TC 6.3 RESEARCH HISTORY

Completed Research Projects

Since 1996, four ASHRAE research projects sponsored by TC 6.3 have been completed.  Two of these were computer simulation projects designed to enhance our ability to refine test methods and calculation procedures without always requiring expensive and time-consuming field research.  The other two addressed what is probably the highest priority item for improving our ability to quantify thermal distribution efficiency, i.e., accurate measurement of duct leakage at reasonable cost in terms of labor and equipment.  Each of the four projects is discussed below, beginning with the two simulation projects and then the two field studies of duct leakage tests.

ASHRAE Project 852-RP:  Comparison of Duct System Computer Models That Could Provide Input to the Thermal Distribution Standard Method of Test  

This research was performed at the Florida Solar Energy Center in Cocoa, Florida.  The principal investigator was Dr. Lixing Gu.  The work was performed in the 1995-1996 time frame.  The final report was completed in 1996.  An ASHRAE Symposium paper was published in the 1998 Transactions.  The citation of this paper is:  

Gu, L., J.E. Cummings, M.V. Swami, and P.W. Fairey 1998.  Comparison of Duct Computer Models That Could Provide Input to the Proposed Thermal Distribution System Method of Test.  ASHRAE Transactions, Vol. 104, P. 1B, pp. 1349-1359.

The objective of the project was to provide a firmer rational basis for selection of public-domain computer modeling software that can be used to simulate the complex behavior of ducted air distribution systems used for space conditioning in residential and small commercial buildings.

The project evaluated computer models in a three-stage process.  In Stage One, an extensive search of worldwide literature identified five public-domain models as candidates for further study.  The criteria for accepting a model in this initial group were broad, with the intention of including all plausible candidates.  In Stage Two, each of the candidate models was run for a set of problems that had analytically calculable solutions.  Three of the five models gave sufficiently accurate results to warrant retention into the next phase.  Stage Three exercised the three models for a set of 18 cases using plausible system configurations in three climate zones.  An obvious difficulty for this stage was that there was no analytic solution with which each of the models could be compared.  Instead, the researchers looked for internal consistency and general agreement with logical expectations.  They also considered whether the level of detail available in the model was sufficient to be useful in evaluating thermal distribution systems and methods of test.  An example here was the treatment of radiant heat transfer in attics.  One of the models considered radiation separately, while another model used a simple heat-transfer coefficient.  Although the latter can account for radiation under some circumstances, it gave erroneous results in the attic case, for which the interior roof temperature was much greater than the air temperature surrounding the ducts.  Cases where two models agreed closely but disagreed with the third were used as evidence that the outlier might be in error, but were not regarded as proof of this conjecture without further evidence.

ASHRAE Project 1165-RP:  System Interactions in Forced-Air Heating and Cooling Systems  

This research was performed at the Florida Solar Energy Center in Cocoa, Florida.  The principal investigator was Dr. Lixing Gu.  The work was performed in the 2000-2001 time frame.  The final report was completed in 2001.  An ASHRAE Symposium paper is to be presented at the Chicago meeting in January, 2003 and printed in the Transactions.  A companion paper is planned for a later session.  The citation of the January, 2003 paper is:  

Gu, L., M.V. Swami, and P.W. Fairey 2003.  System Interactions in Forced-Air Heating and Cooling Systems, Part I: Equipment Efficiency Factors.  ASHRAE Transactions, Vol. 109, Pt.1.

The objective of the project was to use computer modeling as a tool to shed light on four areas of concern relating to the efficiency of residential duct systems.  The four areas were:  1) impact of duct design on equipment efficiency; 2) impact of thermosiphoning on off-cycle losses in duct systems; 3) impact of continuous fan operation on distribution efficiency; and 4) energy and comfort effects of zone control.  

As the work progressed, it was decided to place greater emphasis on items 1 and 3 than on the others.  The salient result in Area 1 was to obtain more detailed functional relationships for the equipment efficiency factor than the ones currently in Standard 152P.   For variable-capacity equipment and heat pumps with electric-resistance backup heat, two effects compete to alter equipment efficiency.  As distribution efficiency is improved, the equipment tends to operate for less time in its lower efficiency mode, i.e., high-speed or resistance, and as a result its efficiency increases.  However, since the overall heating or cooling load is less, the equipment cycles more often, and this reduces its efficiency.  The equipment efficiency factor, which captures these impacts, therefore tends to have a roughly parabolic, concave-down shape.   These results may be used to refine the functional relationships currently in Standard 152P.  In Area 3, the significant energy penalties of continuous fan operation were quantified.  The current version of Standard 152P does not consider continuous fan operation, but future versions may make use of these results.  In Area 2, preliminary studies of thermosiphoning were conducted leading to estimates for energy losses from this effect ranging between 0.5% and 3%, but the authors acknowledged that the model may have oversimplified the phenomenon.  In Area 4, the model results predicted energy savings for zone-controlled systems with night temperature setback (or setup for cooling).  In these last two areas, additional research would probably be needed before the effects could be included in a future version of Standard 152.

