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AIR LEAKAGE MEASUREMENTS IN THREE APARTMENT 
HOUSES IN THE CHICAGO AREA 

by 

Charles M@ Hunt 1, John p03terfield2 t and 
Paul Ondds 

Abstract 

Air infiltration measurements were made in three apartment houses in the Chicago 
area using SF 6 as a tracer gas. TWo were in tenement districts and one was 
suburban. Data were collected in selected apartments in each building, and 
these data were used to estimate the infiltration rate for the entire building. 
Whole building estimates of 0.94 and 1. 2 air cha.nges per hour were obtained 
under the conditions of tests in the tenement apartments, and 0.82 air changes 
per hour in the suburban apartment. 

Comparisons of the tightness of individual dwelling units by fan pressurization­
depressurization techniques were also made. The suburban apartment was found 
to be much tighter than the other two apartments. The difference was much greater 
than predicted by the tracer tests. 

An analysis of the ASHRAE Crack Method is also made. 

Key Words: Air infiltration, air leakage, sulfur hexafluoride tracer, low income 
housing. 
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1. INTRODUCTION 

Work' has been undertaken on behalf of the Weatherization Program of the Community 
Services Administration to assess the effectiveness of various retrofit options 
aimed at reducing energy losses in housing for lower income people. A number 
of buildings have been selected for this study. The present report deals 
with air leakage measurement in three apartments of this group which were 
initially selected to represent tight, intermediate, and leaky buildings. 
This study is a joint effort of the National Bureau of Standards and the 
Energy Resources Center at the University of Illinois at Chicago Circle. 
While the measurements do not cover a wide range of weather conditions, and 
in this respect are limited in scope, they do provide information on types 
of housing for which little if any previous data are available. They provide 
a starting point for computer modeling of the infiltration component of 
energy consumption of the buildings. 

2. DESCRIPTION OF BUILDINGS 

For purposes of identification the three apartment houses will be designated 
as Windsor, Kenmore, and Custer, these being the names of the streets on 
which they are located. Front views of the buildings are shown in 
Figures 1, 2, and 3. Floor plans of the dwelling units in which measure­
ments were made are shown in Figures 4, 5 and 6. 

Windsor and Kenmore are in sections of the city which might be considered 
tenement areas while Custer is more suburban in location. Windsor was under­
going renovation when the, tests were carried out, so that different apartments 
were in different degrees of repair, and many of them were unoccupied. This 
afforded an opportunity for experimentation which would be more difficult 
to achieve in occupied dwellings. Kenmore is comparable in size with Windsor, 
but it was fuliy occupied. It had also received earlier weatherstripping 
treatment, and doors into the hallways were better fitted. One of the reasons 
for including it in the measurements was to see if these improvements made 
a significant difference in air leakage characteristics. Presumably it was 
a tight building in comparison with Windsor. 

Custer was a newer structure. It had swinging steel frame casement windows, 
while the other two apartments had double hung wooden sash windows. Custer also 
had concrete in lts floor construction. 

3. INFILTRATION TESTS 

Infiltration tests were made by the tracer gas dilution method using sulfur hexa­
fluoride (SF 6) as Ithe tracer gas. The particular apparatus used in these tests is 
similar to that described elsewhere [1,2], except that a chromatograph with a 6-port 
rotary sampling valve was used in place of one with a plunger-type valve. Also, the 
instrument response was linear instead of logarithmic as in the one previously 
describedw 
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Tracer gas was distributed throughout the, dwelling space and its concentration 
meas'ured as a funetion of tilQe. Infiltration rate was calcula~ed 'from the rate of 
disappearance of tracer gas by the relationship 

dc v .... - ==-c 
dt V 

c v - In --.... ;m - t ... It 
Co V 

and 

where Co =: initial concentration of SF6 
C =: content'ration of SF6 at time t 
v ~ rate of which all' e~ters and leaves the ventilated space 
V ... volQme of ventilated space 
I = infiltration rate 

(1) 

(2) 

The natural logarithm of clco Was plotted as a function of time, and by proper 
selection of units the slope of the line was equal to-I, where I=lnfiltration 
rate in air changes per hour. 

