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the lab. The smoke pipe draft was set at 0.04 inches of water during the burner Ull 

period. In our particular arrangement this resulted in a smoke pipe draft of 0.02 to 
0.03 inches of water during the off period, depending on oil rates and burner settil\~. 
Th.ese values were obtained from the as received tests, that is with no smoke pipe closure 
or added mass. 

The over-fire draft was not measured since some of our work has shown that this read
ing has little significance. 

The other point mentioned by Mr. Reed that the method of rating furnaces should be / 
changed or that a factor should be applied to correct efficiency does not seem to me to/ 
be necessary. As far as a furnace rating is concerned I think the continuous-firing t· 'i: 
and hence the maximum output, still is the figure most useful in the selection of a fu ace 
for a particular job. I doubt if a factor could be found to apply to efficiency in der to 
yield an efficiency in service. I thiflk each furnace will exhibit different effici cy char
acteristics under intermittent operation. The main points shown in thi paper are 
how the efficiency is affected, and what factors affect this efficiency. ' 

The paper states that a test under intermittent firing conditions will more valuable 
than a test under steady state conditions for the purpose of predicti how the furnace 
will operate in an actual installation. At no place in the paper is' suggested that fur
nace ratings should be determined any differently than by the ntinuous firing test. 
Mr. Barnes has apparently misinterpreted the purpose of thO work judging from his 
first point. . 

In connection with the second topic of Mr. Barnes, the' thor realizes that COli tinuous 
fan operation is not completely realistic. This type of eration was deemed necessary 
to simplify the testing. The main question is whet r the results will be appreciably 
different with this type of fan operation. In the Odern warm iJ.ir system the fan is 
adjusted to So<alled continuous air circulation, w Ich just means that the temperature 
settings are low on the fan control switch. The 'r from the fan will therefore carry away 
most of the heat from the furnace. Any sm heat build-up or temperature rise will 
cause the fan to restart even before the bur r has come on. The author feels that the 
difference in the heat output of the furnac ith the fan operating by a pr,operly set con
trol and with continuous fan operation, ill be negligible. 

As for the manual method of cycli the burner, I cannot see what criticism there 
could be. For the purpose of test' g there must be some predetermined variables. 
The cycle length is one of the vari les which we controlled in order to find out certain 
unknowns. 

The author is not concerned ith whether the closing of the smoke pipe is desirable 
or safe practice in the words f Mr. Barnes. It was not suggested that furnaces should 
all be equipped with shut dampers even though I do believe that it could be done 
quite safely. This was erely a method used in the testing, to prove that the heat 
lost up the smoke pipe during burner off period was one factor in reducing efficiency. 
We were also able to show to what extent this loss lowered the bonnet efficiency. 

Mr. Barnes wondered if any other methods were considered as. a means of increasing 
the furnace efficiency. Again I would point out that our purpose was not to look for 
methods to increase efficiency. We were analysing intermittent operation as compared 
to continuous operation. If increasing efficiency was our object then a look at the com
bustion process would be very worthwhile as Mr. Barnes suggested. 

Mr. Barrows raised the question of stack loss being high due to constant draft. As 
I mentioned, the draft in the smoke pipe dropped to about 0.02 to 0.03 inches of water 
when the burner was shut off. Unfortunately this draft would be dependent on the 
Bue system. A natural draft chimney would be desirable, however, it would introduce 
uncontrolled variables which we like to eliminate as much as possible. I cannot say 
how the off period smoke pipe draft would compare in ollr lab set-up and in a field in
ltaltation with a natural draft .chimney. 
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This paper is the result of research sponsored hy the AMER. 
ICAN SOCIETY OF HEATING AND AIR. CONDITIONING ENGINEERS 
ill cooperation with the University of Illinois, Urbana, Ill. 

D URING the past 40 years many data on infiltration through different types 
of windows, doors anQ. wall constructions have been obtained in laboratory 

investigations. A comprehensive bibliography can be found in the ASHAE 
GUIDEl. While laooratory studies have provided invaluable data for design in
tiltration heat loss estimates, their validity is frequently questioned because of 
asslimptiops which must be made to apply laboratory data to a structure having 
crackage on several exposures. Furthermore, in an actual structure the combined 
effects of wind and temperature difference cause infiltration, whereas recognized 
design procedures consider only the effect of wind. 

Results of an investigation of infiltration in dwellings were published2 recently, 
wherein the infiltration rates were measured by the tracer gas technique3 using 
helium as the tracer gas. The apparent success of this method of measuring in
filtration prompted procurement by the ASHAE of a helium gas analyzer. 

