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ABSTRACT: Building simulation programs are key tools in the design of thermally stable housing.  It is 
therefore essential that these programs are accurate.  AccuRate, the building simulation program 
developed by CSIRO, consists of a set of physics-based numerical models.  Recent research seeking 
to validate the AccuRate program against experimental data suggests that its subfloor model may be 
inaccurate.  This study investigates that subfloor model, specifically the quantification of the subfloor 
ventilation.   

This paper introduces one of the University of Tasmania’s thermal performance research test cells.  
The test site is analysed in regards to local wind obstructions using computational fluid dynamics and 
the test cell is found to be suitable for ventilation testing.  New subfloor ventilation data gathered from a 
tracer gas decay test is presented and shown to generally match the theoretical prediction from 
AccuRate.  The data is further explored to find nuances resulting from obstructions from surrounding 
buildings.  No nuances are found.  The data is also benchmarked against several other subfloor 
ventilation studies from Australia and the U.K.   

Due to the low number of data points and the known variability in the data, this study is considered 
preliminary only.  More experimental data would be needed to validate the AccuRate subfloor 
ventilation model.   
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INTRODUCTION  

Forty-one percent of the energy used in a typical Australian household goes toward space heating and cooling 
(Department of Energy, Water, Heritage and the Arts 2008).  Proper design of thermally stable housing can greatly 
reduce this energy usage.  One key tool in the design of thermally stable housing is the building simulation program.  
It is therefore essential that building simulation programs are as accurate as possible.   

Australian’s national science agency, CSIRO, has developed a building simulation tool named AccuRate.  Recent 
unpublished research from the University of Tasmania indicates that AccuRate’s subfloor model may not be 
sufficiently accurate.  One key component of the subfloor model is the quantification of the subfloor ventilation.  In the 
past few years there has been an increase in literature related to subfloor ventilation, however these publications 
have been predominantly theory based.  There is very little published data regarding subfloor ventilation to support 
the subfloor model used in AccuRate, and as a result the subfloor ventilation model may soon become a weak point 
in the building simulation tool.   

One study from the University of South Australia (Olweny et al. 1998) does present measured subfloor ventilation 
data and compares it to theory.  Olweny shows the ventilation data for two private and occupied houses in the 
Melbourne area.  One house is brick veneer, with no obstruction between the subfloor and the wall cavity, and the 
other house is weatherboard clad.  Passive tracer gas ventilation testing was performed on both houses.   

Though the test ran over a period of several months, due to the nature of passive tracer gas tests only five subfloor 
ventilation data points per house were obtained.  Several studies from the U.K. involve more data.  Hartless and 
White (1994) present approximately 100 data points from two separate periods of testing.  The building used for 
testing is a dedicated test house with a foundation wall running through the middle of the subfloor, and no obstruction 
between the subfloor and wall cavity.  A concrete slab forms the floor of the subfloor.  Hartless uses this data in 
another study (Hartless 1996) where he investigates its correlation with theory.  A third British study (Edwards et al. 
1990) analyses 56 subfloor ventilation data points and compares them to theory.  Edwards makes no mention of the 
existence of a subfloor wall.  The ventilation is provided by vents on only two sides of the house.   

Though these British studies generally contain a large number of data points, the differences between the Australian 
and British house designs limit the applicability of their results.  Thus there still exists a large gap in the knowledge of 
measured subfloor ventilation in Australian buildings.  This paper aims to address this by presenting a test building, 
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developing the subfloor ventilation theory relative to that particular building and site, and presenting preliminary tracer 
gas test data.  Though these data points are few in number and are of a highly variable nature, they are compared 
against the ventilation theory and previous studies for discussion purposes.  The data is also used to investigate any 
peculiarities in subfloor ventilation due to site layout. 

1. TEST BUILDING AND SITE 

The University of Tasmania has three test cells on the Newnham, Launceston campus for the purpose of conducting 
thermal performance research (Dewsbury et al. 2007).  The test cells are instrumented with a variety of temperature, 
humidity and air speed sensors.  Weather parameters are gathered from an on-site weather station mounted on the 
north side roof of the centre test cell.  Wind speed and direction are measured at approximately 0.5m above the roof 
peak on the north side.  The measurements are recorded in 10-minute intervals.   

The three test cells each have an identical indoor area of 30m2 (5.480m x 5.480m), but have differing construction 
materials.   The site is semi-rural and the layout of the test cells is such that one would never overshadow another.  
Figure 1 shows the layout of the test cell site. 

