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AIR LEAKAGE THROUGH THE OPENINGS
IN BUILDINGS

By F. C. HoveeTeN! axp C. C. SCHRADER,? PITTSBURGH, PA.

MEMBERS

by infiltration. Both sources of heat loss are of vital concern to the heating

and ventilating engineer, the architect and the owner. Both are difficult of
exact measurement and determination of constants which may be used in practice -
with the desired engineering accuracy. As a result, the calculation of heat loss
from buildings probably involves a greater element of chance than any other
engineering problem.

Heat loss by transmission was one of the first problems to receive the attention
of the Research Laboratory. Total heat loss by infiltration for a room as a unit has
also received considerable attention. (JOURNAL AMERICAN SocIETY oF HEATING
AND VENTILATING ENGINEERSs, January and September, 1921.) In January 1916,
a paper on Window Leakage by Stephen F. Voorhees and Henry C. Meyer Jr., was
presented at the Annual Meeting of this Society (Transacrions, AS.H. & V.E,,
22,1916, p. 183).

The great need for information regarding infiltration led to the present investi-
gation of the leakage of air through and around all types of windows and doors
by the Research Laboratory of the AMERICAN SociETY OF HEATING AND VENTILAT-
1¥G ENGINEERS, in cooperation with the American Institute of Architects and the
U. S. Bureau of Mines. The architect is interested in the relative leakage of air
through various types of windows and doors, with and without weatherstripping,
in order that he may design a building with the lowest heat loss consistent with
other considerations. The heating engineer needs the actual leakage through
and around all types and sizes of windows and doors, or better, through a unit
length of crack around such openings, in order to more accurately calculate the
heat loss from any room or building and supply radiation accordingly.

This report deals with the method employed in the investigation of and results
obtained for double hung windows, 2 ft. 8 in. x 5 ft. 2 in. x 13/4in., in a 13 in. brick
wall, plastered on the inside with cement plaster. Results are given for the leakage,

HEAT is lost from buildings in two ways: First, by transmission and Second,
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through such a window without weatherstripping with two types of weather strip-
ping, around the frame, and through the brick wall itself.

Leakage of air through cracks around windows and doors, cracks in walls, and
through the porous materials of which walls are made, takes place in accordance
with two physical laws. First, there is an interchange of air through the wall
by diffusion; Second, there may be a current of air through the wall caused by a
pressure difference set up by the impingeing wind. The first goes on at all times,
is independent of wind velocity, and is probably negligible. The sccond takes
place only when there is a pressure différence between the two sides of the wall.
Such a pressure difference exists whenever the wind blows against the surface of
the wall or whenever the direction of the wind toward the wall is changed. For
any given velocity of wind striking the wall at right angles, there is always a definite
pressure produced at the surface which tends to cause leakage of air through cracks.

F16. 1. APPARATUS FOR TESTING WINDOW LEAKAGE

The amount of air leakage for any crack for a given pressure difference is the same
regardless of whether this pressure is produced by wind or some other cause.

Uniform air velocities over a large area for a long period of vime are hard to pro-
duce and difficult to duplicate. It is much casier to produce and duplicate pressure
differences on the two sides of a window by means of a blower. It was, therefore,
decided that for this investigation the apparatus should be so designed that a blower
could be used to produce a pressure drop through the test window built in a section
of wall.