During the winter of 1954-55 an investigation of infiltration in residences using 
the helium tracer gas technique was begun at the University of Illinois in coopera
tion with the Society. Infiltration rates were measured in the I=B=R Research 
Home and in Warm-Air Heating Research Residence No.2. The results presented 
here were obtained in the 2 houses during the period from the winter of 1954-55 

through the summer of 1956. 
The principal objective was to determine the infiltration rates of the 2 houses 

and to correlate infiltration rates with wind velocity and direction and indoor-
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outdoor temperature and pressure differences. An additional objective was to 
compare measured infiltration rates in the 2 houses with those calculated by the 
methods presented in THE GUIDE. The techniques used and the measured in
filtration data are included in this paper. Part II wiII consider the effect of the 
several variables on the infiltration rates in the 2 houses and will include a COIll

parison of the results of the investigations in the 2 houses. 

DESCRIPTION OF RESIDENCES AND INSTRUMENTATION 

I=B=R Research Home: The Research Home, shown in Figs. I and 2 and de
scriped4 in detail in University of Illinois Engineering Experiment Station Bulle-

.<' 

j 
N 

)( SAMPLING TUBt SECOND fLOOR PLAN 

""() IN·OUT PRESSURE GAGE 

r1RSiT rL.OOR PLAN 

FIG. I-FLOOR PLANS SHOWING HELIUM 
SAMPLING TUBE AND INDOOR-OUTDOOR 
PRESSURE GAGE LOCATIONS IN THE 

I=B=R RESEARCH HOME 

tin 349, was a 2-story building with full basement typical of small well-built Ameri
can homes. The total volume of the 2 stories was 9393 cu ft, and the basement 
volume was 5084 cu ft. Construction was brick veneer on wood frame, and all 
outside walls and the second-story ceiling were insulated with minerai' wool batts 
3% in. thick. A vapor barrier was located between the insulation and the plaster 
base. The attic was ventilated by louvers in the gable ends. All windows were 
weatherstripped and of the double-hung type except for the wood casement win
dows in the kitchen. Storm doors were used on the 2 exterior doors during the 
winter. The windows and doors were all well fitted. Table 1 gives the crack 
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widths and lengths throughout the house. The fireplace chimney in the living 
room was sealed during the study. The Research Home was located on a typical 
city site, surrounded by trees and houses (see Fig. 2). The.largest open area was 
a small yard to the south. With the exception of one house, located only 12 ft 
from the west wall, there was no other building closer than 75 ft. The surrounding 
houses were predominantly 2-story structures. 

The Research Home was heated during the winter by a one-pipe hot water heat
ing system. Radiation throughout most of the house was Type R cast-iron base
board located along the exposed wall in each room. Small tube, 22-in. high 
radiators were used in the vestibule, lavatory, stair landing, and bath . 
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The chimney to which the gas-fired boiler was connected had a height of 35 
ft 2 in. above the basement floor and consisted of a 6Y2-in. x ll-in. fireclay flue 
lining enclosed by one course of red brick. The smoke pipe connection was 7 ft 
I in. above basement floor level, and the draft hood was at an elevation of 5 ft 8 in. 
The chimney extended up through the central part of the house and was completely 
surrounded by heated space from its base to the level of the second-story ceiling. 
The plaster walls were separated from the masonry by an air space averaging about 
5 in. in width. At the second story and basement ceiling levels this space was 
packed with mineral wool to decrease the circulation of air between the space 
around the chimney and the attic or basement. Another chimney of identical 
measurements and similar construction, hut located on an exterior wall, was used 
for a gas water heater. 

There were 2 fan-coil units, one on each story, used for summer cooling. These 
units were supplied with chilled water from an air-cooled chiller located outside the 
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house. The units were centrally located with a supply register 4 in. from the ceil
ing of each room. The return grille on the first story was located in the living room 
next to the stairs. The second floor return was in the hall. These units were Used 
to distribute helium through the house in both summer and winter tests. 

