Alternative Duct Leakage Test Protocols - Overview with a Few “Pros & Cons”

Total Duct Blaster( Test―
 A Duct Blaster( test is conducted by attaching a calibrated fan to the ductwork and taping off all intentional openings (registers or grilles).  The fan speed is increased until a predetermined pressure differential is created. The air flow through the fan at that pressure differential is a measure of duct leakage. The concept of CFM @50 Pa is a very familiar concept to almost all crew members, thanks to the widespread use of the blower door. While it is true that they understand the concept, they also understand the potential time requirement of taping off all the registers and connecting the Duct Blaster( to the duct system. 

The results of the total test can be used directly in some homes, such as mobile homes, where a high percentage of the leakage will always be outside. However, in homes with duct work which leaks to conditioned and also leaks to unconditioned areas, the test is almost meaningless since it just reports total leakage.

Duct Blaster( to Outside Test―

The Duct Blaster( to the outside test is similar to the Duct Blaster( test in that a calibrated fan is connected to the ductwork and the intentional openings are taped off. The difference is that a blower door is also setup to pressurize the whole house to the same pressure differential across any hole in the ductwork. This creates a zero pressure differential across any hole in the ductwork that is located within the envelope of the house. This test was confusing to many crew members. It requires the simultaneous operation and monitoring of two pieces of equipment. As with the total leakage test, time requirements and the possibilities of errors were viewed as drawbacks by crew members. The main benefit of this test is that it records only leakage to outside the conditioned space.

Pressure Pans―

The pressure pan test is conducted by depressurizing a building to a predetermined pressure differential using a blower door.  While the house is depressurized, a pan with a differential pressure gauge attached is placed over each register or grill and a reading is recorded.  Pressure pans do not read duct leakage directly. They infer leakage to the outside by reading the pressure at individual registers. The actual pressure that a pan “sees” is a mix of many factors including:

1. The ratio of holes in the duct system at zero pressure difference (including grilles and registers) to holes in the duct system that see a pressure difference of greater than 0 to 50 Pa.

2. The distance between a register and other holes to inside or outside.

3. Restrictions in the duct system such as filters and AC coils (especially dirty filters and coils).

4. The pressure of the zone containing the duct system.

These factors make it very difficult to compare results from house to house as is the case with Duct Blaster( tests. In fact, getting meaningful pre and post results at the same house can be difficult. A simple act such as changing a dirty filter and opening a supply register will significantly reduce pressure pan numbers without any duct sealing. Likewise, closing dampers or adding an AC coil will increase them.

Despite these problems, pressure pans can be used in the effort to seal ducts in some types of homes. They may help experienced crews locate leaks in a duct system.

The story is very different for more complex homes. A recently test house indicates this situation well.  This house had pan readings of between 3 and Pa.  The Delta Q and the Duct Blaster( tests indicated virtually no leakage to the outside yet the pressure pans read numbers as high as 3.  This is well above the State standard of 1.

The team theorized this was due to a combination of factors including:

1. Relatively few registers;


2. A dirty evaporator coil;

3. A long distance between registers.

While the test is simple, it is impossible to standardize between homes and interpreting the results correctly on many homes, especially multi-story homes, can be very tricky and in many cases impossible.

Nulling―

This test is conducted by running the air handler fan and the Blower Door simultaneously. The Blower Door is used to zero out the pressure imbalance caused by the air handler fan. The amount of duct system  leakage is equal to the CFM through the Blower Door fan that is needed to zero out the pressure imbalance created by the air handler fan.  Nulling tests were attempted on several homes. “D” and “E” rings were purchased for these tests. The tests were performed manually, without the aid of the Automated Pressure Testing (APT) device. This decision was made on the premise that most weatherization crews would not purchase an APT or a laptop computer for use in the field.

The nulling test provides an estimate of duct leakage at operating conditions. This cannot be stressed enough. Use of a Duct Blaster™ reports leakage at more or less equal pressure throughout a sealed off duct system. Obviously, the pressure that various holes experience when the air handler is on is not consistent. The ability to record an accurate leakage number at operating conditions would give weatherization crews a more valuable tool in making cost-effective decisions regarding duct leakage.