4. FAN PRESSURIZATION-PEPRESSURIZATION TESTS 

These tests were a .adified and scaled down version of tests originally described 
by Cover [31, but recently improved and described more extensively by Tamura (4] 
and Stricke~"(5). An assembly consisting of an axial fan 'connected downstream 
from a commercial multi-port pltat-static flow measuring device was sealed into 
one of the doorways at each apartment under test. Fan speed was controlled by 
means of a variable transformer, and air was exhausted from the apartment. By 
reinstalling thf;!! assembly in the opposite direction the apartment could be 
pressurized. Differential pressure measu~ements were made between the inside and 
outside of selected dwelling units by lDeans Qf a variable capacitance pressure 
gage with tubes leading inside and outside of the test-space~ The same device 
was used to measure differential pressures across the pitot-static flow measuring 
device. 

s. INFILTRATION TESTS AT WINDSOR 

Before going into the tests themselves some problems involved in making tracer , 
tests in butldings wit~out central ducted ventilating systems should be mentioned. 
Without such a system in a multi-room, multi-story building there is no simple 
way to measure infiltration rate of the apartment house as a whole, so measure­
ments were made in individual apartments, and projections as to what the infil­
tration rate should be for the entire building were made from these data. (A 
theoretical analysis of air movements in a ~ltl-room building is given by 
Sinden [6].) 

The first set of meaSurements at Windsor was made in the third floor north apart­
ment. The floor plan and location of sampling points and fan.is shown in Figure 4. 
Sufficient tracer gas was .distributed throughout the space to produce a concentra- , 
tion of about lO-J.5 parts per billion (ppb). A fan with a del!very rate of about 
800 cfm was operated in the apartment to maintain mixing throughout each test. 
It was directed away from outside windows or doors so that air flow was not 
directed towards identified crac~s. A fan was similarly used on the top floor 
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but not on the second floor apartment because only two fans were available. 
Initially tracer gas was introduced only in this one apartment and concentration 
measurements made in this apartment. The apartments directly above and below 
were also checked for leakage of tracer into those areas, but none was found. 
Infiltrat,ion rates of 0.7.5 and 0.81 air changes per hour were obtained and are 
presented as the first two runs in Table 1. 

Tracer gas was then distributed in the apartment above. This was a top-floor 
apartment. Higher infi ration rates \-lere obtained than on the lower floor, as 
shown in Table 1. 

In the remaining experiments tracer gas decay measuremE!nts were made with tracer 
gas in all three apartments, and finally in all three apartments plus the stair­
well. If significant air leakage occurred from apartment to apartment, apparent 
infiltration rat,es would be correspondingly lower or higher depending on whether 
air entering from the rest of the building contained tracer gas or not. In this 
series of measurements. there was very little difference in infiltration rates 
on the third floor if the apartments below or above and the stairwell contained 
tracer gas. Even though there may have been some reduction in the calculated 
infiltration rate for the top floor when tracer gas was present in the apartment 
below and in the stairwell, these data suggest that the leakage paths were such 
that most of the air exchange was with the out-of-doors. If it is assumed that 
0.83 air chang'es per hour is representative of the infiltration rates of the 
lower three floors and 1.25 represents the top floor, then the weighted average 
air exchange rate for Windsor is 0.94 air changes per houi. 

Wind data from O'Hare and Midway Airports indicated gusts as high as 15 to 
20 knots at the time of toe infiltration measurements. Some evidence of wind 
activity at the Windsor site was evident from the movement of tree branches 
and blowing of occasional bits of paper and light objects. However, the apart­
ment building itself was surrounded by other buildings of comparable height which 
would alter wind patterns conSiderably. Wind data are presented here for descrip­
tive purposes i only. 

Temperature was measured by a Single alcohol-in-glass thermometer outside on a shaded 
wh'ldow ledge and another one centrally located indoors in the third floor apartment. 
Initial outside temperature was .50°F and inside 60°F. and a temperature difference 
of approximately leoF was maintained throughout the day as inside and outside 
temperatures inc,reased. The low AT would suggest that a less than normal stack effect 
was operating during the tests. 