Instrumentation for determining infiltration consisted of a helium gas analyzer, 
a valve manifold panel and sampling tubes. A schematic diagram of the heliulll 
analyzer and the manifold panel is shown in Fig. 3. The principle of operation of 
the analyzer was the same as the one used by J. B. Dicka. The sampling tubes, 
which were Pi-in. 00 copper tubing, were located as shown in Fig. 1, with inlets 

/ 

TABLE l-EQUIVALENTa CRACKAGE OF FIRST AND SECOND STORIES OF THE 

I =B=R RESEARCH HOME 

R()O~l 

First Floor 
Living Room 
Hall 
Lavatory 
Kitchen 
Dining Room 

Second Floor 
Bedrooms 

SW 
~E 
~W 

Hall 
Bath 

! TUT.\L LE:S'{iTII OF CHACK, FT 

I --s-----i--~~ --------._------.-

27 .0 
73.6 

17.8 

, 

18.6 

17.8 

15.9 

N 

37.2 
14.8 

17.8 
17 .8 

I 15.9 I I 
Total i-134-.-3--i~3-,- 87.6 

, i I 

E 

45.0 
8.9 
9.0 

15.9 

15.9 

94.7 
.-----------------~ 

It Average width of crackag~ ior weatherstripped windows Was assumed tu be O,04-in. and for weatht:r
~trifJped doors. a value of 0.09 in. was a!"suffif'd. Crack lengths are given in terms of an 0.04 in. crack. 

60 in. above the tloor in the tirst and second story rooms. The inlet of the attic 
tube was 6 in. above the joist. and that in the basement was 15 in. below the floor 
JOistS. The sampling tube in the second story hall could be moved to various 
locations. 

Instrumentation for a study of the neutral zone location consisted of 7 differ
ential pressure gages and one recorder, all readable to within ±0.002 in. of water. 
These gages were connected to outdoor total pressure taps located as shown in 
Fig. 1. One side of each gage was open to the room. The outdoor total pressure 
taps consisted of a ~-in OD aluminum tube which extended through a window 
mullion. The end of the tube was flush with the face of a small octagonal alum
inum plate mounted against the mullion and parallel to the glass. The indoor
outdoor recorder measured the static pressure difference at the first-story tloor 
level. The outdoor static pressure tap for the recorder was located 32 ft south of 
the house and 6 in. above the ground. The outdoor static pressure was taken 
from the center of the inner surface of two 12 in. square plates mounted horizontally 
Pi in. apart. 
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Warm-Air Heating Research Residence No.2: Research Residence No.2 was a 
one-story frame structure with full basement. A detailed description has been 
presented" in University of Illinois Engineering Experiment Station Bulletin 401. 
Total volume of the first story was 8084 cu ft, including closets. Basement volume 
\I'as 8890 cu ft. Walls were insulated with 3%-in. mineral wool blanket insulation 
with vapor barrier attached. The ceiling was fully insulated, and the attic space 
was vented by louvers in the gable ends and I-in. slots in the eave overhang on the 
south and north exposures. All windows were of the horizontal sliding type, with 
weatherstripping, except the fixed picture window in the living room. The Resi
dence was equipped with storm windows and storm doors during heating studies, 
but summer studies were made widl the storm windows and doors removed. Re
moval of the storm windows would have no effect on the infiltration rates through 
the windows since they were fastened directly to the wineow sash. Since the doors 
were weatherstripped and well fitted, the change in the infiltration rate through the 
doors would also be small. Crackage in each exposure expressed in terms of the 

TABLE 2-EQUlv ALENT" CRACKAGE OF FIRST STORY OF RESEARCH RESIDENCE No.2 

TOTAL LENGTH OF CRACK, FT 
ROOM 

S W N E 

Living Room 100.0 
S. Bedroom 25.0 21.5 
Bath 14.5 
N. Bedroom 25.0 22.5 
Hall 45.0 
Kitchen-Din. 41.5 17.0 

-
Totalb 125.0 61.0 109.0 17.0 

----

• Average width of crackage for weatherstripped windows was assumed to be 0.04 in. For fixed window 
a value of 0.02 in. and for weatberstripped doors a value of 0.09 in. was assumed. 

b The sum of the maximum crackages of each room was 251 ft . . 
crack width of weatherstripped windows is listed in Table 2. The Residence was 
located on a comparatively open site, remote from buildings and trees. The 
nearest structures were a one-story weather station about 40 ft to the north, a 
one-story bungalow about 80 ft northeast and a row of one-story flat-roofed bunga
lows about 120 ft to the south. 

During winter studies the Residence was heated by a gas-fired forced warm
air furnace. The furnace chimney was constructed of prefabricated cement
asbestos sectional units 8 in. in diameter. The total chimney height was 26 ft 
11 in. above the basement floor; the 5-in. flue connection was at an elevation of 
6 ft 9}1 in.; and the opening to the furnace draft hood was at a height of 4 ft 3 in. 
above basement floor. A separate 4-in. diameter chimney of cement-asbestos 
material was provided for the gas-fired water heater. 

