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Discussion of ventilation systems 
for Pulte-Tucson homes 

 
The following information is taken from a report by BSC engineer Armin Rudd on two 
ventilation strategies being employed by Pulte Tucson. Although the discussion by Rudd is 
specific to the homes and conditions in Pulte Tucson homes, it does reveal that system 
design, installation, and commissioning are all important in achieving proper ventilation in 
high performance homes. 
 
 
Pulte Tucson has employed both central-fan-integrated supply ventilation with AirCycler 
controls as well as a locally-patented passive-stack, heat-recovery ventilation system. The lattter 
system consists of an 10” diameter duct extending from conditioned space up through the roof, 
and within that 10” duct, a 3” uninsulated aluminum duct which goes from outside to the return of 
the air handler.  The principle of this system was to increase air exchange with outdoors while 
exchanging some heat between air moving in the 10” duct and air moving in the 3” duct. This 
system increases air exchange with outdoors, thereby diluting interior moisture buildup with drier 
outdoor air. 
 
The passive stack system was substituted for the originally specified central-fan-integrated 
system due to moisture and odor buildup in some homes.  The following discussion is an analysis 
of the problem with recommendations. 
 
Point #1 
Problems with moisture and odor build-up with the central-fan-integrated system were related to 
improper installation and commissioning or inexact specifications for both. 
 
The specified system was central-fan-integrated supply ventilation with fan cycling.  This system 
was comprised of: 
 

1.  A 6” insulated outside air duct connecting the return side of the airhandler to a fresh 
air location outdoors.  The fresh air locations was to be selected for a high standard of air 
quality (not near the ground, not near operating cars, and not from the roof where gases 
from other exhausts and vents could be re-entrained or where asphalt shingle odors could 
be picked up). 

 
The outside air duct pressure was to be between –15 Pa and –20 Pa with respect to 
outside to achieve between 65 cfm and 75 cfm of outside air flow, based on an air handler 
duty cycle of 33%. 

 
2.  A fan cycling control to assure the 33% air handler duty cycle. 

 
According to reports from the field (Bill Irvine and Len Utt), the outside air duct pressures were 
usually between –5 and –10 Pa with respect to outside, giving at least one-third less outside air 
flow than required.  The low outside air duct pressure was likely due to how the duct was 
connected to the air handler return system.  The system was specified to have a single ceiling 
return filter grille box with the outside air duct connected to the box, with a washable hog-hair-
type filter held in place by a Z channel.  Refer to Figure 1. 
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It appears that, in some cases, up to three return grilles were being installed.  This leaves less 
flow, and hence, less available negative pressure available at the main return grille where the 
outside air duct is connected.  Further, the return grille should be sized for 350 ft/min.  Sizing the 
return for more than 350 ft/min could lead to noise problems, and sizing for less reduces the 
available negative pressure to draw in outside air. 
 
An alternative connection point that would always assure enough draw for outside air would be to 
connect the outside air duct to an extended collar where the main return flex duct connects to the 
return box.  Refer to Figure 2. 
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Figure 1  Central -fan-integrated supply ventilation; outside air duct into ceiling return box 
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Besides having a low outside air flow rate as described above, the fan cycling control used by 
Pulte-Tucson also plays into the problem of too little outside air exchange.  The control used was 
the Totaline thermostat part number P374-1100.  This thermostat is capable of automatically 
operating the air handler fan for a programmed number of minutes per hour (between 0 and 60).  
The way the control achieves that capability is to operate the fan for the programmed number of 
minutes beginning at the top of each hour.  (As an aside, it is not energy-smart in that it operates 
the fan at the top of the clock hour regardless of whether the fan had already run enough prior to 
the beginning of the clock hour.)  Another setting on the control sets the clock hours that the 
automatic fan operation will be active.  The factory default is 7 am to 9 pm, which eliminates the 
night hours. 
 
The Totaline thermostat fan control had been set to operate the fan between 5 and 10 minutes out 
of every hour, which was one-quarter to one-half the design time of 20 minutes per hour.  
(Twenty minutes of fan operation at the top of each hour would likely elicit comfort complaints.  
That is why the AirCycler control was designed to divide the fan operation into smaller intervals.)  
The Totaline control was also left at the factory default setting for not being active during the 
night hours, hence, it was active only 58% of the time. 
 
Putting it all together, if the flow rate was 66% of design, and the fan on time was 50% of design, 
and the active time was 58% of design, then the outside air exchange was only 19% of design.  
This could well explain what originally went wrong, such that the specified controlled mechanical 
ventilation system did not provide adequate air exchange.
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Figure 2  Central -fan-integrated supply ventilation; outside air duct into extended collar 
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Point #2 
Based on the characterization of the problem in Point #1, it is recommended that the original 
central-fan-integrated supply ventilation with AirCycler controls should be used. 
 
As it’s name implies, the passive stack ventilation system is essentially an uncontrolled leakage 
area in the building envelope.  Uncontrolled leakage is what we are trying to eliminate in favor of 
controlled mechanical ventilation.  The passive stack is similar to a fireplace flue with the damper 
left open.  The air flow rate, and flow direction, in the stack is subject to forces of the 
environment.  It all depends on the wind speed, wind direction, and temperature differential 
across the building envelope. 
 
When ventilation supply air being drawn in through the 3” duct is sufficient to pressurize the 
building, house air will likely be flowing up the stack to relieve the pressure.  In cold weather, 
there will also be an unknown amount of warm house air flowing up the stack due to the 
buoyancy of warm air, increasing air exchange.  In windy weather, an unknown amount of air 
will be going up or down the stack, increasing air exchange, and possibly allowing the direct 
entry of unfiltered outside air. 
 
It is as yet unknown how the ventilation air drawn in by the 3” duct is connected to the return 
plenum, or what the flow rate is, or how the air is filtered, and it is unknown if condensation 
potential on the uninsulated 3” duct has been considered. 
 
Fan Cycling Control Specification 
To avoid future problems such as those discussed above, a fan-cycling control specification is 
recommended for the Building America/EFL program that is both energy-smart and will not 
create indoor moisture problems. 
 

Fan cycling is required for all Building America and EFL houses for ventilation air 
distribution and whole -house mixing, improving indoor air quality and comfort.  The fan 
cycling control shall have the following capabilities and these capabilities must be 
enabled: 
 
1.  The fan cycling control shall stop the air handler unit fan at the same time the cooling 
compressor stops and it shall be capable of not energizing the fan for fan cycling for at 
least 10 minutes after the cooling compressor stops.  This will enhance moisture control. 
 
2.  The fan cycling control shall not operate the air handler unit fan unless the fan has not 
already operated for a sufficient amount of time to provide ventilation air distribution and 
whole-house mixing. 
 
3.  The fan cycling capability shall be enabled 24 hours per day that the house is occupied 
for providing the specified amount of fan operation time required for ventilation air 
distribution and whole-house mixing. 


