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Introduction

Air leakage from ducts to outside in forced-air distribution systems has been recognized as a significant source of energy loss in the past 20 years.  Andrews and Modera (1991) estimated the magnitude of duct losses as about 1 quad of energy for residential buildings.  The American Society of Heating, Refrigerating, and Air-Conditioning Engineers (ASHRAE) has recently published a standard for estimating the thermal distribution efficiency of duct systems in residential buildings (ASHRAE 2004).  The California Energy Commission’s Title 24 and EPA’s Energy Star program also have duct leakage specifications for residential buildings.

In addition to energy savings, there can be substantial indoor air quality impacts from sealing leaks.  Leaks in return ducts entrain air from the space where the ducts are located.  In the case of crawl spaces and basements, this can include soil gas and ground moisture.  In the case of garages this often includes automobile exhaust and any number of household products, such as paints, cleaners, etc.

One of the major problems with repairing duct leakage is identifying which systems warrant repair.  Identification requires duct leakage testing, and the methods used over the past 15 years have been inaccurate with regard to estimating the actual leakage under normal operation.  In addition, many of them are time-consuming and/or difficult to perform.

Current Duct Leakage Testing

Traditional methods of assessing the leakage of ducts have focused on using fans to generate artificial pressures in the house and/or the ducts.  The most direct measurement method involves pressurizing the ducts while the registers are sealed, analogous to blowing up a balloon.  The amount of air required to pressurize the ducts to a certain level is an indication of their leakiness.  In order to separate supply and return leakage, which can be important in estimating energy penalties, a temporary airtight barrier is placed between the return and supply sides and the test is done twice.  In order to estimate only the portion of the leakage that goes to outside the conditioned space, which is also important in estimating energy penalties, these tests must be done with a second fan concurrently pressurizing the house.

This leakage diagnostic method, however, is effectively only measuring the amount of holes in the ducts.  The pressures at the holes would be required to know the leakage under normal operation.  Pressures vary widely in the duct system; so making an assumption about the pressures often provides a poor estimate of the actual leakage (Francisco and Palmiter 2000; Cummings et al. 2000).

Another method that is done with the house depressurized involves covering the registers one at a time with a box and measuring the pressure across the box.  This method, called the “pressure pan” test, is commonly used in weatherization due to its simplicity.  The larger the pressure reading, the larger the amount of holes close to the register.  This method, however, is purely qualitative, requires the ability to access each register sufficiently well to completely cover them, and is prone to misinterpretation.  It rewards most the sealing of leaks that matter the least, since the holes near the register where the pressures are low will provide a stronger signal than holes further away where pressures are higher.

Advanced Duct Leakage Testing

In the past several years a new test has been developed, called the Delta-Q test (Walker et al. 2001).  This test method is purported to measure duct leakage to outside at operating conditions.

The Delta-Q test has several inherent advantages over the traditional pressurization techniques.  One is that registers and grilles do not need to be sealed or even accessed.  Sealing of registers and grilles can be a very time-consuming process, especially if there are many registers and/or they are difficult to reach.  The Delta-Q test also provides separate estimates for supply leakage and return leakage.

The Delta-Q test also requires only a blower door, the type of fan already used by many technicians to assess building envelope leakage.  It is done with operation of the conditioning system, which allows for the variations in pressures at different parts of the duct system to contribute to the results.

Over the first few years of the development of the test, a number of questions arose regarding its accuracy.  As a result, the protocol and analysis technique changed several times.  It became part of an ASTM standard (ASTM 2003) for measuring duct leakage, yet concerns about the accuracy continued.

In the past two years, however, significant revisions and corrections to the Delta-Q test have been developed.  Controlled laboratory testing and simulations have shown these modifications to hold great promise.  The potential of the current test method warrants evaluation in the field, both by technicians to assess the ease-of-use and satisfaction of results as well as by researchers to verify the accuracy.

A multi-pronged effort such as this is necessary to move the Delta-Q test into the mainstream, since those who will be determining whether to use it need to know whether it is both sufficiently accurate for their needs and simple enough for crews to perform.