It was observed that tracer gas disappeared faster from the stairwell than from 
the dwelling units. This suggests there is significant air movement up the stair­
well and out of the vent which is part of the skylight assembly. However, it is not 
certain how much this air leakage contributed to the leakage rates in the individual 
apartments. ,Tighter fitting of the doors leading into the stairwell might produce 
some reduction in ai.r leakage. However, it might be noted that there are studies 
of houses which showed that leakage around windows and doors accounted for only a 
fraction of the total air leakage [4.7]. 
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TABLE 1. INFILTRATION RATES AT WINDSOR, KENMORE, AND CUSTER 

Air Chan~es eel' Hour 
WINDSOR* 

Run 2nd Floor 3rd Floor 4th Floor (toe) 
-1- 0.75 SF6 added to 3rd floor only 

2 0.81 " u If It .. .. 
3' ---r 

1.38 SF6 added to 4th floor only 
4 1.56 " " .. .. 
5 0.70 0.77 0.99 to each apt. 
6 1.08 1.33 

SF6 added 
SF6 added to each apt~ stairwell 

7 1.12 

Aver~e 
Standard 
Deviation (SO) 

KENMORE 
Run 
-1-

2 

Average 

CUSTER 
Run 

1 
2 
3 

Average 
(SO) 

1st Floor 

2nd Floor 
0.72 
0.77 
0.78 

0.76 
0.03 

0.73 

0.83 
0.14 

2nd Floor 

4th Floor 
1.05 
1.05 
0.86 

0.99 
0.11 

0.97 

1.25 
0.25 

3rd Floor (toe) 
1.5 
1.7 

1.6 

(toe) 

.. .. .. 
3 x .83 + 1.25 ... 0.94 

4 

1.6 .94 1 2 
x T."2'5'" • 

1 x 0.76 + 0.99 = 0.82 
4 

*The floor entered nearest to ground level is designated as the 1st floor. 

6. INFILTRATION TESTS AT KENMORE 

Tracer gas measureme~ts were made in a top floor northside apartment at Kenmore. 
The floor plan is shown in Figure 5. Infiltration rates of 1.5 and 1.7 air 
change per hour were obtained. The results are included in Table 1. Kenmore is 
presented in Table 1 as a three-floor apartment house. However it had a half­
~xposed basement and is treated as a four-story building like Windsor. Assuming 
an average rate of 1.6 air changes per hour and further assuming that the average 
air exchange rate for the apartment house was 75% of the rate for the top floor 
as at Windsor, a projected estimate of 1.2 air change per hour for the building 
is obtained. 

As previously ~entioned, Kenmore was selected as a tighter structure than Windsor 
because of caulking and weatherstripping. This prediction was not borne out by 
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the infiltration measurement. However, no preretrofit data are available on the 
same building. Without such data it is difficult to accurately assess the effects 
of caulking and weatherstripping. 

Fewer data were collected at Kenmore than originally intended because of greater 
problems encountered in working in occupied apartments than in vacant apartments. 
These include such things as occupants not home to permit access, invasion of privacy, 
doors or windows left open, certain rooms not accessible, etc. 

Wind data indicated velocities of 10 knots at both Midway and O'Hara airports. Kenmore 
was also in a somewhat protected location. An outside temperature of 58°F and inside 
temperatures'of 68 to 71°F were observe9, so 4r was comparable with that observed 
at Windsor. 

7. INFILTRATION MEASUREMENTS AT CUSTER 

Two apartments were measured at Custer. Both were in the south wing of the building. 
One was on the second floor. It was an interior apartment with exposures on the 
no.rth and south. The other was an end apartment on the fourth floor with exposures 
on the north, sou~h, and west. It appears on Figure 3 on the top floor at the 
right. Floor plans of the two apartments are also shown side-by-side in Figure 6. 
The average inf~ltration rate of the second floor apartment was 0.76 air changes 
per hour, and on the fourth floor 0.99 air changes per hour with a weighted average 
for the entire building of 0.82 air changes per hour, assuming that all but the top 
floor had an air exchange rate of 0.?6 air changes per hout. 

Wind velocities of 17 knots at Midway and 19 to 23 knots at O'Hare were reported. 
An initial outside temperature of 72°F was observed, but this dropped to 52°F during 
te~ts indica~ing that a front passed through. Indoor temperatures were 80 to 82°F 
as measured in the second floor apartment. 