Other drawbacks of the nulling test include the high level of precision required and the large amounts of patience needed by the technician. The ability to make a solid accurate reading of small changes in pressure (less than 1 Pascal) is probably not a skill which most weatherization crews would be adept. Attempts at nulling  were defeated by windy conditions. Windy conditions in some regions are more likely the case than not.

Delta Q Test― 

The Delta Q test is conducted by running four, five point Blower Door tests. One depressurization test and one pressurization test with the air handler fan off.  And one depressurization and one pressurization test with the air handler fan on. Forty data points will be collected with the Blower Door. A duct operating pressure is the only other data point that is needed to run this test.  This test also promises to give the user knowledge about leakage at operating conditions. Two big pluses of this test are that no special set up of the house is required and the only diagnostic tool required is a blower door.

The team conducted the test manually, without the aid of an APT and laptop. Again, it was felt that most weatherization agencies would not make these purchases. However, the test data was hand entered into a laptop. It is hoped that test data will be analyzed using the TI –85/86 programmable calculator already owned by many agencies. This calculator has many “nuggets” that agencies use. The “nuggets” are the creation of Rick Karg, owner of Wxware.

Preliminary research has indicated that the Delta Q test has a bias of approximately 70% high. Refinement of the test is currently under way at Ecotope, Inc. of Seattle. Assuming that this bias can be corrected, the test offers great hope for low-income agencies for the following reasons:

1. Requires only a blower door;

2. It is difficult to do the test “wrong” (untaped registers);

3. Results in a number that does not need further interpretation.

For weatherization crews, the largest obstacle to use of the Delta Q Test might be described as the “snicker” factor. At first glance this test seems to be unworkable. While the test might be simple to conduct, the analysis of the data is complex. Understanding how a blower door works is fairly simple. In layman terms, it takes so much air to depressurize a house so much. Conducting 20 blower door tests and then arriving at a supply and return leakage rate at operating conditions creates a certain amount of disbelief. While training will help overcome this disbelief, the fact that most weatherization crews will not understand the math supporting the results will probably be a hindrance to its acceptance.

Blower Door Subtraction Method―

Several agencies currently use the blower door subtraction method. The test is simple to understand, relying on two blower door tests, one with the house as found and the other with the grilles and registers taped off.  The latter number is subtracted from the former. The difference is the duct leakage at the test pressure. To be accurate, the test requires a multiplier arrived at by taking a duct to house pressure.

As with the Duct Blaster( tests, taping off the registers can be time consuming.  A more significant problem with the Blower Door Subtraction Method Test is the level of precision and accuracy that the two blower door tests must be conducted at to arrive at accurate numbers. At any given house, multiple blower door tests may vary 100 - 300 CFM @50 Pascals. Unfortunately, this is the range of duct leakage that many homes experience. Owing to lack of repeatability, it is actually possible to record negative duct leakage.

Subtraction of Register Flows from Air Handler Flow―

Conceptually this test is simple. The sum of all registers  flow are subtracted from the total air handler flow. The test does produce a leakage estimate at operating conditions, but unfortunately, it is a total leakage estimate, including outside and inside leakage.

Measurement error is another issue with this test. Until recently, arriving at the air handler flow was difficult. Temperature rise and external static pressure tests can produce erratic results. The True Flow( plate (manufactured by The Energy Conservatory, Inc.) has made this test possible. The test is simple when performed with air handlers that have filter racks. Unfortunately many gas furnaces do not have acceptable filter racks, making the test impossible.

The other major error in measurement is with the flow hood. Most flow hoods are not designed for residential use. Different grille and register configurations can cause large measurement disagreements. The technician must be careful to arrive at the “best measurement” for each grille and register.

Measurement problems, and the cost of the flow hood, make this test a poor candidate for weatherization crews to use.

Summary of effectiveness of duct sealing―

Before a duct testing and sealing strategy can be developed for any house, a clear decision as to what zones will be conditioned and unconditioned must be made. Once this decision is made, various tests can be conducted to determine if there is any duct leakage to the outside. Quantifying this leakage is important to help make savings estimates but most importantly it serves as a method to determine if the duct sealing efforts were effective.

