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Abstract

Three different types of methods for estimating ventilationm
rates in residences have been presented and the results of each
method discusged. Field measurement experiences have helped to
identify the potential errors of these methods. To date, the best
correlations obtained have been between the constant emission
tracer methods involving perfluorocarbon and tracer gases. It is
expected that a better understanding of the parameters that
affect all of the techniques, specifically, mixing volume, will
lead to improved accuracy.

Introduction

The field assessment of ventilation rates using several
methods has been conducted in a total of 130 homes. The methods
used were the fan pressurization technique (2,4,5,10), grab bag
SF, tracer decay measurements (6), continuous SF, emission tracer
methods (12) and perfluorocarbon tracer (3). The data set com-
'sists of homes from three studies. All four types of assessment
were not conducted in every home.

. Twenty-four homes were tested in conjunction with a wood
smoke study in Waterbury, Vermont during January and February of
1982 using grab bag SF, tracer decay methods and fan pressuriza-
tion techniques. Detai§s of the results and methodology for the
air pollution measurements have been presented elsewhere (9,13).

In a second study, fifty-nine homes were tested during a
follow-up visit to homes in the Portage, Wisconsin area in
February and March of 1983 using the grab bag SF, decay method
and fan pressurization technique. The detailed reséﬁts of the air
.pollution measurements are presented elsewhere (11).,°
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Fifty homes were tested as part of an energy conservation
weatherization study in the Madison, Wisconsin area during the
winter of 1982-1983, The techniques used included fan pPressuriza-
tion tests, constant emission SF¢ tracer tests, and grab bag SF
tracer decay and perfluorocarbon tracers (PFT) in a subset of the
homes (8)." . :

1
Methods

Fan_Pressurization: The fan pressurization (blower door)
tests in the three studies were performed using a blower door
supplied by Energyworks of Newton, Massachusetts, USA. In
general, the tests were performed in accordance with ASTM method
#E779-81 (2) and methods developed at Lawrence Berkeley Labs (5).
Since many of the tests were performed in the coldest months of
the winter they were conducted at the limit or just -above those
limits specified by ASTM section 8.11. For example, the
indoor/outdoor temperature difference was in excess of 28°C in
many of the Portage, Wisconsin and Waterbury, Vermont homes. For
a few homes the wind speeds approached 4.5 m/s. In homes where
wood burning was the Primary source :of heat, building depres-
surization was not conducted as recommended by ASTM. Fan calibra-
tion data (in accordance with ASTM) was provided by the door
manufacturer  for determining flow rates as a function of RPM and
pressure difference. ’

Tracer Decay (SFE): Grab bag tracer decay measurements were

performed in 93 of the study homes. These measurement.s were
performed in accordance with the methods used by NBS (6) and
Princeton University (7). Contamination-free gas sample bags were
used to collect four samples over a two to four hour time inter-
val, after allowing for mixing to occur.

Constant Emission Trac (SF.): Using a method developed
University of Wisconsin (12), integrated average ventilation
rates were obtained for approximately 24-hour periods. SF tracer
gas was released at a constant rate and integrated samples were
collected in contamination-free sample bags using a timed sam-
pling mechanism. These measurements were performed on the fifty
Madison area weatherization retrofit homes during both winter
seasons (1982-1983 and 1983-1984), although the discussion here
is limited to the first set of these measurements,

Constant Emission Perfluorocarbon Tracer: Average ventilation
=on2tant tmission Perfluorocarbon Tracer

rates were obtained on a small subset of the Wisconsin
weatherization homes during the - winter of 1982-1983 (8) using
methods developed at Brookhaven National Labs (3). During the
1983-1984 heating season these measurements were increased to
include all fifty homes. The method uses two to four constant
emission perfluorocarbon (PFT) sources and passive capillary
absorption tube samples (CATS). Because of the high sensitivities-
involved in the method, special precautions were taken to avoid
contamination during shipping and storage.
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Regults and Discussion

The results and discussion which follow present the possible
sources of error for each method and suggestions for improving
the accuracy of each method. The results are presented in Tables
1 and 2.

Pressurization Tests: In several homes the direction of the
motor (forward or reverse) was changed rather than physically
turning the fan around. The motor was calibrated, RPM vs. pres-
sure difference, for both directions. However, because the fan
was not physically turned around, but rum in reverse, there is a
potential error in the determined Effective Leakage Areas (ELAs -
building leakiness expressed as area open to outdoors). Fifteen
homes in the Portage, Wisconsin study were pressurized or depres-
surized with the fan running in ‘' both the forward and reverse
direction, so that the principle differences should be at-
tributable to random error or to the effect of fan direction
(Table 1), The average absolute difference in calculated ELAs
when fan was reversed was found to be 5.2% (standard deviation

3.0%), indicating that this was not a major source of error in

these measurements. For a total of 69 homes (Table 1) the mean
difference was 11.7% (standard deviation 23.8Z). Other possible
errors can _ result from pressure-induced openings or closings
during testing. All -of the data reported here was scanned for
differerices exceeding 20%Z, and then checked for evidence of
openings (upward sloping) or closings (downward sloping) in the
test plots. Only pressurization measurements were conducted in
homes with wood stoves or fireplaces for safety reasons (Water-
bury, Vermont).

