No. 704 .
AIR LEAKAGE AROUND WINDOW OPE‘NINGS

By C. C. SCHRADER,! PITTSBURGH, Pa.

MEMBER

HIS report is the second one dealing with the air leakage problem being

investigated at the Research Laboratory. The first report, Air Leakage

through the Openings in Buildings, was published in the February, 1924
Journar and included a description of the apparatus and the method of procedure.
The tests in both experiments followed the same general routine, and in each case
the same frame was used with the same kind of sash, namely, double hung wooden
sash, 2 ft. 8 in. by 5 ft. 2 in. by 13/; in.

The principal facts brought out in the first report were that increasing the crack
around the perimeter of a plain sash did not materially increase the leakage, and
that weather-stripped sash, while permitting much less leakage,-showed a small
increase in leakage with increase in crack. These facts were established by making
several hundred tests. The present report deals with the effect of increasing the
width of the stile, that is, increasing the clearance.

Fig. 1 illustrates what is meant by crack and clearance. The crack around the
sash perimeter is equal to one half the difference between the width of the frame
and the width of the sash, that is, the crack is the same on each side of the sash.
The clearance is the difference between the width of the stile and the thickness of
the sash. These terms are chosen arbitrarily to distinguish the two principal
air passages which are found in double hung windows, and they will be used fre-
quently throughout the report and should not be confused.

In fitting the sash for these tests it was discovered that they were thicker than
those used in the first tests, which led to an investigation as to the actual thickness
of the sash in each case. All of the sashes were measured with calipers, and it was
found that those used for the tests in the first report were 12!/4 in. thick while
those used in the new tests were 13/s in. thick. The stile previously measured
was 17/ in. in width. In view of this information a statement made in the first
report must be corrected, which was that the difference between the width of the
stile and the thickness of the sash was !/i in. when it was actually 7/¢ in. This
difference in clearance is probably due to manufacturing. practices, as some mills
use the specified dimension for the thickness of the sash while others use it for the
width of the stile. ’
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ord ¢ the effect of different clearances it was necessary to have stops
thzllg’gzgfcll. t).;tlflsoved to any desired distance from the parting bead. Therefo}:e
the stops were removed and slots cut in them so that they could be screwed to t 3
frame to give a maximum of 1/4in. clearanc_e. Known clearances were obtained
by strips of cold rolled steel of convenient thicknesses, an_d these strips were }Ilqelz-
sured with a micrometer to determine their exact dimensions. A strip of a thick-
ness equal to the desired clearance was ingerted between the sash and the stop,
the whole pressed firmly against the parting begd, and the stop sprewed on in
position. The strip was then removed, and in th}s manner any desq'ed clearance
was obtained. When weather stripping was used it held the sash against the part-
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F16. 1. DIAGRAM ILLUSTRATING
CRrACK AND CLEARANCE

ing bead, so that the clearances could be obtained in the same manner. The cracks
around the stop were sealed to prevent léakage through them.

Procedure .
i 1/,in. Each set

Four sets of sash were fitted with cracks of /16 1{3, 3/16 and 1/, in.
was tested with clearances varying from 1/s to 1/4 in. Each test was regeated
& number of times because no two tests gave exactly !;he same leakage, fmd it-was
necessary to obtain average results. Before duplicating any test the window was
opened and closed, and the stops were removed and then returned to as nearly

the same position as possible. The weather-stripped sashgs were tested in the same
way.. ‘ :
Plain Window

§

.. . . The
Fig. 2 gives the results of tests of a plain window w1tl} various clearances.
test;g pro%rled that the size of the crack around the perimeter of the sash has no

1
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appreciable effect on the leakage. Therefore the results apply to any window of
the type tested with a crack of from !/ys to 1/, in. .In practice most new sashes
are fitted with the crack at least !/ in., and this crack becomes greater as the
sash dries out and shrinks. It should be clearly understood that each curve is
the average obtained from a number of tests, and the results of any one test may
vary from the given curve by four or five per cent. The figure shows that the
leakage increases rapidly with increase in clearance,

Fig. 3 is obtained from curve 4 in Fig. 2 and is drawn to show the relation of
leakage to wind velocity. The graph thus drawn shows a slight double curve,
but it is seen that it varies but little from a straight line. In some cases the double
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F16. 2. LEAKRAGE THROUGH PLAIN WINDOW WITH VARIOUS CLEARANCES

curve is more pronounced but the curve does not reverse until the velocity has
reached twenty-five or thirty miles per hour. Hence no great error is introduced
by taking any point on the leakage curve below thirty miles per hour, to determine
the leakage per mile of wind velocity.

Since the velocity used in most calculations of window leakage is about fifteen
miles per hour, or approximately /i in. water pressure, values at these points
were taken from the curves in Fig. 2 and plotted against clearance. Fig. 4 was
thus obtained. It is seen that a straight line passes close to all these points, and
that the variation from the points plotted will be within the limits of the above
variation of the original tests. The line drawn does not pass through zero leakage
for zero clearance, and therefore the leakage will not vary in direct proportion to
the clearance, which is to be expected because the surfaces of the window are not
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perfectly true, and regardless of how close
will always occur. If the sashes were not
wind and were always held in the middle of

clearance would

also that the leakage at zero clearance is not

for determining

ly they are held together some leakage
free to move with the pressure of the
the stile, a direct ratio of leakage to

be expected. However the movement of the sash introduces
a variable element, and it is difficult to determine its effect. It must be remembered

the elsewhere leakage. The conditions

the elsewhere leakage require that certain openings around the

sash be sealed so that no leakage will take place through them, whereas regardless
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Fic. 3. RELATION OF LEARAGE T0o WIND VELOCITY

of how tightly the sash fits between the stops some leakage

- these openings due to

will occur through

the uneven surfaces caused by warping and so forth. (For

determination of elsewhere leakage refer to first report mentioned above.) It
is probable that the elsewhere leakage, particularly through the pulley holes,
increases as the clearance issmade greater, but the increase is too small to be differ-
entiated from the variation that may take place in two tests of