During the early part of the summer a wa,ter-cooled condensing unit was used 
to cool the Residence. This unit wa~ later replaced by a self-contained air-cooled 
condensing unit. Outdoor air was supplied to the air-cooled condenser through 
a 14- x 20-in. duct, and the heated air was returned to the outdoors through a duct 
of the same size. A basement window was replaced by a plywood panel with 
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openings for the condenser air ducts. The cracks between the ducts and the ply
wood panel and between the window frame and the plywood panel were sealed 
with caulking compound. 

Instrumentation for these studies consisted of a helium gas analyzer, a valve 
manifold panel and sampling tubes (see Fig. 3). The sampling tubes, which were 
X-in. OD copper tubing, were located as shown on Fig. 4. The sampling tubes 
extended 60 in. abo\"e the floor in the first-story rooms, and that in the basement 
was 4 in. below the floor joists. The sampling tube in the return-air duct was about 
1 ft below the return-air grille. 

To obtain indoor-outdoor pressure differentials during the investigation, a static 
pressure tube6 was located 6 ft 2 in. above the roof peak and a static pressure tap, 
made of ~8-in. iron pipe, was locate'd at the floor level in the living room. In-

1 
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volume released was adjusted to give an initial volumetric concentration of helium 
in the first-story rooms of about 1.3 percent. The time required for admitting this 
amount of helium (approximately 110 cu ft) was about 5 min. 

Air-Helium Samples: Air-helium samples were drawn from each station through 
the sampling tubes, through the manifold panel, and thence to one of the 3 satura
tors by a pump. Samples were saturated by being bubbled through distilled water 
in the saturator. Thermal conductivity of the saturated air-helium sample was 
compared with that of a saturated air sample in the analyzer cell and was then dis-
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stantaneous values of pressure differential were measured by an inclined draft 
gage and a continuous record was obtained by a draft recorder. The tube con
necting the outdoor static pressure tap to the measuring instruments was exposed 
to outdoor temperature throughout its length to the point of entry into the base
ment at the first-story floor level. Hence, the indicated pressure differential was 
nearly equal to the indoor-outdoor pressure differential at the first-story floor level. 

TEST PROCEDURE AND SPECIAL TESTS 

Helium Release: Introduction of helium into the first and second story rooms of 
the Research Home was accomplished by releasing helium into the return-air 
vienuill oj" each fan-coil unit through a ~s-in, OD copper tube with 4 rows of ~-in. 
diameter holes spaced on 1 ~2-in. centers. During the release of helium, a pressure 
of 10 p"ig was maintained in the release tube. The helium was then distributed 
directly into the rooms by the unit fans. The second-story rooms received the 
helium first. In order to give an initial concentration of about 1.3 percent, 125 
cu ft of helium was released, which required about 8 min. 

In Research Residence No.2 helium was released into the return-air plenum of 
the warm-air heating system and drawn through the filter into the furnace casing 
and forced through the air distribution system into the individual rooms. The 
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charged through a X-in. OD copper tube into the kitchen of the I=B=R Re
search Home. ,];he small quantity of helium discharged had a negligible effect on 
the apparent kitchen air change rate. In Research Residence No.2 the air-helium 
samples were discharged into the return-air duct downstream from the sampling 

station. S 
Test Conditions and Data Taken: (a) I=B-R Research Home: All windows and 

exterior doors were closed during each test except the kitchen door leading to the 
basement and the outside basement door, which were opened several times during 
tests. The house was occupied by 2 to 5 persons, and all cabinets, drawers, and 
closets were opened throughout each test. During several special tests the second 
story was sealed off from the first. 

Concentration of helium at each of the sampling stations was measured at 12 
min intervals. Concurrent with the readings of helium concentration, indoor and 
outdoor temperature and humidity, and indoor-outdoor pressure differences at 8 
locations were recorded. Wind speed and direction were obtained from the Uni
versity Weather Station, located in a residentia,l area similar to that of the Research 
Home. Wind velocity and direction were measured 15 ft above the roof of a 
2-story building. Duration of the tests was from 1 to 1 Yz hours. 

(b) Warm-Air Heating Research Residence No.2: During each study all outside 
doors and windows were closed. The blower was operated continuously to assure 

; 

\ 
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11 
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uniform mixing of the air and helium in the rooms, and operation of the gas burner 
or the refrigeration compressor was controlled by the thermostat on the first ston', 
During most of the studies the living quarters were not occupied. All cabinets, 
drawers, and closets were closed throughout each test except during 2 special stud
ies made with closets open. 