ASHRAE Project 1056-RP:  Field Validation of ASHRAE Standard 152  

This research was performed at Ecotope, Inc. in Seattle, Washington.  The principal investigator was Paul W. Francisco.  The work was performed in the 1998-1999 time frame.  The final report was completed in 1999.  An ASHRAE Symposium paper was published in the 2000 Transactions.  The citation for this paper is:  

Francisco, P.W. and L. Palmiter 2000.  Field Validation of Standard 152P.  ASHRAE Transactions, Vol. 106, Pt. 2, pp. 771-783.

The objective of the project was to evaluate the accuracy of ASHRAE Standard 152P by comparing, in ten test homes, two values of overall heating system efficiency.  The first was calculated using thermal distribution efficiency values given by the standard, while the second was measured using electric coheating.  In some of the houses, system characteristics were varied, providing a total of 26 different tests.

Duct leakage is an important factor in determining thermal distribution efficiency.  A significant part of the research attempted to quantify the accuracy of the duct leakage tests currently in Standard 152P, against a benchmark procedure that involved additional labor but was believed to be more accurate than any of the simpler tests in the standard.  An important conclusion was that one of the tests then in the standard, known as the house pressure test, was generally unreliable.  Partly as a result of this research, this test was later removed from the draft standard.  Another area of concern that this research pinpointed was the algorithm for calculating buffer-zone temperatures and thermal regain.  (The buffer zone is the space where the ducts are located.  Thermal regain is the fraction of lost heat or cooling that effectively is reclaimed through system interactions such as heat lost from the ducts warming the buffer zone and retarding heat loss from the house.)  Aside from these two issues, however, the project found that Standard 152P did quite well in quantifying the efficiency of the duct system in these test cases.  Ecotope is currently pursuing a follow-on research project in 70 homes under DOE sponsorship.

ASHRAE Project 1164-RP:  Improved Ways to Measure Residential Duct Leakage
This research was performed at Ecotope, Inc. in Seattle, Washington.  The principal investigator was Paul W. Francisco.  The work was performed in the 2000-2001 time frame.  The final report was completed in 2001.  An ASHRAE Symposium paper is to be presented at the Chicago meeting in January, 2003 and printed in the Transactions.  The citation for this paper is:  

Francisco, P.W., L. Palmiter, and B. Davis 2003.  Insights Into Improved Ways to Measure Residential Duct Leakage.  ASHRAE Transactions, Vol. 109, Pt. 1.

The objective of the project was to evaluate the accuracy of two new methods of measuring duct leakage known as Delta Q and Nulling, and to compare them with the fan-pressurization technique currently in ASHRAE Standard 152P.  The tests were carried out in nine homes, in each of which the leakage characteristics of the duct system were varied to produce three cases, one with high return leakage, one with high supply leakage, and one with significant leakage on both sides of the duct system.  

This project was conceived as the result of new developments in duct leakage testing.  Two new tests showed sufficient promise to warrant a side-by-side comparison of the new methods with each other and with the existing standard.  One of these new tests, known as Delta Q, uses measurements of house envelope leakage (using a blower door) under conditions where the system fan is off and where it is on, for ten different house pressures ranging from –25 Pa to +25 Pa.  For each pair of tests (fan on and fan off) at the same house pressure, the difference in airflow through the blower door (the “Delta Q”) is calculated and fed into a formula.  Each Delta Q value provides a linear equation in two variables, the supply leakage to outside and return leakage from outside under normal operating conditions.  The ten lines do not in general intersect at a single point, so a least-square fit is necessary to yield the most probable value of supply and return leakage.   A spreadsheet is used to obtain the results quickly, eliminating any need for the practitioner to understand the underlying mathematics.  The second new test is called Nulling.  In this test the house pressure is first measured with the system fan off.  The fan is then turned on and a fan/flowmeter (blower door or duct blower) is used to readjust the house pressure to what it was when the fan was off.  The airflow through the flowmeter is then equal to the difference between the supply and return duct leakage.  A variation of this test is then used to measure the supply leakage alone, then permitting the return leakage to be calculated as well.  The same benchmark procedure used by Ecotope as the standard of accuracy in the previous project was also used here.  The main results were that the Nulling test was in general the most accurate but that the Delta Q test was much easier to do, except for systems, such as those commonly found in mobile homes, that do not have return ducts.  Recommendations were made for further work on the Delta Q test, which was seen as a good candidate for future inclusion in Standard 152, although investigation and elimination of possible biases were indicated.