Apparatus

After carefully considering all phases of the problem, the apparatus shown in
Fig. 2 was designed by and built under the direction of the Research Laboratory
In many respects it is similar to the apparatus used by Voorhees and Meyer in the
work previously mentioned. The apparatus is built of 18 gage galvanized iron,
and consists of a pressure chamber A and an air collecting chamber B separated by
a section of wall including the particular window or door to be fested. Air pressure
is produced in the first chamber by means of a motor driven blower, and the volume
of air passing through the wall is measured by the orifice box C. The test wall,
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10 ft. high x 6 ft. 6 in. wide, is built in the collecting chamber section flush with its
outer edge and the pressure chamber section of the apparatus bolted on later.
The desired pressure is produced in A by varying the inlet of the blower, and by
means of a butterfly damper and relief slide in the connection between the blower
and A. Chamber 4 is substantially air-tight although the requirements of the
investigation do not demand that it be absolutely so. A door, 4 ft. x 1 ft. 6 in.,
allows entrance into this chamber to make any changes in the opening under
study. The present blower has a capacity of 1100 cu. ft. per min., at 5 in. water
pressure. Chamber B must be air-tight so that all air passing through the test wall
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F16. 2. DIAGRAM OF APPARATUS FOR TESTING WINDOW LEAKAGE

must pass through the orifice box used for measuring itsvolume. Every precaution,
including soldering and painting the joints, was taken to make this part of the ap-
paratus tight. Tests which will be described later in the report show that this
condition was practically obtained.

The orifice box is one used by the Bureau of Mines for measuring the flow of
steam and air in connection with boiler tests. The box is cylindrical in shape, 24
in. in diameter, with the orifice plates in the end. Orifice plates with openings
varying from 3/; in. to 5 in. in diameter were made so that they were easily inter-
changeable. These were carefully turned out in the instrament shop of the Bureau
of Mines in accordance with R. J. Durley’s specifications. Thelaw of the air flow
through orifices has been well established by Durley (4.S.M.E. Transactions,
Vol. 27, p. 193) and others, and is given by the equation:

Q =1096.5C 4 J% 1)
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quantity of air, cu. ft. per min,
area of orifice in sq. ft.
pressure head in inches of water causing flow through the orifice
weight of air in pounds per cu. ft.
coefficient of discharge
The coeflicient of discharge used is 0.6 because it approaches this value at the
pressures obtained for all the orifices used.
The pressure drop through the orifice which in this case is the difference between
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F1c. 3. DETAILS OF WINDOW WITHOUT
WEATHERSTRIPPING

the pressure in the orifice box and the atmosphere, was measured by a Wahlen
gage accurate to 0.0001 in. of water. This gage was developed at the University
of Illinois and is fully described by A. C. Willard in the University of Illinois Engi-
neering Experiment Station Bulletin 112,

While the accuracy of the orifice method of measuring air flow is well accepted
by those familiar with its use, it was thought desirable to compare it with some other
method. The orifices in the box as used in the tests were compared with a dry gas.
meter used as a standard in the meter testing laboratory of the Equitable Gas Co.,
Pittsburgh. These tests showed that the results for the orifices using the equation
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given above were more consistent than those for the gas meter with which it was
compared. As a further check of the relative readings of the various sized orifices
they were compared with each other and with duplicate orifices by placing a second
orifice in the window opening in the test wall in series with the box. This was
done when the total leakage through the wall was reduced to a negligible but known
value.

The pressure drop through the test wall was measured by an inclined U-tube
gage of a particularly accurate type designed and built by the Bureau of Mines.

CaotKing [ |\

ECTION - THRO - HEAD < -

+Sicrion. Tueo- Metnag. Pan.

\\ NN

CAuKiAG

- Sucrion- Tugo» Jams-
7
n
] 3
pr=mre

Fic. 4. DErramLs or WINDOW WITH Ris
TYPE WEATHERSTRIPPING

Tt was compared with the Wahlen gage and found to be accurate to 0.003 in. of
water. The two legs of this gage are connected by rubber tubing to chambers
A and B.