From the standpoint of the heating engin
ing infiltration are cubic feet per hour, per

locity. Using these terms the infiltration for any room can

the same condition.

eer the most convenient terms express-
foot of crack, or per mile of wind ve-

be easily computed
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by multiplying by a constant depending on the wind velocity and the number

: e number

to: feet of crack. Fig. 5 was obtained by expressing the valug in Fig. 4 in these
rms. o -

Weatherstripped Windows

In the first report it was shown that the leakage throu i i

. gh a weather-stri win-
dow lgcreased as the crack was made larger. Fig. 6 shows what happensl:vpl?gn the
crack is !(ept constant and. the clearance increased in a window with the interlocking
type strip applied. The increase in leakage with increase in clearance is probably
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F16. 4. RELATION OF T'oTAL LEARAGE TO CLEARANCE. PLAIN WINDOW

dut? to greater leakage through the pulley holes which is caused by decreased
resistance in the path of the air to the pulley holes. This evidence supports further
the statement previously made that the elsewhere leakage increases slightly as
the clea.rance decreases. In fact, it is the only explanation that can be found
for the increase in leakage since the sash is held against the parting bead in the
same position by the weatherstripping, all other openings around the sash remain-
ing the same. The increase in leakage is quite pronounced until the clearance
becqmes egual to the crack, after which the increase is not so rapid. Fig. 7 illus-
trating this point shows the leakage through windows with the interlocking type
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‘seatherstrip for.sll the cracks. and clearances tested. Fig.. 8 gives similar data
for windows. fitted with.rib. type weatherstrip. A comparison o_f -the two figures
brings out the greater consistency in results obtained with the interlocking type
of strip, which is to be expected, as this type_of weatherstrip holds the sash in
the same position at all times. With the rib strip the sashes are free to move from
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side to.side a distance depending on thfe
to return them to exactly the same posit

size of the crack, and since it is impossible
jon after each test the results beco}ine x'norlele
i i iti ith a sma
aried. This change of position of the sash often causes the leakage wi |
Zlea.ranee to be grfaeter than that with a larger clearance, for a slight change is
sufficient to affect the difference. =This fact is particularly true when the cra.fsk
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is large and permits cbdsidérab_lefdivbrgén#eiffom the previous position of the
sash. ' . Loy X

It is not the purpose of this report to draw 4 comparison between the relative
values of different types of weatherstripping, However, some explanation is
necessary to understand thoroughly. the conditions under which these tests were
conducted so that comparison may be made with other data on the subject. Con-
cerning the interlocking type of weatherstrip all that needs to be mentioned is
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F16. 6. LEAKAGE THROUGH WEATHERSTRIPPED WINDOW WITH VARIOUS
CLEARANCES

that it has metal members on both the sash and the frame, and they are so con-
structed that one fits into the other. The rib type strip has one metal member
fastened on the frame which fits into a groove ploughed in the sash by the carpenter
applying the strip. The width of this groove in comparison with the width of the
metal member may be the determining factor in the leakage through a window
to which this type of strip is applied. In this instance the rib was !/, in. wide
and the groove !/ in. wider. De Volson Wood (A.S.M.E. Transactions, Vol. 10)
gives the lateral expansion of white pine as 2.6 per cent from dryness to saturation.
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W e /5 in. wide s variation of 0.004 in. in width is given from one
vagl;nfgetomvoth{;. Though most sashes at the present time are made of some
less expensive wood, such as cypress or spruce, it is probable that the expansion
of either would not be much greater than white pine. Therefore the clearance
allowed here would be ample in any case. .

No tables of leakage are included in this report because any values desired can
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easily be found from the curves. Another reason is that the most important factor
in the problem of infiltration has been the subject of much discussion and is not
yet definitely determined. This factor is the clearance of the average window
after it has been in service a sufficient length of time to have reached its final
condition in regard to shrinkage which is a question for architects and heating
engineers to decide. A simple solution to the problem can be obtairied by actually
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measuring and then averaging the clearances of a sufficient number of windows
in buildings which are at least five years old. Different results would probably
be obtained for sashes of different thicknesses because, although most windows
leave the mill with the same clearance, those made of heavier wood will shrink
more. Data obtained from twenty large manufacturers of windows have shown
that almost all sashes from 13/g in. to 2!/, in. thick are allowed /s in. clearance.
It remains to be decided what the final clearance will be when the sashes have
thoroughly weathered and. dried. .

The importance of the increase in clearance is shown by the following example:
The capacity of a room 14 x 12 x 10 ft. is 1680 cu. ft. With two windows such
as those tested there would be 36.67 ft. of crack. From Fig. 5 the leakage for
1/;6 in. clearance is 6.6 c.f.m. per ft. of crack per mile of wind velocity. Assuming
a 15 mile wind, the infiltration would be 6.6 x 36.67 x 15 or 3630 cu. ft. per
b, or 2830

» OF Jee0
leakage increases to 11.2 cu. ft. per hr. per ft. of crack per mile of wind velocity.
The infiltration would then be 11.2 x 36.67 x 15 or 6160 cu. ft. per hr.; and the
number of.air changes would be increased to 3.66 per hr.

It must be remembered that in all these tests the crack between the frame and
the setting was sealed, and this practice being easily done has become more and
more common, and it has prevented considerable leakage, and thereby effected
a saving in radiation surface and fuel.

= 2.16 air changes per hr. If the clearance increases to /s in. the

&
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