Concentration of helium at each of the sampling stations was measured at 6 
min intervals. Wind velocity and direction, indoor and outdoor temperature and 
humidity, velocity pressure and draft in the smoke pipe, and the indoor-outdoor 
pressure difference were recorded during each test. \Vind velocity and direction 
were measured at the weather station located 40 ft north of the Residence. The 
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anemometer and direction indicator were located approximately 23 ft above ground 
level. Duration of the tests varied from 1 Yz to 2 hr. 

Distribution Tests: The rate of infiltration determined by the tracer gas technique 
is valid only when the tracer gas is uniformly distributed in the room. British 
studies2 haw shown that erroneous apparent air change rates could be obtained due 
to stratification of the tracer gas. Since helium is considerably lighter than air, 
the validity of taking samples at one point in each room was questioned and several 
distribution tests were run in each of the houses. 

Helium concentration was measured at various levels and in corners of 2 rooms 
in the I=B=R Research Home. Fig. 5 shows results of a test in the southwest 
bedroom where the concentration was measured at 3 levels-3 in., 60 in., and 7 ft 
6 in. There was practically no difference in concentration at any of these levels, 
and even after the fans were turned off there was excellent agreement. Since this 
test was conducted in August, the question of room temperature gradients may 
arise. However, during summer cooling the gradients were as severe as during 
winter heating. 

Similar results were obtained in Research Residence No.2. During each study, 
however, the fan was operated continuously, and no attempt was made to deter
mine the amount of stratification with the fan off. 

In the studies in Research Residence No.2 it was observed that the helium decay 
curves, when plotted on semi-logarithmic paper, deviated slightly from the pre
dicted straightline relationship. This deviation was attributed to leakage of helium 
into the closed closets and exterior walls and to absorption by furnishings. 
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To determine the effect of closets on the decay of helium concentration, several 
studies were made with the closets opened but with the drawers and cupboards 
closed. Comparison of the data obtained on similar days with and without the 
closets closed showed that similar deviations occurred. From this it was concluded 
that the effect of the closets was not the dominant cause of the observed deviation. 

House Stack Effect Test: When temperature difference is the only force causing 
infiltration there is a flow of air into a building near the ground level and out at a 
higher elevation; this flow reverses when there is a higher temperature outside the 
building than inside. Flow of air between the first and second stories in the Re-
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search Home was studied by placing a seal between the 2 stories, injecting helium 
into one story and allowing it sufficient time to mix well, then removing the seal 
and noting the changes in helium concentration throughout the house. 

When helium was released on the second story very little ever reached the first 
story after removing the seal, but when helium was added initially to the first 
story a rapid increase was noted on the second story after removing the seal. 
The results show that most but not all air change between first and second stories 
was upward during the heating season. 

RESULTS 

I=B=R Research Home: If it is assumed that the decay of helium concentration 
per unit time for the whole Research Home is equal to the helium leaving the Home 
with the exfiltrating air in the same unit time, then 

-Vile ..... nYcdt 

where 
V - house volume. 
C '" instantaneous concentration of helium. 
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n = number of air changes per unit time. 
t = time 

the equation when solved gives 

11 = 111 (cd c.)/ (t. - It) 

or equivalently c. = Cl e-n(t,-It> 

Thus. on semi-logarithmic paper the decay curves will be straight lines, the slopes 
of which are directly proportional to the infiltration rate. Typical decay curves for 
the first and second-story rooms of the Research Home are shown in Fig. 6. Ex
cept for the mixing period, 20-30 min, the points fell very close to straight lines. 
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There was some deviation which may be partly attributed to helium leaking into 
walls, furniture, and similar places when the concentration was high and then re
turning to the room air when the concentration had decreased. 

The steep living room decay curve was the result of several factors. The vesti
bule, with a large amount of crackage area, opened directly into the living room. 
This condition was accentuated when the heating plant was in operation because 
of the removal of air from the basement through the chimney. Basement air 
was partly replaced by first story air leaking through cracks around the kitchen 
door leading to the basement. This caused a greater air change on the first story 
than when the chimney was cool. The same reasoning can be applied to the dining 
room in view of the large crackage area there also. 