A test of any particular window was made by regulating the blower pressure so as
to give the desired pressure drop through the window indicated by the differential
.gage. The size of the orifice chosen for any test was such as to give a pressure in
the orifice box of from 0.3 to 0.7 in. of water. When these conditions were main-

, tained for a sufficient time to insure equilibrium, the two pressure gages were read
:simultaneously. By repeating the tests for a large number of pressure differences
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through the window, data was obtained for plotting a curve giving leakage through
the wall in cu. ft. per min. against pressure differences in inches of water or wind
velocity.  All velocities and volumes given are for air weighing 0.07488 1b. per cu.
ft. corresponding to air having a barometric pressure of 29.92 in. of mercury, a dry
bulb temperature of 68 deg. fahr. and 50 per cent relative humidity. Many
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F16. 5. DETAILS OF WINDOW WITH INTER-
LOCKING TYPE WEATHERSTRIPPING

tests in such a series were repeated after opening and closing the window and also
after taking the sash out of the frame and replacing it.

Data and Results

The results given in this paper are for a double hung window, 2 ft. 8in. x 5 ft. 2 in.
x 13/5in. in a 13 in. brick wall plastered on the inside with cement plaster. The brick
wall was built, the plastering was done and the window hung by mechanics in the
employ of large contracting firms in the city of Pittsburgh. The work was done
according to specifications supplied by and under the direction of S. F. Heckert,
representing the Structural Service Committee of the American Institute of Archia .
tects.  All changes in the window, such as hanging new sash and applying weather-
stripping, were made also by mechanics under his direction. Every precaution
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was taken to make the wall and window represent work done by the ordinary con-
tractor under the supervision of an architect. The sash and frame were given
three coats of paint. Fig. 3 is a vertical section through the unweatherstripped
window with a horizontal section through one side of the frame.

For convenience in presenting, the results are given in two sections. First,
those obtained in a preliminary series of tests on the unweatherstripped window
in the wall as built, and with certain changes such as calking the frame, sealing
cracks, and painting the wall; Second, results obtained from a large number of
tests with various sash hung under different conditions with and without weather-
stripping.

Preliminary Tests

Preliminary tests were made in order to study the working of the apparatus itself

and in order to differentiate between the various channels of leakage through the
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F16. 6. REsuLTs OF TESTS OF LEAKAGE THROUGH VARIOUS PARTS OF
‘WiINDOW AND WALL

window and wall. Leakage through the window may be divided into the follow-
ing parts. First, that which passes through the cracks, around the sash perimeter
which are subject to weatherstrip application; Second, that which passes through
the cracks between the frame and the brick and can be eliminated by calking
under the staff bead or brick mold. This may be called the frame leakage. Third,
leakage through other cracks in the frame or sash which cannot be eliminated by
either weatherstripping or calking and may be called the “elsewhere” leakage.

Before making the first series of tests, the joint between the brick and the cham-
ber wall was calked so that all leakage would take place through the wall or window.
In all other respects, the wall and window were in the condition in which they were
left by the mechanics, the sash having been fitted as tight as would allow free slid-
ing, though probably tighter than would be allowable in actual construction be-
cause of swelling in rainy or damp weather. The window was left unlocked. A
large number of tests were made with various pressure drops through the wall,
many of them being duplicated several times after opening and closing the
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window, in order to determine the variation due to the way in which the window was
closed. No care was taken to close the window in any particular way other than to
see that the lower sash was pushed down against the sill and the upper sash raised
until the meeting rails were even. Curve 1, Fig. 6, shows the leakage for this con-
dition for various pressures or wind velocities. The shape of the curve is charac-
teristic of all curves obtained with the various conditions of the window and, as
would be expeeted, shows the same characteristics as the curve for the flow of air
through an orifice. For a pressure difference of 0.1 in. of water through the
wall corresponding to a wind velocity against the wall of 14.4 miles per hr., 42 cu.
ft. of air per min. passed through the window and wall. With a pressure drop
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F16. 7. REsULTS oF TEsTS oN WINDOWS WITH VARIOUS
CRACKS, SHOWING VARIATION IN LEAKAGE FOR DIFFERENT
TESTS ON SAME WINDOW

through the wall of 1 in. of water, corresponding to a 45.5 mile wind velocity,
174 cu. ft. per min. passed through.