Fan Calibration: The accuracy of calibration of the fan, in
both directions, directly relates to the accuracy of the test
results. This may not be a linear relationship (square root of
pressure differences is used in calibration equation). There
appears to be some variability in the flow at a given RPM at
different pressurizations. This may also be effected by the wind
‘“(gusting). :

Model Estimates: Wind and temperature influences on infiltra-
tion do not act independently (1). See Table 2. In addition, the
relatlonshlp of infiltration to wind may not be linear; logarith-
mic and quadratic relationships have been suggested.

The model does not include active ventilation (e.g., exhaust
fans, door and window openings) or the influence that furnace or
other combustion appliances have on natural air infiltratiom. It
,also does not include the passive or active stack flow through a
.chimney. These factors would increase the infiltration estimate,
while the differences we are observing (Table 2) appear to have
. the LBL model over-predict the ACH (alr changes per hour).

Tgscer Decgg Hegsu;gments A potential source of error is the
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the air ingside of the home. Incomplete mixing will give errors in
the air infiltration estimated by this test. These mixing
Problems include the incoming air .not being evenly dispersed

room. The former has been described as "plug flow" which possibly
results from the tracer containing air being pushed without
mixing.‘These problems are suggested by curve Portions of the
trace decay lines plotted on semilog paper. The dead air problen
Seems to be more related to the question of an %ffective vs.,
Physical volume.

Approaches to this Problem are: 1) use the furnace fan (if
Present) or floor fans to improve initial mixing of the released
tracer gas into the.structure; 2) leave the doors between rooms

quires identifying the exact zone that should be tested, based on
the type of heating system and the Pathways available for ex-
change of air between various zoneg (e.g., first and second
floors). If ajir cannot move freely betwcen these zones, yau may
only be testing the air flow out of omne zone and not for the
entire structure, When these 1limitg are determined, the tracer

ferent flqdrs.

Constant Emission Tests (SFE and PFT) :

Effective Volume - The model used for these tests (with a
single) assumes a single. compartment, while the homes being
tested may have Several compartments. Thig Problem is noted when
comparing the results of these tests with the estimates given by
the blower door Measurements. Blower. door measurements dynami-

found in (hollow) interior walls. Tracer tests operated at the
equilibriunm Pressures, so the Pathways available for air flow
might be more limited and the effective volumes less thap that
calculated for the LBL model estimates.

There are several home-to~home differences that make the
estimation of an effective volume difficult., These include the
type of heating system used in the home (forced air, convection,
electric baseboard, floor furnace, hydronic, etc,) and the physi-
cal layout of the home (doors to rooms. and stairways, number of
floors, type of foundation, ete,),

(min., of 12 f¢, apart). Later, the collectors were located in a
Separate room from the source. This procedure was used to avoid
air flow moving within a room from the source to the collector,
without mixing with the rest of the room or home air. During the
last monitoring cycle we used multiple collectors in most homes
(co-located with the BNL collectors) to check for mixing
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problems. Results will be presented at the conference.

Special precautions must be taken to avoid contamination of
the CATS samplers used in the PFT method. Samplers and emitters
should not be shipped in the same package, or even on the same
day (as was dome with those used in our study). Control field
blanks (for contamination in transit to and from homes) and tight
caps that should be routinely used.

Source Flow Rates — With the SF, method there are possible
errors introduced in measuring the source flow rates using the
micro-pipette. We were ‘taking three on/off flows, and averaging
these to estimate the source flow rates. This may have been more
of a problem with the earlier tests (fall). For both the PFT and
SF. methods there are unresolved questions regarding the in-
fluence of changes in the source flow rates over time at-
tributable to temperature variations in the homes (or to the
decay in SF6 pressures), larger SF6 flow rates would minimize
these problems. ‘ '

Collectors - The sampling rate of the CATS collectors is
assumed to be constant. Some consideration should be given to
changes in the collection rate with temperature or face velocity.
The SF, collector samples at a set rate (with some variation
between collectors in the frequency and duration of the
sampling),‘although there have been problems with connecting and
opening the bags and with obtaining enmough air in the sample for
the required testing.