 
Source: (Mark Dewsbury) 

Figure 1:  Northwest view of University of Tasmania’s thermal performance test cells in Launceston 

 
Test Cell 2 (TC2, or the test cell), is the centre test cell and the subject of the present research.  Its construction is 
brick veneer and it has a suspended timber floor.  It was carefully constructed to have the wall cavity and subfloor 
junction blocked, thus prohibiting air movement between the cavities.  The subfloor is open to the bare ground below.  
Subfloor ventilation is provided by two 230mm x 165mm vents on each side of the building.   

To the north of TC2 by 7.5m and to the west by 1.0m is Test Cell 1, TC1.  TC1 has a suspended floor with 
unenclosed subfloor.  To the south of TC2 by 7.5m and to the east by 1.0m is Test Cell 3, TC3.  TC3 has slab on 
ground construction.  To the east of the site there are some buildings at a distance and to the west the site is 
relatively clear except for one narrow street light pole, a street with occasional parking and one tree at a distance.  
Further to the west and northwest is a large clearing for the university’s oval. 

The predominant wind in the area is from the northwest. It is expected that a northwest wind impacting on Test Cell 2 
would have minimal interference from obstructions.  To check this assumption, Cailleau from the University of 
Tasmania performed a computational fluid dynamics (CFD) assessment of the site.  A schematic from his 2009 study 
depicting a northwest wind is shown in Figure 2.    
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Source: (Cailleau, 2009) 
Figure 2:  Computational Fluid Dynamics Site Assessment - vectors of flow coloured by velocity (m/s) 

Figure 2 shows the flow path and intensity of the wind 1m above the ground, approximately the height of the TC2’s 
subfloor vents, resulting from a 2.1m/s northwest wind at 20m elevation.  Though wind speed is usually discussed at 
the meteorological measurement elevation of 10m, 20m is used in this study to satisfy model convergence.  In the 
case of this graph that difference in elevation has not noticeably affected the results.  The CFD model assumes that 
there are no cars in the car parking lot. 

The wind speeds impacting upon the northwest corner of Test Cell 1 and Test Cell 2 are roughly equivalent.  This 
indicates that upon reaching Test Cell 2, the wind indeed has not been affected by obstructions.  However, it is 
evident that the wind on the west side of Test Cell 2 is moving approximately 0.5m/s slower than the wind on the 
north side.  This is due to the boundary layer separation region on the south side of Test Cell 2 constricting the air 
movement between TC2 and TC3.  This then creates a back pressure region on the west side of Test Cell 2, 
ultimately resulting in lower wind speeds and a lesser amount of air available to enter the subfloor from the west side.  
Conversely, because the wind is free to flow under Test Cell 1, the boundary layer separation region on the south 
side of Test Cell 1 is not as great, thus allowing for a greater wind impact on the north side of Test Cell 2, and hence 
a larger impact on subfloor ventilation.   

As this is a preliminary study only, the asymmetrical nature of the wind pattern around Test Cell 2 is noted and the 
site is considered acceptable for testing.  However, a deeper investigation into Cailleau’s CFD work (2009) for the 
purpose of quantifying the effect of surrounding buildings on the wind patterns around Test Cell 2 is planned as part 
of future research.   

2. SUBFLOOR VENTILATION THEORY 

Subfloor ventilation theory has been discussed in recent publications by Williamson and Delsante (2006) and 
Delsante (2007).   

Subfloor ventilation rate describes the volumetric airflow passing through the subfloor space.  Delsante (2007) 
describes the ventilation as the sum of two components:  the stack component, which is caused by the temperature 
difference between the subfloor and outdoors, and the wind component, which is caused by the wind pressure on the 
outside face of the building at the location of the subfloor vents.  Each component is a function of both weather and 
building geometry.  The stack and wind components of the subfloor ventilation equation for a detached building with 
an obstructed wall cavity junction are discussed in both Williamson and Delstante’s (2006) and Delsante’s (2007) 
papers, and the full form of the ventilation equation is given in Equation 1: 

 [1] 

where Qsf is the subfloor ventilation rate in air changes per hour [ACH]; 3600 represents the number of seconds per 
hour and is needed for unit consistency [s/hr]; a is the area of subfloor ventilation openings per length of subfloor wall 
perimeter [m2/m]; P is the subfloor wall perimeter [m]; Af is the floor area [m2]; H is the height of the subfloor space 
[m]; CD1 is a discharge coefficient and vent blocking factor [unity]; 3 is simply a scalar [unity]; ΔT is the difference 
between the outdoor and subfloor air temperatures [K]; g is gravitational acceleration [m/s2]; H0 is the vertical length 
of the subfloor vent opening [m]; Tave is the average of the outdoor and subfloor air temperatures [K]; CD2 is a 
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discharge coefficient and vent blocking factor [unity]; fw is a wind shielding factor [unity]; and v’ is the meteorological 
wind speed [m/s].   