The second series of tests was made under the same conditions as the first series
excepting that the window was locked. Curve 2 shows the leakage for various
wind velocities for the locked window. Locking caused a reduction in leakage of
20 cu. ft. per min. with a 14.4 mile wind and 64 cu. ft. per min. with a 45.5 mile
wind. The third series of tests was made with the cracks around the sash perimeter,
which are subject to weatherstrip application, sealed with a rubberized adhesive
tape. This tape was tested and found to be as effective as a plastic calking compound
and was more easily and quickly applied and removed. The leakage for this series
of tests is given in Curve 3, and the difference between this curve and Curve 1
or 2 indicates the maximum possible reduction in leakage by a perfect weathetstrip.

Before making the next series of tests the staff bead, or brick mold, was removed
and the crack between the frame and the brick wall calked. The brick mold was
then replaced. Calking was also applied between the frame sill and the brick.
The leakage for this condition is given in Curve 4 and the difference between Curve
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4 and Curve 3 gives the leakage between the frame and the wall, commonly called
the frame leakage. .

In order to determine the elsewhere leakage, a sheet of galvanized iron was fast~
ened by screws over the entire frame and the edges were sealed with calking
compound. The leakage for this condition is given in Curve 5. The difference
between Curve 4 and Curve 5 is the leakage stopped by the galvanized iron and is
the elsewhere leakage.

Curve 5 shows a considerable leakage which does not go through the window
opening, but through the brick wall and the plaster. To prove that this leakage
was really through the brick wall, the wall was painted one coat with asphaltum
paint and another series of tests made. The result of this series is shown in Curve
6. The difference be-
tween Curves 5 and 6 P y ) s
represents the leakage N
stopped by one coat of H f / /
paint. The wall was s
then thoroughly in-
spected and any visible
cracks in the mortar
closed with calking com-
pound and given second .
and third coats of paint
after each of which ad-
ditional series of tests
were made resulting in
Curves 7 and 8, respec-
tively. These curves
show the reduction in
leakage through the wall
by each coat of paint. R 2
Another coat of paint
was applied later and Fic. 8. ResuLrs or TESTS ON WINDOW WITH !/1s” CRACK
the leakage through the AROUND PERIMETER
wall was further reduced
to one half of that shown in Curve 8. The total leakage through the entire wall
had been reduced by the various processes from 4.5 cu. ft. per min. to 0.2 cu. ft.
per min. for a 14.4 mile wind, and from 28 cu. ft. per min. to 0.9 cu. ft. per min.
for a 45.4 mile wind. No doubt further painting would have reduced the leakage
still more, but that shown by Curve 8 was so small that it was considered negligible.

With the leakage through the window and. wall reduced to & minimum, some
special tests were made in order to determine the magnitude of any leakage which
might occur from chamber B. The leakage through the wall and window as in-
dicated by the orifice reading is too.small by the amount of the leakage from cham-
ber B. While every precaution was taken to eliminate this leakage, it was not
possible to doso entirely. However, as shown by the following tests, it was neg-
ligible.

When the leakage through the wall as shown by the orifice reading was reduced
to a minimum, a pressure drop of 1.5 in. of water through the wall, gave a pres-
sure difference of 0.066 in. between the second chamber or orifice box and the
atmosphere when a %/ in. orifice was used. That is, 1.41 cu. ft. per min. passing
through the orifice and an unknown amount which we will call z was leaking from
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the second chamber. The leakage through the wall was then 1.41 + z cu. ft. per
min. We wish to determine the value of z for all pressures. Since z cu. ft. per min.
were passing through minute openings with an orifice pressure p, z is given by the
orifice formula as:

z = 10965 C 4 ‘/;”; @)

where the various symbols have the same significance but probably not the same
values as given in equation (1). A and C are not known but are constant for the
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F16. 9. REsuLts oF TEsTs oN WiNbow wiTH /5" CrACK
AROUND PERIMETER

same conditions and w is also constant; A C and w can therefore be included with
the numerical constant 1096.5 as K. Our equation then becomes,

z=KVp ®
and the leakage from the second chamber for an orifice pressure of 0.066 in. becomes:
¢ = K /066 ‘
The leakage through the wall for any pressure drop may likewise be expressed as:
v=KVp @
and for a pressure drop of 1.5 in. as,
y = Ki V1.5 = 141 4+ K /.066 ()