Varying slopes of decay curves in a single story occurred only when the house air 
was relatively still. Fig. 7 shows that when the fans were operated continuously 
the slopes of decay curves on anyone story were approximately the same. One 
sampling tube on each story would have given accurate results with the fans in 
operation. However, provided there is no helium stratification, still air conditions 
within the house will give a more accurate account of infiltration in individual 
rooms than when the air is stirred by fans. The slopes of the decay curves for the 
2 stories shown in Figs. 6 and 7 should not be interpreted to mean that the infiltra-

• 
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tion in the first story is greater than that of the second story. The movement of 
helium-laden air from the first to the ~nd story would cause the apparent air 
change of the second floor to be less than the actual air change rate. 

The infiltration rate for the Research Home was increased very slightly when 
the fans were operating. This was due to leakage of air from the second story fan 
unit plenum into the attic. For this reason all test results given here are with fans 
not operating. 

Table 3 gives a summary of the weather conditions during each test. The indoor
outdoor static pressure difference at the first-story floor level and the location of 

TABLE 3-SUMMARY OF TEST CONDITIONS-I=B=R RESEARCH HOME 

TEMPERATURB NEUTRAL 
IN-OUT AVG. MAX. IN-OUT ZoNE 

TEST TEMP. WIND WIND WIND PRESS. nOlll 
No. DATE IN- OUT- DIFF •• VELOC- GUST. DUlSe- DIFF •• F1asT 

DOOR DOOR F ITY. MPH nON IN. HtO FLooa. 
F F. MPH IN. --------

I 2-10-56 75 28 47 4 13 S -0.018 164 
2 2-28-56 75 24 41 8.5 15 NW -0.018 155 
3 3- 3-56 73 51 22 7 23 N -0.015 167 
4 3- 8-56 73 25 48 13 27 W -0.021 169 
5 3-15-56 73 39 34 9 17 NE -0.013- 160-
6 3-20-56 73 42 31 6 15 S -0.014· 139-
7 4-10-56 73 46 27 9.2 20 E -0.012- 145-
8 4-16-56 73 43 30 9.7 34 NW -0.017 158 
9 4-19-56 74 61 13 8.3 21 N -0.009 122 

10 5- 3-56 74 70 4 5.5 15 S -0.005 115 
11 6-27-56 76 83 -7 9.5 22 W .. .. 
12 7- 5-56 76 71 5 6.2 12 NW .. .. 
13 8- 6-56 77 82 -5 7.5 19 N .. .. 
14 8-14-56 75 84 -9 6.7 17 N .. .. 

I 

• Data not shown in Figures. 

the neutral zon~ above the first-story floor level are also given; these values have 
been omitted for the last 4 tests because of inaccuracy of the pressure measuring 
instruments. The pressure difference and neutral zone for test No. 10 are ques
tionable for the same reason. 

Infiltration rates of the house and individual rooms for all tests are given in 
Table 4. The rates for the house and rooms were omitted for several tests because 
they were not representative of actual infiltration rates. 

Warm-Air Heating Rese.arch Residence No.2: The procedure followed in the 
analysis of the data obtained in Research Residence No. 2 was the same as that 
just outlined. The number of air changes at each of the sampling stations on the 
first story was obtained from the slopes of the helium decay curves plotted on semi
logarithmic paper. A summary of the weather conditions during each test is given 
in Table 5, and the air change rates calculated from the decay of helium concentra
tion during each test are tabulated in Table 6. The average air change rates listed 
in Table 6 were computed as the summation of the individual air change rates 
weighted with respect to room volume. Since the weighted average rate and that 
measured in the return-air duct differed by only a small amount, the data observed 
in the return-air duct have been used to represent the air change rate of the entire 
first story. 
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TAIlLE 4-SUM~IARY OF MEASURED INFILTRATION RATES-I=B=R 
RESEARCH HOME 

TE"iT 
No. 

2" 
-30 

4b 

5" 
6C 

7" 
8 
9 

10 
1 1 
12 
J3 
4 

Llv. lUI. 

0.43 

0..18 
0.08 
0.35 
0.32 
0.12 
0.10 
0.13 
0.12 
0.17 

~o. of Alit CHANGES CALCULATED FROM TESTS 

DIN. R.\l. KITCH. I NE IlED. 

0.33 0.29 0.27 

0.47 
0.07 
0.25 
0.24 
0.17 
0.10 
0.22 
0.17 
0.20 

Special Test 
Special Test 
Special Test 
Special Test 

0.44 0.31 
0.09 0.34 
0.33 0.38 
0.29 0.25 
0.15 0.15 
0.11 0.19 
O.I/l 0.25 
0.28 0.23 
0043 0.14 

NW BED. 