The stack component of Equation 1 is a function of the outdoor and subfloor air temperatures, specifically the 
average of these temperatures (Tave) and the difference between these temperatures (ΔT).  The AccuRate program 
assumes constant values for the average and difference of the temperatures, as described in Equation 4 by Delsante 
(2007), and therefore treats the stack component as a constant.  For the purposes of this study, this assumption was 
tested by measuring actual air temperatures.  Temperature data from mid-March 2007 was analysed.  It was found 
that the stack term calculated using this actual data was 15% higher than the default stack term used in the AccuRate 
model.  The data showed great variation in the stack term, ranging from -75% to 60% of the average value.  
However, since the stack effect theoretically contributes much less to the overall ventilation rate than the wind effect, 
this variation was neglected and the average value of the stack term from the measured data is used.   

The wind component of Equation 1 is a linear function of meteorological wind speed (v’).  As described throughout 
Williamson and Delsante’s study (2006), meteorological wind speed is the wind speed measured at 10m in elevation, 
in an area with flat terrain and no local flow obstruction.  The subfloor ventilation model has this meteorological wind 
speed as an input and multiplies it by a terrain scalar to determine the wind speed at the building height.  This terrain 
scalar is a function of the building height and the terrain classification of the area.  This terrain scalar and the terrain 
classifications are described in detail by Williamson and Delsante (2006), who reference Max Sherman’s 1980 PhD 
thesis Air Infiltration in Buildings from the Lawrence Berkeley National Laboratory at the University of California, and 
also by Deru and Burns (2003), who reference Sherman and Grimsund’s 1980 study Infiltration-Pressurization 
Correlation:  Simplified Physical Modeling in Volume 86(2) of ASHRAE Transactions.   Since the on-site weather 
station measures wind speed at approximately the building height, not at meteorological height, the inverse of the 
terrain scalar is applied to the wind component term of Equation 1, yielding a modified wind component term as a 
linear function of wind speed at building height.   

After applying the above changes to the stack and wind components and substituting in the building geometry and 
physics values, Equation 1 simplifies to: 

 [2] 

where the constant term 0.7 represents the stack effect [ACH]; the term 2.5 represents the wind effect  [ACH s/m]; 
and vb is the wind speed measured at building height [m/s].  Equation 2 represents the theoretical model for the 
subfloor ventilation of Test Cell 2 as a function of building height wind speed.  This equation is specific to this test site 
and measurement system. 

3. EXPERIMENT 

An experiment was conducted on Test Cell 2 with the purpose of measuring subfloor ventilation rate and comparing it 
to theory.  Between the 6th and 8th of March 2007, Deakin University’s Mobile Architectural Built Environment 
Laboratory, MABEL, conducted tracer gas testing on the subfloor of Test Cell 2 (Luther 2008).  Two separate 24-hour 
tests were performed.  On the first day Test Cells 2 and 3 were simultaneously tested and on the second day Test 
Cells 1 and 2 were simultaneously tested.  There was a two-hour test stoppage period between the two test days to 
allow for of instrumentation to be swapped from Test Cell 3 to Test Cell 1.  The equipment pertinent to the subfloor 
ventilation test on Test Cell 2 was not modified during the entire 50-hour period.  The data from Test Cell 1 and Test 
Cell 3 are not discussed in the present study.   

The tracer gas test was conducted using the decay method with the gas sulphur hexafluoride, SF6.  Tracer gas 
decay testing consists of a dosing period followed by a decay period (Roulet & Vandaele 1991).  Each dose-decay 
cycle yields a unique subfloor ventilation rate and therefore a decay test can yield many data points in a short amount 
of time.  During the dosing period the gas was injected into the subfloor space directly into the path of a fan operating 
at low speed.  The fan was used to help achieve uniform mixing of the SF6, though it is noted that the operation of 
the fan could have changed the ventilation rate that was being measured.  After the dosing was stopped the SF6 
concentration was allowed to decay.  This process was repeated continuously for the duration of each test.    