The orifice wus eliminated by using a plate without a hole and the leakage through
the wall became equal to that from the second chamber. The pressure drops ob-
served through the wall, and between the second chamnber and atmosphere weze
0.045 in. and 0.701 in., respectively; therefore,

y=K V.45 =12
= K+/.701 6)
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Solving equations (5) and (6) simultaneously gives K = 0.308 and the leakage from
the second chamber for all pressures becomes,

Q = 0.308 \/p )

This gives a leakage from the second chamber of 0.258 cu. ft. per min. for an
orifice pressure of 0.7 in. of water, the maximum used in the tests. This leakage
is entirely negligible in comparison with the results obtained.

When the galvanized plate and the tape were removed from the sash perimeter
cracks, tests were made in order to check the decrease in leakage resulting from their
application. The calking around the frame and the paint on the wall was not re-
moved after having been applied, so that the curves in all figures after Fig. 6 do not
include the frame and wall leakage, and show only the leakage through the window.

Tests on Windows with and without Weatherstripping

After completing the preliminary series or tests, a large number of tests were made
with a number of sash with and without weatherstripping and with various width
of crack around the sash perimeter. As was mentioned before the preliminary
tests were made with a sash too light for practical purposes. Tests were made
with cracks of /16, /s, 3/1s and Y/, in. on both sides, top and bottom of the sash,
without weatherstripping and with two types of weatherstripping. The size of the
crack was increased to approximate the condition of windows that become loose,
as is found in old buildings.

In these tests the sash were often changed and at least two different sash were
fitted and tested for each condition. Figs. 4 and 5 show vertical sections of the win-
dow with the two types of weatherstripping together with horizontal sections
through one side of the sash and frame, and also detailed sections of the various
weatherstripped cracks.

The curves in Fig. 7 show the variation in data obtained for different windows
fitted in the same way, for the same sash removed and replaced several times;
also the leakage for tight windows and the effect of sealing the pulley holes. The
five curves for the unlocked window with !/ys in. crack show the variation which can
be obtained for the same window under different conditions and for a second window
fitted as nearly the same as could be done by a carpenter. The greatest variation
from the mean of the five series of tests is about four per cent. The variation
in the leakage of the same window locked shows the effect that locking may have.
The main effect of locking is on the leakage through the meeting rail crack. The
lock on the sash giving the three solid line curves was put on by the carpenter in
the usual manner. The lock on the sash giving the curve with the short dashes
was put on by a member of the laboratory staff in such a manner as to draw the meet-
ing rails together as tightly as possible. The locks on the weatherstripped windows
were put on by the carpenter. Locking caused no reduction in leakage for these
windows.

The tight window was fitted so as to allow opening without great difficulty.
The very tight window required considerable effort in opening. ’

In the tests for “elsewhere’’ leakage the cracks around the upper sash were sealed
on the inside because the weatherstripping was put on the inward side of the pulley
holes and thus would not reduce the leakage through these holes. The cracks
around the lower sash were sealed on the outside because the weatherstripping was
applied near this side of the sash. A series of tests was made in order to determine
the percentage of the elsewhere leakage which passed through the outer pulley
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holes into the weight box and out through the inner holes or through cracks in the
frame. Curves in Fig. 7 show that more than half of the elsewhere leakage oc-
curred through these holes.

Figs. 8 to 11 give the results for the various sized eracks without weatherstripping,
with two types of weatherstripping, and with 100 per cent weatherstripping, that
is, with the cracks subject to weatherstrip application sealed up thus allowing
only the “elsewhere” leakage. In each case the curve given is the average of sev-
eral tests.