The air infiltration rate was higher than anticipated from the comparative results 
of fan tests at Custer and Windsor which are to be described in a subsequent section 
of this report. A significant tracer gas concentration was always found in the 
stairwell, although none was added there, indicating a leakage under the front door 
and up the stairwell, as at Windsor. However, this leakage path was also present 
during the subsequent fan tests. No entirely satisfactory explanation is offered 
as to why this infiltration rate was higher than expected from the fan tests, but 
it is noted that Custer was in a more exposed location and the average inside­
outside temperature difference was greater. 

8. PRESSURIZATION-DEPRESSURIZATION TESTS AT WINDSOR 

8.1 COMPARISON OF DIFFERENT APARTMENTS 

Depressurization measurements were made in the second, third, and fourth floor 
apartments of Winds~r. The purpose of this set of tests was to compare tightness 
of the second and third floor apartments, which had undergone renovations, with 
that of the fourth floor which was essentially in the run down state in which 
the owner had acquired it. In each measurement the low pressure lead was a 
1/4-inch (id) polyethylene tube leading into the apartment. The outside lead 
ended in the stairwell far enough from the fan to avoid turbulence effects produced 
by the fan. The data are presented in a log-log graph in Figure 7. Very little 
difference is shown between the second and third floor apartments. The fourth 
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floor does not fit the correlation for the other two floors, althQugh most of 
the divergence lies in one point which is below the line. Since tracer gas 
measurements indicated the fourth floor to have a higher leakage rate than the 
other two floors. this is treated as an outlying point. While esthetically 
and functionally the renovated apartments were very different from the top floor 
apartment, they were not less permeable in the fan tests. 

A fairly good argument could be made for the case that the higher infiltration 
rate of the fourth floor in tracer gas tests was due more to unrepaired leaks 
in the envelope structure than to its more exposed position. However, fan 
depressurization suggests that the top floor apartment was not more leaky than 
the othe'rs. Th:l.s would favor the theory that the higher infiltration rate was 
primarily due to greater area of weather exposure on the top floor. 

8.2 EFFECT OF SEALING WINDOWS, DOORS, AND FIREPLACE 

A set of measurements were made in the third floor apartment with polyethylene 
film taped over each window and door frame so as to block the entire window 
or door except for leakages where the frames fit into the walls. The fireplace 
was also sealed. Pressurization was used on this set of measurements to rein­
force the action of the tape rather than pull the film away from any openings 
as might occur with depressurization. The film and tape were than removed and 
the pressurization experiment repeated. The results are shown in Figure 8. 
The doors, windows, and fireplace did not account for more than 12 to 18% of 
the fan pressuriza tion leakage. Since the measurements were made on an individ~ 
ual apartment rather than the building as a whole, the leakage through floors) I 

ceilings and internal walls could represent a greater fraction of the total 
leakage than occurs in normal infiltration. If this were the case, leakage 
through windows and doors could account for more than 12 to 18% of the leakage 
through the external walls. However, Teitsma and Peavy [7] estimated that 
sealing off jalousie windows of a mobile home led to about an 18% decrease in 
leakage rate. In this case. pathways for internal leakages between different 
compartments of the building wexe minimal. Tamura [4] measured six houses and 
estimated that windows and doors represented about 15 to 24% of the total leakage 
paths. However, this data was obtained with storm windows and storm doors 
inst?lled. Other tests indicated that leakage through the primary windows and 
doors was greater than 15 to 24%. 

It should also be noted that flow rates under conditions of pressurization were 
less than under depressurization. This may be seen by comparing Figures 7 and 8 

9. DEPRESSURIZATION MEASUREMENTS AT KENMORE 

DepressurizatIon measurements at Kenmore were made in the second floor apartment 
on the north side of the building. The results are shown in Figure 9. They show 
air leakage raj:es slightly higher than those fou(ld at Windsor. This suggests that 
other parts of· the apartment besides the weatherstripped windows and doors contrib­
uted to air lea~age. 

Measure~ents \'lere not made on the top floor apartment ,,,,here the tracer measure­
ments were made, because the residents were out. and the apartment was not 
available when these tests were being made. 