Several factors determine if weatherization crews will accept a particular duct leakage test. Chief amongst these are cost of required equipment, time requirements for the test, and ease of doing the test correctly. These factors must be weighed against the value of the information provided by the selected test. A test such as the Delta Q Test which promises actual leakage rates at operating conditions is more valuable than a test such as the pressure pan test which delivers results that are only indications of exterior leakage.

Of course the best test data are meaningless if no action is taken. Incorporating duct leakage test results into the development of a duct treatment strategy is the key to improving the delivery of duct retrofits in low-income programs.

Several institutional barriers block the improvement of duct repair delivery within some low-income weatherization programs. These range from low 

crew pay to budget restrictions. Eliminating these barriers within the organization will do more to achieve the cost-effective delivery of duct system improvements than will solving technical and testing problems.

It is not the intent of the report to identify and propose solutions to all institutional problems. Listed below is a brief summary of institutional barriers brought to our attention while in the field.

1. Low crew pay― Low-income weatherization crews are expected to work hard, make complex technical decisions, provide friendly customer service, all under physical conditions that can be miserable. Low pay is a barrier to hiring good quality employees. Lack of advancement is a barrier in maintaining a staff of good employees.

2. Lack of organized ongoing training― In part due to high turn over rates and in part due to rapid advances in field testing protocols, crews can lag behind in training. While there is no shortage of training opportunities, there is a shortage of training that provides a path toward certification. Crews should be certified and required to prove competency in duct repair before their agencies are allowed to spend program funds on duct sealing.

3. Lack of quality control― Good quality control programs require not only the inspection of jobs but also the authority to reward good work and discourage poor work. When States contract for roadwork or other services, money is withheld for poor work. Inversely, many contracts provide cash incentives for high quality work delivered ahead of schedule. Agencies contracting for weatherization need the same ability.

4. Low crew morale― While this is a probable outgrowth of the three previously mentioned barriers, low crew morale can ruin the ability to provide high level work. Creating a work environment where a high level of job performance is expected by management and crew members is an ongoing process that requires a strong commitment within the sponsoring agency.

Recommendations of test methods and targets―
These recommendations are based not only on the data gathered during this project but also on the authors’ experiences with other duct improvement projects. These targets are achievable but should not be considered mandatory. Some duct systems require too much time and material to meet a high standard. The 50% reduction target is for these types of duct systems.

Standardized test procedures and program standards are not only necessary for a high level of duct sealing to be delivered to low-income households, but are also necessary for crews to learn to duct seal. Crews that do not test ducts for leakage, or use tests that produce inconsistent test results, will not become effective duct sealers. Quality feedback from sound testing procedures informs a crew if its efforts at duct sealing worked or did not work. 

What are the problems with other tests?

The problems encountered with other tests are summarized in the table found on page 18 and are explained in brief, below.

The simplest test, the pressure pan test, gives only a very indirect assessment of duct leakage.  No CFM number is given, and the test can be very misleading under many circumstances.  However, this test is relatively fast, requires only two pieces of equipment in addition to the blower door, and is appropriate for use on simple homes with simple duct systems (such as manufactured homes).

Blower door subtraction has been a popular test (since at first glance it seems to give a meaningful result), but even when modified for the duct zone pressure, it can give nonsensical results because it requires the subtraction of two very large numbers (each subject to measurement error) for its result.  This test does not give duct leakage at operating conditions.    

All tests that rely on the Duct Blaster™ require considerable set-up time and are fraught with potential problems (such as missing one or more registers, toe-kick registers, difficult connection(s) to the duct system, reading of several pressure channels, etc.).  These tests require another piece of equipment and the ability to translate leakage at standard pressure differentials (25 and 50 Pa) to actual operating conditions (which involves special techniques and assumptions).

The nulling test makes good physical sense, and it does measure leakage at operating conditions.  However, it requires calm conditions and special equipment and is very time-consuming to set up for measurement of supply-only duct leakage (which is the leakage of interest in heating –dominated climates).  At this point, nulling is probably only appropriate for hard-core researchers.