0.26 

0.31 
0.32 
0.42 
0.26 
0.14 
0.24 
0.28 
0.12 
0.08 

SW BED. 

0.24 

0.31 
0.32 
0.38 
0.27 
0.33 
0.22 
0.21 
0.16 
0.16 

• Sp<cia/ Tesl-House stack effect test with helium release on first story. 
bSp.cial Test-House stack effect test with helium release on second story. 
C Sp<cial T",t-Continuous fan operation during test. 
<I The house air change rate was computed from a weighted average of the room rates. 
e Data not shown in Figures. 

HOUSE"' 

0.32 
0.38 
0.35 
0.43 

0040-
0.26" 
0.35 
0.28 
0.17 
0.16 
0.20 
0.16 
0.17 

TABLE 5-SUMMARY OF TEST CONDITIONS-RESEARCH RESIDENCE N 2 

TEMPERATURE IN-OUT AVG. 
TEMP. WIND MAX. WIND IN-OUT 

TEST DATE DIFF .. VELOC- GUST. DIREC- PRESS .. 
INDOOR OUTDOOR F ITY. MPH TlON DIFF .. 

F F MPH IN. H,o 

1 12-22-54 73A 32.0 41.4 9 15 SSW -0.001 
2 12-28-54 73.5 32.0 41.5 10.5 21 N 0.003 
3 I-II-55 73.4 31.4 I 42.0 5 10 SSE -0.012 
4 1-14-55 73.8 32.0 

i 
41.8 I 12 29 S -0.008 

5 1-28-55 73.9 .L9 70.0 7 11 WNW -0.010 
6 2-1(}--55 74.6 20.6 I 54.0 14 28 NNW 0.028 
7 3- 2-55 74.7 55.2 19.5 8 17 SSE 0.006 

/l 3- 7-55 13.3 24.7 I 48.6 8 20 WSW 0.006 
9 3- 8-55 7-l..1 60.0 . 14 A 15 27 WSW 0.027 

10 3- 9-55 74.9 64.8 I 10.1 13 22 WSW 0.024 

11 3-14-55 73.8 64.2 9.6 10 21 SSE 0.010 

12 .~-17-55 73.0 .12.4 j 40.6 5 8 SE -0.008 

13 5- 6-55 77.8 80.8 - .LO 8 17 S 0.010 
14 5-19-55 80.0 72.0 I 8.0 3 5 W -0.001 
15 6-29-55 75.4 86.1 -10.7 7 15 SSW 0.011 
16 7- 8-55 75. I 93.7 I -17.6 8 20 SW 0.016 
17" I 7-2(}--55 75.0 

I 

87.0 -12.0 5 13 E 0.008 

18" I 7-21-55 77.7 89.9 I -12.2 4 8 SE 0.007 
19" 7-25-55 78.2 87.5 - 9.3 4 13 S 0.005 
20- 7-26-55 76.2 93.5 I -17.3 I 5 10 SW " 0.009 

I 
21" 8- 5-55 76.2 

I 

86.9 I -10.7 5 9 SW 0.007 
22" 8- 5-55 76.0 88.0 1- 12 .0 5 12 SW 0.008 
23- 8- 8-55 75.0 76.2 - 1.2 5 11 SE 0.005 

I 

gh 23 were made with self-contained air-eooled condensing unit installed In Residence. 
Leakage of condenser air to recirculation air pa!!Sage increased infiltration and tests have not bt>en used 
in analysis. . 
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Tests 1 through 14 in Table 5 were taken during the heating season and with the 
exception of Test 13 the indoor temperature was greater than that outdoors. Tests 
15 through 23 were taken during a summer cooling investigation when the indoor 
temperature was less than that outdoors. 

Of the 9 tests conducted during the summer, only the first 2 have been included 
in the results. The last 7 tests, which were made with the self-contained air
cooled condensing unit installed. have been omitted because of increased infiltra-

TABLE 6-SUMMARY OF MEASURED INFILTRATION RATES-RESEARCH 
RESIDENCE No.2 

No. OF AIR CHASGES CALCULATKD FROM TESTS 

I 
NOTES 

:KST 
No. NBRM I DIN RM S BRM Llv RM RETURN AVE. 