10. DEPRESSURIZATION MEASUREMENTS AT CUSTER 

Measurements were made in the second floor and the fourth floor apartments at 
Custer. In these tests the fan assembly was sealed to the rear door, and the 
outside pressure lead was conducted into the back stairwell. In addition, another 
type of tesf was made in the second floor apartment at Guster in which the windows 
were opened so that about 1/4~inch of daylight was visible between the window 
and the frame as illustrated in Figure 10. The purpose of this latter experiment 
was to see how much windows which leaked badly might contribute to the total leak­
age. The results are presented graphically in Figure 11. Thi.s slight: opening of 
the windows nearly doubled the air leakage rate. Also the top floor apartment 
was slightly more leaky than the one in the second floor. This is qualitatively 
consistent wi th the results of the tracer measurements, unlike the results at 
Windsor. 

It is also of interest to note that the Custer apartment with the windows cracked 
open offered more, resistanc.e to air flow than the Windsor apartment with the windows 
and doors sealed. This large difference in building tightness was not fully reflected 
in the tracer measurements, but infiltration rates were slightly lower at Custer. 
Also, the Custer apartment was smaller so that for a given pressure difference 
about half the volume of air was flowing through the envelope as at Windsor. 

It might be further noted that in fan tests pressures are applied symmetrically 
to all surfaces, and all flows are in or out depending on fan orientation. When 
single dwelling units are tested instead of the building as a whole, pressure 
differences across internal walls may be as great as across external walls. In 
normal infiltration pressure ferences develop asymmetrically, and their magni-
tudes are typically less than those in fan tests. In any case, further analysis 
would be required to quanti account for the differences between Custer 
and Windsor in the tracer and fan tests. 

11. COMPARISON OF FAN AND TRACER GAS TESTS 

The results of selected fan tests are plotted in Figure 12. These include data 
from Windsor, Kenmore, and Custer as well as data from one other study [7]. The 
flow rates have been converted from cfm to air changes per hour in order to com­
pare them wi th tracer infiltration values. The solid squares in the figure repre­
sent infiltration rates by tracer measurements normalized to wind velocity of 
10 mi/hr and inside-outside tempe.rature difference of 10°F. These are plotted 
against extrapolated estimates of the pressures which would be required to achieve 
the same at'r leakage rates by fan pressurization or depressurization. These pressures 
range from about 0.0003 to 0.002 in W.G. 

This analysis assumes that the extrapolation is valid, and there is evidence 
that such log-log plots can be linear over a fairly wide range. It also assumes 
that under conditions of low wind perturbation integrated time-averaged pressure 
differences due to wind are negligible compared to fan-induced pressure differences. 

1 Two of the seven windows Were left closed~ because they were difficult to operate. 
\ 
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If these assumptions are correct, the results sug,est that pressure differ­
ences req~ired to ind~ce natural infiltration may be much less 0.1 inches 
of water which is the lowest value for pressure induce4 air leakage through 
window cracks listed in the ASHRAE Book of Fundamentals (9). I~ addition, the 

. results in Figure 12 suggest tha~ there is no simple extrapolation which will 
permit prediction of natural ventilation rates from fan pressurization measure­
ments, which can be applied across th~ board to all kin4s of housing. 

I 

There are some differences between fan induced and natural air leakage which 
should be pointed out. In fan tests presumably all of the air is flowing into 
or out of the structure depending on fan orientation. If natural infiltration 
is treated as a simple -"flow through" process. air may be' considered to enter 
through half of the openings and leave through the other half. As evidenced 
by the straight line plots in Figure 12 as well many other examples, flow may 

. I 

be' expressed by the relationship 

where Q ... flow rate through crack 
k "" flow const~nt 
A "" area of cracks 
p ... pressure difference across cracks 
n "" a parameter having a typical value of about 0.6 in the present 

measurements (0 

If the same flow rate is maintained. but through only half the area, the pressure 
differential would have to be about three times as large. 

That is to say, if Al = O.5A2, 

Ql "" kA!,Pl n 

Q2 .. kAlPln 

and Ql OIl Q2 

n ... 0.6 . . 
Pl AZ lin 

-- .. 
1'2 Al 

1/0.6 
~ (2) ... 3.11 • 

Moreover, since air is assumed to enter through half of the cracks and exit 

(3a) 

(3b) 

thro~gh the other half. the two halves are in series, and the pressure difference 
is doubled. Therefore, it should be approximately six times as large, and instead 
of values 0.0003 to 0.002, the simple "flow-through" model would call for pressures 
on the order of 0.002 to 0.012 in. W.C. The thermal head for a 10 degree temper­
atur~ difference over a 10 ft. height would be of the order of 0.003 in. W.G. 
The calculated impact pressure of a 10 mt/hr wind is about 0.04 in. W.G. 



