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House 2: Unvented attic, 
lower loads + PV 

Twin (almost) Lab Houses at UT-Tyler 

House 1: Vented attic 
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•  1475 ft2, 3-bedroom houses 
•  House 2 was mirrored plan 
•  45 cfm 62.2 ventilation rate 
•  Garage connected to house on 
  only one wall 
•  Access to attic via pull-down 
  stairs in garage 
•  Further access to House 2  
  unvented attic through 
  gasket sealed door 
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Testing Approach 

  Building enclosure and building mechanical systems characterization 
by measurement of building enclosure air leakage, central air 
distribution system airflows, and ventilation system airflows.  

  Multi-zone tracer gas testing using per-fluorocarbon tracer gases 
(PFT’s) to determine zone air change rates and inter-zonal airflows 
with different ventilation systems operating. 

  Multi-zone sampling of volatile organic compounds (VOC), 
formaldehyde (HCHO), and airborne particulates to determine indoor 
air quality impacts as a function ventilation system operation. 

  A preliminary CONTAM airflow network simulation model constructed 
from the detailed building enclosure and building mechanical systems 
characterization testing. 
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Five Ventilation Tests Conducted in Each House 
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House 1 and outdoor temperatures during the test period 
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Wind speed throughout the testing period 
Green and red markers indicate start and stop of the 12-hour 

nighttime sampling periods 
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Physical characteristics of the test houses 
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Typically reported blower door test results 
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Room Supply Airflow and Duct Leakage 
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Ventilation system airflow and runtime setup 
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Sampling Station in Each Zone for: 
PFT, Airborne Particles, Formaldehyde, VOC 
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Six PFT Sources 

PFT source selection optimized by room volume and resulting 
relative source strength 
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PFT Source and Sampler (CATS) Placement 
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Air change rates in the living space zones for the Baseline test and four 
different ventilation systems; both houses show the same trends 

The AIMS error analysis uses a 5% error in the estimate of the volume of the room, a 7% error in the source emission rate,  and a 10% error 
in the CATS PFT concentration when there is only a single CATS in the zone.  A full description of the error analysis is in Leadererr et al. 1995. 
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Air change rates in the Garage and Attic zones for the Baseline test and 
four different ventilation systems 

4-6 mph wind 
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Source of Outside Air (Exhaust Makeup Air) 

  The Exhaust system was moving 20% of its ventilation air (10 cfm) 
from the vented attic in House 1 to the Main zone. 

  About 7 cfm or another 14% of the Exhaust ventilation air in House 1 
was moving from the Attic to the bedroom zones. 

  A total of 34% (17 cfm out of 50) of the ventilation air for the Exhaust 
system in House 1 was coming from the vented attic. 

  In the unvented attic of House 2, the Exhaust system moved only 2% 
of its ventilation air from the Attic to the Main zone.  
  Spray-foamed roof in House 2 was tighter than drywall ceiling with recessed lights 

in House 1. 

  Airflow from the Garage to the living space zones was low in all cases, 
but it was highest for Exhaust (negative house pressure) and lowest 
for CFIS (positive house pressure). 
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Airflow from Attic to living zones 
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Airflow from Garage to living zones 
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QA/QC Check on PFT Sample Accuracy and Analysis Accuracy 
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Interzonal Airflow for House 1 
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Interzonal Airflow for House 2 
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Airborne Particle Monitoring 
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Particulate Analyzed for 5.25 hour period before researchers entered the 
buildings to start the VOC and formaldehyde testing 

Impact of researcher 
entering the space 
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Outside Particulate Levels Compared to 
House 2 Baseline Test 
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Attic Particulate Levels Compared to Outdoors 
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Airborne Particle Sampling in Main and Master 
Zones of House1 
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Airborne Particle Sampling in Main and Master 
Zones of House 2 
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Exhaust Ventilation Showed Highest Level of Particulates 
(0.3 – 2.0 micron) 
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Formaldehyde Sampling (left) and VOC Sampling (right) 
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Supply and Balanced Ventilation Showed the 
Lowest Formaldehyde Concentrations 
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Attic and Garage Formaldehyde Concentrations 

~3 µg/m3 expected outdoors for this region of Texas (EPA 1991) 
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Baseline and Exhaust VOC Concentrations are Highest 
CFIS and ERV are Lowest 
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Exhaust Ventilation Showed Highest TVOC Concentration 
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Conclusions 

  Source of outside air, ventilation air distribution, 
and air filtration matter 

  Compared to the supply and balanced ventilation 
systems, exhaust ventilation showed: 
  More airflow coming from the attic and garage 
  Higher concentrations of airborne particulate matter 
  Higher concentrations of formaldehyde and other Top 

20 VOCs 
  Lower uniformity of outdoor air exchange rate between 

different living space zones 

Ventilation Effectiveness Research 
30 April 2013 36 

Recommendations 
  System Factors to credit better performing ventilation systems 

should be considered to allow smaller systems to save cost and 
energy, and reduce risk in hot-humid climates 

  System Factor Table for consideration (factors applied to 
ASHRAE Standard 62.2-2013 ventilation rate): 
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Recommendations, cont, 

Numerical basis for the System Factors shown, 
given as percent airflow rate reduction for each System Factor Category 
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Comparison of ASHRAE Standard 62.2-2013 ventilation fan airflow rates to 62.2-2010, 
averaged over a range of climates, building archetypes, and building airtightness 
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