-- _.------._---
1 0.59 0.56 0.56 0.55 0.57 0.56 

2 0.57 0.54 0.54 0.56 0.54 0.55 

3 0.54 0.50 0.49 0.52 0.53 0.52 

4 0.63 0.59 0.60 0.60 0.63 0.60 

5 0.93 0.76 0.77 0.78 0.80 0.80 

6 0.62 0.54 0.59 0.56 0.60 0.57 

7 0.45 - - 0.32 0.33 -

8 0.50 - 0.50 0~50 0.49 -

9 0.48 0.38 0.43 0.38 0.40 OAI 

10 0.41 0.38 0.40 0.36 0.38 0.37 

II 0.32 0.34 0.36 0.31 0.36 0.33 

12 0.41 0.39 0.44 0.41 0.44 0.41 

13 0.27 - 0.27 - 0.28 -
14 0.28 0.26 0.27 0.25 0.26 0.26 

15 0.36 0.32 0.37 0.34 0.33 0.34 1 

16 0.38 0.36 0.38 0.37 0.36 0.37 2 

17" 0.59 0.54 0.52 0.54 0.51 0.54 3 

18" 0.63 0.64 

\ 

0.64 0.64 0.64 0.64 4 

19" 0.37 0.36 0.37 0.36 0.37 0.36 5 

20- 0,45 
\ 

0.43 0,43 0.42 OA2 '0.43 3 

21" 0.63. 0.56 I 0.56 0.56 0.56 0.57 6 

22' 0.33 

\ 

0.34 

\ 

0.37 0.34 0.37 0.35 3 

23" 0.34 0.37 0.35 0.37 0.36 0.36 7 

• These studies were not included in comparisons with the winter data. 
Nous: 1-Water-cooled. unit off; 2-Water-cooled. unit on; 3-Air-cooled. unit on; 4-Air-cooled. unit 
off. closets open; 5-Air-cooled. duct sealed. closets open; 6-Air-cooled. unit off; 7-Air-cooled. duct sealed 

tion resulting from leakage of outdoor air used for condensing into the recirculated 
room air. The condition .of the air-cooled unit during each of the 7 tests is given 

lin the last column of Table 6. 

SUMMARY 

1. The Research Home, which was located on a typical city site surrounded by large 
trees asd houses, had a considerably smaller.jnfiltration rate at a given wind velocity 
measured above tree top level than that of Research Residence No.2, which was located 
on a relatively open site, free of trees, and typical of new housing developments. 

2. The helium tracer gas technique could be utilized for field measurements of in
filtration in a variety of houses, thus providing much needed information on the applica-
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tion of laboratory data to actual construction. In houses equipped with warm-air 
heating systems, a single helium analyzing cell located in the total return-air stream 
would provide satisfactory indication of the house infiltration rate. In houses equipPed 
with hot water or steam heating systems, a single cell located on each floor would giVe 
satisfactory results provided some means were used to keep the room air well mixed. 
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MEASUREMENT OF INFILTRATION IN TWO RESIDENCES 

Part II: Comparison of Variables Affecting Infiltration 

By D. R. BAHNFLETH*, T. D. MosELEY·* AND W. S. HARRISt. URBANA, ILL. 

This paper is the result of research sponsored by the AMER. 
ICAN SOCIETY OF HEATING AND AIR-CONDITIONING ENGINEERS 
in cooperation with the University of Illinois, Urbana, IlL 

I NFILTRATION measured in the I=B=R Research Home and Warm Air 
Heating Research Residence No.2 by the helium tracer gas method and the 

weather conditions under which the measurements were made were presented l 

in Part I of this paper. The Research Home was a 2-story brick veneer house 
with full basement, located on a typical city site surrounded by houses and trees. 
Research Residence No.2 was a single-story frame structure with full basement, 
and located on all open site typical of many new housing developments.' Differ
ences in location and construction of the 2 houses caused several noticeable dif, 
ferences in the results of the 2 investigations. The objective of this part of the 
paper is to compare the effects of the variables related to infiltration in the indi
vidual houses and to compare the results for the 2 houses. 

Since the measured data were obtained over a range of combinations of wind 
velocity and direction, and indoor-outdoor temperature difference, and since only 
a limited number of tests were conducted in each house, it was deemed advisable 
to correct the measured data to specific conditiolls of wind and temperature differ
ence. The corrections to the original data were determined from the slopes of 
plots of the original data assuming in all cases that a straight-line relationship 
existed between the dependent and independent variables. For example, the 
average increase in infiltration with each mph increase of wind velocity was ob-
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*'" Formerly Research Aaaietant in Mechanical Engineering, University of Illinois. ASIIOdate Member 
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1 Exponent numer.als refer to References. 
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