In addition to the question of how large the pressure difference is between the inside 
and outside of the building, a paper by Hill and Kusuda [8] introduces additional con­
siderations. They measured infiltration rates in a closed room with a special window 
crack whose dimensions could be measured and controlled at will. They obtained experi-
mental infiltration rates less those calculated from m,easured average wind speed, 
particularly at velocities greater than 5 roi/hr. They also measured pressure dif­
ference across the crack and showed that it had a strong pulsating component. This 
indicates that it is a over-simplification to treat wind pressure as a simple 
steady state function. In their words, "the infiltration process that actually occurs 
in and around window cracks is an extremely complex one". The results in Figure 12 
and in the subsequent analysis suggest that infiltration rates correspond to lower 
pres~ure differences than be calculated from simple impact wind pressures. 

12. FLOW RATES PER UNIT AREA 

The lines in Figure 12 were extrapolated to a pressure difference of 0.3 in. W.G., 
converted to cfm and divided by the estimated area of the respective dwelling 
units. In this way estimates Were obtained of flow rates expressed 
in cfm/ft2 at 0.3 W.G. or in m3/ at 75 Pa 

Windsor 1. 6 
Kenmore 1.7 
Custer • 6> 

Windsor 
Kenmore 
Custer 

0.72 
0.76 
0.27 • 

These flre,estimates for individual dwelling units and not the building envelope. 
Most of the surface areas were interior walls, floors and ceilings. 

13. CALCULATION OF INFILTRATION AT WINDSOR BY THE CRACK METHOD 

Although fan pressurization tests indicated that the exposed cracks around 
windows and doors which would be included in a crack length survey do not accouht 
for aU of the leakage paths in the apartment, an analysis of the crack method [9] 
for estimating infiltration is presented here. The lengths of cracks in the 
Windsor third floor apartment are itemized in Table 2. 

TABLE 2. CRACK SURVEY AT WINDSOR THIRD-FLOOR APARTMENT 

Crack at joints omitting windows "painted in" 
at top sash. 

Bed of frame at bottom or top where applicable 
(see above). 

Cross strip (meeting of upper and lower sash). 

Threshold of d00rs. 

Putty loose or mis (includes leaded glass 
panes in upper sash). 

TOTAL CRACK LENGTH 

Multiple 

1.0 

1.0 

1.0 

2.0 

1.0 

Footage 

x 137.7 

x 84.43 

x 35.51 

x 5.66 

x 156.85 

425.81 

~< 

ft. 



If, for example, the value oj 77 ft 3 per hour per foot of crack length is assumed, 
a total leakage of 32,800 ft )h is obtained, which corresponds to 3.7 a~r changes 
per hour in the Windsor apartment, which has a volume of about 8,900 ft. This 
does not include leakage where the window frame is mounted in the wall. The 
value of 3.7 ain changes per hour is more than 'four ti,es the rate of 0.83 
obtained by the tracer method. The flow rate of 77 ft per foot of crack 
length comes from Table 2 in the ASHRAE Handbook [91 for double-hung windows, 
non-weatherstripped, loose fit. It corresponds to a pressure difference of 0.1 
inch of water, the lowest pressure difference listed in the table. Actually, 
this use of the leakage rate corresponding to 0.1 inch of water is not specified 
in the ASHRAE Handbook, but it serves to point out that infiltration rates higher 
than the true rate can be obtained by assuming too high a pressure difference 
across windows and doors, even though these elements do not account for all of the 
leakage. The significantly higher air leakage determined by the crack method 
calculation in comparison with the measured value in the Windsor apartment could 
be due to erroneous assumptions of pressure difference, crack length, crack width, 
or a combination of these factors. The 1977 ASHRAE Handbook states, "Accuracy 
of the crack method for design load calculations is restricted by the limited 
data on air leakage characteristics and by the difficulty of estimating pressure 
differences under appropriate design conditions of temperature and wind." The 
results of these measurements would support this statement. 