During both the dose and decay periods a gas analyser was used to measure the concentration of SF6 in parts per 
million (PPM).  After the test was completed, the slope of the natural log of the SF6 concentration during the decay 
process was calculated, as this value directly relates to ventilation rate.  Ideally this slope remains constant during the 
decay period, however for these tests it does not, indicating that the ventilation rate was varying with time.  It is 
known that in this situation the variability of tracer gas decay testing can be significant (Roulet & Vandaele 1991).  
The calculation of ventilation rate was therefore very sensitive to the time in each dose-decay cycle at which the 
decay slope was sampled.  To accommodate this sensitivity, the decay slope was sampled at a consistent time after 
the start of each decay period.  Also, calculations were based upon a moving average of the slope, to reduce the 
effect of any fluctuations.  Thus, even though the length of the decay period differed between the two test days, the 
effect on the calculated ventilation rate was minimized.   

The tracer gas test yielded 28 data points on the first day of testing and 21 points on the second day.  Before these 
data points could be compared to the wind speed as theory requires, some manipulation of the wind speed data was 
required.  Wind speed and direction were measured in ten-minute intervals, while each decay process took 
approximately 30 to 45 minutes.  Therefore a 30-minute running average of wind speed was calculated.  This was 
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performed as a vector average instead of a simple scalar average.   This means that the measured wind speed was 
separated into north-south (N-S) and east-west (E-W) components.  A moving average of each component was 
performed separately and they were then vectorially summed to produce the average wind speed and direction.   

It is this average wind speed, along with the tracer gas data, that is compared to the theoretical subfloor ventilation 
model.   

4. DATA ANALYSIS 

4.1. Comparison of data to theory 
The data from both days of tracer gas testing is compared to the theoretical prediction of Equation 2 and shown in 
Figure 3.  The theoretical prediction line includes tolerance bands of +/- 1 ACH as a visual aid. 

 

Figure 3:  Ventilation data vs Test Cell 2 windspeed 

Figure 3 shows that in general the two days of data match the theoretical prediction well.  The data shows a clear 
dependency on wind speed.  The data sits mostly above the prediction line but with a similar slope.  This would 
indicate that the data has a larger stack effect than the theory predicts, but a similar wind speed effect.   

A linear regression of all 49 data points yields a best-fit line of: 

 [3] 

which as expected has a similar wind effect term and larger stack effect term than in the theoretical prediction 
provided in Equation 2.  The fit of the data is quite good, with an R2 (coefficient of determination, or square of the 
correlation coefficient) value of 0.85.   

This is a much tighter fit than the Olweny et al. data (1998) shows.  A linear regression of the Olweny et al. data 
yields an R2 of 0.45 for the weatherboard house and 0.54 for the brick veneer house, though again it is noted that 
each house has only five data points.  The fit is comparable to that shown in the Hartless and White study (1994), 
where the two tests yield R2 values of 0.76 and 0.94.  It is observed, however, that Hartless and White fit the 
ventilation data to a temperature-corrected wind speed.  This is necessary as the stack effect plays a larger role in 
their ventilation characteristic, likely due to the ability of the subfloor air to travel up the wall cavity. 

Even though the data matches the theory quite well, it does only span a period of two days.  Therefore this study is 
considered preliminary and it is planned that more ventilation data will be obtained for future research.  Nonetheless, 
the data is still worthy of further investigation.   

4.2. Wind octant analysis 
Wind direction has thus far not been considered.  Though the AccuRate theory only takes overall windspeed into 
account, winds from differing directions can be expected to produce differing amounts of subfloor ventilation.  This is 
usually the result of obstructions in the wind flow path around the building.  Hartless (1996) finds a difference of about 
25% in the ventilation rate depending on the direction of the wind.  Similarly, Edwards et al (1990) find a 30% 
difference. 

To investigate this phenomenon both days of data are divided into wind speed octants, representing the direction the 
wind is coming from.  Additionally, to reduce any effect of wind obstructions, all data that was taken during daytime 
hours and that contain a westerly wind component are then removed, as it is possible that these points could have 
been affected by the air disruption from cars being parked in the nearby car parking area.  This reduces the Day 1 
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data set to 25 points and the Day 2 data set to 15 points.  This reduced data is graphed versus wind speed and the 
results are provided in Figure 4 and Figure 5. 

 

Figure 4:  Day 1 subfloor ventilation by octant 

 

 

Figure 5:  Day 2 subfloor ventilation by octant 

 

The Day 1 data falls into four octants, with the northwest and east winds being most prevalent.  The low speed data 
points are mostly from the east and they are observed to have a large amount of scatter.  The Day 2 data is mostly 
from the northwest octant, with only one point from each the north octant and south octant.  Because there are so few 
data points from any octant other than the northwest octant, a quantitative comparison between octants cannot be 
made.  However, it is observable in both Figure 4 and Figure 5 that the few data points from the north, west, 
southwest, and south octants do lie within the family of northwest data points.    

