.1.  Inclusion of this new information would increase the functionality of the Handbook and its relevance for all designers.  
1387-RP

Thermal Energy Storage Design for Emergency Cooling

Completed July 2011
Kansas State University

Principal Investigator, Donald Fenton
TC 6.9, Thermal Storage
In a 24/7 economy, we have become acutely aware of our dependence on cooling systems as much more than a convenience, with the economic implications and, in many cases, issues of life and safety. Whether for preservation of food and medical supplies, or continued operation of data processing centers, health facilities, or critically important emergency response centers, the availability of reliable cooling is a necessity. Cooling system compressors are often essential to the continuous operation of facilities with mission critical requirements. These cooling system compressors can easily represent the largest single load on a disabled or overstressed power supply grid. 

Thermal energy storage (TES) systems offer unique advantages in meeting the challenges of emergency cooling applications. Minimal power needs are, of course, the most obvious, but high discharge rates and wide temperature and flow envelopes often add to versatility and flexibility of cooling solutions using TES. Thermal storage systems can eliminate the need for compressor operation during an emergency event, thus improving reliability, reducing cost and alleviating a major burden on a power supply or cooling system infrastructure that is recovering and unstable. In comparison, battery storage is about four times more expensive per useful BTU stored, in addition to pollution concerns about battery components. 

This project hence would provide guidelines not just for incorporating TES, but also for other technologies through better understanding of load requirements and management. In turn, it is expected that the design requirements, so obtained would provide guidance to manufacturers and practitioners of TES systems to more optimally design and implement TES systems, not just for traditional benefits like electric bill savings, but also for providing backup cooling.

1388-RP

ReEVALUATION OF HIGH-ALTITUDE EFFECTS ON OPERATION OF GAS-FIRED BOILERS AND WATER HEATERS
Completed July 2011
Gas Consultants

Principal Investigator, Carl Suchovsky

TC 6.10, Fuels and Combustion

The experience of knowledgeable gas-fired combustion appliance engineers is that different appliance types (i.e., water heaters versus furnaces versus boilers, natural-draft versus fan assisted combustion, direct-vent versus nondirect- vent, etc.) react differently to the effects of high altitude. Therefore, multiple appliance types are required to be tested and analyzed. Furnaces were previously tested on ASHRAE Research Project RP1182 because they are the highest sales volume gas appliances with the largest gas inputs and because they include a variety of the needed combustion system types. The results of that work were strongly indicative that a much lower derate factor is appropriate for furnaces and that a follow-on project be initiated to analyze two other appliance types, boilers and water heaters.

1484-RP

Energy and Performance of Secondary Coolant Low-Temperature Refrigeration Systems
April 2008 - January 2011 (P)

Purdue University

Principal Investigator, Eckhard Groll

TC 3.1, Refrigerants and Secondary Coolants
AHRTI $36k co-funder

The supermarket industry represents a significant part of U.S. commercial buildings, and the associated refrigeration demands represent about half of the electricity used by a given store. A majority of supermarkets use a centralized direct expansion refrigeration system (DXS) using compressor racks in a mechanical room and refrigerant supplied through piping to coils in the refrigerators. After decades of development and experience with design, installation, and maintenance, DXS systems are used almost exclusively. Current DXS energy efficiency values of COP range from: 2.6 to 2.3 W/W for medium temperature; 1.5 to 1.2 W/W for frozen food; and 1.2 to 1.0 W/W for ice cream. 

However, a number of problems are associated with DXS. A significant drawback to centralized DXS is the large refrigerant charge required and an inherent high leak rate. Depending on the size of the system, the refrigerant charge can range from 900 to 1800 kg (approx. 2000 to 4000 lbs.) Leak rates vary from 20 to 40 percent of the total refrigerant charge per year. 

Disadvantages of DXS brought about the revival and reconsideration of indirect refrigeration systems, Secondary-Coolant Systems (SCS). SCS allows the supermarket refrigeration system user to gain numerous benefits compared to DXS. The refrigerant charge in the centralized SCS could be reduced by 60 to 80 percent and because the refrigerant is contained in a factory-manufactured leak-tested chiller, leak rates could be decreased to 5 percent or less of the charge per year. Also, chillers are located in a mechanical room and are easily accessible for inspection, maintenance and repair, potentially leading to lower leak rates. The leak-prone distribution system and air coils are filled with a secondary coolant (SC) instead of refrigerant. The cost for the initial refrigerant charge has been reduced although this benefit may be partially or completely offset by the current high cost of the newly developed single-phase secondary coolants. However, the operational costs related to the supplemental refrigerant recharge due to leaks are lower. 

The objective of this project is to perform a systematic investigation of the  SCS energy efficiency and enhancement potential of the most promising SCS approaches in order to establish design features that will provide comparable or better energy efficiency than DXS. This objective is to be completed in two phases, with Phase I being the only topic of this project. Phase II is anticipated to follow upon completion of Phase I, and would be competitively bid.