Using the difference between the air handler flow and sum of register flows also makes good sense, for it gives leakage at operating conditions.  However, this technique requires access to all registers and the use of an accurate flow hood designed to measure residential airflows.  Such a flow hood is not currently available (despite manufacturers’ claims) and registers are often inaccessible or unusual enough that they defeat flow measurement efforts.

It should be noted that measurement of air handler flow is desirable in any of these methods, since the duct leakage can then be expressed as a percentage of this flow.  This is important to assess the relative size of duct leakage, in the context of how much energy might be saved by reducing the leakage by a given amount in a given climate.

What are the problems with Delta Q?

The test currently exhibits a consistent upward bias, which could lead crews to seal systems that do not need it in some cases.  (Assuming there is some minimum level of leakage required to trigger sealing.)  Improvements to the test will occur in the near future, assuming funding can be found to develop the improvements.  

Research that has been conducted on the Delta-Q test is promising but problematic.  It shows promise in that it is fairly simple to perform, requires a reasonable amount of equipment and setup, and provides results for both supply and return leakage that is putatively at operating conditions.  As currently described, it does require assumptions of operating pressures, but it is not as sensitive to this assumption as the duct pressurization test.

Unfortunately, the results of a series of field tests showed that the estimates provided by the current calculation algorithm are strongly biased, resulting in large overpredictions of leakage (on average, 70% on the supply side and 63% on the return side).   Work by Dr. John Andrews of Brookhaven National Labs has also shown a consistent over prediction of leakage. However his work has indicated a smaller over predication ranging from 30% to 50%. This, in turn, overestimates the losses due to leakage, which greatly overestimates the potential savings due to sealing.

However, despite these problems, it is premature to call the Delta-Q test a failure at estimating operating duct leakage.  Indeed, there is plenty of cause for optimism.  This is because some of the problems with the Delta-Q test have been identified, and there is hope that, with sufficient effort, solutions could be devised to address these problems.

One of the most serious problems lies in the assumption that the pressures in the supply and return plenums do not change with respect to the house during the course of the testing.  This will be true in airtight duct systems, but when there is duct leakage this assumption fails.  In some cases in our research project the change in plenum pressures from the greatest house depressurization to the greatest house pressurization was more than a factor of two.  Computer simulations using CONTAM show the same sort of behavior as was seen in the field.  It is possible that this problem could be fixed, or at least largely mitigated, by changing the calculation equations, using the pressures from each station in the calculation instead of a single pressure, or some other modification.

Another problem with the Delta-Q calculation algorithm is that it assumes that the pressures across the duct leaks and the pressure across the house during the test are the same.  If the space in which the ducts are located is only partly connected to outside (such as a crawl space that has a pressure of 15 Pa relative to outside when the house is at 25 Pa relative to outside), this assumption may cause errors.  It is not known at this point how large of an impact this may have, but it is an issue that needs to be investigated.

There may be other factors that contribute to the accuracy problems of the Delta-Q test that would become apparent in a detailed investigation of the derivation and application of the test.  There may also be changes to the test methodology that could greatly improve the accuracy, such as performing the Delta-Q test with a flow plate in place to measure air handler flow at each pressure station of the test.  Due to the potential benefits of this test, it would seem desirable to explore each of these issues in extensive detail in an effort to make it as accurate and useful as possible.

Standards:

While the accuracy and repeatability of any test is important what is equally important is that the test method allow crews to become more effective with time. Testing systems that give inconsistent feedback to the crews not encourage crews to become more effective and can demoralize them. In particular when crews use pressure pans they will in some homes seal a lot of holes and get very little improvement or in fact the pan readings may go up. Conversely, in other homes with they may seal only a small amount and the readings may drop dramatically. This non liner response to duct sealing coupled with the inability to compare pan readings in one house to another makes pressure pan testing a poor choice based on crew impact alone.

Duct leakage testing  with a Duct Blaster is time consuming and requires an investment in training and tools. The design of programs must incorporate this.  The extra cost allows crews to have a testing system that gives consistent feedback that makes it possible to become more effective duct sealers over time.

 Proposed Standard on Retrofit Homes
Method of testing: Duct Blaster™ to the outside

Targets: CFM 50 equal to or less than 10% of floor area or a 50% reduction in supply and return leakage.
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