Analysis - Both systems use gas chromatographic analyses.
Accuracy of the GC analysis procedures used depends on prepara-
tion and use of standards and columns as well as the volume of
sample injected. For the PFT method, there is some concern over
interferences from other freoms in the home. 2

Both of the constant emission techniques estimate the average
infiltration rate over some sampling interval. If there are some
changes in the infiltration rate during this time, this will
change the concentration of the tracer from the steady-state
concentration which may introduce some errors into the estimates.
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. Table 1. Summary Statistics for Air Infiltration and Leakage Measuiements.

sSted. Perceatiles
Study Messuresent n Mean Median Dev. 25X 75%
Cosbined ELA (sq.cm) 133 1298 1189 643, 94S 1561
ACH-SO Pa 133 2‘01 1846 12-0 12-‘ 28-0
Diff. ELAs(X) 63 11.7 8.80 23.8 -7.9 25.4
Wisconsin ELA ‘49 1262 1144 487. 977 1515
50 Home Study ACH=-50 Pa 49 26.4 24.8 0.61 17.8 24.8
DLff. ELAS(X) 34 10.5 6.14 25.2 ~=13.3 26.4
PPT ACH 9 0.45 0.36 0.27 0.28 0.55
Tracer Decay 9 0.37 0.21 0.4) 0.08 0.88
Constant Flow 108 0.53 0.43 0.49 0.29 0.60 :
SF,_ ACH
L3R Model 132 116 1,01 0.51  0.76 1.2
Portage, Wis ELA 59 1407 1257 157. 980 1601
ACH'SO Pa 59 l8-8 1305 12-2 1003 25-5
DLff. ELAS(X) 29 13.2 . 10.7 22.4 -2.5 25.4
Tracer Decay 57 0.33 0.20 0.41 0.09 0.40
LBL Model 59 0.97 0.78 0,75 0.49 1.26
Wwaterbury, Ve ELA 25 1111 1130 586, 698 1332
ACH=-50 Pa 25 16.5 17.4 6.89 11.3 21.3
Tracer DCCIY 25 0.72 0.55 0.55 0.40 0.90
LBL Model 25 1.07 1.13 0.48 0.65 1.42

Diff. ELAs = Pressurization - Depressurization ELAs as a percentage of
the larger.

ELA = Effective leakage area (sq.cm) calculated: from fan pressurization
tests.

ACH-50 Pa = Air exchange rate per hour calculated from a pressurization
test at 50 Pa pressure differential.

Dff. ELAS(2) = Calculated percentage difference betveean the ELA
obtained for fan pressurization and fan depressurization of a home.

PFT ACH = Air exchnngc'rnte per hour calculated from the integrated
perfluorocarbon tracer method.

ITracer Decay = Air exchange rate per hour calculated from grab bag 8!6
trace method, ) '

Constant Plow SF, ACH = Air exchange rate per hour calculated from the
constant relcnoe'SF6 tracer method. :

LBL Model = Air exchange rate per hour calculated from fan pressuriza-
tion tests using LBL Model. :
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i Table 2. Comparison of In!iitrntioh Estimates and Measurement Results.
Study ) Infiltration Estimate Flows
/lnfiltratio m————— ————————
Measurement ) LBL Model ACH(S0 Pa)/20 ELA QW Qs o,
Waterbury, vt Cocr. 0.55 0.65 0.446 0,28 0.64 25
/Tracer Decay  K-sq. 0.,3] 0.42 0.19 0.08 0.42

Mean Diff. 0.35 0.10
Portage, Wis Corr. 0.67 0.69 0.72 0.61 0.71 57
/Tracer Decay R-sq. 0.44 0.48 0.52 0.37 0.51
Mean Diff. 0.64 1 0.60 :
Wisconsin
/Constant Flow SF6
All Seasons Corr. 0.30 0.32 0.13 0.21 0.20 102
Combined R-eq. 0.09 0.10 0.02 0.05 0.04
Mean Diff. 0,58 0.76
1. Fall Corr. 0.1 0.15 0.05 0.37 0.02 24
R-sq. 0.01 0.02 0.00 0.14 0.00
Mean Diff. 0.7 0.74

2. Winter  Corr. (.53 0.46 0.42 0.44 0.58 38
R‘Iq- 0-23 0-21 0018 0020 003‘
Mean Diff. (.63 0.80

3. Spring Corr. 0.09 0.11 0:12 0.23 0.26 40
R-lq- 0.01 0.01 0-01 0005 0.07
Mean Diff. 0-55 0085
/Tracer Decay  Corr. .58 0.80 0.59
R-sq. 0.33 0.65 0.3¢4
Mean Diff. 0.9¢ 0.89
/PPT Corr. 0.82 0.48 0.78
(BNL/AINS)' R~sq. 0.68 0.23 0.61

Mean Diff. 0.8) 0.62