The curve for the unlocked window with the !/ in. crack as obtained from the
test data shows less leakage than the same condition with smaller eracks.  While
this is contrary to what might be expected it can be explained and corrected as
outlined in the following paragraphs.

In testing the windows without weatherstripping, the lower sash was pushed down
against the sill and the upper sash raised until the meeting rails were even. Be-
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Fic. 10. REesuLtTs oF TESTS ON WINDCW WITH 3/1"
CRACK AROUND PERIMETER

cause of the construction of the meeting rails, raising the upper sash beyond this
point would reduce the crack between them. With the !/;in. crack and the meeting
rails even, it was found that the upper sash would just come up to the edge of the
outside stop on the head of the frame. This stop extended '/: in. from the frame.
Also, if the sash were not planed off parallel to the head stop, there would be a visi-
ble crack. In order to get a test, the conditions of which would compare with the
conditions of the preceding tests, the upper sash was raised until it was above the
edge of the head stop. By doing this, the crack between the meeting rails was de-
creased and the resultant leakage was less than that for the smaller cracks. In
order to correct for this decrease, a series of tests was made with the crack between
thie meeting rails sealed. The results of this series are shown in Fig. 11. Curve 2
shows the leakage with the crack between the meeting rails not sealed and Curve
3 the leakage with the same crack sealed. The windows with the /i in., ¥/sin.,
and %/y6 in. cracks were then tested with this crack sealed to determine the leakage
between the meeting rails with the members even. The leakage thus found, sub-
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tracted from that found without this crack sealed, represents the leakage through
it. This proved to be much greater than that found in'the tests on the window
with 1/, in. erack with the meeting rails uneven. Also it was found to be practi-
cally the same for all three windows. An average was taken and the leakage for the -
window with /4 in. erack corrected accordingly. Curve 1, Fig. 11, shows the cor-
rected values. The difference between Curves 1 and 2, Fig. 8, shows the leakage
between the meeting rails for the window with /i in. crack. These tests also
showed that the leakage for all the windows with the crack between the meeting
rails sealed was practically the same.

An examination of the curves for a plain window with different size cracks
shows only a small variation for the three smaller ones. Various factors must
be taken into consideration to account for this. The thickness of the sash is 1%/s
in. and it slides in a 17/y in. groove. If the sash were held in the middle
of this space between the stops there would be a crack !/xin. wide on either side. In
this position the smallest crack around the edge of the sash through which air must
puss is a maximum. The moment the wind strikes the window it tends to move
it against the inside stops, thus increasing the crack on the outside but decreasing
the crack on the inside. Since leakage depends largely upon the minimum width
of crack around the sash perimeter, it is limited by the tightness with which the
sash is forced against the stops. Increasing the width of crack around the edge
of the window does not increase the minimum crack width and hence the leakage
is not increased measurably.

When weatherstripping is used the window is held in the middle of the groove.
The cracks between the members are so much smaller in comparison with the
unweatherstripped window that a small variation in this crack will cause a mea-
surable variation in the leakage. The curves for the weatherstripped windows
show a corresponding increase with size of crack.

Tables 1 and 2 contain data taken from the curves Figs. 6 to 11 or resulting there-
from. Table 1 gives the leakage in cubic feet per minute for the whole window and
per linear foot to crack, for wind velocities of 14.4 and 24.9 miles per hour. It is
of interest to note that for a plain window with crack varying from !/ to /4 in.
the leakage is 46 cu. ft. per min., while for the two types of weatherstripping tested
it varies from 9 to 18 and 7 to 10 cu. ft. per min. respectively. The heat loss is
given for two temperature differences. The heat loss for any temperature differ-
ence varies directly as the leakage. The radiation required to supply this heat
loss ig given for the higher temperature difference only, since it must be supplied
for the maximum condition. With a 14.4 mile wind based upon the above tem-
perature difference the unweatherstripped windows with cracks varying from /34
to 1/, in. required 14.6 sq. ft. of radiation, while the same windows with the two
types of weatherstripping require only from 2.8 to 5.7 and 2.2 and 3.2 sq. ft. respec-
tively. Basing the cost of radiation on $2.00 per sq. ft. installed, the two types of
weatherstripping will show a resulting decrease in first cost of radiation of about
$18.00 and $23.00 per window respectively. The further saving in coal per year
based upon a seven month heating season with an average-temperature difference
of 35 deg. is also given.