14. SUMMARY 

The following average air leakage rates have been estimated from SF 6 tracer 
measurements at three apartment buildings: 

Windsor 

Kernnore 

Custer 

Average Air Changes per Hour 

,Top Floor 
Apt. 

1.25 

1.6 

0.99 

Lower Floor 
Apt. 

0.83 

0.76 

Weighted 
Average for 
Entire Apt. 

Hou.se 

0.94 

1.2 (assumed 75% of value 
for top floor.) 

0.82 

At Windsor and Kenmore inside-outside temperature difference was about 10°F. At 
Custer it started at about 4°F and increased to about 30°F during the tests. 

Fan pressurization-depressurization measurements indicated Kenmore to have a very 
slightly higher leakage rate than Windsor, while Custer was indicated to be 
much tighter than either of the other two. 

S~aling 411 of the exposed areas of the windows, one door, and one fireplace 
at Windsor with polyethylene film produced at most a 20% reduction in air leakage 
rate measured by fan pressurization. However, the total leakage may have included 
pathways through internal walls plus floor and ceiling, as well as through outside 

1.0<· 



walls. Custer offered more resistance to air flow, with windows cracked open 
slightly, than Windsor with windows" and doors sealed. These results. plus the 
obset;vat~ons of. others, indicate that leakage around windows and doors represents 
only part of the total air leakage paths in most buildings. 

An analysis was made which suggests thatexper1mental infiltration rates are 
intrinsically less than would be predicted from the simple impact pressure due 
to wind. 

Analysis of the ASHRAE crack method suggests that it underestimates the number 
of leakage paths, but in applying the method results may be obtained which are 
plausible 'or even too high, if pressure difference across the cracks is over­
estimated. 

15. SI CONVERSIONS 

Familiar' Engli shul)its have heen used in this report. To convert to units the ' 
following conversion factors are provided: 

16. 

(cfm) x 4.719 x 10-4 ~ (m3/sec) 

(mi/hr) 

knots 

(in. w. G. ) 

in. 

5 
( °F-32)g 
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14 Figure 2. Front view of Kenmore apartment. 
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Figure 4. Floor plan of third-floor apartment at Windsor. Units on 
second and fourth floo~have essentially the same floor plan. 
Location of circulating fan Is shown. and circled crosses 
sho"!!J locations of air-sampling points. "A" denotes location 

Jlt) of high-speed fan used in pressurization-depressurization tests. 
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Figure 5. Floor plan of top-floor apartment at Kenmore showing location 
of circulating fan and air-sampling sites indicated by circled 
crosses. Unit below had essentially the same floor plan. 
"A" denotes location of high-speed fan us.ed in pressurization­
depressurization tests. 



~ 
(Jj t 

z 

TH FLOOR NO FLOOR 

Figure 6. Floor plans for second-floor inside unit and fourth-floor end 
unit, drawn side by side. Circled crosses indicate sampling 
sites. "A" denotes location of high-speed fan in pressurization­
depressurization tests. 
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Figure 7. Comparison of fan depressurization tests in three apartments 



• Windows, Doors: and F,ireplace Sealed with Film and Tape 

~ Seal Removed From all Windows, Doors. and Fireplace 
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PRESSURE DIFFERENCE (INCHES W.C.) 

Figure 8. Comparison of fan pressurization tests at Windsor with 
windows. doors. and fireplace sealed and unsealed. 
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Figure 9. Fan depressurization tests at Kenmore. 
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Figure 10. Illustration of a window opened slightly to 
intentionally produce a leak. 
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~ 2nd Floor Wipdows Closed 

~ 2nd Floor Windows Opened Slightly as Illustrated in Figure 10 
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II Top Floor Windows Closed 
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PRESSURE DIFFERENCE BETWEEN APARTMENT AND REAR STAIRWELL (INCHES W.G.) 

Fig~re 11. Fan depressurization tests at Custer comparing 
secon~-floor interior apartment and fourth-floor 
end apartment, and also showing the effect of 
slightly opened windows. 
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Figure 12. Comparison of fan pressurization-depressurization data with infiltration 
rates obtained by tracer measurements. 