4.3. Wind component investigation 
Sorting the data by wind octant may help uncover differing subfloor ventilation characteristics, but this still may not 
expose all nuances in the data.  The octant represents a fusion of the two components of the wind, the north-south 
component and the east-west component, however it is possible that one component alone is driving the ventilation.  
From the site layout, in particular the fact that Test Cell 2 is mostly blocked by Test Cell 1 from the north yet relatively 
open to the west, it would be reasonable to assume that for a northwest wind the westerly component would have a 
greater effect of the subfloor ventilation than the northerly component.  However, due to the CFD prediction that the 
western face of TC2 is subjected to slower winds than the northern face, it is hypothesized that the subfloor 
ventilation resulting from a northwest wind is driven more by its northern wind component than by its western wind 
component. 
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To investigate this hypothesis the wind component, not just octant, is now calculated.  Hartless and White (1994) 
perform a similar study and provide graphs of subfloor ventilation rate and component wind speed versus time, 
though no further analysis of the data is presented and they do not graph the ventilation rate versus the windspeed 
component.  Figure 6 and Figure 7 show the reduced Day 1 and Day 2 ventilation data from the northwest octant 
graphed against the north-south wind speed component and east-west wind speed component, respectively.   

 

Figure 6:  Northwest Octant Ventilation Data versus Northerly Wind Speed Component  

 

Figure 7:  Northwest Octant Ventilation Data versus Westerly Wind Speed Component 

The graphs show that the ventilation has a stronger sensitivity to the northerly component of the wind than to the 
westerly component.  This is visible from the trendline in Figure 6 being steeper than in Figure 7.   This is also 
supported by the following best-fit multiple linear regression: 

 [4] 

where vbn is the northerly component of the wind speed at building height; vbw is the westerly component of the wind 
speed at building height; and the coefficient of the northerly wind speed component is larger than the coefficient of 
the westerly wind speed component.  The adjusted R2 of 0.78 indicates that this line has a good fit to the data.   

However, it is observed that the westerly wind speed component has higher peak values than the northerly wind 
speed component, and it is the data points with these higher speeds that appear to dampen the ventilation’s 
sensitivity to westerly wind component.  Indeed, if the two data points with westerly wind components of 
approximately 5m/s are removed, the remaining 18 data points reveal that the ventilation has nearly identical 
sensitivity to both the northerly and westerly wind speed components.  This result is what would be expected if there 
were no other test cells surrounding Test Cell 2.  Thus, the subfloor ventilation does not seem to be affected by the 
surrounding buildings.  
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CONCLUSION 

A test site, including a brick veneer test cell with a suspended timber floor is presented and discussed.  A 
computational fluid dynamics study is referenced to show that the impact of the test cell’s surrounds on the wind 
pattern around the test cell is expected to be minimal.  Subfloor ventilation theory, based on calculations used in the 
AccuRate program, is developed to suit this particular test cell and site.  Subfloor ventilation data resulting from tracer 
gas decay testing are presented and shown to be dependant on wind speed, thus supporting the theoretical model.  
However, the data do show that the ventilation due to stack effect is greater than the theory predicts.  Further 
analysis of the data shows that differentiating the data by neither wind octant nor wind component creates any 
discernable trends, thus supporting the notion that the layout of the test site itself does not greatly affect the 
measured subfloor ventilation rate.   

Because of the known variability in the tracer gas decay data and the low number of data points present, this study is 
considered preliminary only.  More experimental data is needed to validate AccuRate’s subfloor ventilation model and 
to continue this investigation.  Future testing should span a longer period of time to ensure that varying weather 
conditions, especially varying wind velocities, is included.  Subfloor air and outdoor air temperatures should be 
simultaneously measured, for investigation into the stack effect.  Not only should the total subfloor ventilation rate be 
quantified, but the amount of air actually entering each slot should be quantified as well.  This would help to 
determine the wind profile on each face of the test building.   

Future subfloor ventilation studies should also address any assumptions made in this study.  For example, in 
developing the theoretical wind speed effect on ventilation, this study uses an assumed relationship to relate the 
meteorological wind speed and building height wind speed to the wind speed at the subfloor vent height.  However, in 
practice the relationship between these three wind speeds is quite dependent on the layout of the test site and 
obstructions in the wind path.  Hence further investigation into Cailleau’s computational fluid dynamics study (2009) 
should be pursued to explore such phenomena.  Comparison with wind incidence angle studies and wind shielding 
studies would aid as well.   
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