Table 2 gives the “elsewhere,” wall, and frame leakage, and also the leakage
through with the window with and without weatherstripping for various wind
velocities.

Perhaps the most surprising fact brought out by this table, if not by the whole
investigation, is the leakage per square foot of wall. With a 15 mile wind each
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square foot of the 13 in. wall, plastered on the inside, allowed the passage of
0.111 cu. ft. of air per min., while the leakage through the window and frame
for the same wind velocity was 47.5, 9.7, and 7.8 cu. ft. per min. for the
plain window and two types of wcathersmppmg respectively. The area of
the window and frame is 16.25 sq. ft. giving a leakage of 2.82, 0.597 and
0.48 cu. ft. per min. per sq. ft. of window without and with the two types of
weatherstripping. Based upon these figures the leakage through the window
and frame varies from 4 to 28 times that through the same area of wall. When
we take into consideration the usual greater area of wall to window, it is
evident that the leakage into a room is usually greater through the wall than
through the window if weatherstripped, and not many times less if not weather-
stripped. It is of interest to compare the heat loss through windows and
walls by transmission and by leakage. The leakage for the plain window and
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Fi1c. 11. RESULTs oF TESTs oN Winbow wiTh /(" CRACK
AROUND PERIMETER

with two types of weatherstripping all for '/i in. crack and a 15 mile wind
is 47.5, 9.7, and 7.8 cu. ft. per min. réspectively, representing a heat loss of
2580, 527, and 423 B.t.u. per hr. respectively for a 50 deg. temperature difference.
A leakage of 0.111 cu. ft. per min. per sq. ft. of wall represents a heat loss of 6.03
B.t.u. per hr. for a 50 deg. temperature difference. Taking the transmission
through the wall as 0.28 B.t.u. per hr. per sq. ft. per degree temperature difference,
this loss is 14 B.t.u. per hr. for the same temperature difference. The heat loss.as
thus indicated by infiltration is 43 per cent as great as the heat loss by transmission
as indicated by the constant used -

The values given in the table are from the tests and are probably somewhat
higher than those actually found in practice. They represent the leakage when
the pressure drop through the window is a certain value which represents a definite
wind velocity at right angles to the window. If the wind strikes the window at an

obhque angle the component of the velocity at right angles to the window must be

€ ed. Pressure difft between the outside and the inside surfaces of the
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window for an actual wind will be slightly less for a given velocity because of a
building up of pressure within the room before the air leaks out the opposite side of
the building. Attention is called to the fact that air leaks in on the windward
side of the building and out on the leeward side and, since wind will blow from var-
ious directions at different times, heating for any room having only one exposure
must be based on the maximum loss. The heating plant, however, need not be fig-
ured on the sum of all maximum leakages but in general only half of the total.
However, the tables give accurate comparative figures which are probably not much
too high for actual practice. In order to apply these values, a further study of the
overall results as found in practice should be made, and the figures modified, if nec-
" essary, to fit practical conditions.

DISCUSSION

W. H. Carrier: About 15 years ago, I believe, we had a paper presented before
this Society on window leakage. It would be very interesting to compare the
work that was done at that time with what we have tonight.

E. S. Hawrerr: I have been talking tight windows for several years, because
they affected my work so much. When we went to recirculate all of the air, it
became necessary to have tight windows in order to obtain good results. The
fact that caulking frames and the improved window strip has done so much good is
amazing.