Proposed Project

To meet these needs, the Building Research Council of the University of Illinois proposes to do a project that includes both working with technicians to perform the Delta-Q test in 50 homes and do more detailed testing to evaluate the accuracy of the revised method in an additional 15 homes.  Technicians will be selected from local weatherization agencies around the region, including Ohio, Indiana, and Illinois.  Detailed testing will be done in homes in the area around the University of Illinois at Urbana-Champaign.

Task 1.  Field work by technicians.

Subtask 1.1.  Training.
The technicians selected for participation in the project will be trained in the use of software designed to automate the Delta-Q test.  This software will be provided by The Energy Conservatory, which manufactures equipment that can be used for the Delta-Q test.  The Energy Conservatory has agreed to provide computer software and support at no additional cost to the project and their contribution will be tracked as leveraged funding.  The training will be done at a location(s) local to the technicians.

This subtask will be completed by March 15, 2006 or 30 days from notice to proceed, whichever is later.

Subtask 1.2.  Testing.
Fifty homes will be tested by technicians around the region, with the data provided to the Principal Investigator of the project, Paul Francisco of the Building Research Council, for analysis.  In addition to the most basic Delta-Q test, a few additional pressure measurements in the duct system will be taken to determine whether these measurements provide a superior test result and whether the collection of this additional data represents a significant extra burden on the technician.  House characteristics that are already being collected, such as floor area and whole-house air leakage, will also be reported.  This testing will be performed at no additional cost to the project and will be tracked as leveraged funding.

This subtask will be completed by May 1, 2006.

Task 2.  Detailed field work.

For the detailed testing portion of the project, 15 
homes will be tested by the Principal Investigator.  Additional methods of evaluating duct leakage will also be performed to provide comparisons to the Delta-Q test results.  These homes will be selected based on their suitability to be tested easily and for their potential to have leakage to outdoors.  Additional methods of evaluating duct leakage in these 15 homes will include those methods commonly used by technicians as well as methods that have been used in a research setting but are not suitable for production-level use due to their difficulty and time requirements.

This subtask will be completed by May 1, 2006.

Task 3.  Data analysis.

All of the data from the field work will be provided to the Principal Investigator for analysis.  The analysis of the fifty homes tested by technicians will involve evaluating the need for auxiliary measurements and the sensitivity of the results to factors such as wind.  It will also include comparison to other methods that are usually done by these technicians.  In addition, the ease-of-use of the test method and software will be evaluated.

The analysis of data from the 15 homes that receive more detailed testing will include all of the aspects as for the 50 technician-tested homes as well as comparisons to other methods for accuracy.  Repeatability will also be evaluated.  Various means of performing the Delta-Q test will be evaluated, including control of the blower door used for the testing and the pressure measurements required.  Different analysis techniques within these means of testing will also be considered.

This task will be completed by June 1, 2006.

Task 4.  Final report.

At the conclusion of the project, a final report will be written detailing the results and providing recommendations regarding the use of the Delta-Q test.

This task will be completed by June 30, 2006.

Expected Results

This project should be a significant step in making it possible to better allocate resources with respect to duct leakage.  It is expected that at the conclusion of the project there will be a clearer understanding of the performance of the Delta-Q test in the field, and recommendations for the exact protocol to use when performing the test.  This can develop into a larger program of training technicians to use the Delta-Q test with the ultimate goal of having the test be the standard method of evaluating duct leakage.  It should be understood, however, that one possible outcome is that it is determined that there are too many sources of error for the Delta-Q test to be successful in field applications.  Possible sources of error include (but are not limited to) noise due to wind and errors in the assumptions in the underlying Delta-Q model.

A final report will be written that details the results and findings from the project, with conclusions and recommendations for further usage of the Delta-Q test.  If desired, the Principal Investigator will make a presentation at the regional weatherization conference in August.  This presentation is not included in the budget and will be covered by others.
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